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PREFACE 

THE purpose of this handbook is to provide a busy 

engineer with a ready source of information about the 

circuits he needs for a particular industrial electronic 

application. The significant work of other engineers here 

has been collected in one handy reference volume to 

.save hours and even days of searching through technical 

literature. By starting a problem where others left off 

rather than from scratch, the need for laboratory research 

and experimentation can be reduced to a minimum. 

Though primarily intended for reference, the book can 

be used for study at home. It can also serve as a new 

tool for instructors in vocational schools and colleges 

who want to emphasize practical electronic circuits in 

preference to abstract theory, or as a supplement for 

basic theory. 

Since most of the circuits discussed were developed 

during the war years, when research and practical 

development in the electronic field were at an all-time 

high, engineers in other countries should find this hand-

book a valuable replacement for publications having 

limited distribution during those years and no longer 

available. 

The circuits are logically grouped in chapters accord-

ing to function. Within each chapter circuits usually 

progress from the simplest to the more complicated 

arrangements. 

Any desired type of circuit can usually be found merely 

by glancing at the chapter headings in the table of con-

tents. Supplementing this is a detailed back-of-the-

book index, in which each circuit is cross-indexed many 

times to permit the location of specific circuits quickly 

when they are known by a variety of names. 

To compile this material, all pertinent magazines were 

searched page by page, right through the back-of-the-

book departments, where some of the choicest gems of 

circuitry are to be found. As a result, some four hundred 

and forty circuits were assembled for processing. Each 

circuit was carefully checked, simplified where desirable, 
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and redrawn where necessary to incorporate approved 

electronic symbols established by the American Stand-

ards Association. 

Values of all important components are given since 
these values aid an engineer in reading a circuit and 

redesigning it for his own uses. With values for one set 

of operating conditions as a starting point, it becomes 

much easier to convert the theoretical circuit to practice. 

Included with each circuit is a concise description, 

giving the general nature of the circuit, its performance 

characteristics, a detailed explanation of how it works, 
practical data on critical components, and suggested 

applications. 

Following each circuit description is a reference to the 

original source, where the engineer may obtain more 

details on related mechanical problems or graphs of per-
formance characteristics. 

Over four hundred of these references are from Elec-

tronics; to this publication, then, and particularly 

to its authors and editors should go full credit for 

rendering such a practical contribution to the advance-

ment of the industrial electronic field. Specific men-

tion should be made of Keith Henney, former editor; 

Don Fink, his successor; and Bill MacDonald, who, as 

managing editor, contributed in no small measure to 

the quality and number of industrial electronic articles 

in the magazine. 

Equally valuable articles were found in other publica-

tions, for which appreciation is also expressed here. It 

is hoped that much more space will be given to the cir-

cuitry of industrial electronics in the future in view of 

its increasing importance and the tremendous role it 

played in production during the war years. The sub-

ject deserves greater attention in the future because 

electronic mechanization is one promising way of making 

more goods better and cheaper while continuing to in-

crease the rewards for labor and enterprise-in industry. 

JOHN MARKUS 
VIN ZELUFF 
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AUDIO-FREQUENCY CIRCUITS 

High-fidelity Amplifier with No Phase Distortion up to 30,000 Cycles 

ELIMINATION of cathode and screen 
bypass capacitors, decoupling capacitors, 
and the filter output capacitor result here 
in an amplifier that can cover all frequen-
cies between 10 and 30,000 cycles with no 
phase distortion that is perceptible on a 
cathode-ray oscilloscope. 

Use of a filter output capacitor is 
avoided by means of a type 6A6 con-
nected as a filter. A positive pulse of 
ripple voltage coming in through the 10-
henry choke is applied to the grid of the 
6A6 through the 1-µf capacitor. As a 
result, plate current through the 6A6 
increases and the IR drops across the 
200-ohm plate resistor and the 60-ohm 
cathode resistor increase. The increase 
in these IR drops is just equal to the pulse 
of ripple voltage; hence the ripple voltage 

is canceled at the output terminals of the 
power supply. In this way, the 6A6 
smooths out ripple or voltage surges from 
the line but does not introduce phase 
distortion as a filter capacitor would. 
The use of screen bypass and decoupling 

capacitors is avoided by the use of neon 
tubes and an 874 tube. These tubes act 
as voltage regulators and therefore per-
form, with negligible phase distortion, 
the same function as bypass capacitors. 
The use of cathode bypass capacitors 

is avoided by designing the amplifier 
stages so these can be omitted without 
much loss of gain. In the first and third 
stages, the cathode bias resistors are 

small resistances, and there is not much 
degeneration. The second stage, a phase 
inverter, is operated at unity gain; de-
generative loss of gain in this stage is 
therefore not a disadvantage. 

PHASE INVERTER 
GAIN I 

GAIN 8-20 

GLOW LAMPS WITH SERIES 
RESISTORS REMOVED 

tance of these tubes is made still smaller 
by using chokes in series with the plate 
resistors to cause a phase shift in the 
opposite direction to the shift caused by 
the output capacitance of the tubes. 

GAIN 
PER TUBE.100 

The acorn tubes used combine large 
mutual conductance with small inter-
electrode capacitances. They therefore 
can provide high gain with little phase 
distortion. The little phase distortion 
that is produced by the output capaci-

Large capacitance values, 1 Id, for the 
coupling capacitors, also contribute to 
the low phase distortion. 

0. H. Schade, An Amplifier without Phase Distortion, 

Electronics, June, 1937, I. 26. 

Preamplifier-filter Circuit for Crystal Pickup of Phono Amplifier 

THE preamplifier-filter circuit illus-
trated permits the playing of ortho-

CRYSTAL 
PICKUP 

+250V 

acoustic transcriptions, constant-velocity 
transcriptions, and ordinary phonograph 

200 200 

75 

2o 1 2 500-OHM 
OUTPUT 

SW • SW 

0.2 25 
6 

200 200 

records by means of a relatively inexpen-
sive and readily available crystal pick-
up. Circuit constants shown arc for 
use between an Astatic 111'36 pickup 
(LI'23 head) and a 500-ohm load. The 
three switches are ganged. 7' is a West-
ern Electric 127C output transformer. 

Switch position 1 is used when playing 
orthoacoustic transcriptions that require 
bass preemphasis and treble deemphasis, 
in accordance with a standard curve 
furnished by the manufacturer. It was 
found impossible to equalize in the 
amplifier grid circuit; therefore only 
partial compensation is made there by 

means of the 90,000-ohm resistor. 

1 
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Additional equalization is provided by 
the 0.2-tif capacitor, which gives high-
frequency compensation, and the 6-µf 
capacitor, which governs the low-fre-
quency boost. 
To play ordinary phonograph records 

or constant-velocity transcriptions, the 
switch is placed in position 2. This 
places 500,000 ohms in the preamplifier 
grid circuit and converts the network on 
the 500-ohm side of the transformer into 
a regular 20-db H pad. 

Output volume level is approximately 
-30 db for switch position 1 and -25 db for 
position 2. 

Charles Affelder, Preamplifier-filter for Crystal Pick-

up, Electronics, April, 1942, p. 78. 

Hearing-aid Amplifier with Self-compensating Circuits 

THE vacuum-tube hearing-aid ampli-
fier described here is a three-tube 
high-gain amplifier to allow for inverse 
feedback and losser methods of time cor-

GI 
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0.01 
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product of this type of self-bias. It 
reduces harmonic distortion but makes 
necessary a higher gain circuit. This 
type of inverse feedback also causes the 

R3 
0.5 MEG 

0.001 
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I MEG 

CG 
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‘0.01 

025 MEG 
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MEG 

506AX 

rection. Self-bias is achieved without 
use of a coupling capacitor across RI. 
As the battery voltage drops from 

45 volts, the voltage drop across R1 
decreases, decreasing the bias on the grid 
of the output tube and regulating the 
total current flow. As a consequence, 
longer battery life is possible. Con-
stant-current inverse feedback is a by-

R1 
2,000 

1-111111-
I8-45V 

150 

TO BONE AND 
MAGNETIC 

RECEIVER 

plate impedance to rise, producing fre-
quency distortion because the secondary 
load also varies in its impedance. 
Compensation for the disadvantages of 

constant-current inverse feedback is 
obtained with constant-voltage inverse 
feedback (R3), which permits use of a 
volume control to vary the secondary 
load of the output transformer. 

Filter networks prevent circuit oscil-
lation due to dropping battery voltage 
and the resultant development of internal 
resistance in the battery. They accom-
plish this by preventing the internal 
resistance from acting as a coupling 
medium between stages. 

Position 1 of the tone corrector con-
nects a capacitor across the first stage, 
attenuating the high frequencies. This 
makes the magnetic receiver low in 
pitch and the bone conductor extremely 
low-pitched. 

Position 2 flattens the peaks in the 
magnetic receiver and raises the low 
pitch of the bone conductor slightly by 
adding R8 in series with Ci. 

Position 3 connects R7 in parallel with 
the resistor loading the crystal micro-

phone, in order to decrease the load and 
to attenuate the low frequencies. This 
flattens the response of the bone con-
ductor and causes the magnetic receiver 
to be high-pitched. 

Position 4 introduces Rg into the 
circuit. This resistor is of lower value 
than R7 and accentuates the results 
achieved in position 3. Therefore, it 

results in a high-pitched bone conductor 
and an even more highly pitched magne-
tic receiver. 

Ira Kamen, hearing Aid Design, Electronics, July, 

1942, p. 32. 

Simple Two-tube Intercommunicator for Master and Two Remote Stations 

THE amplifier circuit shown was 
developed to provide two-way communi-
cation between a diver's tender station 
on the surface of the water and either one 
or two divers underwater. Only voice 
coil circuits go to the divers by means of 
waterproof cables. Plate-supply power 
can be obtained from a vibrator power 
supply, batteries, or a conventional a-c 
power pack. 

Loudspeakers serve both in their 
normal capacity and as microphones. 
The system is normally set up for trans-
mission of speech from all connected 
divers to the tender. Switching facilities 
are provided on the control panel so 
it is possible to select and talk to any one 
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  ENDER 

diver from the surface station. Volume 
control is also provided to make more 
intelligible the speech as picked up under 
varying pressure conditions. 
The divers' reproducers, which are 

mounted in the diving helmets, consist 
of small permanent-magnet driver units 
with a suitable mounting bracket and 
protective grille. These speakers have 
an impregnated fiber cone. 
The amplifier is a resistance-capaci-

tance coupled circuit using a 6.17 as a 
voltage amplifier coupled to a 6F6 in the 
output stage. 

D. W. Cellerup, Diving Amplifier, Electronics, Sep-

tember, 1943, p. 170. 
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Automatic A-F Amplifier for Telephone Lines or Power Poles 

WHERE noise is very high on long-dis-
tance interoffice telephone lines carried 
on high-voltage power-line structures, 
this amplifier circuit serves admirably 
for raising transmitted signal level above 
the noise. 
When the handset is removed from the 

hook, the battery circuit is completed 
through induction coil Tß, transformer T1, 
relay SIVI, and the transmitter. This 
relay operates on the transmitter button 
current, and its contacts complete a 110-
volt a-c circuit through the coil of relay 
SW2, which has a five-pole double-throw 
contact arrangement. When S1V2 oper-
ates, it puts the transmitter-amplifier out-
put on the line, short-circuits the primary 
of the induction coil, removes a short cir-
cuit from the primary of T1, connects the 
telephone receiver to the receiver-ampli-
fier output, and grounds the center tap of 
the power-transformer high-voltage wind-
ing. The amplifier is now in operation. 
If there had been a failure of the 110-volt 
supply, SW2 would have left the telephone 
handset connected into a conventional 
local battery side-tone circuit. In this 
way communication would be maintained, 
even if at reduced efficiency. 
With the amplifier in operation, the 

signal coming from the transmitter is 
applied to the primary of T1. This has a 
50-ohm primary and a high-impedance 
secondary. R1 is a dual gain control 
ahead of all the tube grids. Each section 
of R1 feeds straight into the first push-pull 
stage, but the grids of the other stage are 
electrically crossed to get a 180-degree 
phase shift. The plates of both stages 
are connected through the 50,000-ohm 

resistors and 20,000-ohm potentiometers. 
The combined plate circuits represent a 
bridge circuit that can be balanced with 
the potentiometers. The arms of the 
potentiometers feed through coupling ca-
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most effective, should also duplicate any 
prominent line irregularities as closely as 
possible. When the bridge is balanced, a 
voltage appearing on the 6F6G grids does 
not appear across the 6N7G grids, but it 
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pacitors C3 and the dual gain control to 
the 6N7G grids. The output of the 6N7G 
goes to the telephone receiver. 

The output of one of the 6F6G push-
pull stages goes into the line through T3, 
and the other feeds into a network which 
has characteristics which are approxi-
mately the same as those of the line 
through T2. The network is used to load 
the two stages alike as nearly as possible 
at all frequencies. The network, to be 

±- 4.5 V 

TRANSMITTER RECEIVER 

does appear on the line. In other words, 
there is no side tone in the receiver. 
However, when a signal voltage from a 
distant telephone comes into the ampli-
fier, it appears across one end of the bridge 
only, so that it is unbalanced. Such a 
signal is amplified through the 6N7G and 
fed to the receiver. 

W. H. Blankmeyer, Telephone Amplifier for Power 

Company Circuits, Electronics, April, 1942, p. 78. 

Constant-gain Audio Amplifier for Obtaining Knock Pickup Patterns 

CATHODE-FOLLOWER input, a special 
feedback circuit, and a simplified phase-
inverter stage provide flat frequency 
response from 8 to 20,000 cycles with 
a gain of 160,000 for portrayal of knock 
patterns of internal-combustion engines 
on a cathode-ray oscilloscope, using a 
piezoelectric pickup. The gain is con-
stant over a wide range of frequencies, 
independent of line voltage, and there is 
sufficient voltage output to drive a 5-inch 
cathode-ray tube. 
The input section of the amplifier is a 

cathode-follower tube, which is an imped-
ance transformer. In reproducing cyl-
inder pressures, good fidelity demands a 

long time constant for the input circuit, first amplifying section (two 6SJ7 tubes) 
and in the second amplifying section (a 
6SJ7 tube and a 6V6 tube). The ampli-
fier gain is controlled by changing the 
amount of feedback in these sections by 
means of five-position switches to give the 
following 10 different gains: 

Under operation at reduced plate and 
filament voltages, the cathode follower has 
an input resistance of at least 50 meg-
ohms; moreover, it has reasonably con-
stant gain under line-voltage variation. 
The wide range of frequencies covered 

by the combined knock and pressure 
waves makes it necessary to have an 
over-all frequency response of from 8 to 
20,000 cycles per second, flat to within 10 
per cent. Resistance-capacitance coupled 
amplifiers are used for the two amplifying 

sections. To obtain constant gain and to 
aid the frequency response, plate-to-cath-
ode negative feedback is employed in the 

Switch position 

Gain 

Section 1 

1 
2 

3 
4 

5 

10 

25 
80 

150 

400 

Section 2 

200 

240 

300 
350 
400 
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In the above table, the gain of the cath-
ode-follower tube is included in Sec. 1, 
and the gain of the inverter tube is in-
cluded in Sec. 2. The values of the five 
resistors connected to each step switch are 
chosen to give the specified section gains. 

AMPLIFIER SECTION I 

CATHODE 80 
FOLLOWER 

6F5G 

II5V 
A-C 

tntpOE ., 
Q,4 MEG (53 

5U4G 

8H 
75MA 

The over-all gain, which is the product of 
that for the two sections, therefore ranges 
from 2,000 to 160,000 in 25 steps. 
The usual method of obtaining phase 

inversion in a resistance-coupled amplifier 
having a driver and ak output tube is to 
use an additional driver tube and output 
tube for the inverter circuit and to supply 

part of the voltage from the grid of the 
first output tube to this driver grid. Be-
cause of the feedback, the hum-to-signal 
ratio is lower at the plate of the first out-
put tube than at the grid, and as a result 
the inverter phase will have a higher 
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hum-to-signal ratio than the original out-
put tube. Since the increased hum was 
objectionable for the inverter section, a 
new circuit was developed for this applica-
tion. Although it has only one tube, the 
very necessary constant-gain feature de-
rived from negative feedback is still 
obtained. 

The minimum input signal of 1 millivolt 
made imperative an equivalent input 
background noise of less than 100 micro-
volts. Hum in the amplifier was greatly 
reduced by insulating the transformer 
shell from the chassis with Bakelite strips, 
by using a filament potentiometer, by 
shielding the input stage, and by using 
negative feedback. 

The amplifier frequency-response char-
acteristics are flat within +1 per cent 
from 8 to 20,000 cycles per second. 
The amplifier operates satisfactorily down 
to 2 cycles per second and up to 70,000 
cycles per second. 

Except for the highest gain of 160,000, 
overloading of the amplifier is not evi-
denced at output voltages up to 200 volts 
rms or 560 volts peak to peak. 

For all settings of the feedback controls, 
the gain increases about per cent for 
every 1 per cent increase in line voltage. 
It is assumed that the increase in gain 
with increase in line voltage is a result of 
the change in characteristics of the first 
cathode-follower tube. This tube oper-
ates at a low filament voltage in a region 
where small changes in filament heating 
power will greatly affect the mutual con-
ductance of the tube. 
The hum and background noise in the 

amplifier is very low, varying from an 
equivalent input signal of 24 microvolts 
at the minimum gain of 2,500 to 17 micro-
volts when the gain is 160,000. 

Richard I'. Krebs and Thomas Dallas, Constant-gain 
Knock Pickup Amplifier, Electronics, January, 1947. 

p. 87. 

Tuned Audio Amplifier with 1,500-turn Pickup Coil for Locating Power-line Faults 

Tills portable low-frequency amplifier 
circuit is intended for use in locating acci-
dental grounds on overhead electric-power 
distribution lines. 

Before using the instrument, the fault 
circuit is energized from the normal power 
source through a capacitor. The result-
ing current flow can then be followed with 
the fault locator directly to the fault loca-
tion. The sensitivity of the electronic 
fault locator permits following rural pri-
mary lines by car at a distance of 100 
yards or more. 
An electrostatically shielded loop an-

teima consisting of 1,500 turns of en-
ameled wire wound in a steel housing is 
used to pick up the fault current. A 
shielded cable conducts the signal from 
the loop to the input of the amplifier. 
The loop coil is connected in series with an 

SWITCH IN 60-CYCLE POSITION 

iron-cored reactor, and a capacitor tunes 
this combination to resonance. Two ad-
ditional tuned circuits are contained in 
two following stages of the amplifier. 
A step attenuator which changes the 

gain approximately 3 to 1 between adja-

cent taps is connected between the first 
tuned circuit and the grid of the first 
amplifier tube so that amplifier overload 
does not take place, provided that the 
meter pointer is kept on scale. 
The iron-cored inductances are designed 
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to eliminate changes in inductance as the 
signal input level varies. This ensures 
that the circuits will remain tuned to the 
desired frequency regardless of input sig-
nal levels. The three tuned circuits pro-
vide selection to either of two desired 
tracing frequencies, 60 or 300 cycles. The 
sensitivity of the over-all instrument is 
such that good readings are obtained at 
10 feet from unshielded 300-cycle currents 
of 0.0002 ampere or less. When the fre-
quency-selector switch is placed in the 
300-cycle position, the response to 00-cycle 
pickup is down approximately 1,000 to 1. 

One effect of feeding the faulted circuit 
through a capacitor is to produce a high 
percentage of harmonic currents. The 
equipment is sharply tuned to one of the 
harmonics for discriminating against sig-
nals resulting from near-by circuits carry-
ing normal currents. A second effect of 
the capacitor feed is to limit the flow of 
current in the faulted circuit to a safe 
value. A protective fuse is used with the 
capacitor, which may be a 15-kva phase-
correcting type. 
The detector may also be tuned to any 

frequency not harmonically related to 60 

Inverse Volume-expansion Circuit for Automatic 

AUTOMATIC frequency compensation at 
varying audio output levels in an a-f am-
plifier is obtained in this three-channel 
circuit by using inverse volume expansion 
in the high and low channels. Represen-
tative values of components are indicated, 
but final choice of such sections as the 
filters will depend upon associated circuit 
components and on the requirements of a 
specific application. 
The straight-through channel is entirely 

conventional for flat over-all frequency 
response. Principles of operation for the 
high and low channels are identical; there-
fore only the action of the low channel will 
be described. 

All but the low-frequency components 
of the signal are filtered out, and the 
remaining voltage is developed across 
potentiometers R1 and Rg in the control-
grid circuits of V7 and V11. The signal is 
shifted 180 degrees in phase by VII, and 
this output is applied across R3 in the grid 
circuit of Vg. The signals on the grids of 
V7 and Vg are now identical in frequency 
content but are 180 degrees out of phase. 
The outputs of these tubes are mixed in 
the plate circuits and cancellation takes 
place. Controls RI, R2, and R3 may be 
set so that the output of the low-frequency 
channel is zero. 
A portion of the unfiltered input signal 

is developed across R4, amplified by Vg, 
and rectified by V10 to supply the screen 
voltage for I711. Thus the gain of Vn 
depends on the magnitude of the input 
signal to the system. This means that 
when the input to the system diminishes, 
the signal on the control grid of V11 will 
decrease and the screen voltage also will 
go down. Thus the output of V11 to Vg 
will go down more proportionally with 
decreased drive to the system than will the 
input to V7. 

If the various controls are adjusted for 
zero output from the low-frequency chan-

nel when the input is at a very high level, 
then any decreased drive will result in 
lowering the output of Vg more than that 
of V7. Only partial cancellation will take 

INPUT 
o 

1MEG 

V26SN7 

HIGH-PASS FILTER 

I 0.0001 0.0001 1 1 
 I I 

I 50,000 50,000 

  (0.1 

150,000 

+250 V 

V4 
V26H6  
I MEG 

STRAIGHT-THROUGH CHANNEL 
— — — — 

LOW-PASS FILTER 

7 25,000 25,000 

R4 
MEG V 

1/365 N7  

(0.1 

150,000 

+250 V 
1,000 10 

1/4 6H6 

place, and some output will appear from 
the low-frequency channel. The output 
of this channel will, in fact, vary inversely 
with the input to the over-all system. 

cycles for use with a special tracing signal 
generator, such as a buzzer or tone gener-
ator. Underground cables can also be 
checked for faults provided that the fault 
is broken down to a low resistance by the 
capacitor-feed method and that the trac-
ing current does not flow along the sheath 
to low-resistance grounds past the fault. 
In such cases, the signal is followed above 
ground with the loop and locator. 

Fault Locator for Power lines, Electronics, December, 

1946, p. 198. 

Tone Control 

The rapidity with which the bass channel 
will follow changes in over-all level de-
pends on the time constant of the screen 
supply circuit for V11. The rate at which 

+ 250 V 

100,000 

100,000 

Vi 

500,000 

500,000 

   6SN7 

I MEG 10 600 

175,000 

bo 
T +250 V 

0.02 

100,000 
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100000 500000 

+250 V 100,000 

V 

1 MEG 
RI 

175,000 

+250 V 

500,000 

IMEG 
R3 

1 MEG 

TO 
GRID OF 
NEXT 
STAGE 

bass boost will take place is varied by the 
setting of R4. 

John D. Goodell and B. M. H. Michel, Auditory Per-

ception, Electronics, July, 1946, p. 142. 
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Volume-expander Circuit for Audio Reproducing Systems 
THIS electronic volume-expanding cir-

cuit amplifies and rectifies a portion of the 
audio signal and applies the resulting d-c 
voltage to the control grids of a push-pull 
controlled stage as a variable bias, without 

1 MEG 

I
. EXPANSION CONTROL 

erROL 

1 MEG 

PUSH - PULL 
CONTROLLED STAGE 

6SN7 

25,000 

6SN7 

25V-

i25,000 
1000 

10.01 400V 

5,000 500,000 

EXPANDER AMPLIFIER 

500,000 

10 
25v— 

introducing objectionable time-delay and 
harmonic-distortion characteristics. Ex-
pansion does not start until the volume 
level reaches a certain minimum value; 
it is fairly linear with input level, once 
it does take effect, and is limited to a 
specified maximum. The rate of rise is 

10 db in 0.001 second, and the rate of fall 
is 10 db in 1 second, corresponding to 
what would be heard in a room with 
average reverberation. 
The expander circuit shown is designed 

6K7 
0.1 

50,000 

EXPANDER OUTPUT 
20 VOLTS PEAK 

01 

6K7 4,000 I( 

 — " -~z-e— AAAOE-1 
6,000 ±20 

+ 300v 

RECTIFIER 

-L023 
T. 400V 

100 50V 

INITIAL BIAS 
CONTROL 

500 

2 MEG 

- 25V 

for insertion between a single-ended stage 
and a push-pull stage in an a-f amplifier, 
but it can be inserted in a single-ended 
amplifier by adding to the output a good 
single-plate-to-push-pull-grid transformer 
and connecting the ends of the grid wind-
ing to the output terminals of the ex-

pander; the primary winding, suitably 
terminated with a load resistor, then gives 
single-ended output. 
The control signal for the expander is 

taken from the point of insertion and is 
applied to a two-stage expander amplifier 
through a 1-megohm expansion-control 
potentiometer. The frequency response 
of this expander amplifier can well be 
limited to the range from 200 to 3,000 
cycles, since most of the energy that de-
termines the loudness of sound is in this 
range. This prevents activation of the 
expander by excessive record surface 
noise or low-frequency thumps. The ex-
pander output undergoes full-wave recti-
fication and is then applied to the grids of 
the 6K7 tubes in the controlled push-pull 
stage. Push-pull is desirable for the con-
trolled stage in order to minimize har-
monic distortion and to obviate filtering 
of the grid-control signal. 
The meter ill the plate-supply lead of 

the controlled stage indicates the expan-
sion at any instant. It is optional; but if 
used, a volume-indicator type of move-
ment is essential, because an ordinary 
milliammeter would overshoot sudden 
changes in gain. The absolute level at 
which expansion begins depends on the 
gain of the control amplifier channel. 
The 2-megohm resistor and 0.25-µf ca-
pacitor :n the rectifier output determine 
the release, or fall time, of the expander. 
A 10-megohm rheostat may be used in 
place of the resistor if it is desired to vary 
the time-delay action. This expander 
should not be used with vocal music, 
string quartets, or any other music where 
the volume range would be less than 20 db 
in the actual performance. 

Norman C. Pickering, Improving Recordings, Elec-

tronic Industries, October, 1945, p. 82. 

Surgeless Single-ended Volume-expander Circuit Using Dummy Tube 

THE expander circuit shown represents 
a method of balancing out changes in 
plate current while maintaining the entire 

system single-ended with respect to 
ground and eliminating the necessity of 
using expensive transformers. In addi-
tion, the inherent system distortion is 
extremely low over a controlled range of 
approximately 15 db. The attack time 
may be made extremely short without 
causing undesirable surges, while the 
release time may be made as long as 
desired. 

The audio signal is applied to grid 1 of 
the input 6SJ7, while the variable expander 
bias is applied to the suppressor. As the 
suppressor is made more positive, from a 
given negative value, the screen current 
decreases while the plate current increases. 
In the 6SJ7, the negative transconduct-
ance to the screen and the positive trans-
conductance to the plate match closely 
when the plate transconductance is 
changed over a wide range without alter-
ing the total cathode current. Unfor-
tunately, as the suppressor bias is varied, 

the sum of control grid to screen and 
control grid to plate transconductances 
remains constant. If screen and plate of 
a single tube were tied together, no appre-
ciable variation of over-all gain would 
occur. 
The plate of the signal amplifier is con-

nected to the screen of a dummy 6SJ7, 
and since expansion voltage is applied to 
the suppressor of both tubes, the dynamic 
change in plate current in the signal am-
plifier is balanced by the opposite change 
of screen current in the dummy. In a 
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similar fashion, screen-current change in 
the signal amplifier is canceled by plate-
current change in the dummy. Con-
sequently, variation of the effective 
transconductance of the signal amplifier is 
secured without introducing current surges 
in the signal circuit. 
The maximum signal input to the ex-

pander stage is approximately 0.25 volt, 
and the maximum signal output of the 
system is of the order of several volts. 
The diode rectifier incorporated in the 
suppressor circuit prevents the expander 
rectifier from driving the suppressor posi-
tive, which would produce blocking and 
loss of expansion control. The time con-
stants of the expansion rectifier systems 
are such that 75 per cent of final gain is 
achieved in the l'est position in approxi-
mately 0.02 second. This time constant 
is tripled in Slow position. The two 
decay times are about 0.5 and 1.2 second, 
respectively. 

A. Nelson Buts, Jr., Surgeless Volume Expander, 
Electronics, September, 1946, p. 140. 
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Push-pull Electronic Volume Expander for Audio Amplifiers 

THE circuit shown provides full expan-
sion of a wide range of program material in 
about 10 milliseconds and return to nor-
mal gain in 1 second. Even when im-
properly adjusted, it does not have many 
of the undesirable characteristics of other 
such circuits. 
The incoming audio signal is amplified 
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by two triode control amplifier stages, 
rectified, and the resulting d-c voltage 
used to vary the bias of 6SK7 variable-mu 
pentodes used in push-pull as the variable-
gain stage. Variations in audio level 

thus produce variations in the gain of the 
stage. Use of push-pull for the expander 
make it immune to residual ripple that 
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may come through from the rectifier. 
Another advantage of push-pull is the 
possibility of avoiding the use of bypass 
capacitors, as changes of screen and cath-
ode voltages in an expanding stage are in 
such a direction as to oppose the change 
in gain caused by a change in grid bias. 
Low-frequency transients, or thumps, in 
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the output, due to rapid expander action, 
are canceled out also in a push-pull stage, 

since the control bias is applied to both 
grids simultaneously. 
Even with push-pull operation, how-

ever, it is still necessary to keep the 

transients in the output of the individual 
expander tubes from becoming so large 
as to cut off the following stage. This is 
accomplished through use of low values of 
plate load resistance and coupling capaci-
tance. The loss in low-frequency re-
sponse is compensated for by the RC 
networks in the grid circuits. 

In the control amplifier stages preceding 
the rectifier are two gain controls, one to 

vary the amount of expansion and the 
other to compensate for major differences 
in input signal level. The RC filter of 
the rectifier responds rapidly to impulses 
of signal and yet still eliminates all traces 
of rectifier ripple from the signal circuit, 
because all resistors through which the 
capacitors charge are very small and those 
through which the capacitors discharge 
are very large. 
The only way to tell accurately how 

well an expander is operating is to play 
the same passage twice on a phonograph 
record, once with expansion off and once 
with it on. The resistors associated with 
the neon lamp are so adjusted that the 

lamp begins to glow when the signal volt-
age is large enough to drive the expander 
to full expansion. The level at this point 
is adjusted by control C in such a way that 
the lamp will blink at peaks of modula-
tion. With the signal level in the expan-
sion control circuit so adjusted, it is 
possible to set gain control I) in terms of 
its own panel calibrations to give the 
number of decibels expansion desired 
for the particular program material at 
hand. 

Robert W. Ehrlich, Volume Expander Design, Elec-

tronics, December, 1915, p. 124, 

Audio-frequency Volume Expander Employing Type 6L7 Hexode 

Fon high-fidelity broadcast reception 
and phonograph-record reproduction, this 
audio volume-expander circuit permits a 
closer approach to the original in volume, 
even though reproduction is at a much 

IMEG 

6L7 

the 6L7 and the 6C5 tubes at the same 

time, both channels being supplied by a 
volume control. The output of the 6C5 
is applied to the rectifier tube, a 6116, 
which is so connected that the rectified 

0.5 
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lower level and compression is introduced 
in the studio or the recording amplifier. 
Operation is entirely automatic, and the 
degree of expansion is readily controlled. 
The audio signal in the audio amplifier 

of the receiver or phonograph is applied to 

OV 

-I3V 

+1 P 

ĘĘ 
voltage being applied to grid No. 3 is 
positive. The initial bias on the inner 
grid is 10 volts while the initial bias on the 
third grid is even more. Under these 
conditions the tube is working at very 
low gain. When a strong signal comes in, 

the voltage on the third grid becomes less 
negative, increasing the gain of the tube. 

In order to prevent coupling between 
the 6C5 and 6L7 amplifiers, the rectifier 
output is filtered. The best compromise 
in time-constant values has been found 
to be Yt second. A shorter time constant 
results in annoying up-and-down varia-
tion for every note played. 
The degree of expansion is controlled 

by volume control I?”. The expansion de-
pends on the voltage applied to the grid of 
the 6C5, and this is dependent on the 
volume-control setting as well as on the 
voltage El. 

In order to minimize harmonic distor-
tion, the peak signal applied to the first 
grid of the 6L7 should not exceed 1 volt. 
This means that there must be at least 
another stage between the 6L7 and the 
output tube. Since individual tubes dif-
fer, it has been found necessary to provide 
the adjustment of the initial bias on grid 
3 by means of potentiometer P. The 
plate current should be 0.15 ma with no 
signal input. 

Volume Expansion, The Aerovox Research Worker, 
December, 1936, p. 1. 

Audio Volume-compressor Circuit with Flat Response to 14,000 Cycles 

Tms unique audio compressor circuit 
permits boosting the average percentage 
of modulation of a short-wave transmitter 
up to 90 per cent. The response is flat to 
14,000 cycles. The input and output 
transformers are standard models, con-
nected with polarity as indicated in the 
equivalent circuits. Between the cross 
wires at P are resistors R1 and R2, each 
shunted by one section of the 6N7 double-
triode control tube. 
Under normal conditions, when there 

are no peaks, the combined resistance of 
R1 and R2 and the tube is low because the 
triode sections have a small negative bias 

(developed across the 2,000-ohm cathode 
resistor) and hence have fairly low plate-
resistance values. The two crossed wires 
can then be considered as connected to-
gether at P, placing the windings in series 
aiding and giving signal transfer from 
input to output as required. The inser-
tion loss under this normal condition is 
only 7 vu, which is easily made up in other 
amplifiers. 
The input signal is also applied through 

the 25,000-ohm potentiometer to the 6E8 
push-pull voltage-amplifier stage, provid-
ing input voltage for the 6116 signal-rec-
tifier tube. Diode plate current develops 

across the time-constant circuit a voltage 
drop that acts in series with the automatic 
C bias voltage across R3 and aids that vol-
tage, thereby driving the control-tube grids 
more negative. Under normal-signal con-
ditions, this merely drives the operating 
point slightly farther down on the charac-
teristic curve without bringing it to cutoff. 

Signal peaks increase the plate current 
through the time-constant circuit of the 
signal rectifier in proportion to signal-peak 
intensity, thereby increasing the negative 
bias on the control tube. As this bias 
approaches the cutoff value, the plate 
resistances increase rapidly and the feed-
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EQUIVALENT CIRCUIT 
ON PEAKS 

EQUIVALENT CIRCUIT 
AT NORMAL LEVEL 

o 
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T.C. 
HA 101 

25,000 

through circuit approaches that shown for 
peaks, where there is no connection be-
tween the crossed wires at P. (Actually 
there is still 0.5 megohm between the 
wires due to RI and R2, but this can be 
considered infinitely high for purposes of 
explanation.) Now the polarity of the 
two secondaries of the transformer is such 
that they oppose each other and provide 
the desired suppression on signal peaks. 

Initial adjustment involves setting the 
input potentiometer to zero, feeding in an 

6N7 CONTROL 
TUBE 

2,000 
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0.25 MEG 
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RECTIFIER 
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audio signal tone of a strength such as to 
give a compressor output of 91A vu, and 
then advancing the potentiometer until 
the output drops to 8 vu. This sets the 
threshold at which efTective compression 
begins. A compression ratio of 10 to 1 
will then be provided on strong peaks, 
which means that a 10-db increase in 
input level will be limited to a 1-db 
increase in output level. 
The circuit has extremely low inherent 

distortion, with phase-shift distortions not 

even noticeable on an oscilloscope and 
with a frequency response that is flat 
within 1.5 db over the entire range from 
40 to 14,000 cycles. Tube failures or 
other defects in the compressor cannot 
interrupt the program; in fact, when a 
compressor tube is pulled out, the level 
automatically drops about 5 db to protect 
the transmitter against peaks. 

George Q. Herrick, Volume Compressor for Radio 
Stations, Electronics, December, 1943, p. 135 

Automatic Volume Expander with Combined Bias and Expansion Control 
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Tins modification of the a-f volume 
expander employing a type 61.7 hexode 
adds less distortion and is easier to oper-
ate, besides being less influenced by tube 
variations. The bias of grid 3 of the 6L7 
tube is adjusted simultaneously with the 

expansion control, keeping the average 
level approximately constant. 

In order to add 30 db to the volume 
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+250 V 

0.035 

MEG0.1 

025 

6L7 

0.5 

005 

20,000 

0.5 
MEG 

100,000 

range, it is necessary to vary the gain of 
the 6L7 tube in a ratio of 32 to 1. The 
signal voltage applied to the first grid 
should be kept small. Capacitors should 
have high leakage resistance, as even 
slight leakage may make the circuit inop-
erative. Insertion of the expander in 
existing equipment may cause complica-
tions, as its required location at a point 

+2501/ 

A- F 
OUTPUT 

BIAS 
CONTROL R 3 

2,000 

where signal level is low causes any pickup 
of hum to be greatly amplified, and sta-
bility may also be introduced. It is pref-
erable to build the expander as an integral 
part of an amplifier or receiver. 

Volume Expansion, The Aerovox Research Worker, 

December, 1936, p. 1. 
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Para phase Circuit for Independent Bass-treble Tone Control 

Tnis one-tube tone-control arrange-
ment using half of a 6SN7GT can be 
inserted in an audio amplifier to vary the 
bass and treble frequency response 
independently about some crossover fre-
quency. Dual RC filter networks follow-
ing the triode determine the crossover 
frequency. Values given in the circuit 

820,000 are for a crossover of 400 cycles. For 
KR 

another crossover frequency f, choose a 
value of R greater than 10 times the gen-
erator impedance (generator impedance 
may be taken as 1,000 ohms, and thus 

820,000 
anything above 10,000 ohms will do; 
82,000 was used in the circuit shown). 
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D. L. Jaffe, Paraphase Bass-treble Tone Control, 
Radio, March, 1946, p. 17. 

Woofer-tweeter Crossover Network Using Inexpensive Components 

THIS crossover network for feeding a 
low-frequency horn and a high-frequency 
horn from a single amplifier gives perform-
ance that is flat within 2 db from 30 to 
10,000 cycles and yet uses only low-cost 
components. Each output transformer is 
required to work over only a narrow fre-
quency range so that inexpensive units 
rather than high-fidelity units can be used. 
Also, placing the network reactances in 
the high-impedance part of the circuit 
results in small capacitor values. 
As the equivalent circuit shows, a 
-section low-pass portion allocates the 

low-frequency output to the appropriate 
load, and a 1 -section high-pass portion 
feeds the high-frequency load. Numer-
ical design follows conventional practice. 
The impedance level was chosen as 5,000 
ohms, which is the nominal load for a pair 
of 2A3 tubes operated self-bias. Induct-
ance L1 should have its windings closely 
coupled to enforce balance; one can be 
placed on top of the other. Both L1 and 

EQUIVALENT CIRCUIT 

L2 should have adequate iron and copper 
to permit opening up a large air gap to 
hold the inductances reasonably constant 
at all levels of a-c voltage under which 
they will be required to operate. Match-
ing transformer T2 can be any readily 

LOW-FREQUENCY LOAD 

To 

available transformer of proper ratio that 
will give the required 2 henrys inductance 
when the air gap is opened up sufficiently 
to hold the inductance nearly constant 
over all levels of excitation. 

Transformer T1 should have a high pri-
mary inductance, of the order of 50 to 100 
henrys, but the leakage inductance as 

measured at the primary can be as high as 
1 henry. Transformer T2 must have a 
low leakage, preferably less than 0.05 
henry to hold the loss at 10 ke to less than 
3 db. It may be a low-cost unit, however, 
since its primary inductance need be only 
2 henrys after opening the air gap—say 
10 henrys before adding the air gap. 
Transformers 7'1 and 7'2 should have the 
proper turns ratios to match the 5,000-
ohm filters to the respective loads. 
The fact that a pair of 2A3 or 6A5G 

tubes exhibits a plate impedance of only 
2,000 ohms when the load impedance and 
the surge impedance of the filters are 5,000 
ohms is unimportant. A measured per-
formance curve shows each output to be 
flat in its transmission range and to fall 
off smoothly in its attenuation range. The 
mismatch is necessary for proper loading 
of the output tubes. 

Paul W. Klipsch, Woofer-Tweeter Crossover Net-
work, Electronics, November, 1945, p. 144. 

Equalizing Amplifier Having Adjustable Networks in Feedback Loop 

THE push-pull high-level amplifier de-
scribed here performs outstandingly as a 
sound-effects equalizer, recorder cutting-
head driver, playback equalizer, or loud-
s)eaker-equalizer driver. It may be used 
to lift or lower the high end of the fre-
quency spectrum in calibrated steps at a 
known frequency. Any specified low fre-

quency may be lifted in the same manner. 
The input impedance is constant in both 
magnitude and phase angle, and its output 
impedance is very nearly so. It has a 
gain of 65 vu, a maximum output level of 
12 watts, and its input may be operated 
at a level of —40 vu while still maintaining 
a noise level 65 vu below the output. 

One of the most interesting applications 
is equalization, or preequalization, of tele-
phone-cable circuits. In broadcast work 
it is often possible to purchase a lower 
grade service than the regular broadcast-
quality line, and equalize this service to 
the equivalent of a quality line. To do 
this requires a rather sharp peak in the 
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frequency characteristic of the equalizing 
equipment. 
The first stage is only for the purpose of 

providing an extra 30 vu or so of gain. 
The last two stages in the normal flat, or 
no-equalization, position comprise a sim-
ple and rather conventional feedback 
amplifier whose over-all gain is varied 
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nating networks may be simultaneously 
applied. These are shown individually 
below. They are to be connected as indi-
cated by the lettered terminals and may 
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produce composite curves. 
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unequalized position. In network B, 
C2 is inserted in this position and has a 
value necessary to give flat high-frequency 
response. If none is necessary, the posi-
tion may be left open. In network C the 
first position should be filled with what-
ever capacitor is required to produce a 
flat low-frequency response. Usually this 
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with respect to frequency in a predeter-
mined manner by inserting in the feedback 
loop frequency-discriminating networks 
that have the effect of changing both the 
magnitude and the phase of the feedback. 
Resonant equalizer circuit A includes 

only one reactive element—capacitance. 
Thus no resonances may occur involving a 
rapid phase shift. At the same time, the 
frequency response is purposely wrecked 
at the high end by inserting an BC net-
work in the 6M grid circuit. This net-
work has the additional function of 
stabilizing the tube, which, with its very 
high transconductance, will often oscillate 
parasitically. 
The feedback circuit PMX and ONY is 

designed in such a way that a number of 
different types of frequency-discrimi-

7F7 cathodes to shunt the high fre-
quencies. This changes the magnitude 
and phase of the feedback at high fre-
quencies, thus increasing the over-all am-
plification. By the same token, network 
C is a series of capacitors that can be con-
nected between the points P-M and Q-N, 
changing the magnitude and phase of feed-
back at low frequencies, thus increasing 
the over-all amplification. Network D is 
of the same general character as network 
B. It forms a pair of capacitors bridged 
from M to X and N to Y, which reduces 
the high-frequency response in the same 
manner as that in which the section B 
increases it. Networks B and C are cali-
brated in volume units at their respective 
frequencies of 5,000 cycles and 50 cycles. 
The first position, labeled 0, is the flat or 

position may be shorted (infinite capaci-
tance). No great amount of ingenuity is 
required to combine networks C and D 
into a single switch with a center zero 
position if a coarse adjustment of this 
type of equalization is permissible. 
With a simultaneous application of net-

works B and C, the low-frequency equali-
zation may be adjusted without materially 
affecting the high-frequency response, and 
vice versa. Since the midfrequency gain 
remains essentially constant as the equal-
izer switches are rotated, adjustments 
may be made while the amplifier is in use. 
One important detail in connection with 
section C is the use of the shorting type of 
selector switch. Were a nonshorting type 
of switch used, the feedback would be 
removed between steps as the switch was 



12 HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS 

rotated, causing abrupt fluctuation of 
gain. 
To provide constant and resistive input 

and output impedances for the ideal 
equalizer, isolation pads must be inserted 
at both input and output terminals. The 
T-pad volume control shown at the input 
should serve this purpose. If constant 
output impedance is required, as in the 
case of line driving, the secondary winding 
of T2 should be followed by a 6- to 10-db 
pad. 
The first 7F7 cathodes are tied together 

into a common unbypassed resistor, as are 
the two 6L6 cathodes, for the purpose of 
helping to force a balance between the two 
sections. Any tendency on the part of 
one side of the push-pull section to have 
more gain than the other will produce a 
resultant voltage across these cathode 
resistors. This voltage will in turn act to 
produce degeneration within the stage 

itself, tending to reduce the initial unbal-
ance. If there is no initial unbalance, 
there will be no net voltage across these 
cathode resistors, and thus it will be use-
less to bypass them. 
The 0.03-W coupling capacitor between 

the last two stages of this amplifier is too 
small to give a good low-frequency re-
sponse in a normal amplifier. However, 
if a large capacitor is used, trouble may be 
experienced with self-oscillation at a very 
low frequency. To force a balance be-
tween the two sides of the push-pull 
amplifier, the two 6L6 screens are tied 
together and receive and supply voltage 
through a common resistor. Any tend-
ency toward a push-pull self-oscillation, or 
unbalance, in the output stage immedi-
ately appears as a resultant voltage across 
this resistor and tends to cancel. 
The d-c blocking capacitors leading 

from the output plates to points I' and Q 

should be low-leakage high-quality com-
ponents. If there is appreciable leakage, 
objectionable pops will be heard when 
rotating the C switch; indeed the whole 
amplifier may become unstable. 

If it is desired to produce a peak in the 
high-frequency response, such as might be 
required for the equalization of loaded 
cable circuits, the 7F7 cathodes may be 
shunted by one or more resonant circuits 
of adjustable Q. An example of this sort 
of equalizer will be found in section A. 
It consists of L, C, and R in series between 
the two cathodes. The resistance may be 
varied by means of a tap switch arrange-
ment, producing the effect of varying the 
Q. Other switches and trimmers may be 
used to adjust the frequency of resonance. 

E. G. Cook, A Flexible Equalizing Amplifier, Eler-
tronica, July, 1012, p. 36. 

Three-band Variable Equalizer with Zero Insertion Loss 

Trims versatile preequalizer provides 
gain or attenuation adjustment independ-
ently in 1-db steps in the low-, high-, or 
midfrequency bands of the audio spec-
trum. Applications include recording, 
rerecording, sound-system compensation, 
and broadcast-station equipment. 
The unit was designed so that low- and 

high-end emphasis, or suppression, is ill 
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OHMS 

500500-OHM 
T PAD 

9M1-1 

500 500 

0.03 

600 

100MH 

42MH 

db up to a total of 5-db suppression or 
emphasis. Any combination of low-, 
high-, and midfrequency responses can be 
obtained. Insertion loss of the system of 
networks can be made zero by a suitable 
choice of fixed attenuators. 
The system Inay be inserted into a 

circuit without affecting normal trans-
mission, manipulations, or usage and, as 

0.0775 

'OE0s--10 DB 

T0.19 

discrete steps, achieved by a shelf effect 
arranged to shift the frequency of one-
half loss or gain further toward the ex-
tremes of the signal band or nearer 
the midfrequencies, thereby affecting the 
normal circuit characteristics only to the 
extent required by the necessary correc-
tion. Maximum suppression is 4 to 6 db, 
maximum emphasis is 8 to 10 db, and the 
change between steps is approximately 1 
db, measured at 100 cycles and 7,000 
cycles. 

Midfrequency correction is a maximum 
at 2,750 cycles and is variable in steps of 

500500-OHM 
T PAD 6F5 

sion and emphasis. At an intermediate 
point in the setting of the variable attenu-
ator the frequency characteristics of the 
two networks are inverse and the net 
applied frequency correction is zero. 
To maintain constant insertion loss at 

all correction settings, a second variable 
attenuator having a 10-db maximum is 
mounted on the same shaft with the cor-

2.425 0.183 75,000 

previously specified, volume corrections 
need not be made simultaneously with 
equalization, although under some circum-
stances, particularly when low-end correc-
tions are applied, there will be an apparent 
level change. 
Two constant-impedance networks are 

used for midfrequency control. One is a 
suppression network of the required shape 
and fixed in amount at the desired maxi-
mum; the second is an emphasis network 
connected in series and variable in equal-
ization by an amount equal to the sum of 
the maximum amounts of desired suppres-

0.2 

Bi-

6J5 

17,500 

40 

0.25 

500. 500-OHM 
H PAD 

MEG — 

rection network attenuator, connected in 
series with the other two networks, and 
mechanically arranged to maintain the 
total attenuator loss at 10 db. By pro-
viding amplification of greater than 10 
db, low- and high-frequency correction can 
be realized by negative feedback. The 
two-stage amplifier uses parallel feedback 
from the second plate circuit to the input 
cathode resistor. 
Low- and high-end suppression, or em-

phasis, can be controlled by capacitor-
resistor combinations. With a suitable 
choice of resistors, capacitors, over-all gain 
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without feedback, and feedback factor, the 
specified frequency characteristics can be 
obtained by increasing or decreasing C1, 
C2, C3, or C4 in discrete steps, as follows: 

Low-end suppression: Decrease Ca 

Low-end emphasis: Decrease Ca 
High-end suppression: Increase Ca 
High-end emphasis: Increase C2 

Capacitors C1 and C3 are connected into 
the circuit with a single switch that is 
arranged to maintain CI constant while C3 
is being decreased to produce low-end em-
phasis. Conversely, C3 is held constant 
as CI is decreased to give low-end sup-
pression. Capacitors Cg and C4 are 
switched in the same manner except that 
one of them is held at the minimum value 
while the other is increased, in steps, to 
obtain high-end emphasis or suppression. 

The amplifier at zero equalization gives 
a gain of 30 db, which must be reduced 
to zero by attenuators. The system of 
networks is assembled with these attenu-
ators, three fixed and one variable (in 
the midfrequency section), located so as to 
make the input and output essentially 
resistive. 

Because the feedback network is not of 
abnormally high impedance, the network 
controls can be placed in a separate unit 
that contains the two capacitor accumu-
lator switches, the midfrequency network 
attenuator with the compensating ganged 
attenuator, and the feedback network 
capacitors. 
Due to the potential differences that 

gather on the switch contacts, there will 
be some noise unless these potentials are 

reduced by connecting resistors between 
adjacent switch contacts. These bleeder 
resistors can be made sufficiently low to 
reduce noise without seriously affecting 
the frequency characteristic. A further 
aid in maintaining low noise from the 
switches is the small difference in attenua-
tion between steps. 
Frequency characteristics do not change 

with tube replacement or with a 10 per 
cent change in plate-supply voltage. 
Total noise, measured at the output of the 
system, is 87 db below 0.001 watt, which is 
sufficiently low to work into high-gain 
circuits for recording or rerecording. 

L. D. Grignon, Three-band Variable Equalizer, Elec-
tronics, January, 1947, p. 112. 

Universal Fifteen-channel Equalizer Circuit for Audio Equipment 

WITH the circuit shown here, it is possi-
ble to change the response curve of an 
audio amplifier at will to suit acoustic con-
ditions of public-address-system locations 
or theaters or to obtain the most pleasing 
reproduction from a phonograph record. 
Fifteen separate calibrated tone-control 
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forming the visual curve are calibrated 
directly in decibels. 

Response characteristics of microphones, 
loudspeakers, and phonograph pickups 
can be determi,ned by using signal sources 
and amplifiers having reasonably flat re-
sponse characteristics. 

CIRCUITS 

0.09 

37-CYCLE 
PEAK 

0.09 

50,000 
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channels are connected in parallel but 
act independently, each controlling a dif-
ferent portion of the audio spectrum. 
To determine the over-all response re-

quirements of an audio amplifier intended 
for high-fidelity sound reproduction, the 
tonalizer unit is inserted in the circuit of 
the amplifier to be tested, at some point 
where the signal voltage is about 2 volts, 
and the 15 channel controls are adjusted 
until the output of the amplifier is the 
same at all audio frequencies. The re-
sponse curve then shows on the front 
panel, since the positions of control levers 
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RC circuit is broadly peaked at a particu-
lar frequency and has its own individual 
gain control. The gain-control levers for 
the 15 channels can be so arranged on the 
control panel that their ends trace the 
over-all response curve to which the in-
strument is set. 
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40 
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freq. 
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23 0.15 245 0.0125 2,560 0.00125 
37 0.09 394 0.008 4,100 0.0008 
60 0.05 630 0.005 6,550 0.0005 
96 0.035 1,000 0.003 10,300 0.0003 
154 0.02 1,600 0.002 16,480 0.0002 

The input voltage-amplifier stage with 
its master gain control permits adjusting 
the over-all gain of the system and has a 
sufficiently high input impedance for a 
plate-circuit connection to any stage when 
the signal level is about 2 volts in the 
amplifier to be tested. The plate circuit 
of the 6J5 input stage feeds each of the 15 
selective channels in parallel (for sim-
plicity, only three channels are shown in 
the diagram). 
RC circuits are used as a-f filters to 

eliminate phase distortion and other 
drawbacks of tuned LC circuits. Each 

The output matching circuit and 
shielded cable are optional, and are used 
only when it is inadvisable for some reason 
to connect the 0.5-gf output capacitor 
directly to the grid of a tube in the ampli-
fier being tested. 
A conventional well-filtered full-wave 

power pack makes the unit operable di-
rectly from an a-c line. A 5Y3G tube is 
used with a transformer providing 375 
volts on each side of the center tap. Each 
selective circuit consists of a series element 
CiRi and a parallel element C2R2, forming 
a voltage divider as shown in the equiva-
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lent circuit. R1 and R2 are 50,000 ohms 
for all channels, but C1 and C2 are equal 
in individual channels only. 
At low audio frequencies, most of the 

signal voltage is dropped across the series 
element, and only a relatively small volt-
age is available across R2 for transfer to 
the amplifying portion of the channel. 
At high audio frequencies, the imped-

ance of the shunt element is much lower 
than that of the series element, and again 
the voltage across R2 for transfer to the 
amplifier tube is relatively small. 
As the frequency is decreased from a 

high value, the impedances of both the 
series and shunt elements increase but 
at different rates. The peak response 
occurs at the point where the two imped-
ances increase at the same rate, for the 
two impedances are then increasing at the 
same proportional rate and are giving a 
high constant-output voltage across R2, 

corresponding to the peak of the response 
curve. 
The lowest peak frequency employed in 

a 15-channel tonalizer is 23 cycles. Suc-
cessive peaks are each approximately 1.6 
times the preceding value. This gives 
considerable overlap of response curves, 
with smooth changes in response and with 
a maximum possible variation of about 
5 db between adjacent peaks. 
When all 15 channel controls are set for 

equal or maximum gain, the response 
curves combine to give essentially flat 
over-all response. 

If the channel controls are not cali-
brated in decibels, the response curve can 
be obtained with one additional run after 
the controls are set. A decibel meter is 
connected to the output of the amplifier 
under test, with the tonalizer in the sys-
tem. The a-f input from the a-f signal 
generator is then varied over the fre-

quency range. The actual decibel varia-
tions are then read on the meter and 
plotted to secure the response curve. 
Due allowance must, of course, be made if 
the amplifier itself is not flat, but most 
amplifiers are designed to have reasonably 
flat response. 
The tonalizer input- and output-imped-

ance values can be considered as over 
50,000 ohms for all practical purposes. 
Input voltages in the range of 0.25 to 5 
volts will give the maximum output volt-
age of 10 volts at all frequencies. The 
input level can be adjusted with the input 
volume control to prevent overloading of 
the amplifier stages in the tonalizer. 
Shielded input and output leads, each 5 
feet long, are used. 

Paul H. Thomsen, Universal Equalizer Provides A-F 

Amplifier Design Data, Electronics, August, 1943, 
p. 120. 

Direct-coupled Input Stage for Phase Inversion in Audio Amplifier 

A SIMPLE and economical circuit for 
obtaining phase inversion and consequent 
elimination of the push-pull input trans-
former for a push-pull output stage is pre-
sented here. Voltage divider RiR2 makes 
50 volts available at the grid of the inver-
ter tube, and this voltage serves also as 
the plate supply for the input amplifier 
stage. This eliminates the customary 
separate load resistor with attendant de-
coupling filter resistor and capacitor, and 
gives considerable improvement in over-
all operation. 
The 5,000-ohm cathode bias resistor of 

the input stage, not bypassed, is a logical 
point for introduction of the feedback 

voltage. Without feedback, an input sig-
nal of 0.44 volt rms is all that is required 
to drive the 6L6 tubes to overload. With 

R 
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25,000 
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LOUD-
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17 db of feedback, the input requirements 
increase to 3.1 volts rms for maximum 
output. In the circuit shown, using two 

500-ohm output transformer secondaries 
in shunt, the feedback resistor RF will 
give 10 db of feedback when its value is 
240,000 ohms; 100,000 ohms will give 17 
db of feedback; 68,000 ohms will give 
20 db; 52,000 ohms will give 22 db; 36,000 
ohms will give 24 db. The amplifier is 
perfectly stable with 22 db of feedback. 
The output transformer has its two 125-

ohm secondaries strapped in parallel to 
increase the available feedback due to the 
reduction in leakage reactance in the 
transformer and the consequent decrease 
in phase turnover. 

C. G. McProud and R. T. Wildermuth, Phase In-
verter Circuits, Electronics, October, 1940, p. 50. 

Automatic Phase-reversal Circuit for Audio Amplifier 

WITH the unsymmetrical wave forms 
that are characteristic of much speech and 
music, it is desirable in broadcast stations 
to have the peaks that have the greater 
magnitude modulate the carrier of the 
transmitter in the upward direction in 
order to permit the greatest possible 
coverage by the station without introduc-
ing distortion by overmodulation. The 
switching required for this can be achieved 
automatically with the circuit shown, 
which consists essentially of a normal line 
amplifier, a switching tube, and a push-
pull amplifier whose function is to operate 
the switching tube in accordance with the 
polarity of the voltage at its output ter-
minal. First consider the operation of 

the line amplifier with the 2A3 switching 
tube and push-pull amplifier disconnected. 
The signal voltage across the input of the 

LINE AMPLIFIER 

line amplifier is e,, and for the instantane-
ous voltages, as marked, the signal voltage 
at the grid will be negative with respect 
to that of the cathode. Now assume that 
the 2A3 switching tube is connected. For 
the moment we shall disregard the grid, 
or input, circuit and shall merely assume 
that plate current flows through this tube. 
The flow of plate current will set up a 
steady voltage across RI, which will give a 
somewhat more positive bias to the line 
amplifier, but the signal voltage will re-
main unchanged. Thus the effect is the 
same as if the bias control were at 
the top instead of at N, so far as the 
instantaneous voltage on the input of the 
line amplifier is concerned. The function 
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of the push-pull amplifier is merely to 
provide a convenient arid automatic 
switching arrangement for the 2A3 switch-
ing tube. 

For zero signal on the input of the push-
pull tubes, terminals A and B are at the 
same potential, and consequently the 2A3 
tube has zero bias. When a signal voltage 
is applied, one of the terminals becomes 
negative with respect to the other. If 
terminal A is relatively negative, the 2A3 
tube is biased to cutoff, since only a low 

voltage is used on the plate of the 2A3. 
This mechanism automatically reverses 
the circuit so that the higher peaks will 
always modulate the transmitter upward, 
although for proper operation the position 
of the terminals A and B may have to be 
reversed. 
The input circuit of the two 24A 

tubes must be a transformer to obtain 
proper operation of the push-pull ampli-
fier. It should be noted that the screen 
grid of these tubes is not at ground poten-

tial and that no bypass capacitor from 
screen to ground should be provided. 
The plate battery of the 2A3 tube should 
be as low a voltage as possible so that a 
small grid voltage will cause the tube to 
conduct current or to produce cutoff. 
The 24A tubes are biased approximately 
to cutoff. The H pad reduces the voltage 
to the tube and voltage-divider network so 
that switching is done at a low audio level. 

R. P. Crosby, Automatic Phase Reversal Amplifier, 
Electronics, October, 1941, p. 04. 

Electronic Interlocking Circuit for intercommunication without Switching 

To make normal two-way conversation 
possible in an intercommunicating system 
without use of a talk-listen switch, the 
circuit shown employs two channels, with 
part of the signal from the active channel 
serving to reduce the screen-grid voltage 
of the amplifier tube in the other channel 
and thus lower its gain below the howling 
point. The entire changeover action 
takes place within the first few vibrations 
of the loudspeaker in the channel being 
used; therefore there is no objectionable 
clipping of syllables of the kind that occurs 
with magnetic voice-operated relays. A 
signal in one channel acts through a sys-
tem of diode rectifiers to lower the gain of 
the other channel, and vice versa. 
A 6J7 tube is resistance-coupled to a 

25L6 tube in each of two amplifier circuits 
working in opposite directions. Each am-
plifier is standard with the exception that 
some energy from each of the outputs is 
fed to the control system and also that the 
second grid of each of the 6J7 tubes is used 
for control purposes. The driving grids of 
the 6J7 tubes have two sources of biasing 
potentials, a cathode resistor to ground 
(R4 or R24) and a constant grid voltage to 
ground supplied by potential divider Ru. 
The second grid of either one of the 6J7 

tubes is connected to a network and to the 
elements of a 6116 tube in such manner 
that a positive potential is supplied to this 
grid when no sounds are being trans-
mitted. This grid may be thrown more 
or less positive when sounds are trans-
mitted, depending on which channel is 
active. The potential of the second grid 
of the 6J7 tube is raised to a certain fixed 
positive value very quickly when sound is 
being transmitted principally by that 
channel. The fixed positive value to 
which it is raised is determined and limited 
by another 6116 tube whose plate is con-
nected to the 6J7 second grid and whose 
cathode is connected to the desired fixed 
positive limiting potential. The potential 

of the second grid of the 6J7 tube is 
lowered to a certain fixed positive, or 
negative, potential instantly, when sound 
is being transmitted principally by the 
other channel. The fixed positive, or 

I. 

  «OE  

100,000 
250,000 

6J7 

100,000 
6H6 

0.05 

0 0 

and filtered, there is a fixed positive po-
tential of, say, 1.5 volts represented by 
battery 1. In series with this is element 
2, which normally is neutral but which 
may produce or tend to produce 150 volts 
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negative, value to which this 6J7 second 
grid is lowered is determined and limited 
by another 6116 tube, the plate of which is 
connected to the desired fixed limiting 
potential. 
The circuit for controlling the potential 

of the second grid of the 6J7 consists of 
three branch circuits, as shown in sim-
plified form on the diagram. In the 
center branch, which is of high impedance 

100,000 

6.37 

025 = 
250,000 

250,000 

Lo 
c, 

600 R24 

of negative potential when the other chan-
nel is active. Also in series is element 3, 
which may produce or tend to produce 150 
volts of positive potential when the chan-
nel of the 6J7 shown is the principal car-
rier. This 150 volts is considerably more 
than is required either positive or nega-
tive, but the voltage that actually tends 
to result on the grid is the algebraic sum 
of voltages 1, 2, and 3. 
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In the other branches, 5 is a battery, 
which would place a positive potential of 
15 volts on the grid, but because of recti-
fier tube 6 no current would normally flow. 
Likewise, 7 is a battery that would place a 
negative potential of 1 volt on the grid, but 
because of rectifier 8 no current would flow. 
Now assume that the channel contain-

ing this 6J7 tube is very active arid that 
unit 3 tends to generate 150 volts positive. 
The grid cannot go more positive than 
battery 5, or current will flow through 

rectifier 6 in its normal direction, so that 
there is a tendency to charge battery 5. 
Similarly, when battery 2 generates 150 
volts negative, the grid cannot go more 
negative than battery 7, or current will 
then flow through rectifier 8 in its normal 
direction, so that there is a tendency to 
charge battery 7. Since elements 5 and 6 
of one circuit and 7 and 8 of the other are 
of low impedance, they definitely place 
limits to grid voltage of +15 volts and —1 
volt or whatever other limits are desired. 

When neither channel is active, the 
voltages of 2 and 3 soon become zero, 
and the grid then floats at the inter-
mediate voltage of battery 1. The 
impedance of the rectifiers in the reverse 
directions are practically infinite, so that 
the voltage of the grid between the limits 
of +15 and —1 is unaffected by the 
limiting tubes. 

Harold J. McCreary, Electronic Interlocking for 
Intercommunicatore, Electronics, September, 1941, 
p. 30. 

Automatic Fader Circuit for Sound Systems and Broadcast Studios 

Tins circuit operates from the nemo 
and announce tally lights in a broadcast 
studio, plus an installed fade key and 
tally. It will automatically fade a pro-

5,000 
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GAIN 
500 

5,000 

ANNOUNCE TALLY 

NEMO TALLY 200 

10.5 Ę. 

5 MEG 

gram either completely or partly in or 
out at a predetermined rate without the 
use of motors. The only moving parts 
are three relays, and the timing for indi-
vidual fade-in and fade-out rates is easily 
adjusted. 
The fader is essentially an amplifier 

adjusted for zero gain, with time-delayed 
bias for control. The amplifier tube is 
biased to cutoff for complete fade-out, at 
an intermediate point for partial fade-out 

500-OHM LINE 

24,000 

63V +200V 

or fade-in, and normal for complete fade-
in. The bias is obtained from the two 
potentiometers in the bleeder circuit. 
Two variable timing controls are 

included (slotted shaft for screw-driver 
adjustinent), one for complete fade-out 
and one for complete fade-in. Timing 

of a complete fade is adjustable from 1 to 
15 seconds. The timing for the back-
ground level, or partial fade, is fixed at 
approximately 2 seconds. 
The 6C5 is operated at a plate current 

of 0.5 to 0.6 ma to obtain a smooth fade. 
This quiescent point places the operation 
of the tube slightly above the point where 
the amplification begins to vary. This 
imposes a definite limitation on the 
maximum permissible input level at 
which the fader may be operated without 
distortion. The input is 10,000 ohms 
bridging, while the output is 500 ohms. 

Relay L2, which gives complete fades, 
obtains its battery from the nemo tally 
light. The partial fade, or background-
level, relay L1 connects to the battery 
supplying the announce tally through a 
contact on relay L2. This allows a back-
ground level only when both announce 
and nemo are set up. It was found that a 
partial fade of 10 db of tone (500 cycles) 
gave a good background level. The level 
is adjustable to —58 db. 

Dan Hunter, Automatic Fader, Electronics, October, 

1945, p. 119. 

Speech Scrambling and Unscrambling Circuit Using Balanced Modulator 

F011 scientifically scrambling the human 
voice to secure secrecy during trans-
mission by radio or over wires, this 
frequency-inverter circuit employs what 
is essentially a Hartley balanced modu-
lator, or demodulator, in which a pair of 
triodes is connected to produce cer-
tain frequencies and to suppress other 
frequencies. 

Since the inverted speech will occupy 
the same frequency range as the original 
speech, but in reverse order, it is essential 
for complete privacy that the original 
voice currents do not appear in the output. 
This is achieved to a high degree' in the 

balanced-modulator stage, provided that 
the two tubes are identical and that the 
circuit is properly balanced. 

In creating inverted speech, normal 
voice frequencies are caused to modulate 
a constant audio frequency (inverting 
frequency) to produce frequencies that 
are combinations of the speech frequencies 
and the inverting frequency. These 
frequencies will include an upper and 
lower side band which are, respectively, 
the inverting frequency plus the voice fre-
quencies and the inverting frequency 
minus the voice frequencies. If the 
inverting frequency is just above the high-

est essential voice frequency, the lower 
side band will be an inverted picture 
of the original input voice frequencies, so 
that the low frequencies become highs, 
and the high frequencies become lows. 
By using an inverting frequency of 

3,000 cycles, an input frequency of 200 
cycles will become 3,000 minus 200, or 
2,800 cycles in the difference-frequency 
band. A 2,500-cycle input will become 
500 cycles, and all other input frequencies 
will be inverted correspondingly. The 
upper side band is representative of the 
original input frequencies raised up in 
the spectrum by the value of the inverting 
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frequency. In actual practice of secret 
telephony, this upper side band is attenu-
ated by filters, and only the inverse-fre-
quency band is used for transmission. 
Two high-impedance input circuits are 

provided so that the unit can be used in 
conjunction with two short-wave receivers 
for unscrambling transoceanic telephone 
conversations. Two receivers are neces-
sary if one \vishes to hear both sides of a 
conversation. 
The output impedance is 500 ohms 

looking directly out of the low-pass filter. 
The two output jacks permit the use of 
two pairs of 250-ohm impedance head-
phones connected in series. 
The 6C5 input amplifier is really a 

mixer stage to couple the outputs of two 
radio receivers to the modulator input 
transformer 7'1. The transformer must 
have low distributed capacitance and low 

capacitance between windings, and the 
center tap on the secondary cannot be 
taken from within a winding. Two leads 
must be brought out from separate 
sections of coils to provide magnetic and 
inductive balance. Controls R7 and C5 
are provided to compensate for any 
inequalities present. The function of R g 
is to provide for balancing the plate cur-
rents of the two 6C5 modulators. All 
these controls are used to balance out of 
the output circuit the incoming speech 
waves and the inverting frequency from 
the 6C5 oscillator. Preliminary balanc-
ing can be aided by careful selection of 
the two 6C5 modulators and by inter-
changing them during the process of 
balancing. The half of the secondary 
across which capacitor C5 must be shunted 
can be determined only by experiment. 
Transformer 7'2 is a standard plate-to-

line transformer, and any good make will 
serve the purpose. 
The low-pass filter is of the m-derived 

type to provide for suppression of the 

Circuit 

THE circuit shown is essentially a two-
channel audio amplifier for indicating the 
presence of excessive vibration, both 
audibly with a loudspeaker and visually 
with a neon lamp. Though designed 
primarily to assist in adjusting and testing 
gyroscope-rotor assemblies, it has many 
other industrial uses. As one example, 
it is valuable in eliminating dynamic 
unbalance in gyro rotors. When used 
in connection with an electronic tachom-
eter and accelerometer, rotors can readily 
be adjusted and balanced so precisely that 
it is virtually impossible to ascertain by 
touching or listening to the rotor whether 
it is stationary or revolving. 

upper side band produced by modulation. 
The a-c resistances of the various coils 
should be as low as possible if sharp 
discrimination between the unwanted 
frequencies and the pass frequencies is to 
be obtained. 
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inverting frequency from the 6C5 oscil-
lator. The frequency is controlled by a 
variable resistance and capacitor in 
series. A frequency of 3,000 cycles is 
provided with the control near the center 
position. A Wien-bridge or any other 
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The capacitors can be a paper dielectric 
type because of the relatively low fre-
quencies involved. The odd values for 
C6 and C7 can be stacked up from standard 
capacitors in parallel. The inductances 
should be treated with wax or other mois-
ture-resisting material and should be 
shielded from each other or spaced by 
their own diameter and placed alternately 
at right angles. 
The GCS amplifier is perfectly straight-

forward and is for amplification of the 
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well-known type of oscillator may be 
used to supply the inverting frequency. 

In operation, the inverter may be used 

both for scrambling and unscrambling. 
If desired, two units may be placed at 
either end of a two-way circuit with the 
usual balanced hybrid coils, to provide 

a complete privacy system for two-way 
telephone communication. 

William W. Roberts, Speech Scrambling Methods, 
Electronics, October, 1943, p. 108. 

for Indicating Vibration Visibly and Audibly 

270 v The rotor under test is mounted in a 
fixture and is rotated at a fairly high 
speed by means of an air jet impinging on 
its vanes. A phonograph type of crystal 
pickup placed on the gyro frame converts 
vibrations into a signal that is fed to the 

grid of 172, operating as a conventional 
300 

class A voltage amplifier. The output of 
this amplifier divides into two branches. 

25,000 
6s7.,07 a One branch drives a conventional power 

amplifier Vg, which operates a loud-
speaker to give audible indications of 
vibration present in the gyro rotor. 
The second branch is used to provide 

visual indication when vibration of the 
gyro rotor exceeds a specified amount. 
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Output from voltage amplifier Vg is fed 
into the input stage of the peak-discharge 
circuit employing a gas tetrode Vio. 
When the grid of the gas discharge tube 

exceeds a stipulated value, the tube 
breaks down and illuminates the neon 
peak-vibration indicator lamp V. In 
this way, excess vibration of the gyro 

rotor is converted into a visual warning. 

An Electronic Tachometer, Accelerometer and Vi-

brometer, Electronics, June, 1944, p. 100. 

Wien-bridge Audio Oscillator Providing Ten Spot Frequencies 

A SELECTOR switch provides instantane-
ous choice of 10 frequencies in the audio 
range from 20 to 20,000 cycles in this 
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amplitude are achieved. The arrange-
ment is useful for measuring a-f-amplifier 
frequency response and for wave-form and 

20 

) 

CI 

5,000 

110 V 
3 W 
LAMP 

51,000i( 
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simple switch-tuned RC oscillator, popu-
larly known as a Wien-bridge oscillator. 
By careful matching of pairs of resistors, 
good wave form and uniform output 
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POWER 
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distortion measurements. Frequency of 
oscillation is determined by the values of R 
and C (f = 1/27rRC), and the accuracy of 
frequency will be as good as the accuracy 

of the R and C values. The members 
of each pair of resistors should be equal 
as checked with a bridge or ohmmeter. 

A 6SN7 provides the two triodes that 
are necessary for the oscillator, and a 
6H6 is used as a half-wave voltage doubler 
to provide the 165-volt B supply needed 
by the oscillator. Two filament trans-
formers are used back to back to provide 
filament voltage and line isolation for the 

B supply. The first transformer has a 

2-ampere winding to supply filaments as 

well as to drive the second (1-ampere) 
plate transformer. Connecting the pilot 

light across only half of the 6.3-volt 

winding eliminates annoying glare but 
still provides ample visibility. 

Output is taken from the amplifier 
cathode so that loading will not affect 

oscillation. The amplitude will be about 

2 volts peak. A double attenuator is 

used to make possible vernier adjustment 

of low levels for such applications as 
speech amplifiers. Oscillation amplitude 

is determined by the proportion of output 

voltage fed back through C1. If more 
output is desired, the alternative power-

amplifier arrangement shown may be 

used. This calls for boosting the plate-

supply voltage on all tubes to 250 volts. 

Howard T. Sterling, A Simple Wien Bridge Audio 

Oscillator, QST, October, 1946, p. 29. 

Circuit for Producing A-F Response Curves on Cathode-ray Screen 

THE circuit described here gives a 
continuous curve of the response charac-
teristic of an audio amplifier or of any 
acoustic device on a standard cathode-ray 
oscilloscope screen. 
The main parts of this device are a saw-

tooth oscillator and a beat-frequency 
oscillator. The saw-tooth oscillator, used 
at a frequency of approximately 30 cycles, 
supplies a linear sweep voltage to a 
frequency-control tube and simultane-
ously moves the cathode-ray beam across 
the horizontal axis. The beat-frequency 
oscillator is arranged so as to have its 
variable oscillator (which is normally 

varied at the control of the operator) left 
unchanged and adaptable to its usual 
purpose. The fixed oscillator is fre-
quency-modulated at the frequency of the 
saw-tooth oscillator by the action of the 
control tubes. Thus a variable a-f wave 
is generated. 
The setting of the variable oscillator 

establishes the lowest frequency from 
which the audio output can sweep, and the 
sweep range is determined by the setting 
of the control tube and the auxiliary cir-
cuits. Thus the oscilloscope screen is not 
limited to a picture starting at zero 
frequency, for any portion of the audio 
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inductance of this coil is changed by 
altering the dynamic tube characteristic 
through the action of the control grid. 
The amount of control is established by 
the value of the bias potential applied 
to this grid. 
The control tube in this system gener-

ates out-of-phase currents in its plate 
circuit by the action of a phase-changing 
network connected between the plate and 
a grid. The amount of inductive con-
trol is varied by applying the discharges 
of the saw-tooth oscillator through suita-
ble range-control circuits. If these func-
tions are all arranged for control by one 
grid, undesirable interaction occurs be-
tween the circuits having the different 
functions. A pentagrid tube (6L7) is 
therefore used. In this tube a screen 
separates the two control grids and thus 
eliminates interaction between them. 
The range of frequency change is 

controlled by varying the mutual con-
ductance of the control tube. This is 
accomplished by varying the bias of the 
first grid, which has a remote cutoff 
characteristic. The instantaneous fre-
quency is determined by the out-of-phase 
signal fed back from the oscillator tank 
circuit through the phase-shift network 
to the third grid. If the tube is biased to 
cutoff, it causes no change in the tank-
circuit inductance. Reducing the bias 
of the control tube's first grid increases its 
mutual conductance, thereby shunting the 
inductance of the coil with an apparent 
inductance and raising the frequency of 
the fixed oscillator. 

It is usually desirable to have a logarith-
mic spread of the frequency spectrum on 
the cathode-ray screen. This can be 
obtained by varying the bias of the control 
tube in linear saw-tooth fashion and using 
a tube whose mutual conductance changes 
substantially logarithmically with grid 
bias. The output frequency of the audio 
oscillator approximates a straight-line 
function of the mutual conductance. 
The frequency will then vary logarithmi-
cally with time. By using the same saw-
tooth wave as the oscilloscope sweep, we 
obtain logarithmic spread of frequency on 
the oscilloscope screen. 
The output of the signal generator will 

rise from a low frequency to a higher 
frequency if the first grid is biased to cut-
off and if the phase of the sweep voltage 
applied to the first grid of the control 
tube is so chosen that it rises from a 
negative to a positive value. By chang-
ing the tube parameters and circuit con-
stants, the system can be varied from a 
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logarithmic to a nearly linear frequency 
spread on the oscilloscope. 

In order to secure a good frequency 
range, a beat oscillator was chosen whose 
tank-circuit frequency could be widely 
varied with only a small change in induct-
ance. Uniform a-f response character-
istics are also desirable. 
The range of a-f sweep is controlled by 

varying the alternating voltage on the 
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by the use of a Wien bridge connected 
between the output of the signal gener-
ator and the vertical plates of the cathode-
ray tube. The bridge can be calibrated 
at fixed frequencies, and when it is placed 
in the output circuit, it will show a sharp 
narrow V notch at the frequency points to 
be determined. With the range control 
set to sweep from zero to 10,000 cycles, 
the midpoint of the cathode-ray screen 

RANGE CONTROL 

first grid. This voltage has a saw-tooth 
wave form going positive and negative 
about a biasing value equal to half of the 
peak value subtracted from the cutoff 
voltage. This biasing potential must be 
varied in order to keep the minimum 
frequency of the fixed oscillator constant 
and to have it occur simultaneously with 
the peak of the saw-tooth wave. A 
multiple potentiometer system was devel-
oped, by which the bias of the first grid is 
varied in suitable proportion to the 
magnitude of saw-tooth potential applied. 
The range of sweep may be varied from 
very low values to 15,000 cycles. 
The frequency of the saw-tooth oscil-

lator in the instrument described is 
approximately 30 cycles. This frequency 
gives a good clean picture on the standard 
medium-persistence-screen cathode-ray 
tube. With the 30-cycle saw-tooth oscil-
lator frequency, the low usable limit of the 
instrument is approximately 100 cycles. 

In order to examine frequencies of lower 

value, a slower sweep frequency can be 

provided for use with a long-persistence 

cathode-ray screen. 
The calibration of the instrument, 

dynamically, can be accomplished easily 
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was found to be 1,000 cycles, indicating a 
very close approximation to a logarithmic 
frequency scale. 
The modulator is provided with two 

output connections. One set of connec-
tions is made directly to the horizontal 
amplifier terminals of the oscilloscope. 
The other set of connections, provided 
with taps at various impedances, supplies 
the varying audio signal. This is con-
nected to the amplifier under test, the 
output of which is connected to the 
vertical amplifier of the cathode-ray 
oscilloscope. 

This instrument has been found useful 
for testing all types of electrical and 
acoustical instruments, both in the labora-
tory and on the production test floor. 
The testing of microphones, receivers, 
filters, and amplifiers is rapid and accu-
rate. The instrument can be used for 
comparison of the product with a stand-
ard by a single switching system. One 
instrument has sufficient power to operate 
several test positions, each using a 
separate oscilloscope. 

S. F. Carlisle, Jr., and A. B. Mundel, Frequency 
Response Curve Tracer, Electronics, August, 1941, 
p. 22. 
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Portable Reverberation Meter Measures Acoustic Value of Room 

THE circuit shown is a portable 
electrically operated reverberation meter 
designed to measure directly the rate of 
decay of reverberant sound in decibels 
per second. The complete apparatus 
includes the reverberation meter proper 
and a General Radio noise meter (which 
together constitute the actual measuring 
equipment) and a sound source. 
The reverberation meter and noise 

meter together constitute in effect an 
electric ear having a threshold which can 

90V 
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be varied by 10-db steps and a timing 
device which measures the time required 
for reverberant sound to die out from its 
initial value at the instant of cutoff to the 
particular threshold chosen. By plotting 
the time intervals as abscissas against the 
corresponding values of threshold settings 
in decibels as ordinates, a series of points 
is located which, when joined by a 
straight line of best fit, gives directly the 
slope of the decay curve. The reverbera-
tion tune as defined is therefore the time 
interval along the horizontal axis corre-
sponding to a range of GO db along the 
vertical axis. 
The reverberation meter consists of a 

stage of amplification of conventional type 
followed by a small copper-oxide rectifier 
and a low-pass filter section. These two 
elements convert the a-c output of the 
amplifier tube to a steady positive d-c 
voltage on the grid of the thyratron. A 
variable negative bias furnished by the C 
battery and potentiometer is superim-
posed on the positive voltage so that their 
resultant algebraic sum is the effective 
voltage controlling the plate current of 
the thyratron. This plate current will 
flow only when the positive voltage due to 
the sound input is high enough to make the 
total grid voltage more positive than 
the discharge potential of the tube, in 

this case approximately —2 volts. The 
variable negative bias serves as a thresh-
old control supplementary to the 10-db 
step attenuator, since the more negative 
this bias, the more positive must be the 
sound input voltage to cause the tube to 
discharge. By this means it is possible 
to set the threshold of the entire system 
just above the noise level existing in the 
room under test. 
The plate current of the thyratron 

operates a relay that in turn controls the 
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starting and stopping mechanism of the 
clock. This is a Leeds & Northrup 
synchronous timer having a very rapid 
and positive clutch mechanism operated 
by a pair of opposing magnets. The 
clock movement is operated by a standard 
synchronous clock motor and is geared to 
complete one revolution in 10 seconds. 
The dial is graduated in tenths of a second 
and may be easily estimated to hun-
dredths. The pushbutton in the plate 
circuit of the thyratron is arranged to 
turn on the sound source and to break the 
plate circuit simultaneously when pressed, 
and when released to cut off the source 
and close the plate circuit, thus allowing 
the clock to start the instant the source is 
stopped. 
The plate of the thyratron will auto-

matically be turned on and off as the grid 
voltage is varied back and forth through 
the critical value. Under field conditions 
the decay of sound energy actually takes 
place with rather wide fluctuations about 
an average straight line, owing to the 
interference pattern in the room, so that 
the sound intensity may pass through a 
given value several times before finally 
decreasing below that value. Owing to 
the automatic on-and-off action of the 
thyratron, the clock integrates the total 
time during which the sound intensity 

has a value above the threshold, thus 
tending to average out the fluctuations 
in the decay curve. 
The loudspeaker is first set up at a 

position corresponding to that of the 
sound source in the normal use of the 
room. The 10-db step attenuator of 
the noise meter is set to its lowest value of 
attenuation, i.e., the lowest threshold ob-
tainable, and the potentiometer (marked 
threshold control) which varies the fixed 
bias on the thyratron is adjusted so that 

PUSHBUTTON 

the voltage on the grid produced by the 
small amount of noise in the room is 
barely insufficient to cause the thyratron 
to discharge. This setting must be 
left unchanged during any one series of 
10-db steps along the decay curve. The 
sound source is turned on for a few seconds 
by pressing the pushbutton, and on releas-
ing it, the clock registers the time of sound 
decay to the threshold. The attenuator 
is then set 10 db higher, and a shorter 
time is obtained to this higher threshold. 
By setting the attenuator to successive 

steps until the threshold is brought 
higher than the initial sound level itself, 
in which case the clock does not operate 
at all, a series of points along the decay 
curve is obtained. A single series of 
points will normally deviate widely from a 
straight line because of the fluctuations of 
the sound decay mentioned above. By 
taking a number of readings and changing 
the position of the microphone between 
each series, these deviations will be largely 
eliminated, and the average values ob-
tained will fall approximately along a 
straight line. Closer approximation may 
be obtained by increasing the number of 
microphone positions or by using a 
warbled instead of a steady frequency. 

Hale J. Sabine, Portable Reverberation Meter, 

Electronics, March, 1937, p. 30. 
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Audio Noise Meter, Using Vacuum-tube 

Tins circuit has been used for quantita-
tive tests of noise components in aircraft 
radio equipment. The instrument con-
sists of a vacuum-tube voltmeter that is 
connected to the regular receiver in the 
plane. This eliminates switching prob-
lems and permits the measurements to be 
mule from points where interference is 
being generated, remote from the receiver. 
The instrument indicates the quasi-

peak value of the noise signal rather than 
the rms value, since only the nuisance 
value of the noise signal present in the 
audio output of the receiver is of interest. 
The proper response is accomplished by 
the use of a resistance-capacitance net-
work that requires a 10-millisecond charge 
time and a 000-millisecond discharge time 
in accordance with the standard time 
constant for noise-measuring instruments. 
To prevent a false reading by a signal 

from a radio station that may be inad-
vertently tuned in, the audio signal is 
monitored at the input of the noise meter 
by headphones inserted in the jack 
provided. This is also of value in 
identifying the source of radio noise, since 
certain units of noise-producing equip-
ment in aircraft cause a characteristic 
audio signal in the receiver. 
A starting point in the measurement of 

radio noise is the evaluation of the back-
ground level of the receiver with all noise 
sources inoperative, the receiver antenna 

Voltmeter Circuit, Attaches to Any Receiver 

lead disconnected, and the antenna 
terminal grounded to the receiver chassis 
through a capacitor whose value equals 
that of the antenna. The background 
level is then determined throughout the 
frequency range of the receiver. The 
relative noise outputs of the various 
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The circuit includes a filter to limit the 
frequency response of the instrument to 
the audio range necessary for intelligible 
transmission of speech. The meter is 
calibrated in decibels using a 0-db refer-
ence level of 1 milliwatt in 600 ohms. An 
input attenuator circuit is shown that 
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electric devices in the plane may be 
measured and steps taken to reduce the 
coupling paths to the receiver. 

For measurement of ignition noise 
reaching the receiver via the antenna, the 
background level is measured with the 

antenna and lead-in connected normally. 
In this case it must be remembered that 
the atmospheric noise level is the limiting 
background level. If noise from equip-
ment inside the plane is reduced to the 
atmospheric noise level in one location, it 
may be above the atmospheric noise level 
in another location. 
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extends the full-scale range of the meter in 
steps of 4 db. 
An alternative attenuator circuit that 

provides steps of 10 db is also given. 
High sensitivity is used to indicate the 
background level of the receiver used in 
conjunction with the meter, since this 
is one factor of the basis on which quanti-
tative audio noise measurements are 
made. 

Noise Meter for Planes, Electronics, February, 1914, 

p. 161. 
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Capacitance-responsive Circuit for Detecting Small Mechanical Movements 

MECHANICAL movements as small as a 
millionth of an inch can be detected with 
this circuit by converting them into 
capacitance changes of the order of 0.01 
µW. The movement is utilized to change 
the capacitance between a fixed and mov-
ing plate. This varying capacitance is 
connected between an r-f oscillator and 
an r-f amplifier, producing a corresponding 
change in output that can be measured, 
recorded, or made to actuate a relay. 
Accuracy is high because variations in 
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T3. The resulting induced r-f voltage 
in the secondary of T3 is rectified in full-
wave detector 174. The d-c potential 
thus obtained across 0.5-megohm resistor 
R is filtered and applied to the grid of V5. 
The plate current of V5 can be fed to a 
meter, recording galvanometer, oscillo-
scope, or relay. 
The lead between displacement unit D 

and tuned circuit T2 is surrounded by two 
shields. The inner shield is connected to 
the cathode of V3 because a grounded 

0.5 MEG 

R2 

5P00 

oscillator and cable characteristics are 
nullified. 

Oscillator tube V2 holds its plate and 
line II at an r-f potential with respect to 
ground. The first tube of the amplifier 
V3 derives its plate supply from these 
lines. Displacement unit D is connected 
between ground and a tap on the coil of 
tuned input circuit T2. 
The impedance of D is high compared 

with the impedance of the tapped center 
section of tuned circuit T2, and therefore 
the r-f current flowing through these 
impedances is essentially proportional to 
the capacitance of D. This current 
causes an r-f voltage difference between 
the grid and cathode of V3, and a corre-
sponding r-f plate current flows through 

DETECTOR 
6H6G 
V4 

6J5G 

0.1 MEG 

R-F OSO 

OUTPUT 

0.1 
MEG 

V5 

D-C 
AMP 

RECTIFIER 

L 
0.1 MH 

6SK7 

50,000 

VI 

5Y3G 

shield around that lead would form an 
undesirable capacitance in parallel with 
the displacement unit. The inner shield-
ing is surrounded by an outer grounded 
shield to eliminate radiation and to dimin-
ish changes in capacitance between inner 
shielding and ground when the flexible 
cable is moved. 
The at-rest capacitance of the displace-

ment unit can be compensated by variable 
capacitor C, which is connected between H 
and ground through a coil coupled to T2 
in the proper direction. The gain of the 
amplifier can be controlled by RI. 
The circuit was designed to be insensi-

tive to changes in capacitance between 
lead and inside shielding (of the order of 
1 µ1.if for an unusually severe punishment) 

Simple A-C Powered Capacitance-operated 

IN this a-c circuit, the sensitive element 
is a pentode oscillator, the feedback of 
which is determined by the difference in 

the ratio between the inductances of the 
two parts of the oscillator and the ratio 
between CI and the antenna-to-ground 
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and to changes between inside shield 
and outside shield (of the order of 10 i.q.d 
for an unusually severe punishment). 
The oscillator is of the electron-coupled 

type, so that detuning of the plate circuit 
does not affect the frequency of oscilla-
tion. The r-f voltage obtained at the 
plate is proportional to the plate load 
impedance, however. To make this volt-
age independent of the capacitance 
between inner and outer shielding (which 
forms part of the plate-to-ground capaci-
tance), r-f chokes L and L1 and adjustable 
capacitor C1 are tuned to the frequency of 
oscillation, and the resonant impedance 
of this tuned circuit is artificially de-
creased by resistor R2. 
The oscillator signal is fed to a tap 

rather than to the top of tuned circuit T2 
because any changes in capacitance be-
tween lead and inner shielding are 
reflected to the top of the tuned circuit 
in proportion to the square of the ratio of 
turns. In addition, if a tuned circuit is 
detuned slightly, its impedance varies in 
proportion to the square of the detuning 
capacitance. Accordingly, the effect of 
changes in the capacitance between lead 
and inner shield will decrease with the 
fourth power of the ratio of turns. At the 
same time the input sensitivity will 
decrease in proportion to the ratio of 
turns (the impedance of D being higher 
than the resonant resistance of T2). 

If a substantial power output is neces-
sary, the output tube can be fed from a 
separate power pack, or a class A push-
pull arrangement can be used in which the 
plate current of one tube increases by the 
same amount as the plate current of the 
other tube decreases. 

Applications include recording of blood-
pressure curves, checking eccentricity of 
rotating shafts, detecting small pressure 
variations in internal-combustion engines, 
and detecting deformation due to stresses 
in machine or structural parts. 

Joseph C. Frommer, Detecting Small Mechanical 
Movements, Electronics, July, 1043, p. 104. 

Relay 
capacitance C2. The intensity of oscil-
lation varies with a change of C1 or C2. 
As the cathode of the oscillator is at an 
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r-f potential, and as the control grid of the 
output tube is bypassed for high frequen-
cies to the cathode, a negative d-c voltage 
equal to the peak r-f voltage on the 
cathode of the 6J7 will be across the grid 
leak and capacitor owing to the rectifying 
action of the grid of the 25A6, and it will 
thus appear on the grid of the 25A6. 
The 6J7 oscillates at high frequency on 
one half of the a-c cycle and builds up 
this negative charge on the grid of the 
output tube. During this time the out-
put tube has negative plate voltage and is 
nonconducting. On the other half of the 
a-c cycle the 6J7 oscillator has negative 
plate voltage and therefore ceases oscil-
lating. The negative charge on the grid 
of the output tube does not have time to 
leak off during this interval, and hence it 
is effective in controlling the plate current 

of the output tube, the plate voltage of 
which is positive during this interval. 

This type of circuit finds its application 
in connection with such devices as door 
openers and counters and has even been 

AC 
LINE 

used as a foul-line indicator for bowling 

F. H. Shepard, Jr., Capacity Operated A-C Relay, 
Electronics, June, 1936, p. 34. 

ANTENNA-TO-GROUND CAPACITANCE 

DIAM.,I00 TURNS, 
CENTER TAPPED, 
NO.20 WIRE 

Universal A-C/D-C Capacitance-operated Relay for Alarm and Control 

THE type 85 tube in this circuit is 
connected as a Hartley oscillator whose 
feedback—and hence intensity of oscil-

115 V 
A-C OR 
D-C LINE 

,ANTENNA-GROUND 
CAPACITANCE 

2-20 MR 
C-T COIL 

lation—is controlled by the amount of 
capacitance between the feeler antenna 
and ground. The feedback is a function 
of the difference in the ratio between the 
two parts of the oscillator and the ratio 
between capacitance f C1 and C3. As 
either of these capacitances is varied, 

the feedback is varied smoothly from a 
negative value through zero to some 
maximum positive value, and the intensity 

RELAY 

275 

of oscillation is varied from zero to a 
maximum. 
The diode section of the tube develops 

a voltage equal to the peak oscillator 
voltage present between the cathode of the 
oscillator and ground. This negative 
d-c voltage is fed to the grid of a power 

OUTPUT 
TO RELAY 

output tube that can be used to actuate 
a milliammeter and/or operate a relay. 
The diode is grounded for the oscillator 
frequency through a 0.1-µf capacitor. 
The relay may have up to 5,000 ohms 
resistance and requires a shunt capacitor 
only for a-c operation of the circuit; the 
value of C4 may be from 0.5 to 8 ,uf de-
pending on what is required to stop 
chatter with the relay used. 

This circuit is sufficiently sensitive so 
that wiggling a finger about 5 feet from 
the antenna wire will cause as much as a 
3-ma variation in output current. Uses 
for the circuit include operating an 
advertising display upon approach of a 
prospective customer, operating a door 
opener or burglar alarm, or safeguarding 
a danger area of a machine. 

F. II. Shepard, Jr., Miscellaneous Applications of 

Vacuum Tubes, Proc. Radio Club of America, June, 

1935, p. 3. 

Self-balancing Capacitance-operated Relay Circuit 

WHERE it is desired to operate a relay 
only on a change of capacitance occur-
ring within a period of several seconds, 
duration, the accompanying circuit is 
advantageous. Though the actual an-
tenna-to-ground capacitance may drift 
considerably over long periods of time 
due to temperature and humidity changes, 
the circuit will automatically rebalance 
itself after a short period of time. 
The sensitive element consists of a 

pentode oscillator, the feedback of which 

is determined by the difference in the 
ratio between the inductance of the two 
parts of the oscillator coil L1 and L2 and 
the ratio between C1 and the antenna-to-
ground capacitance. Because the cath-
ode of the oscillator is at an r-f potential, 
and because the control grid of the output 
tube is bypassed for high frequencies 
through suitable bypass capacitors to the 
cathode of the oscillator, a negative d-c 
voltage equal to the peak r-f voltage on 
the cathode of the 6J7 is built up across 

the grid leak and capacitor of the 25L6 
due to the rectifying action of the grid. 
The 6J7 oscillates at high frequency on 

half of the a-c cycle and builds up the 
negative charge on the grid of the output 
tube. During this time, the output tube 
has negative plate and screen voltages 
and thus is nonconducting. On the other 
half of the a-c cycle, the 6J7 oscillator has 
negative plate and screen voltages and 
thus ceases oscillating. The negative 
charge on the grid of the output tube 
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does not leak off during this interval, and 
hence it is effective in controlling the 
plate current of the output tube during its 
positive plate-voltage interval. 
The lower the losses in the oscillating 

circuit, the greater wili be the sensitivity. 
Theoretically, as the oscillator plate 
impedance approaches infinity and the 

— VV\AA.,  
300 

more than about 15,000 ohms, however, 
the circuit will become unstable. The in-
crease in sensitivity is caused by the 
fact that as the intensity of oscillation of 
the 6J7 increases, its plate and screen 
currents decrease. This causes the screen 
voltage and hence the mutual conductance 
of the 6J7 to increase; the increase in 
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losses in the antenna and the tuned cir-
ap-

proaches infinity. Sensitivity gained in 
this manner is much more stable than that 
gained by regeneration. 
The sensitivity to small changes in 

capacitance can be increased by increasing 
the resistance of the choke coil feeding the 
screen of the 6J7. When this resistance is 

cuit approach zero, the sensitivity 

,r 0.05 
_L 

  10,000 

25L6 

1500 
IOW 

OUTPUT 
CIRCUIT 

1,000-OHM 
RELAY 

turn helps to increase the intensity of 
oscillation. 

Chattering of the relay can be effec-
tively eliminated by the damping resistor 
placed across the relay coil. If desired, 
the resistor can be replaced by an electro-
lytic capacitor large enough to keep the 
relay from chattering (8 µf for most relays). 
The intensity of oscillation is automati-

cally controlled by feeding a negative 
potential to the No. 3 grid of the 6J7. 
This potential makes the grid negative 
with respect to the cathode, reduces the 
mutual conductance of the tube, and 
reduces the plate impedance of the tube 
that is effectively shunted across the 
lower part of the tuned circuit. Both 
of these actions tend to reduce the ampli-
tude of oscillation for a given feedback, or 
make the oscillator require a greater feed-
back for a given intensity of oscillation. 
As the negative potential applied to the 

No. 3 grid of the 6J7 is derived through a 
time-delay circuit from the grid of the 
output tube, this grid assumes a direct 
potential equal to the peak high-frequency 
voltage appearing across the lower half of 
oscillator coil L2. Thus the intensity of 
oscillation is maintained substantially 
constant for wide variations in antenna-
to-ground capacitance (feedback). The 
above is true for slow capacitance varia-
tions; sudden variations cause the in-
tensity of oscillation to vary rapidly before 
the corrective voltage can be applied 
through the capacitor-resistor time-delay 
circuit to the No. 3 grid of the 6J7. 
Short-time capacitance variations are 
therefore effective in operating the relay, 
while long-time variations within limits 
are automatically compensated for. 

This circuit finds application in con-
nection with such devices as door openers, 
counters, burglar alarms, and advertising 
displays. 

F. II. Shepard, Jr., Soule Unconventional Vacuum 

Tube Applications, RCA Rev., October, 1937, p. 149. 

Stabilized A-C Capacitance-operated Relay for Control Purposes 

Timm is a stabilized capacitance con-
trol circuit that operates directly from an 
a-c line for burglar protection, counting 
and sorting of metallic objects, and 
general space-control applications. A 
type 874 voltage-regulator tube supplies 
constant voltage to the oscillator, which 
uses the pentode section of the 6B7 tube. 
The amplitude of oscillation depends on 
the ratio of antenna-to-ground capaci-

tance C2 to CI. 
As the antenna-to-ground capacitance 

is increased, the amplitude of oscillation 
can be made to increase. The oscillating 
voltage is rectified in the double-diode 
section of the 6B7 tube, and is applied to 
the grid circuit of the type 43 relay tube. 
The screen grid of the type 43 is given 
an adjustable bias by means of which the 
maximum relay current can be controlled. 
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As the antenna-to-ground capacitance 
increases, the amplitude of the rectified 
voltage increases, and the plate current 
in the 43 tube changes accordingly. 
When a long antenna is used, the tuned 

circuit of the oscillator should be de-
signed for a low frequency, in order to 

reduce radiation losses from the antenna. 
For high sensitivity, all losses in the 
oscillating circuit should be kept as low as 
possible, for example, by the use of good 
insulation and high Q values for the coils. 
By increasing the resistance of the choke 
coil feeding the screen of the 6B7, the 

sensitivity of the circuit may be in-
creased until it becomes unstable and the 
relay no longer opens at a given value of 
capacitance. 

F. H. Shepard, Jr., Two Practical Capacity-operated 

Relays, Electronics, April, 1937, p. 35. 

Capacitive Micrometer Using Frequency Converter and Saturated Limiter 

Tills sensitive electronic micrometer 
circuit operates by measuring the varia-
tion in capacitance between a fixed and a 
movable part to change the resonant 
frequency of a 3,200-ke push-pull Hartley 

LATHE 
SPINDLE 
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CURVED 
CAPACITOR 
PLATES 

100pp F 

TO 
PROBE 
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give full deflection of the beam on a 5-
inch cathode-ray tube screen of an 
oscilloscope directly, and additional am-
plifier stages can be added as required for 
control purposes. The basic circuit has 
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capacitor. The stator plates are 0.75 
square inch in area each, and are lapped to 
the same radius as the spindle extension. 
Spacing is about 0.03 inch, and the two 
capacitor sections in series give an input 
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oscillator. The oscillator is directly cou-
pled to a buffer stage that feeds through 
a coaxial line into the amplifier. Here the 
voltage variations are applied to a fre-
quency-converter stage, along with volt-
age from a local oscillator. The converter 
output beat frequency is thus within the 
pass-band of the 465-ke i-f amplifier and 
limiter. The limiter frees the instrument 
from errors that might otherwise be 
caused by amplitude variations in the 
input to the discriminator. The d-c 
output of the discriminator is ample to 

AMPLIFIER CIRCUIT 

been successfully used for dilatometer, 
manometer, roughness gage, and hard-
ness-testing apparatus. 
To obtain highest sensitivity, a parallel-

plate capacitor should be used, one of the 

plates being connected to or made part 
of the object being measured, and the 
other fastened rigidly to the fixed refer-
ence point. In the capacitor arrange-

ment shown at C1, used for testing lathe 
spindles, a carefully lapped steel cylinder 
is fastened to the end of the lathe spindle 
to serve as the rotor of a split-stator 

2 MEG 
-L. 

75-0-75 

 o 
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o 

TO 
OSCILLOSCOPE 

NEGATIVE 
+75 V 
+300 V 
+350 V 

capacitance of about 3 ßpf that varies 
with spindle eccentricity. 

Motions at rates about 10,000 cycles 
per second or 600,000 cycles per minute 
may be amplified with this circuit, this 

performance being far more than ample 
for mechanical devices. The band width 
is from 15 to 20 ke for an i-f value of 465 
ke. With proper design of the sensitive 
capacitor, distance changes as small as 1 
angstrom unit can be detected. 

R. W. Dayton and G. M. Foley, Capacitive Microm-

eter, Electronics, September, 1946, p. 106. 



26 HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS 

Capacitive Micrometer Using Cascade Limiter and Discriminator 

THE electronic micrometer circuit shown 
here was used as a dilatometer to measure 
the thermal expansion of metal-tube 
specimens during rapid heating and 
cooling. 
The specimen is 2 inches long by about 

34 inch in diameter. A quartz rod resting 
on top of the specimen supports a 

100 
ppF 

OSCILLATOR 

100 ppF 
6K8 

+90V +105 V + 300 V 

circuit. The hexode section of the 6K8 
provides a buffer amplifier to isolate the 
oscillator. 
The oscillator buffer 6K8 is connected 

by a coaxial-cable link to two limiter 
amplifiers, a 6AC7 and 6AG7 in cascade, 
the output voltage of which is controlled 
by changing the screen voltage. The 

30-100 
ppF 

grounded metal cylinder of 1-inch outside 
diameter that is coaxial with and inside 
an insulated cylinder of 1.004-inch inside 
diameter. Expansion of the specimen 
causes the inner cylinder to inove into the 
outer one and increase its capacitance to 
ground. 
The device described is the main tuning 

capacitor of a circuit resonating .near 
4.3 mc, which is made the grid circuit of 
the triode oscillator section of a 6K8 
triode-hexode tube. Oscillation is main-
tained by a tickler in the triode plate 
circuit, which is coupled to the grid 

200 
ppF 

100 
ppF 

LIMITER NO.1 

the manometer was found to make a 
satisfactory tuning capacitor. 

Outstanding properties of this circuit 
are high sensitivity, good electrical sta-
bility, and the ability to respond to rapid 
movements. high sensitivity is another 
way of saying that it is capable of ex-
tremely high magnification of motion, or 

LIMITER NO.2 

100ppF 

6AC7 6AG7 

CONTROL 
50,000 

+105 V 

second limiter feeds the 7A6 discriminator, 
the output circuit of which is arranged to 
operate into the load provided by a high-
speed recorder that prints one point per 
second. One set of alternately occurring 
points represents the length of the 
sample, and intervening points record its 
temperature. 
A nearly identical circuit has been 

used in order to make a recording manom-
eter in an apparatus for the continuous 
extraction and measurement of gases 
from steel. A 1-inch brass tube placed 
coaxially around the mercury column of 

Circuit for Converting Capacitance Changes into Current 

THIS dual-oscillator circuit for convert-
ing small changes of capacitance into cor-
responding changes in a rectified electrical 
current has low background noise, high 
sensitivity, and is relatively free from 
interference by local electrostatic and 
magnetic fields. The circuit can be used 
to study vibrations or capacitance changes 
having frequencies ranging from 0 to over 
200 kc. It is particularly useful in con-
nection with seismometers for recording 
earth vibrations, in studies of the motion 
of large vibrating surfaces, in measure-
ment and recording of the elongation of 
test specimens being stretched, and in a 
host of other machines used in metallur-
gical research. 
The two r-f oscillator circuits are iso-

lated from each other as much as possible, 
so that the only path for interchange of 
signals is through the coupling circuit, 
which consists of rectifier VI, d-c milli-
ammeter M I, and coils L1 which are 
closely coupled to the tuning circuits of 
the r-f oscillators. These oscillators are as 
nearly alike as possible, and are normally 
operated so that they would oscillate at 
virtually the same frequency if the cou-
pling circuit were removed. 
The coupling provided through the 

coupling circuit is adequate to make 
the oscillators synchronize, even when the 
frequency of one oscillator is changed 
within certain limits. Radio-frequency 
current in the coupling circuit is at a 
minimum when both oscillators are tuned 

100 ppF 

0.001 746 
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+300V 

DISCRIMINATOR 

100ppF 

100,000 

TO 
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very high amplification. The f-m ar-
rangement described is unusual among 
electronic amplifiers in that it maintains 
the static or d-c component through a 
stable amplifier. The output voltage 
may be made high to operate a cathode-
ray oscilloscope, or the output impedance 
may be made low, by the incorporation of 
a simple cathode-follower stage, to oper-
ate low-impedance devices, such as self-
balancing recording potentiometers. 

R. W. Dayton and C. M. Foley, Capacitive Microm-

eter, Electronics, September, 1946, p. 106. 

or Voltage Changes 

to the same frequency, and it increases 
with detuning of either oscillator as power 
is transferred between oscillators to keep 
them in synchronism. The coupling cur-
rent is a maximum near the point where 
further detuning will cause the oscillators 
to drop out of synchronism. 
The input terminals are arranged so 

that the capacitance pickup device can be 
connected in parallel with the tuning ca-
pacitor of either oscillator or, when the 
pickup provides two capacitances, one of 
which decreases as the other increases, one 
can be connected to each oscillator for 
doubled sensitivity. 
The circuit fundamentally provides a 

low-impedance output, making it adapt-
able for use with a low-impedance cur-
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rent-operated measuring, or recording, 
instrument. This is connected between 
the LOW and GR output terminals, with 
switch 81V, in the upper position. 
The minimum current value (or the 

normal value if the operating point is 
chosen somewhere near the middle of the 
linear region of the curve) may not be 
desirable in some applications because of 
its effect on sensitivity and range. For 
this reason, a battery and rheostat R2 are 
provided in a bucking circuit to permit 
reducing to zero the initial current in the 
external circuit. Meter M I (0 to 50 ma) 
then reads the total d-c synchronizing cur-
rent, and meter M 2 (3-0-3 and 30-0-30 ma) 
reads the actual current in the external 
circuit. 

It is sometimes desirable to use a high-
impedance voltage-operated device, such 
as a cathode-ray oscilloscope, or to 
amplify the output signal before it is 
measured or recorded. To obtain the 
required voltage output for this purpose, 
switch SW, is thrown to its lower position, 
which inserts 1,000-ohm resistor R3 in the 
coupling circuit. The HIGH and GR out-
put terminals are used. 
A well-regulated power supply is re-

quired to eliminate effects of line-voltage 
variations. Satisfactory results were ob-
tained with the universal half-wave recti-
fier shown, using a voltage-regulator tube 
across the output. 

E. V. Potter, An Electrical Transducer Circuit for 

Use with Capacity Pick-up Devices, Rev. Sei. Inetru-
menta, May, 1943, p. 130. 

Circuit for Obtaining 

BY coupling the output of an ordinary 
two-stage amplifier back to the input 
through a capacitor in the manner shown, 
and adjusting the amplification properly, 
an input impedance is obtained that be-
haves as a reactive circuit element whose 
reactance varies inversely with frequency 
but is positive in sign—a negative capaci-
tance. At any given frequency this 
negative capacitance will present the same 
type of reactance as an inductance; if the 
frequency is increased, however, the react-
ance of the inductance will increase, while 
that of the negative capacitance will 
decrease. 
The negative capacitance obtained with 

this circuit can be made substantially 
independent of amplifier-tube and supply-
voltage variations and of frequency by 
employing inverse feedback in the ampli-
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Negative Capacitance That Varies Linearly with Resistance 

fier. Varying the amount of inverse feed-
back by means of rheostat R., provides a 
convenient means of varying the negative 
capacitance over a wide range. With 0.01 
id for Cr,, varying R., from 1,000 to 
10,000 ohms increases the negative capaci-
tance linearly from 0.01 to 0.2 td; with 
1.03 id for COE„,, increasing Rpf from 500 to 
10,000 ohms increases the negative capaci-
tance from 0.45 to 10 if linearly. These 
values were obtained at a frequency of 
1,000 cycles. 

In general, the impedance is not a pure 
negative capacitance but may contain a 
small negative resistance component. 
The power factor is therefore negative. 
If Cpf is 0.01 ¡if or less, the absolute mag-
nitude of the power factor is less than 0.5; 
if Cpf is in the range 0.01 to 0.10 Af, the 
negative power factor increases to ap-

VR 105 

proximately 1. For larger values of Cpf 
the absolute magnitude of the power 
factor increases somewhat proportionally; 
also, the losses in C5, contribute materially 
to the power factor. If paper capacitors 
are used, care should be exercised to select 
those with low losses. The use of mica 
capacitors is recommended. 
The negative capacitance described 

herein has proved useful in extending the 
frequency-response range of amplifiers by 
a factor of as much as 5 to 10 times. This 
performance is obtained simply by shunt-
ing the input, interstage, or output capaci-
tance of the amplifier with a negative 
capacitance. 
Another useful application is in reduc-

ing the input capacitance of vacuum-tube 
voltmeters or of other instruments fed by 
long cables with high capacitance to 
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ground. Insertion of the negative capaci-
tance at the input or output terminals of 
the cable makes it possible to neutralize 
the shunting effect of the cable and to 
raise its input impedance at high fre-
quencies appreciably. 

The high-frequency response of a-f 
transformers is limited by the distributed 
capacitance of the windings. This re-
sponse may be improved materially by 
means of negative capacitance. For ex-
ample, a negative capacitance connected 
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across the secondary of a transformer 

whose normal output voltage with con-

stant input was down to 85 per cent of 
maximum at 2,000 cycles increased the 

range of operation for the same output 

voltage performance to 12,000 cycles. 
In using negative capacitance to cancel 

or neutralize the positive capacitance of a 

circuit, care should be exercised to see that 

too much cancellation is not attempted. 
As mentioned above, the source of nega-
tive capacitance may contain a negative 

resistance component and complete can-

cellation of the capacitance across the 
output terminals will present a circuit in 

which oscillations may be sustained. 
These unwanted oscillations may make 

the use of the negative capacitance im-

practical unless they occur at frequencies 
well beyond the working range for which 

the device is intended and provided that 

they do not produce undesirable second-

ary effects. 

Cledo Brunetti and Leighton Greenough, Negative 

+300 V Capacitance, Communications, March, 1944, p. 28. 
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Linear Sweep Circuit Employing Blocking Oscillator and Discharge Tube 

AN improved version of the self-quench-
ing oscillator, shown here, requires two 
triodes but they may be in a single enve-
lope as in the 6N7 or 6CSG. The first 
section is a simple blocking oscillator, with 
the time constant of the grid-leak-ca-
pacitor combination so large that the 
tube blocks periodically. When the tube 
blocks, the capacitor charge drives the 
grid beyond cutoff. The charge leaks off 
through the resistor according to a loga-
rithmic law until the capacitor voltage is 
low enough to permit oscillation to start 
again. 
The wave form produced across the 

grid leak is not used. The grid of the tube 
is negative and beyond plate-current cut-
off for nearly the whole blocking cycle and 
becomes positive for only a short pulse. 
Since the grid of the second section is con-

nected to the grid of the first section, this 
second section is also beyond plate-current 
cutoff except for one pulse at every block-
ing cycle. During this time, when the 
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0.22 MEG 
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2MEG 
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0.25 
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o 

tu be is is nonconducting, C charges through 
R again but the values of R and C am such 
that it can only charge to it fraction of the 
B voltage before the tube becomes eon-

Bootstrap Circuit for Correcting Nonlinearity 

IN this circuit, sometimes known as a 
bootstrap circuit, the saw-tooth sweep 
voltage is fed back through a cathode fol-
lower, which has a gain of approximately 
one and does not reverse the phase, to the 
top of charging resistor R. In this way a 
constant voltage is maintained across RI 
and a constant current into C1. The iso-
lating resistor R2 may be replaced by a 
diode, but this is usually of little advan-
tage. As a cathode-follower output is 

VALUES ARE FOR 
60 —CYCLE SWEEP 

ducting for a short time and discharges 
the capacitor. The cycle then repeats. 
The frequency of the saw-tooth wave is 
dependent on the grid leak and capacitor 
constants of the blocking oscillator, while 
R and C determine the amplitude and 
the wave form. The higher the ratio 
RC/(RA -F /?2)C1, the higher the ampli-
tude and the less the linearity. 

Synchronization is easily obtained by 
supplying a small synchronizing voltage 
across Ra. Values given are for a sweep 
frequency of 60 cycles. For a 13,230-
cycle sweep, the values would be as 
follows; R-0.6 meg; C-0.001 µf; 
30,000 ohms; R2-27,000 ohms; C1-820 

if. 

Sweep Circuits, The Aerovox Research Worker, April, 

1939. 

in Saw-tooth Sweep Generators 

often required after a sweep generator, use 
of this circuit (loes not necessarily mean 
the inclusion of an extra tube. The cir-
cuit is especially suitable for use with 
high-speed sweeps. R1 and CI may be 
varied without affecting linearity. Al-
most perfect linearity may often be 
obtained. 

Robert P. Owen, linear Sweep Circuits, Electronics, 

December, 1916, p. 136. 

Sweep Linearity Correcting Circuit Using Feedback without Phase Reversal 

LINEARITY correction for the more or 
less exponential output of the conventional 
sweep circuits employed in television and 
cathode-ray oscilloscope equipment is 
achieved here by feeding back without 
phase reversal to the top of the charging 
resistor. Output is linear when the gain 
around the feedback loop (from lower end 
to upper end of R1) is one, and overcom-
pensation will result as the arm of the 
linearity adjustment potentiometer is 
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10,000 

1,000 
Robert P. Owen, Linear Sweep Circuits, Electronics, 

December, 19.16, p. 136. 
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Modified Feedback Circuit for Linearity Correction of Cathode-ray Sweeps 

IN this modified circuit for achieving 
correction of nonlinearity in saw-tooth 
sweep generators, the linearity-adjusting 
potentiometer is not the load resistor of 
one of the tubes. This gives more satis-
factory performance in some cases, though 
of necessity the circuit is more compli-
cated. Perfect linearity will result when 

the ratio of R2 to R1 is equal to A minus 
1, where A is the gain around the feed-
back loop. The component values shown 
are approximately those required for a 
60-cycle sweep. 

Robert P. Owen, Linear Sweep Circuits, Electronics, 
December, 1946, p. 136. 

Constant-current Pentode Circuit for Sweep Linearity Correction 

THE output of almost any type of sweep 
generator can be improved by replacing 
the charging resistor with a constant-cur-
rent pentode, but this is done easily only 
when the capacitor discharges, rather than 
charges, through the resistor. A pentode 
having a high plate resistance should be 
used, and the tube should be operated well 
out on the flat portion of the character-
istic. The screen potential must of course 

+150V 

Use of Constant-current Tube 

THE use of a constant-current tube may 
improve linearity though it will never 
make possible a perfect saw tooth, but by 
the additional application of feedback as 
shown here even strong overcorrection can 
be attained. This method utilizes the 
cathode follower, which often follows such 
circuits, to feed a small part of the output 
voltage back to the cathode of the con-

be held constant, as by a fairly heavy 
bleeder between the positive supply and 
ground. Constancy of plate current will 
be much improved by a large cathode 
resistor, the effective plate resistance 
being increased by a factor of 1 — G.R2. 
Values given are for a 60-cycle sweep. 

Robert P. Owen, Linear Sweep Circuits, Electronics, 
December, 1946, p. 136. 

with Feedback for Sweep Linearity Correction 
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Va 
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Rz 

5poo 

stunt-current pentode. The circuit is 
useful both for high-speed sweeps and, 
because it is direct-coupled, for those of 
extremely low frequency. Circuit values 
are for a 60-cycle sweep. 

Robert P. Owen, Linear Sweep Circuits, Electronics, 

December, 1946, p. 136. 

Constant-current Pentode for Linearity Correction in Cathode-follower Circuits 

THE constant-current pentode cannot 
easily be used directly for correction of 
linearity in some sweep circuits because of 
their use of cathode degeneration for fre-
quency control. In this case feedback 
can be applied to the pentode screen as 
shown here, with equally good results. 
A variable resistor R6 can be inserted in 

the plate circuit of the cathode follower 
with little effect on the output, if it is 

LINEARITY 
"'ADJUSTMENT 

2poo 

-}6sta 

small compared with the plate resistance 
of the tube. The screen supply bleeders 
R4 and R3 may be omitted and the screen 
connected directly to the plate of the 
cathode follower instead of through C2 
if operating voltages permit. Circuit 
values given are for a 60-cycle sweep. 

Robert P. Owen, Linear Sweep Circuits, Electronics, 

December, 1946, p. 136. 

Flexible Single-sweep Circuit and Push-pull Deflection Amplifier 

THIS sweep circuit provides flexible 
single-sweep operation of a cathode-ray 
oscilloscope for frequencies up to 20 ke. 
A simplified one-tube deflection amplifier 
is also included. The 7F7 amplifier pro-
vides push-pull output with uniform re-

sponse from direct current to beyond 
20,000 cycles per second with a gain of 
more than 50. The outputs of the two 
triode sections are opposite in phase, and 
differ by less than 5 per cent in amplitude. 
The sweep circuit is direct-coupled 

throughout to provide flexible single-
sweep operation. Other desirable fea-
tures are independence of position and 
gain controls and symmetrical expansion 

of the time-base line, with respect to its 
center, as the gain control is turned up. 
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To achieve these features, it is necessary 
that the saw-tooth voltage appearing at 
the top of the gain control (point A) be 
symmetrical with respect to ground. For 
recurrent sweep operation, this is easily 
accomplished by capacitor coupling, but 
with such coupling, time must be allowed 
for the coupling capacitor charge to reach 
its new level, and the spot must be re-
positioned to compensate for the change 
when the saw-tooth oscillator is stopped 
preparatory to single-sweep operation. 
This can be particularly annoying where 
the circuit is designed for slow sweeps, and 
hence has a long time constant in the 
coupling circuit. Furthermore, if several 
sweeps are tripped off within a short time, 
their positions will not coincide because of 
the charge built up on the coupling 
capacitor. 
The d-c component at A (referred to 

ground) will change much more rapidly 
than the saw-tooth component as R1 is 
adjusted. It is therefore possible to find 
a point on R1 at which the saw-tooth wave 
is symmetrical about ground and is only 
slightly attenuated. With R1 adjusted to 
this point the sweep, running recurrently, 
will behave as if capacitor-coupled; but 
when the single-sweep feature is placed in 
operation it will assume its new conditions 
instantaneously with no adjustment of the 
positioning control and no annoying delay 
while the capacitors build up to their new 
charge. Also, successive sweeps will coin-
cide in position. Once adjusted, R1 need 
not be adjusted further. It need not be a 
front-panel control. 
Throwing the lower switch of the syn-

chronizing and tripping circuit to Single 
puts the single-sweep feature into opera-
tion. When this is done, the spot con-
tinues the cycle in progress, but does not 
fly back because the ionization potential of 

the 884 tube has been raised by the change 
in grid bias. The spot continues off the 
screen until the left triode section of the 
7F7 begins to draw current, when its plate 
becomes positive with respect to its cath-
ode. The screen remains dark until a 
tripping pulse is applied, manually or 
through the synchronizing circuit, at 
which time the spot flies back, completes 

EjiTiEcZAL-- -zis fd_ti e 

MAMJAL 
SWEEP 
START 

025 

col 
sopoo 

SYNCH 

Cr 
0004 

20 MEG 

lopoo 
loopoo 

10000 
R, 

SWEEP CIRCUIT 

the circuit is restored to normal. If C1 
discharges too rapidly, an unwanted trip-
ping pulse may be generated due to con-
tact bounce when the button is released. 
This is prevented by making R3 very high. 

Since the input resistance of the 7F7 
is practically infinite and d-c coupling is 
used throughout, the linearity of the 
time-base line at low frequencies depends 
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one excursion at the same transit speed, 
and then continues off the screen again to 
await another tripping pulse. 

Tripping pulses may be selected from 
any of the sources usually used for syn-
chronization or, with the synchronization-
selector switch in the Manual position, the 
sweep may be tripped manually by means 
of a pushbutton. When the button is 
pressed, the bias on the 884 is momen-
tarily reduced while C1 charges. The 
values of C1 and R3 are chosen so that the 
tripping pulse is of shorter duration than 
the shortest transit time for which the 
circuit is designed, and only one sweep 
will be tripped regardless of how long the 
button is held down. When the button 
is released, C1 discharges through R3 and 

300V 

entirely upon the saw-tooth oscillator. 
The linearity is good at 0.2 cycle per sec-
ond, using inexpensive capacitors at C2, 
and reasonably good linearity at even 
lower frequencies is undoubtedly possible 
with better capacitors and other precau-
tions against leakage. With the values 
shown, performance is satisfactory up to 
10,000 sweeps per second. Performance 
at much higher frequencies, without im-
pairment of low-frequency operation, is 
perfectly feasible with tubes of higher 
mutual conductance and with lowered 
impedances throughout. 

William A. Geohegan, Flexible Sweep Circuit and 

Deflection Amplifier for C-R Oacillographs, Elec-

tronics, December, 1941, p. 38. 

Controllable Delay Circuit for Use with Single-sweep Cathode-ray Oscilloscopes 

THIS circuit was designed to be used in 
conjunction with any cathode-ray oscil-
loscope incorporating a single sweep that 

may be initiated by a positive impulse. 
Its purpose is to delay the sweep any 
desired time after the peak of a repeating 

transient so that the sweep may be ad-
justed to cover any time interval desired 
with respect to the peak. 

Switch S2 permits putting the signal 
directly into the single-sweep circuit 
(lower position) or into the delay circuit. 
In the latter case the impulse passes 
through the unity amplifier T1, which iso-
lates the signal source (the last stage of a 
push-pull direct-coupled amplifier) from 
the thyratron circuit. 
Tube T2, a 2A4G, is a relaxation oscil-

lator so biased that it will break down only 
when a positive impulse is applied to its 
grid. Tube T3 is anoth&• isolating ampli-
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fier. Tube 7'4, the 884, is ordinarily 
broken down, but because of the high 
resistance in its plate circuit conduction 
may be stopped by throwing the grid 
sharply negative. This occurs when the 
transient peak causes 7'2 to break down. 
When 7'4 opens up, its plate becomes sud-
denly more positive. This is changed to a 
negative pulse by passing through TB. 
The negative pulse is passed on to the 
single-sweep circuit but produces no effect. 
The grid of the 884 becomes less nega-

tive as the 3-µf capacitor in the T2 relaxa-
tion-oscillator circuit charges through the 
3-megohm variable resistor. When the 
breakdown voltage is reached, the 884 
fires, its plate becomes suddenly less posi-
tive, and this negative pulse is changed to 
a positive pulse by T5. The positive 
pulse is applied to the single-sweep circuit 
and initiates the sweep. The length of 
the delay is controlled by varying the 
3-megohm resistor. 

In many cases it is desirable for the cir-

cuit to throw itself out of action after one 
sweep. This is accomplished by closing 
switch S3 in the plate circuit of 76, a 2A4G 
which is caused to conduct by the same 
positive impulse which initiated the single 
sweep. This reduces the plate voltage on 
7'3 so that any further synchronizing im-
pulses do not affect T4. The circuit is 
made ready for another operation by 
opening .S.3. 

W. E. Gilson, CRO Delayed Single Sweep Circuit, 
Electronics, March, 19-12, p. 65. 

Current Feedback Circuit for Linear Sweep Generator 

Tins circuit takes advantage of current 
feedback to cause a capacitor to charge 
very linearly through a vacuum tube. 
Capacitor C is charged by current flowing 
through V1 and R from the D supply. 

R 

Tube l'2 is a switch used to discharge C; 
in this case it is a gas tube as in the usual 
relaxation oscillator. Current feedback 
upon which circuit linearity depends 
occurs in resistor R. Synchronization can 

be accomplished in the normal fashion by 
applying synchronizing voltage to the 
grid of gas tube 172. 
The 50,000-ohm resistor in series with 

the cathode of the 6AC7 gives a minimum 
value of R. The 0.1-megohm rheostat is 
the fine-frequency control. The value of 
C is changed in five steps from 0.1 jaf to 
0.0001 ,uf, giving a wide frequency range as 
shown in the table. 

Capacitance, pf 
0.5 
0.1 
0.02 
0.005 
0.001 
0.0001 

Frequency Range, Cycles 
40- 165 

70- 450 

300- 1.900 
I,200- 7,500 

4,000-25,000 
22,000-50,000 

The 600-ohm resistor protects the 885 
from excessive currents and improves the 
charging-to-discharging time ratio. It 
does so by developing a large negative bias 
on the 6AC7 during the discharge of C 
through the 885. This bias permits the 
voltage across C to drop more rapidly 

than it would if current were allowed to 
flow from the B supply during discharge. 
The fixed bias was so adjusted that the 

output voltage was about 10 volts. The 
generator was found to make possible very 
high sweep frequencies with good front-to-
back trace ratio and little change in am-
plitude with frequency. 
The circuit as described is a relaxation 

oscillator that generates a very linear 
sweep. However, the principle developed 
can be used to produce high-speed linear 
sweeps of low repetition rates or even 
sweeps for transient observation. If the 
gas triode 1'2 is replaced by a vacuum tube 
at zero bias, the vacuum tube will short C. 
The sweep is then generated only when a 
negative pulse is applied to the grid of this 
vacuum tube, thus cutting it off. The 
length of the sweep will be determined by 
the length of the pulse. 

Eugene L. Langbergh, Analysis of Linear Sweep 

Generator, Electronics, November, 1916, p. 194. 

High-power Sweep Generator Circuit for Cathode-ray Oscilloscopes 

CHARGING an RC circuit from a gradu-
ally increasing voltage source is the secret 
of this circuit for generating a linear sweep 
voltage at high output for a 3-inch cath-
ode-ray tube. Capacitor C is charged 
through R3 by the voltage drop across 
cathode resistors R1 and R2 of the 6P5 

low-mu triode. With the grid of the 
triode tied to the junction of R3 and C, the 
grid bias varies as C charges, changing 
the plate current of the triode and thereby 
changing the charging voltage across R1 
and R2. With C shorted, the plate cur-

rent would be approximately 1 ma and the 
grid bias minus 25 volts (equal to the 
cathode resistor drop). 
When C is allowed to charge through 

R3, starting at a 25-volt rate, the grid of 
the 6P5 rises with it in a positive direction 
until finally the tube will reach a condition 

of zero bias, with maximum current of somewhat less than 275 volts. Assuming 

about 11 ma determined by the values of the extinction voltage of the 884 to be 15 

R1 and R2. A range of about 250 volts in 
charging voltage is thus obtained. The 
bias of the type 884 gas triode in the cir-
cuit is adjusted to fire on a plate voltage 

volts, C will charge up during the cycle 
from a minimum value of 15 volts to a 
maximum of somewhat less than 275 volts. 
Even better success might be achieved 
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by using a lower mu triode, possibly a 
6AE5. R I, R2, and R3 should be nonin-
ductive, and the first two should have high 
power ratings as considerable power is 
present in the cathode circuit. The value 
of R4 is determined by the safe maximum 
and average current limitations of the 884. 
Increasing its value will result in a longer 
back-sweep time. C is an ordinary three-
gang broadcast-receiver tuning capacitor 
with sections paralleled, and it may be 

ganged with R 3. With the values shown 
for R3 and C, a frequency range of from 
GO cycles to 100 kc is obtained. Adjust-
ing R 2 or the 884 bias voltage affects both 
frequency and amplitude. These may be 
screw-driver' controls. Sweep amplitude 
is adjusted by the slider of R I, which has 
no other effect on the circuit. No change 
in amplitude is noticeable throughout the 
frequency range, and the sweep will lock 
in at any frequency with no other adjust-

merits than R 3 and C. An unregulated 
power supply is ušed for plate-supply 
voltage, and no trouble has been encoun-
tered in locking in ratios as high as 100 to 
1. Synchronizing voltage is not critical. 
There will be a departure from linearity at 
both ends of the sweep, which can be 
shaped by adjusting R 2 and changing the 
bias of the 884 (about 18 volts normally). 

Ed Rigby, A high Power Sweep Generator, Broadcast 

Engineers' J., October, 1946, p. W. 

Linear Deflection Circuit Providing Sweeps up to Ten Seconds 

Tins direct-coupled transition saw-
tooth oscillator circuit provides a linear 
time as required for a type A cathode-ray 
indicator presentation. Sweep duration 
can be made up to 10 seconds long, as re-
quired for such astronomical applications 
of radar as moon-earth distance measure-
ments. A pulse equivalent in time to the 
keying pulse is also generated by this cir-
cuit and is applied to the cathode of a low-
level multiplier stage of the transmitter, 
causing it to conduct for the pulse duration 
and to drive the subsequent multipliers. 
The time-base generator consists essen-

tially of a high-gain pentode amplifier with 
capacitance coupling between plate and 
grid through cathode-follower stage V2. 

For the duration of the conduction cycle, 
the anode voltage of the pentode V1 drops, 
and capacitor C1 begins to discharge 
through the tube. As the voltage on the 
plate drops, the current flow in C1 drives 
the grid negative, tending to cut off the 
plate current. A condition of dynamic 
equilibrium then exists, with the plate 
voltage dropping at a linear rate deter-
mined by R1 and C1 and the grid being 
maintained at a constant voltage, since 
each decrement in plate voltage causes a 
corresponding drop on the grid, which 
keeps the grid signal and hence the output 
of the tube substantially constant. The 
time constant of RiC2 is chosen to cause Ci 

to become fully discharged during the 

cycle. 
When the plate voltage drops to the 

point where electrons from the cathode 

can no longer flow to it, an increase in 
screen current occurs, which rapidly de-
creases the screen voltage and correspond-
ingly decreases the suppressor voltage. 
This action, which is cumulative, has the 
effect of suddenly cutting off the anode 
current. This causes the cathode current 

to be retarded by the suppressor grid and 
made to flow to the screen. A negative 
pulse appears at the screen, and CI begins 
to charge through the cathode follower 

until a point is reached whev the plate 

begins to draw current and the oscillator 
is recycled. The screen returns to its 
original voltage, and the plate voltage 
begins to fall. By suitable choice of R1 
and C1 a range of from about 0.1 to 3 
cycles is obtained. 

Keying-voltage signals are derived from 
the differentiated output of the negative 
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pulse appearing on the screen of the oscil-
lator. This is used to trigger a multivi-
brator whose time constant is controllable 
by a variable 5-megolun resistor, varying 
the output pulse width from 0.02 to 0.25 
second. 
The addition of the cathode-follower 

stage V2 was made to shorten the charge 
time of C1 by causing it to charge through 
the grid-cathode space of the cathode 
follower. This reduces the return trace 
time. Tube 173 serves as a degenerative 

phase-inverting amplifier to secure push-
pull sweep voltage. 
The keyer multivibrator is a conven-

tional cathode-coupled flip-flop circuit 
with the initiating trigger applied as a 
positive pulse on the grid of the normally 
nonconducting section. A positive pulse 
varying in width from 0.02 to 0.25 second 
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is obtained at the plate of the other sec-
tion. This signal is applied to a normally 

cutoff pentode whose load impedance is 
the cathode of the 12.388-mc amplifier 

stage in the transmitter. For the dura-
tion of this applied signal, the plate of the 

amplifier is driven negative, taking the 
cathode of the keying tube down with it 
and thus causing it to conduct. 

Jack Mofenson, Radar Echoes from the Moon, 

Electronics, April, 1946, p. 92. 
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Linear Sweep and Beam-brightening Circuit for Cathode-ray Photography 

FOIL keeping the electron beam of a 
cathode-ray tube at a low intensity or 
entirely off except during photographic 
recording of the wave form of a desired 
transient phenomena, the accompanying 

+300V 

approximately square shape is applied to 
the cathode-ray-tube grid by the circuit, 
the beam is suddenly intensified, is kept 
so for the duration of the pulse, and then 
is as suddenly turned off again. A linear 

2p00 

10p00 
P4 

R 

6SJ7 

CONSTANT- CURRENT TUBE 

SYNC 
INPUT 

-. .90V 0.1 

500,000 

DISCHARGE 500 
TUBE 

I00,0O0 2 o. 1 

10,000 

884 

100,000 1 0.25 

20,000 

R3 
 NW".  

50,000 

250,000 1 MEG VOLTAGE 
AMPLIFIER 

6SJ7 

SQUARE-WAVE OUTPUT TO 
GRID OF C-R TUBE 

cel) $30 

1 

SWEEP OUTPUT 
TO HORIZONTAL 
DEFLECTING 
PLATES OF C-R 
TUBE 

VVVV\OE---• "'DM/ 
20,000 

circuit offers a desirable combination of 
simplicity, reliability, flexibility, and 
usefulness. 
A negative bias is applied to the control 

grid of the cathode-ray tube to keep the 
screen intensity down to the desired low 
value. Now when a positive pulse of 

RATIO OF SIZES 
FOR C IS 3:1 

timing pulse is simultaneously applied 
to the horizontal deflecting plates and 
the unknown wave form is applied to 
the vertical deflecting plates, so that the 
record is made by a single excursion of the 
luminous spot across the screen. 
The square pulse for brightening is pro-

duced by the potential drop across R I, 

which is in series with the charging circuit 
of sweep capacitor C. Current flows 
through R1 only while C is being charged, 
and the current at those times is held to a 
constant value somewhere between 0.3 
and 1 ma by VI. The resulting square 
pulse is amplified and made positive in 
polarity by voltage amplifier Vg. The 
magnitude of the brightening pulse is con-
trolled by Ri. 

Initiation of action is afforded by the 
bias arrangement for the control grid of 
the gas triode tube V2. In the waiting 
condition C is charged. When a signal of 
positive polarity is received at the grid of 
1/2, C is discharged suddenly through that 
tube, and then recharged at a constant 
rate through the constant-current tube VI, 
producing both the linear sweep pulse and 
the brightening pulse; the circuit is then 
back to the waiting position. 
A fixed bias is applied to the grid of the 

discharge tube by means of R 3. This bias 
is so adjusted that the tube will fire when, 
and only when, a small positive pulse is 
applied to the tube's control grid. An 
isolating circuit is introduced, so that the 
initiating or synchronizing pulse is applied 
directly to the grid. Positive synchro-
nizing pulses of at least 1 volt magnitude 
are required for reliable synchronization. 
A continuously recurrent sweep may be 

obtained when switch 82 is closed, shorting 
out a portion of the negative voltage 
divider and raising the bias applied to 
the control grid of V2 to the point where 
it will fire each time the voltage across C 
reaches a suitable magnitude. 

Howard C. Roberts, An Auxiliary Circuit for C-R 
Photography, Electronics, September, 1942, p. 59. 

Phase-splitting Circuit for Elliptical Sweep of Cathode-ray Tube 

BY phase shifting the horizontal deflect-
ing potential of a cathode-ray tube 90 
degrees with respect to the vertical de-
flecting potential, this circuit arrangement 
provides an elliptical sweep for rapid, 
accurate determination of pulse character-
istics in such applications as metering 
velocity of light, delays at discontinuities 
in filters and transmission lines, television, 
radar ranging, and calibrating linear 
sweeps. The horizontal deflecting poten-

SINUSOIDAL 
INPUT 

33,000 
1 250V 

VIDEO 
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tial is fed push-pull, while the vertical 
phase is connected single-ended to one 
vertical deflecting plate. The value of 
C4 depends on the sweep-frequency range. 
Values of C5 and Cg are chosen to resonate 
the transformer at the frequency of the 
sinusoidal input. Critical coupling or 
less is used at M. Typical values are 
indicated for other components. 

Allan Easton, Measuring Pulse Characteristics, 
Electronics, February, 1946, p. 150. 
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Universal Oscilloscope Circuit Having Single Sweep, Spiral Sweep, and Z Amplifier 

ORIGINAI. features of this versatile am-
plifier and sweep circuit arrangement for 
cathode-ray tubes include a method of 
eliminating the influence of the amplitude 
control on the position of the spot in the 
direct-coupled sweep circuit, inclusion of a 
unity-gain amplifier for use in observing 
potential changes in circuits from which 
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loss of amplification produced by the large 
cathode resistors, since there is no signal 
voltage across them. Another important 
advantage of the push-pull amplifier, 
besides its great stability in regard to 
changes in plate and heater voltages, is its 
relative indifference to a moderate amount 
of ripple in the plate-supply voltage. 
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no current can be drawn without disturb-
ing their operation, and provisions for 
single sweep, spiral sweep, and a z-axis 
amplifier to modulate the intensity of the 
beam. 
A direct-coupled push-pull amplifier 

using two 6N7G tubes is used for vertical 
deflection. It has an amplification of 600 
with flat response up to 30 ke, and is abso-
lutely stable at full gain. The in-phase 
gain (the same signal applied to both 
grids) is extremely small, making it unusu-
ally free from 60-cycle pickup. Because 
of the inherent phase-inverting character-
istics of the circuit, the output is the same 
whether the signal is applied from grid to 
grid or from one grid to ground. 
As the circuit is push-pull, there is no 
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The unity amplifier has its load resistor 
in the cathode circuit. It has extremely 
high inverse feedback, and the output at 
the cathode is in phase with the input and 
theoretically equal to it, but actually 
somewhat smaller. The cathode binding 
post is connected to one of the input bind-
ing posts, and the grid is connected to the 

DUMONT 250303 
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This is applied to both plates equally, 
producing no deflection. Switch 82 pro-
vides capacitive coupling if desired. 
To adjust the amplifier, variable 100,-

000-ohm resistors are placed in the cathode 
circuits of the tubes. The second 6N7G is 
removed. The centering control is ad-
justed to its mid-point by equalizing the 
plate voltages on the first 6N7G. The 
bias is adjusted by means of the 100,000-
ohm variable cathode resistor until the 
voltage from cathode to plate is slightly 
more than half that from the cathode to 
the plate supply. The second 6N7G tube 
is now inserted and the same means used 
to adjust its bias. The variable cathode 
resistors are timen replaced by equivalent 
fixed resistors. 
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point whose potential changes are to be 
observed. 
The sweep circuit is direct-coupled, 

making possible the use of sweep fre-
quencies as low as desired. The longest 
travel time obtainable with the values 
shown is O seconds. 
Assuming that the standard sweep gen-

erator, consisting of the 884 and 6J7G, is 
operating satisfactorily, the 6N7G feeding 
the horizontal deflecting plates is re-
moved, the 100,000-ohm bias control is 
turned to its most negative point, and the 
sweep selector switch 88 is turned to 
internal sweep. Time voltage at the plate 
of the 6F8G is measured at the end of the 
return trace, using the slowest sweep. 
The 100,000-ohm balance potentiometer, 
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located under the chassis, is set to the 
same voltage. At this point there is no 
voltage across the sweep gain control, and 
changing the amplitude has no effect on 
the starting point of the sweep. 
A 100,000-ohm variable resistor is 

placed in the cathode circuit of the 6N7G, 
the tube is inserted, and the bias is ad-
justed so that the largest possible linear 
sweep is produced. The linearity is best 
judged by observing the shape of the 
sweep with another oscilloscope. The 
variable resistor is then replaced with a 
fixed unit. 
The sweep may be synchronized with a 

regularly recurrent signal by means of the 
synchronizing input. This is coupled 
through a unity amplifier, using a 6CSG, 
to the grid of the SS4 gas tube, causing the 
latter to fire at a somewhat lower plate 
voltage than it (loes ordinarily and tending 
to synchronize the breakdown with the 
positive peaks of the signal. The syn-
chronizing voltage may be obtained from a 
plate of the vertical deflection amplifier or 
from an external source by turning 83. 
The bias control of the 6FSG is used to 

produce a single sweep. The cathode of 
the diode to which the bias control is con-
nected goes negative as tlse sweep capaci-
tor charges. If the bias control is set to a 
point more negative than the peak of the 
sweep, the diode has no effect. When the 
bias control is set to a point slightly more 
positive than the peak of the sweep, the 
cathode of the diode becomes slightly 

negative with respect to the plate, and 
the diode draws current, preventing fur-
ther charging of the capacitor. The 884 
gas tube will not break down unless its 
grid bias is reduced by a positive pulse 
applied through the synchronizing ampli-
fier, which produces a single sweep. This 
pulse may be initiated by a signal peak, or 
by applying an impulse from a transient-
producing device a few milliseconds before 
the transient is produced. 
A single sweep may be produced manu-

ally by opening 85 and then closing and 
opening 86. This sweep occurs without 
time delay, as the capacitor starts charg-
ing immediately. Points 1 and 2 are 
connections on the rear terminal strip, and 
may be connected to points on the tran-
sient-producing device that are in contact 
until the transient is generated. 
The external side of sweep selector 

switch S8 is connected to such a point on 
the bleeder that the spot is near the center 
of the screen when the sweep selector 
switch is turned to external sweep. 
A 60-cycle output is provided from 

transformer T4, two voltages to ground 
being available. The phase of one of 
them is variable. By connecting one of 
the outputs to the external sweep input, 
a 60-cycle sweep is produced. This is 
useful for producing the familiar Lissajous 
figures. A somewhat less familiar figure, 
as useful as the cogwheel pattern obtained 
by modulation of the second anode voltage 
but more easily obtained, is the circular 

sweep. This is produced by connecting 
the other output post to one of the d-c 
amplifier grids and adjusting the relative 
amplitudes and phase until a circular 
sweep is produced. 
A spiral sweep is produced by superim-

posing a linear motion on the circular 
sweep. This is done by connecting the 
sweep output to one of the inputs of the 
she amplifier with the signal source, and 

leaving the connections otherwise as for a 
circular sweep. 
The z-axis amplifier is used to modulate 

the intensity of the beam by varying the 
grid voltage, thus producing dark areas in 

the trace on the negative peaks. This 
may be used to eliminate the return trace 

on the linear sweep, to mark the circular 

sweep, or to produce timing marks on a 

signal with a linear sweep. Accurate 

timing is thus possible on a photograph of 

a single sweep. 

Placement of parts is not critical, except 

that it is advisable to keep the trans-

formers as far from the cathode-ray tube 

as possible. It was found necessary to 

encase the tube in a 9-inch nipple of 3-inch 

iron pipe, as sufficient spacing was not 

possible on the chassis used. A 550-volt 

power supply; if available, will make ad-

justment of the various supply voltages 

simpler. 

W. E. Gilson, A Versatile Oscilloscope, Electronica, 

December, 1941, p. 22. 

Direct-coupled Feedback Amplifier for Linear Electrodynamic Deflection 

Trus direct-coupled amplifies' was de-
signed for deflection of a type 5JP5 cath-
ode-ray tube operating at a second-anode 
potential of 2,000 volts and a third-anode 
potential of 3,000 volts. The amplifier 
has deflection-voltage capacity consider-
ably greater than that required for deflec-
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stages, provided to increase the input 
impedance of the amplifier. Tubes V3 

and V4 comprise the first amplifier stage 
of the assembly. Tubes V5 and l6 are 
the main elements of a constant-current 
direct-coupling network employed to re-
duce the average level of the signal po-
tential appearing on the plates of V3 and 
174 to a level suitable for the grids of V7 
and 17 3, while maintaining uniform re-
sponse to signals of zero frequency. 
Tubes V7 and V8 constitute the feedback-
controlled output stage of the amplifier 

unit. 
'1'lle differentially connected feedback 

circuit between the screens of V3 and V4 
and the plate circuits of V1 and V2 is pro-

vided to stabilize the amplifier against 
long-time drifts and differences that occur 
in the input tubes. The resistance of the 
plate loads in these two tubes is too small 

to afTect seriously their operation as cath-
ode followers. The feedback circuit, 
which is effective in reducing the imped-
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ance level of the output circuit, is provided 
by the connection between the plates of 
1'3 and V7 and between V. and Vg. 
The design was approached as an at-

tempt to render the stray capacitance as 
ineffective as possible, and the imped-
ance level of the output circuit has 
been reduced by approximately 90 per 
cent. 

Although a considerable sacrifice of 
voltage gain has been made in the second 
stage, this is justified by a reduction in 
output impedance from approximately 
4,500 to 500 ohms. Used with a type 
5.11'5 cathode-ray tube, this circuit has 
produced uniform spot deflection, as a 
function of frequency, from zero to 1.5 mc. 
It is believed that the mechanical arrange-

ment of the amplifier used for the tests of 
the circuit could be redesigned consider-
ably to achieve improved high-frequency 

response with no change in electrical 
characteristics. 

G. Robert Alf.zger, Feedback Aroplifier for C-11. 

Oscilloscopes, Electronics, April, 1944, p. 126. 

Capacitance-coupled Feedback Amplifier for Electrodynamic Deflection 

APPLICATION of feedback for impedance 
compensation in this capacitance-coupled 
deflection amplifier for a cathode-ray oscil-
loscope gives wide-band performance with 
small sacrifice of other characteristics. A 
constant output potential is nmintained, 
with a constant input over a desired fre-
quency range, in the presence of any stray 
capacitive loading that may be present in 
the output circuit. 
To control undesirable effeets of load 

circuit capacitance, the impedance level 
of the output circuit is decreased by reduc-
ing the internal plate resistance of the 

output tube through the use of negative 
voltage feedback. Because the internal 
plate resistance of a vacuum-tube am-
plifier is connected in shunt with the ex-
ternal load, reduction of this resistance 
will effect a reduction of the over-all im-
pedance level of the output circuit. 
The reduction of impedance level of the 

output circuit of a vacuum-tube amplifier 
by the use of negative voltage feedback 
can be greater than 90 per cent of the 
value without feedback. Such a method, 
therefore, is of particular interest in the 
case of cathode-ray-tube deflection am-
plifiers, where the high deflection poten-
tials required often demand the use of 
expensive transmitting tubes and large 
power dissipations to obtain full-scale 
deflection. 

This capacitance-coupled amplifier is 
designed to deflect a type 51.1)5 cathode-
ray tube operated at a second-anode 

potential of 1,100 volts and a third-anode 
potential of 2,000 volts. The amplifier 
will produce symmetrical deflection of the 
cathode-ray tube with either balanced or 
unbalanced input signals. 

Interconnection of the plates provides a 
simple feedback network which is reliable 
over the widest possible range of fre-

quencies that the amplifier may be re-
quired to pass. Inasmuch as the design 
was approached as an attempt to render 
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the stray capacitance as ineffective as 
possible, the impedance level of the output 
circuit has been reduced by approximately 
SO per cent. 

G. Robert Mezger, Feedback Amplifier for C-11. 

Oscilloscopes, Electronics, April, 1944, p. 126. 

Direct-coupled Amplifier Circuit for Feeding Deflection Plates of C-R Tube 

BY using a cathode follower with gas-
tube coupling, this circuit gives a voltage 
gain of 400 with a frequency response flat 
to within 1 db from below 20 cycles to 10 
kilocycles. Use of this arrangement elim-
inates some of the difficulties normally 
encountered in the use of direct-coupled 
amplifiers for feeding deflection plates in 
an oscilloscope. Extremely high voltage 
supplies are not required, and voltage 
drift due to leakage arid warm-up is 
reduced. 
The first stage is connected as a normal 

voltage amplifier. The grid of the second 
stage, a cathode follower, is connected 

directly to the plate of the first. In the 

output circuit of the cathode follower are 
two VR150 tubes and a resistor. Most of 
the d-c voltage drop occurs across the gas 
tubes, while the signal voltage appears 
across the 12,000-ohm resistor. The im-
pedance of the VR tubes tends to rise at 
the higher frequencies, and a bypass ca-
pacitor is therefore connected across the 

tubes to raise the high-frequency response. 
The last stage in the circuit consists of a 
6SN7 dual triode used as a cathode-
coupled phase inverter, outputs of oppo-
site polarity being obtained from the 
plates. 

This gas-tube coeling should be used 
only where the signal level is sufficiently 
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high so that the gas discharge noise in the 
VR tubes is negligible. The signal volt-
age drop across the VR tubes should be 

kept to less than 0.5 volt (and to less 
than 1 or 2 volts if neon tubes are used, 
depending upon the type of tube and 

the d-c flow), or distortion will result. 

F. Iannone anil II. Buller, Gas-tube Coupling for 
D-C Amplifiers, Electronics, October, 1946, p. 106. 

Four-circuit Electronic Switch for Cathode-ray Oscilloscope 

IN this system for observing four inde-
pendent electrical phenomena on a cath-
ode-ray-tube screen, a simple linear scan 
is divided into four components, each 
following in succession. A pure sine-volt-
age wave is impressed on the grid of triode 

T5, and the grid bias is held at a suffi-
ciently high negative potential so that the 
tube will pass current for only one-fourth 
cycle, corresponding to the positive peak 
of the wave. The negative grid-bias volt-
age necessary to accomplish this is 0.707 
of the peak impressed voltage. A second 
tube T4 passes the negative peak. The 
remaining two quarters of the cycle are 
selected by displacing the wave 90 

degrees in phase and repeating the process, 
using triodes T2 and 7'5. As a final result, 
the trace on the screen of the oscilloscope 
will consist of four scallops. 
Tube T1 is simply a controller of am-

plitude. It receives the input wave from 
a sine-wave generator whose frequency is 
identical with that of the horizontal sweep 
of the oscilloscope. The frequency for 
which the circuit values apply is 2,000 
cycles, but the scan can vary from 1,000 
to 3,000 cycles. 

The phase-shift circuit is connected be-
tween transformer secondaries L1 and L2, 
which are snatched audio input units 
whose center taps connect to Ca and C5. 
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The primary winding of L2 is not used. 
C6 and C7 act to block the grid-bias volt-
ages. Cg and Cg together with resistors 
R13 and R1.1 shift the phase of the wave in 

L2 90 degrees from the wave in LI. The 
extremities of L1 and L2 are accordingly 
points of 180-degree phase difference. 
They are connected through individual 

resistors Rfi, R10, R , and R12 to the grids 
of tubes 7'2, 7'3, 7'4, and 7'5. The output 

signals are passed through C14 to the 
oscilloscope vertical input. 
The wave crests act as switches for ad-

mitting four independent sources of signal. 
Tubes 7'2, 7'3, T.1, and 7' fi operate ill sue-
cession each for one-fourth of the cycle. 
Four additional tubes 7'6, T7, 7'8, and TO 
act as buffer amplifiers. The pickup 
points are the grids i, g2, g3, and g4. 
Means for either amplifying or attenu-
ating the input at each of these points 
should be provided so that the area pro-
jected on the screen of the oscilloscope can 
be regulated. 

It is important that the common plate 
circuit of tubes T2, T3, 7'4, and Tfi be ade-
quately shielded against any stray poten-
tials. The success of this circuit depends 
on the care with which stray coupling 
capacitances are kept at a minimum. 

Esten Moen, A Four Circuit Electronic Switch, 

Electronics, May, 1941, p. 50. 

Circuit for Obtaining Mutual-conductance Characteristic Curves of Tubes 

THE mutual-conductance grid-voltage 
characteristic curve of an amplifier tube 
can be traced with this circuit by using 
the tube as a high-frequency amplifier 
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with a low-impedance load in the plate 
circuit and a small grid signal and by 
plotting the rectified output against the 
variable grid voltage. The signal is sup-
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plied by a 175-ke oscillator to the grid 
whose mutual conductance is under 
consideration. 
To plot No. 1 grid mutual conductance 

against No. 1 grid voltage for various 
No. 3 grid voltages, the signal and a 60-
cycle voltage are applied in series to grid 
No. 1, and the step voltage, generated as 
in a circuit for obtaining amplifier-tube 
characteristic curves, is applied to the No. 
3 grid. The output of the detector feeds 
the vertical deflection plates of the oscil-
loscope, and the horizontal deflection 
plates are supplied by the same 60-cycle 
voltage its the grid of the tube under test. 
It is desirable to include a microammeter 
in the lead of each grid having one of the 
variable potentials, in order to adjust the 
minimum bias to zero. The order of 
magnitude of the deflecting voltages ob-
tained from this circuit is such as to 
require an oscilloscope having an amplifier 
in each of the deflecting plate circuits. 

+250V H. F. Mayer, Cathode Ray Oscillograph Applica-
tions, Electronics, April, 1938, p. 14. 
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Cathode-ray Oscilloscope Circuit for Obtaining Amplifier-tube Characteristic Curves 

Tins circuit provides a family of curves 
of plate current versus plate voltage for 
various equally spaced grid voltages in 
multielement amplifier tubes. As the 
desired curve has plate voltage for its ab-
scissa and plate current for its ordinate, 
one of the horizontal deflection plates of 
the cathode-ray tube is connected to the 
cathode of the tube under test (7'1) and 
the other to the anode. The vertical 
deflection plates are connected across a 
resistor RI to receive a voltage propor-
tional to the plate current. Then an 
alternating voltage of any wave form and 
frequency may be applied to T1 and Ri 
in series and the spot will move always 
along the curve of plate current versus 
plate voltage. During each negative half 
cycle the spot remains stationary at the 
origin. 
To trace a complete family of curves for 

various grid voltages, the grid voltage 
must be held constant during positive half 
cycles while the spot is moving and 
changed by a fixed increment during nega-
tive half cycles. This is accomplished by 
charging the capacitor chain C1C2C3 

through the pentode T4 in steps and by 
finally discharging it through the thyra-
tron 773. C1C2C3 is charged in steps due 
to the fact that the pentode T4 has an 
alternating voltage on its screen and con-
trol grids, and hence conducts only during 
alternate half cycles. 
The voltage E5 is phased with respect 

to E1 so as to make 7'4 conduct during 
negative half cycles of El. Since the 
current passed by T4 is substantially inde-
pendent of its plate voltage, so long as it 
exceeds the screen voltage, the increments 
of charge applied to C1C2C3 are equal. 
The amount of the increment depends 
upon the setting of the screen potentiom-
eter 123. When the voltage on C1C2C3 
reaches a value determined by the setting 
of P1, the thyratron fires and discharges 
CiC2C8. 
Three capacitors (C1C2C3) instead of 

one provide three ranges of maximum 
bias voltage. Resistors RI, R2, and R3 
permit a reasonable grid-leakage current 
to flow in the tube under test. Potenti-
ometer P2 across battery E2 permits ad-
justment of the minimum bias to zero, 

which it would otherwise not be, since the 
thyratron may discharge the capacitors to 
almost any voltage, depending upon the 

CATHODE- RAY 
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circuit constants. The microammeter in 
the grid circuit of the tube under test 
facilitates the adjustment of P2* 

H. F. Mayer, Cathode Ray Oscillograph Applica-

tions, Electronics, April, 1938, p. 14. 

Ignitron and Cathode-ray Circuit for Testing Pulse-type Power Tubes 

Tins pulse-type high-power tube tester 
obtains simultaneous measurements of 
plate voltage, plate current, grid voltage, 
and grid current at the crest of the grid-
current curve of a triode when the grid 
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signal from a calibrating circuit. When 
the tube tester is connected to the oscil-
loscope, a voltage proportional to the 
grid current is applied to the horizontal 
plates, while the vertical deflection is pro-
duced by either the plate voltage, plate 
current, or grid voltage as desired. The 
operator obtains readings of the peak 
values by matching a calibrating spot 
with the end of the characteristic curve as 
seen on the long-persistence screen of the 
oscilloscope. 
The apparatus was designed to test 

tubes of the types used for loran. The 
tube can be supplied with plate-current 
pulses of 200 amperes at plate voltages up 
to 20,000 volts. The grid voltage may 
be varied from —5,000 to +10,000 volts. 
The measuring circuit is shown. The 

grid current is measured in terms of the 
voltage across a noninductive shunt R10. 
This voltage is applied directly to the 
horizontal plates of a cathode-ray oscil-
loscope. The plate current is measured 
in similar fashion by applying directly to 
the vertical plates of the oscilloscope the 
voltage across the noninductive shunt R2. 
By means of switch SW1, the vertical 
plates may be connected across R2 for 
plate-current measurement, across R4 for 
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plate-voltage indications, or across /?6 
for determining the grid voltage. Com-
plete shielding of all portions of the 
measuring circuits is most essential in this 
method because of the use of pulses having 
high rates of change of current. 
The combination C2C3R3R4 forms a 

compensated voltage divider to supply 
a known fraction of the plate voltage 
to the oscilloscope. Similarly, G4C6/?6/?6 
form another compensated voltage divider 
for the measurement of grid voltage. 
Each voltage divider is carefully adjusted 
with the aid of a square-wave generator, 
so that when a square wave of voltage is 
applied across the divider a good repro-
duction of the square wave appears across 
the low-voltage section. 
The high-voltage section of each divider 

is enclosed in an aluminum shield. The 
low-voltage section plugs into sockets 
mounted on the shield. The shield and 
the bottom of the low-voltage section are 
grounded to a common point which serves 
also as the ground connection for the 
tube to be tested, for the cage which 
holds the apparatus, and for shunts R2 
and R. By the use of a common ground 
point, ground currents are kept out of the 
cage and shields, and thus magnetic 
disturbances from ground currents are 
minimized. 

Connections from the voltage dividers 
and shunts to the oscilloscope are made 
through coaxial cable. The grounded 
side of each shunt and voltage divider is 
connected to the outer conductor of the 
corresponding cable. All these cables 
run to a junction box that contains switch 
S1171 and relay RITi. The junction box 
is grounded to the common ground point, 
but all cable connections are insulated 
from the box. Thus, if, because of very 

heavy tube currents, the grounded side 
of a cable should be at a different potential 
from ground, one part of the tube current 
would flow through the outer conductor of 
the cable. With these precautions in 
grounding and shielding, no magnetic 

pickup or interaction between circuits is 
observed. 
The impulse of grid current is con-

trolled by the ignitron IIX226A. When 
the trigger circuit causes the ignitron to 
fire, the voltage on capacitor C6 is applied 
between grid and cathode of tube X. 
The inductance L retards the rise and fall 
of grid current sufficiently to provide a 
grid-current pulse that rises rapidly and 
then holds a rounded peak for several 
microseconds before dropping. 

Before the ignitron is fired, the grid of 
tube X is kept at a negative potential by a 

bias power supply acting through Rry. 

This negative bias is adjustable to a 
maximum of 5,000 volts and is set at a 
value that is sufficient to hold the plate 
current to a negligible value over the 
normal range of plate voltage. By means 
of voltage divider R7R8 a portion of the 
grid voltage is fed to the intensity control 
of the oscilloscope. When the ignitron 
fires, the intensity of the electron beam 
is greatly increased, and the rapidly 
formed trace is made visible on the long-
persistence screen. (Battery B8 serves 
to position the electron beam to the left 
of the center of the screen.) 
The oscilloscope beam is deflected 

horizontally by the grid current and 
vertically by the plate voltage, plate 
current, or grid voltage, depending on the 
setting of SW,. When the grid current is 
at its peak, the beam is deflected to a 
maximum horizontally. Hence, if ob-
servations are made on each vertical 
signal at the extreme of the horizontal 
deflection, all readings are obtained at the 
peak of the grid current. 
An auxiliary circuit, not shown, is used 

for calibration and triggering of relay 
BY,. This circuit includes a motor-
driven 5-rpm commutator that fires the 
ignitron. To ensure the safety of both 
operator and equipment, various protec-
tive devices are provided. Bulbs 
N2, and N3 are -watt neon bulbs. 
Should a flashover occur in any of the 

high-voltage circuits, these neon bulbs 
together with resistors R12, R13, and R14 
would prevent the voltages applied to the 
oscilloscope from exceeding a value of 
approximately 70 volts. 

Spark gap SGI is set to break down at 
20,000 volts in order to protect 
which is rated at 25,000 volts. Gap Sal 
breaks down at 10,000 volts in order to 
protect the 12,500-volt capacitors at C6. 

Paper gaps SG2 and SG3 are designed to 
break down and form a mechanical short 
circuit if excessive voltage should appear 
across either shunt R2 or R10. These gaps 

each consist of a spring whose pointed end 
presses against a brass plate. A piece of 
thin paper is placed between the point and 
the plate. If excessive current should be 
passed through the shunt, the paper is 
punctured, the spring makes contact with 
the plate, and the shunt is short-circuited. 

It is advisable to keep the oscilloscope 
signal voltages between 25 and 50 volts. 
Voltages below 25 give deflections whose 
short length increases errors in measure-
ment. Voltages much in excess of 50 
volts may cause the neon protective bulbs 
to ignite and give a false indication. 
To keep the oscilloscope voltage within 

the required range when measuring grid 
or plate voltages, each voltage divider is 
provided with several different low-volt-
age sections. Thus the plate-circuit volt-
age divider has four low-voltage sections 
providing voltage ratios of approximately 
50, 100, 200, and 400. These ratios 
cover the voltage ranges 0 to 2,500, 2,500 

to 5,000, 5,000 to 10,000, and 10,000 to 
20,000, respectively. 

Similarly, shunts of different value are 
provided for Rry and Rio. For R2 the 
available resistances are approximately 
2, 1, 0.5, and 0.25 ohms, covering the 
current ranges 0 to 25, 25 to 50, 50 to 100, 
and 100 to 200 amperes, respectively. 

E. C. Easton and E. L. Chaffee, Pulse-type Tester 
for high Power Tubes, Electronics, February, 1947, 

p. 97. 

Circuit for Injection of Identifying Marks on Cathode-ray Traces 

TIM viewing of a curve on the screen of 
an oscilloscope is often more effective if 
means arc provided to inject identifica-

tion marks at known points on the curve. 

The generator here described can inject 

sharp breaks in any sinusoidal wave of 

frequency from 60 to slightly under 1,000 

cycles per second. 

The circuit utilizes coupling between 

the plates of two amplifiers to generate 
the marking pulses. When the first plate 

1.0 MEG 

tends to draw current, the current in the 

second plate (which is in opposite phase) 

is suddenly reduced by the reduction in 

plate voltage. The result is a sharp 
differential pulse at each change in input 

voltage. 

Esten Moen, An Electronic Oscilloscope Marker, 
Electronics, September, 1941, p. 68. 
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Oscilloscope Beam 

Tills three-tube electronic circuit per-
snits photographing a complete transient 
trace on a cathode-ray oscilloscope screen 
with high detail and no fogging, using 
from one to five sweeps per transient 
depending on the degree of horizontal 
detail desired. Arrival of a transient 
trips a trigger circuit, releasing the 
blanked beam, and can also provide a 
dotted Z timing wave. 
The double-triode trigger circuit and 

its power supply must be insulated from 
ground for a voltage equal to the operating 
voltage of the cathode-ray tube, which 
means using a power transformer with 
an adequately insulated primary winding 
or using a 1:1 insulating transformer. 
When one section of VTi is conducting, 

the other section is automatically biased 
to cutoff. Consequently, either one or 
the other section is conducting, but never 
both at the same time. An impulse 
transmitted to the grid of one section, 
in such a direction as to change the state 
in winch it is at that instant, will therefore 
cause the circuit to go from one condition 
to the other. 
One of the sections of VT1, designated 

as a, performs the desired control action 
on the grid of the cathode-ray tube. 
When section a is nonconducting, the 
drop across plate resistor RI is small, 
since the only current flow through it is 
due to the current flowing through the 
high resistances R2 and Rs. Point A 
will therefore be only a few volts negative 
with respect to the positive end of the 
power supply. 
The cathode of one section of double 

diode VT2 is connected to point A. 
The anode of this section is connected 
through resistor R4 to point D on potential 
divider Rs, which is adjusted so that I) 
is negative with respect to point A as long 
as tube section a is nonconducting. 
Consequently, no current flows through 
MI, and the potential of the grid of 
the cathode-ray tube with respect to the 
cathode is simply determined by the 
position of the arm on Rs. This permits 
manual adjustment of the grid voltage 

Blanking and Dotting Circuit 

of the cathode-ray tube to give any desired 
brilliancy, or to blank the beam if so 
desired. 

If section a of VTi is made conducting, 
however, the plate current will cause a 
large voltage drop across RI. This makes 
A negative with respect to D, and current 
will flow through the right-hand section 

TO CATHODE TO GRID OF 
OF G-R TUBE C-R TUBE 

Z SIGNAL TRIPPING BY 
NEGATIVE IMPULSE 

TRIPPING BY 
POSITIVE IMPULSE 

of double diode VT2 to increase the grid 
bias of the cathode-ray tube over and 
above any value to which it may have 
been adjusted by the slider of RS. Con-
sequently, by triggering the double 
triode from one condition to the other, a 
release or blanking of the beam may be 
obtained. A negative impulse admin-
istered to the grid of section a, or a 
positive impulse administered to the grid 
of section b, will make section a noncon-
ducting and thus release the beam. 
Impulses of the opposite polarity will 
correspondingly blank the beat» again. 
The left-hand section of the double 

diode is used to provide the (lotting 

signal. Application of the proper type 
of signal (preferably of a square-wave 
shape in order to avoid defocusing during 
the duration of the dot) through blocking 
capacitor CI causes an alternating current 
to flow through resistor Rs, which (during 
its negative half wave) will cause a current 
flow through the left-hand section of the 

double diode, thus periodically biasing 
the grid of the cathode-ray tube. 

It should be noted that blanking and 
releasing require only an impulse and not 
the maintaining of a certain voltage during 
the time that the beam is to be released. 
The complete equipment can be made 

as a separate device which can be used 
with any oscilloscope on which the 
cathode and grid terminals have been 
brought out, or it can be permanently 
incorporated in one of the oscilloscopes 
available on the market. 

Walther Richter, Beam Blanking Circuit for Oscil-
loscopes, Electronics, September, 1914, p. 128. 

Oscilloscope Circuit Modification for Television Modulation Pattern 

IF a commercial oscilloscope is modified 
as shown, the technique of employing 
a trapezoidal pattern to measure modula-
tion may be adapted to television, such 
as for determining the percentage of 
carrier amplitude devoted to synchro-
nizing pulses and hence compliance with 
the standard. 

The modification necessary consists of 
providing a linear horizontal sweep at 
half the line or frame scanning frequency 
and adapting the input circuits to the 
television carrier frequencies. 
Use of the type 5.JP1 cathode-ray tube 

is advantageous, since the deflection-
plate leads terminate on the bulb. This 

feature minimizes capacitance coupling 
between horizontal and vertical plates, 
and it simplifies the r-f circuit. It is 
desirable to shield tlse tube electro-

statically by wrapping it in a sheet of 
copper foil and to provide an aluminum, 
or brass, case for the whole instrument. 
In addition to shielding it is wise to 
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isolate the leads from the horizontal 
sweep amplifier by some resistance to 
prevent any possibility of resonance in 
these lines. For this purpose 1,000 ohms 
was found satisfactory. 

Filament, anode, and bias supply cir-
cuits are those commonly employed in 
most oscilloscopes, with the exception that 
the high-voltage supply should have a 
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have a low reactance at carrier frequency 
but a high reactance through the tenth 
harmonic of the horizontal sweep fre-
quency. A 250-Auf capacitor has a 
reactance of 10.7 ohms at 60 megacycles 
and 8,100 ohms at 7,875 X 10 cycles, 
and it gives good results. The frequency 
7,875 is half the 15,750 cycles required for 
horizontal scan in 525-line television. 

25,000 

COAXIAL 
ANTENNA 
FEEDER 

CI APPROX. 3OppF DUAL 

L1 ONE TURN NO.18 OCC 1 IN. D1AM. 
L2 TWO TURNS NO.18 OCC 3/4  IN. DIAM. 
L3 APPROX. EIGHT TURNS NO.12 3/4  IN. DIAM. 

J...4 TWO TURNS NO.18 000% IN. DIAM. 

positive ground. This feature is impor-
tant since it permits the grounding of the 
center tap of the tuned circuit and the use 
of low-voltage r-f bypass capacitors on 
the horizontal deflection plates. The 
plate supply of the critical stages of the 
the sweep amplifier is regulated, and 
the horizontal sweep oscillator and ampli-
fier are similar to those of conventional 
oscilloscopes with the exception of the 
synchronizing circuit and sweep-speed 
control. 
The most critical consideration when 

using very high frequencies for vertical 
deflection is the tendency of these voltages 
to stray over to the horizontal deflection 
plates, causing a curvature of the parts of 
the pattern that should be vertical. The 
resulting image distortion can be pre-
vented by symmetrical voltage distribu-
tion in the r-f circuit and effective r-f 
bypassing of the horizontal deflection-
plate leads. 

Capacitors must be selected that will 

250pmF 

1,000 , 

250ppF-., 

C' 
L4 6-1H1-• 

Q90. 1-3 
  í9L2 

DUAL COAX 

on the vertical deflection plates and 
reduces coupling to the horizontal plates. 
A coil suitable for the lower group of 

television frequencies can be wound with 
No. 12 wire on a OE4-inch form. An 8-
turn coil of this diameter has been found 
suitable for the 60- to 66-megacycle 
channel. One or two turns more or less 
will be required for other channels of the 

___,5JPI 

XX 

This sweep frequency permits patterns of 
two scan lines to be shown on the screen. 
The vertical deflection plates are driven 

by a tuned circuit that provides enough 
voltage at resonance to produce adequate 
deflection with small power input. In 
the lower group of television channels, 44 
to 88 megacycles, a split-stator capacitor 
of 20 to 30 ,uµf per section is used for 
tuning. It is not necessary to load the 
circuits to pass the wide side band, since 
the highest frequency components in the 
extremes of the side band are not neces-
sary for ordinary measurements. 
The center of the coil feeding the verti-

cal deflection plates must be grounded to 
provide the required d-c potential on 
these plates. The rotor of the tuning 
capacitor may also be grounded. This 
common ground must be connected to 
the shield on the cathode-ray tube by a 
strap, ribbon, or wire of large area and as 
short length as is feasible. Such an 
arrangement ensures symmetry of voltage 

80 

Xj--1 

X 

Y • 

Y 

110 -I25V 
60 CPS 

group. To secure a balanced feed, a dual 
coaxial line is desirable. 

Coupling coils at the input and output 
of the feed line are connected to the inner 
conductors and not to the outer sheath. 
The feed-line input coil is a n-inch 1-turn 
loop inserted part way into an opening 
in the outer conductor of the transmitting 
antenna coaxial line just outside the 
transmitter cabinet. Where the coaxial 
line enters the oscilloscope cabinet, the 
outer sheath must be grounded to the 
metal cabinet. The cable terminates in a 
2-turn coil of3-inch diameter and is 
loosely coupled to the tuned circuit of the 
oscilloscope. 

Since such a loop cannot be expected to 
provide an entirely nonreflecting termi-
nation, there will be some standing waves 
in the line, and some degree of unbalance 
in spite of precautions. Coupling be-
tween loop and tuning coil is adjusted by 
trial, inserting the loop a small distance 
between the turns of the coil; the most 
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effective point may be found one or two 
turns above or below center. Because of 
standing waves in the line the loop can 
be initially at a low-current point in the 
standing-wave pattern, in which case the 
line can be shortened somewhat. 

Synchronizing voltage for the horizontal 
sweep may be taken from a video line if 
available, or, if more convenient, it may be 
taken from the r-f signal. The detector 
circuit shown is suitable for either method. 
A small pickup coil of 2 turns is loosely 

coupled to the lower end of the tuned 
circuit and applies about a volt to the 
cathode of the 6116 tube. This tube is 
located directly below the pickup coil 
so that the leads are kept short. Peaks 
of the r-f signal corresponding to the 
synchronizing pulses arc rectified, biasing 
the cathode of the diode positively so 
that only synchronizing pulses appear in 
the plate circuit. 
The diode performs the two functions of 

rectifying radio frequency and clipping off 
picture components. Negative impulses 
appear across the plate load resistor. If 
video signals are used for synchronizing, 
they may be applied to the diode that 
will serve in the same way to separate 
synchronizing pulses from the picture. 
If the pulses are negative with respect to 
ground, the signal is applied to the cath-
ode of the 6H6 tube in the same manner 
as the r-f signal. If the pulses are 
positive, they are applied to the plate of 

the diode through a network consisting 
of a 0.05-µµf capacitor and a 1-megohm 
resistor. The output is then taken from 
the cathode across a 25,000-ohm load 
resistor. In this case the output pulse 
is positive. 
The output pulses from the detector 

are amplified by the two-stage amplifier 
utilizing a type 6N7 tube that operates 
without external bias, since the plate 
current is sufficiently limited by the 
10,000-ohm plate resistors. As long as 
there is a substantial signal applied to 
this amplifier, grid rectification provides 
bias for the tube. The time constants of 
the grid resistor and coupling-capacitor 
networks are large enough to permit 
amplification of the 60-cycle field scanning 
impulses. 

Impulses passing through the amplifier 
will usually be of both line and field 
frequencies. It is the function of the two 
networks in the plate circuit of the left 
section of the 6N7 tube to separate the 
two frequencies so that either can be 
applied to the horizontal sweep oscillator 
of the scope. 
The network consisting of two 8,250-

ohm resistors and 0.005-µf capacitors 
separates by integration the vertical 
pulse from the composite of both pulses. 
After separation the pulse is partly 
differentiated by the 3,500-11g coupling 
capacitor and the 884 tube grid resistor, 
producing both a positive and negative 

pip. Therefore the polarity of the pulse 
from the 6N7 amplifier is unimportant, 
since the 884 tube will always receive a 
positive impulse on which it synchronizes 
best. 
The horizontal pulses are separated 

from the vertical by differentiation in L5. 
Again a positive and negative swing is 
produced, in order to synchronize the 
884 tube. 

Switching circuits are provided to select 
synchronizing voltage from either the 
vertical or horizontal separator output or 
from the 60-cycle line. 

Appropriate RC networks can be 
switched into the plate circuit of the 884 
tube to generate suitable saw-tooth waves 
at 30 and 7,875 cycles for sweep speeds 
to show either frame or line patterns. 
Provision is made for external deflection 
for special cases. A potentiometer in 
the plate circuit of the 884 tube permits 
continuous adjustment of sweep frequency 
over a range from three or four lines or 
frames to one line or frame. 
The saw-tooth output of the sweep 

oscillator is amplified by a 6F8G and two 
6V6 tubes in a conventional circuit before 
being applied to the horizontal deflecting 
plates. A back-trace blanking impulse is 
fed to the cathode-ray tube from the 
cathode circuit of the 6F8 tube. 

A. H. Brolly and W. R. Brock, Test Oscilloscope for 
Television Stations, Electronics, November, 1946, 
p. 120. 

Dual-multiyibrator Raster-generating Circuit for Cathode-ray Tubes 

Two multivibrators, one controlled by 
60-cycle line voltage and the other run-
ning free at about 2,500 cycles, are em-
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ployed in this arrangement to generate 
deflecting voltages for production of a 
raster, or test, pattern covering the entire 
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face of the cathode-ray tube during life 
tests. Up to three cathode-ray tubes may 
be paralleled for simultaneous testing 
merely by adding a pair of focus and 
brilliance potentiometers for each in 
parallel with the controls shown. 
The 60-cycle sweep is synchronized 

with the line voltage by adjusting hold 
control RI, and the horizontal sweep 
frequency is controlled by /?2. For life 
tests it is not necessary to lock the pattern 
stationary. Output voltages of both 
multivibrators are fed to individual 
amplifiers connected as phase inverters to 
provide balanced-deflection outputs for 
coupling to the deflection plates through 
suitable high-voltage capacitors. An RC 
network is used to separate the two oscil-
lators and amplifiers, so as to prevent 
one pattern from modulating the other. 
The circuit can readily be adapted for 
other cathode-ray tubes by changing 
power-pack output voltages as required. 

Leonard Chioma, CR Tube Life Tests, Electronic 
Industries, January, 1945, p. 107. 
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A Shorted-turn Indicator for Small Coils 

Coitas wound on integral spools and 
loudspeaker voice coils with centering 
spiders cannot be tested on an iron-core 
coupling device. For such coils, the 
shorted-turn finder shown in the diagram 
can be used. 

Since a test frequency many times 
higher than 60 cycles is permissible for 

OSC 

2H MEG 

coil results in reduced detector input, 
and a consequent reduced reading of the 
indicating meter. 
A resistance network in the oscillator 

grid circuit prevents high damping of the 
tank-circuit oscillations during positive 
grid-voltage excursions and reduces the 
input voltages to the tube, thereby cur-

DET D-C AMP 
0.5 MEG 
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— 111111.4  
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these small coils, a vacuum-tube oscillator 
is used as the a-c source. The operating 
principle is that an oscillator's tank-
circuit voltage will vary in accordance 
with the rate of absorption of energy 
from the tank circuit. The tested coil is 
coupled to the tank inductance, which is 
coupled to a detector, the detector in 
turn actuating a d-c amplifier having the 
indicating milliammeter in its plate 
circuit. Any absorption by the tested 

22.5V 

3V 

tailing harmonics. Large harmonics are 
avoided because of their greater tendency 
to set up spurious absorption currents 
in a tested coil. The oscillator is tuned to 
approximately 8,000 cycles. 
The tank inductance consists of 950 

turns of No. 20 enameled wire, compactly 

wound in solid layers, with thin paper 
between layers. The winding cross sec-
tion is approximately 1M inch square. 
The window of the winding is just 

Shorted Turns Tested on 

A USEFUL instrument for the rapid 

testing of coils is shown in the accom-
panying circuit. Reactance of search 
coil L is balanced by capacitance C. 
Exact balance of the bridge is obtained 
with resistor R2, resistor R1 being in the 
mid-position. 
The instrument is then adjusted for a-c 

supply by varying RI until a standard 

reading is obtained on the rectifier-type 

A-C 
SUPPLY 

slightly larger than the largest diameter 
coil to be tested. The tank coil is housed 
in a protective Bakelite shell, and is 
mounted on a tilt of 45 degrees near the 
bottom of the test panel. 

half the tank-circuit a-c voltage is 
impressed upon the detector, which is 
supplied a compensating negative bias of 
45 volts through 1 megohm. 
The cl-e amplifier is operated by sepa-

rate batteries, the only connection to the 
remainder of the circuit being the 0.5-

megohm resistor common to the detector 

plate arid the amplifier grid circuits. 

Since this resistor places a positive bias 

on the amplifier grid, a counteracting bias 

battery of 22M volts is included in the 

grid circuit to keep the amplifier plate 

current below 1 ma. The normal plate 

current is thus set at approximately 0.8 

ma, a downward swing indicating shorted 

turns. 

To test a coil, it is inserted into the 

window of the tank coil. A large reduc-

tion in the reading of the milliammeter 

indicates shorted turns, good coils giving 

practically unchanged deflection. One 

closed turn M inch in diameter of No. 35 

wire reduces the indicating meter deflec-

tion 0.6 ma. 

C. G. Seright, A Shorted-turn Indicator, Electronics, 

May, 1933, p. 136. 

Simple Instrument 

milliammeter MA. The coil to be tested 
is placed over the projecting iron core 
of the search coil; if short-circuited turns 
are present, the normal deflection of the 

meter will change. 
A single short-circuited turn of 40-gage 

copper wire can be detected. 

2 Testing Coils for Shorted Turns, Electronics, Novem-
ber, 1915, p. 394. 

Audio-frequency Oscillator Finds Breaks in Cords and Cables 

Tins electronic cable tester takes the 
guesswork out of checking the breaks in 
electric extension cords and those used on 

small power-driven tools. 
The circuit of the unit uses one elec-

tronic tube connected as a self-excited 
oscillator operating on a frequency of 
about 400 cycles. The output of the 

oscillator is applied to the cord. 
A small amount of the signal energy is 

44 

picked off the cord by a metal ring 
through which the cord is passed. Fed to 
a high-gain amplifier, the signal amplitude 
is increased sufficiently to operate the 
output meter shown. When a break in 
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the conductor passes through the ring, a 
sudden change in the meter deflection 

occurs, and the broken spot can be quickly 
and accurately ascertained. Thus the 

METAL RING 

necess ty of cutting the cord in more than 
one pitce to locate the break is eliminated. 
The metal pickup ring is mounted in-

side an assembly of fiber insuhttion 

material that surrounds the eable during 

use of the instrument. A short shielded 

lead is provided for connecting the ring 
to the amplifier. The ring is mounted on 
top of the test unit. 

CORD UNDER TEST 

2O <220 

Input and output potentiometers are 
provided to permit adjustment of the 
circuit, so that the meter reading occurs 
at a convenient portion of the scale when 

a good cable of the type to be tested is 

inserted in the ring. Additional provi-
sion for this purpose is the use of different 

values of resistance in the output circuit. 
Besides the output terminals shown, 
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OSCILLATOR 

0.02 

4 
400"., 0.02 

inale and female receptacles for the cable 

plugs are contained in the tester. 

Electronic Tester for Electric Cords and Cables, 

Electronics, September, 0)44, p. 186. 

Sensitive Splice-detector Circuit for Steel Wire 

Tiffs splice detector utilizes magnetic 
poles created at splices in steel wire to 
operate an audible and visual alarm. 
The wire under test is magnetized 

longitudinally by passing it through a 
strong magnetic field. It is then passed 
through a detector coil in which voltages 
are generated by the motion of the 
magnetic poles produced at the dis-
continuities. The voltage thus generated 
is amplified and impressed upon a thyra-
tron trigger tube that operates a buzzer, 
giving an audible signal. The buzzer is 
also connected to a telephone receiver, 
which allows the signal to be heard in 
noisy locations. A visual signal is pro-
vided by a cathode-ray tube. 
The sensitivity of the apparatus is such 

that it is possible to detect a single-strand 

splice in paired wire containing a total of 
14 steel strands. 
The magnet assembly consists of two 

horseshoe magnets having very high field 
strength. They are held against a square 
brass bar, with the two north poles facing 
each other. The wire passes through a. 
3-inch longitudinal hole in the bar. The 
small size of the hole ensures uniform 
magnetization of the wire. Its length 

prevents sidewise motion near the mag-
netic poles. 

VT1 
6SJ7 

The detector coil consists of 2,500 turns 
of wire wound on a wooden spool, which 
has a h-inch hole in the core for passage 
of the wire. The minimum dimension of 

100,000 
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Voltages due to irregularities in the 
wire, generated in the detector coil, are 
fed into a two-stage voltage amplifier 
utilizing tubes VT1 and VT2. 'I'he 
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the coil is such that the turns can be 
placed in close proximity to the ‚vire 

which passes through. The coil is made 
sufficiently long to prevent voltages being 
generated due to whipping of the wire. 

The coil mounting is made of wood. 
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amplifier output operates a thyratron 
trigger tube V7'3, which operates a buzzer 

through a relay. 
Filtering is employed in the input 

circuits of each stage to attenuate high-

frequency voltages picked up in the coil. 
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It has been found that minute magnetic 
irregularities in the wire cause such high-
frequency voltages to be generated, and 
these voltages might trigger the thyratron 
were it not for the input filters. 
The normal frequency of an impulse 

generated at wire splices is 10 to 30 cycles, 
depending upon the speed of the wire as it 
travels through the coil. 
The thyratron detector is a gas tube. 

The plate-circuit d-c relay operates on 
10 milliamperes. Resistor R1 is placed in 
series with the relay winding to restrict the 
plate current of the thyratron to the 
limits of the relay winding, the tube, and 
the power supply. There is also a 

normally closed switch SW in the plate 
circuit, the operation of which will re-
store the trigger circuit after the tube has 
operated. The sensitivity control P1, in 
the trigger-tube input circuit, permits the 
bias on the grid to be varied through a 
range of 0 to 12 volts negative for close 
adjustment of trigger action. 
A visual signal is obtained through the 

use of the indicator tube VT4, which is 
connected to the output of the amplifier in 
parallel with the trigger tube. The 
shadow angle, which varies to indicate 
voltage changes, has a sensitivity adjust-
ment from 0 to 20 volts negative through 
P2. 

The magnets and the coil should be so 

related that the initial voltage generated 

in the coil will impress a positive voltage 

on the grid of the trigger tube, thereby 

reducing the negative bias on the grid 

and causing it to fire. The time constants 

of the circuit are such that if the negative 

half cycle of the voltage is impressed 

first the full effect of the succeeding 

positive half cycle is not realized and the 

circuit is less sensitive and unreliable in 

operation. 

F. S. Ilird, Wire Splice Detector, Electronics, Sep-
tember, 1945, p. 98. 

Voice-operated Electronic Control Relay Using Thyratron Output Stage 

Tills circuit was designed for turning 

on or off any 115-volt a-c-operated device 
whose requirements are within the cur-
rent-carrying capacity of the relay con-
tacts and connecting wires. By using 
different contacts, any d-c-operated device 
may be controlled in the same manner. 
An ordinary magnetic type of earphone 

was used for the microphone. This 
necessitated a high-gain amplifier to 
provide positive control of the relay. A 
type 6SL7 tube, with both triodes in 
cascade, provides the necessary gain. 
The purpose of the 884 thyratron is to 

energize, or deenergize as desired, main 
relay A. Once relay A is energized, the 
884 becomes deionized and a pair of 
holding contacts connects one side of 
the relay coil to the a-c line; since the 
other side of the coil is tied directly to the 
other side of the a-c line, relay A will re-
main energized. 
The current that energizes relay A flows 

through the normally closed contacts of 
relay B. Thus, if these contacts become 
open, relay A will be deenergized and 
likewise the controlled equipment will be 
turned off. To turn off the controlled 
device, it is necessary to energize relay B, 
thus opening its contacts. For this 
reason, when relay A becomes energized, 
the plate of the 884 is disconnected from 
the coil of relay A and is connected to the 
coil of relay B, so that when the 884 is 
fired again it energizes relay B instantane-
ously, opening its contacts and de-
energizing relay A. 
To turn on the controlled equipment, 

the following sequence takes place: A 
single word is spoken into the microphone 

and the resultant voltage is amplified by 
the 6SL7 and applied to the grid curcuit of 
the normally cutoff 884, overcoming the 
bias and causing it to fire. Since the 
plate-cathode circuit of the 884 is in series 
with the coil of relay A through contacts 
1 and 2 of relay A, it completes the a-c 
circuit, thus energizing the relay. When 

65L7 

115 V 
A-0 

25,000 

this happens, the holding contacts 4 and 5 
replace the circuit of the 884 and thus 
keep relay A energized. At the saine 
instant, the plate of the 884 is connected 
to the coil of relay B through contacts 2 
and 3 of relay A, but now the tube is no 
longer ionized, since its plate circuit was 
opened by means of relay contacts 1 and 2. 
This sequence turns on the controlled 
device, and it remains on until another 
sound is made. 
To turn off the controlled equipment, 

the sequence is repeated, except that this 
time the 884 plate-cathode circuit is in 
series with the coil of relay B, so that 
when the 884 is fired it energizes relay B 
and opens its normally closed contacts, 
thus deenergizing the main relay and 

returning the controlled device to the 
Off position. During the period when 
relay A is deenergized, capacitor C is 
connected to the minus 50-volt bias supply 
through relay contacts 6 and 7 on relay A. 
When relay A is energized, the movable 
contact 7 disconnects C from the bias 
supply and connects it through contact 8 
to the grid circuit of the second half of the 
6S1.7 across resistor R. 

Since the capacitor was charged up to 
bias voltage, it will cause the second half 
of the 6SL7 to be cut off, preventing any 
signal from getting through and also 
preventing the possibility of the 884 be-
coming ionized and thus deenergizing the 
main relay. However, since this bias is 
due solely to the charge on the capacitor, 
it decays exponentially due to the dis-

charge of the capacitor through R, the 

time constant of which will be determined 

by the size of C and R. This time con-

stant may be varied to suit any type of 

operation. 

Capacitor C1 is charged in the same 

manner by the bias voltage through the 

relay contacts of relay A and applied to R 

when relay A is deenergized; so it will 

not be turned on again by the same sound 

impulse. Although a negative 25 volts is 

sufficient to cut off the 884 when using 115 

volts alternating current on the plate, 

approximately minus 50 volts was used in 

this circuit to prevent the possibility 

of any oscillation that may occur in the 

6SL7 from firing the 884. 

Carl J. Quirk, Voice-operated Electronic Relay, 

Electronics, June, 1945, p. 236. 
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Electronic Attenuator for Radio-receiver Alignment 

DumNu alignment of radio receivers, it 
is necessary to use a strong input signal 
initially to obtain any indication on 
the output meter. As the circuits are 
brought into resonance, the input signal 
voltage must be diminished to prevent 
overload or off-scale readings on the out-
put meter. With the circuit shown, this 
is accomplished automatically by making 

three connections, one to the signal source, 

one to the antenna terminal of the re-

ceiver, and one to the voice coil or other 

output terminal of the receiver. 

As the circuits are brought into reso-

nance by adjustment of the trimmers in 

the receiver, the signal is rectified by the 

diode section of the 6138 tube, and this 

rectified voltage is applied to the same 

0.11 

tube as its bias. This controls the ampli-
fication of the tube and limits the amount 

TO SIGNAL SOURCE 

TO VOICE 
COIL OF 

RECEIVER 

115 V 
A-C 

TO ANTENNA 
TERMINAL. OF 
RETER 

100ppF 

of signal reaching the antenna of the 
receiver. The amount of bias may be 

One-tube Overvoltage and Undervoltage 

A USEFUL and simple relay for the 
protection of a-c equipment from danger-
ously high voltage may be assembled by 
making use of the type 885 grid-controlled 
rectifier with .some accessory equipment. 
A small G-M type 1) relay with a 110-volt 
coil is used. The coil is energized by the 
output of the 885 tube as shown. A large 
capacitance across the relay coil is neces-
sary because of operation with pulsating 
direct current from the tube. When the 
switch is closed, the output of the tube 
passes through the relay coil, thus holding 
the armature in contact and making the 
connection in the circuit that is being 
controlled. 
To operate the device as an overvoltage 

relay, the a-c line is connected across a 

small 400-ohm rheostat in series with a 40-
watt Mazda lamp. The secondary termi-

120 V A-C 

TO CIRCUIT 
BEING CONTROLLED 

120V 
A-C 

5 

nals of the grid transformer are connected 
across the terminals of the lamp. In 
using the tungsten-filament lamp in this 

Carrier-actuated Protective Circuit for Arc Suppression at 

Tins carrier-protective circuit for low-
level broadcast transmitter systems is 
controlled by carrier energy picked up by 
a short antenna and fed to the diode 
section of the 117L7. The diode develops 
positive bias for the tetrode section of the 
tube, which is also cathode-biased. 
When normal energy is radiated, two 

relays R Yi and R Y2 are energized by the 
tetrode plate current by virtue of positive 
grid bias from the diode, and R Y3 is also 
energized. Under this condition, the 
coil of R Yi is paralleled by R3, and only 
a slight drop in plate current will cause 
RYI to open. An abnormal condition 
anywhere in the transmitter resulting in a 

moderate drop in radiated energy will 
cause such a drop in plate current, and 
R1/1 will release R Y3, applying high 
negative bias to the buffer and modulated 
amplifier stages. 
R Y3 may have any contact arrange-

ment desired for the application of this 
bias, which must be determined to suit 
the individual transmitter. This bias 
should be sufficient to reduce the carrier 
power to about 15 per cent of normal, 
which will not sustain arcs unless there 
has been some damage to equipment. 
When the power drops to this low value, 
R Y2 will not have sufficient current to 
hold, and it will drop out, picking up R Y3 

controlled by an initial adjustment of 
voltage divider D. 

In order not to have too much compres-
sion of signal in the r-f section of the 6B8, 
which would result in sluggish action of 
the output meter, a 6H6 tube is shunted 
across the grid of the 6B8. The response 
of this tube is controlled by voltage 
divider E. When the bias reaches a 
value predetermined by the setting of D, 
any further increase is shunted through 
the 6H6 tube. By setting up the two 
voltage dividers on an average set, an 
automatic attenuation of 10,000 to 1 is 
possible without any danger of overload 
or off-scale readings of the output meter. 

Fred A. Schaner, Electronic Attenuator, Electronics, 
April, 1941, p. 68. 

Relay 

way, use is made of the rising tempera-
ture-resistance characteristic of the lamp. 
The operating point is set by means of the 
rheostat to a predetermined tripping 
point somewhat higher than the normal 
line voltage. If the voltage of the line 
rises to this point, the grid voltage will rise 
to the cutoff point of the tube and plate 
current will stop, releasing the relay. 

It is also possible to protect against low 
voltage. To do this, the switch should 
be replaced with a relay adjusted to open 
when the voltage falls to some predeter-
mined value lower than the normal line 
voltage. 

G. G. Kretschmar, An Electronic Overvoltage Relay, 

Electronics, February, 1941, p. 48. 

Broadcast Transmitter 

through a set of deenergized contacts, 
removing the high bias, and returning 
the carrier to normal. These deenergizecl 
contacts on R Y2 also perform the useful 
function of protecting the device against 
tube failure, since the relay cannot pick 
up without plate current, and these con-
tacts hold in R Y3. 
When R Y2 opens, two other functions 

occur: R3 is removed from its position in 
parallel with the coil of R Yi, and R Y2 is 
locked out through its remaining decrier-
gized contact and a similar one on RYI. 
Thus RYI is subjected to the full plate 

current and will now pick up on a smaller 
current than is present when it opens, and 
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R Y2 is prevented from picking up until 
after RY1 has closed. /?Y4 closes at about 
25 per cent of normal power, and R Y2 at 

about SO per cent when the tube plate 
current is large enough to keep U171 ener-
gized as the paralleling resistor R3 is recon-
nected. The instrument is now recycled. 
If damage has occurred to the transmitter 
or other trouble is present to prevent the 

CARRIER SIGNAL 
PICKUP 

II 7L7 

p,,, 
C 

0.0001 

C3 
R1 

1 MEG 

0-5 MA 
D-C 

R2 
1,500 
(IOW) 

G 
115 V 
A-C 

the power system, so that in the event the 
power source becomes reversed, the 
antenna will not be at line potential. 
C1 also provides a convenient means of 
limiting the r-f input to the instrument. 
Enough r-f energy, however, should be 
fed to LIC2 so that this tank may be 
operated somewhat detuned from the 
station frequency and C2 used as a control 

WE, 500-OHM 
TYPE E 

C4 
— 12 
+ 150V 

carrier from returning to full power, the 
device will remain static, with R Y2 open, 
RY4 open or closed, and transmitter bias 

normal (R Y3 closed). 
The contacts of R Yi should make before 

break, and the springs should have about 
half the tension of those on R Y2. C4 is 
provided to avoid relay chatter on the 

rectified alternating current in the plate 
circuit of the 1171.7. A switch SlIT is 
provided in parallel with the energized 
contacts of U171 in order to hold in R Y3 
when adjusting the device or taking it 
out of service for some other reason. C1 
must be used to isolate the antenna from 

3 

RY1 

50012W) 

would then result in an interruption of the 
plate-contactor holding circuit, shutting 

off the high voltage. A carrier-restoring 
device will be necessary for this method of 
operation, unless manual restoring of 
the carrier is to be depended upon. 
The operation indicator at the right is a 

desirable accessory to the carrier protec-
tive device. Under normal conditions 

TO CLASS C 
STAGES 

TO HIGH 
NEG. BIAS 

rl 
RY2 

W.E.500-OHM 
TYPE F 

of the tetrode bias and the drop-out point 
of RY4. When properly adjusted for 
drop out at 75 per cent of full carrier, the 
plate current should be z \bout 22 ma, 
and it should be about 7 ma when the high 
bias is applied to the transmitter during 
an overload. 

For use with high-level system, where 
power reduction by means of high bias is 
more difficult to achieve, the contacts of 
R Y3 would be placed in series with the 
plate Off button or in series with the 
series-overload circuit of the transmitter, 
both generally arranged as normally 
closed circuits. Operation of the device 

SW. 

OPERATION 
INDICATOR 

RY3 W.E.500- OHM 
TYPE E 

PUSHBUTTON 

 O V  

PILOT LAMP 

RY4 

RELAY VOLTAGE 

(RY4, R Y2, and R Y3 closed), RY4 is 

energized by the pushbutton, seals itself 

in through UY1, and lights the pilot lamp. 

When RY4 is opened, R Y4 will drop out 

and put out the pilot light, which will 

remain out until the operator resets it with 

the pushbutton. The protective device 

will continue to operate when called upon 

to do so, regardless of conditions in the 

indicator. 

1V. E. Moat, Automatic Control Circuits for Broad-

cast Transmitters, Electronics, November, 1943, 

p. 102. 

Automatic Time-delay Starting Circuit for Getting Transmitter Back on Air 

AN automatic time-delay starting cir-
cuit is particularly useful for getting a 
transmitter back on the air after a break-
down with a minimum of lost time and 
for locating trouble when the fault can-
not be expeditiously located without the 
power on and when it is impossible to 
keep it on without damaging equipment. 

The circuit shown will give a start in 10 
seconds, provided that the interlocking 
grid and filament relays are all clear; 
otherwise the start will wait until they do 
clear. This 10 seconds can be utilized 
by the operator in getting the studio on 
the order ‚vire, or in proceeding to the 
point where trouble is suspected, so that 

he may observe the equipment at the 
moment the plate voltage is applied. 
For example, the operator is enabled to 
locate readily a bad tube in a parallel 
installation when the only indication of 
trouble is a flash inside the tube. 

If either plate voltage is off, RY1 will be 
deenergized and its contact closed. The 
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relay is energized by current flowing 
through auxiliary contacts on the plate-
voltage primary contactors. R Y2 may 
now be picked up by means of the push-
button, and it will seal itself in through 
its lower contacts. The pilot lamp will go 
on and remain on until the starting action 
is completed. The upper contacts of 
R/72 then excite the filament transformer 
of the rectifier tube and apply alternating 
voltage to the plates of the tubes. When 
the cathode has reached conduction tem-
perature, RY, will be energized, closing 
its contacts across the plate On buttons. 
As soon as the plate contactors close, 
RY1 will operate, opening its contacts and 
releasing R Y2. Thus the transmitter has 
been given one starting impulse. Sub-
sequent starts will not require a full 10 
seconds if the tube has not fully cooled. 
Obviously, R Y2 cannot be picked up 
when the plates are on or the master 
control is off, eliminating the possibility 
of accident through a stored-up start. 

POWER 
SOURCE 
(220 V 
A-C) 

MASTER CONTACTOR 
OR SWITCH 

PUSHBUTTON 

RELAY 
VOLTAGE 

TO AUXILIARY CONTACTS ON CONTACTORS 
IN PLATE TRANSFORMER PRIMARIES 

Resistors R1 and R2 are for dropping 
the pilot lamp and R Y3 voltages to the 
proper values from a 220-volt relay circuit. 
C1 is shown across the R Y3 coil for re-
moving the chatter if R173 is a cl-e relay. 

TO TRANSMITTER 
FILAMENTS, ETC. 

5Z4 

R2 

TO PLATE VOLTAGE 
ON BUTTONS 

ROEI3 

It will not be necessary if an a-c relay is 
used. 

W. R. Sloat, Automatic Control Circuits for Broad-

cast Transmitters, Electronics, November, 1943, 
p. 102. 

Conductivity Control Circuit for Maintaining Water Level in Still 

CURRENT flowing through distilled 
water between two electrodes is sufficient 
here to operate the electronic relay cir-
cuit even though the resistance between 

T2 
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2050 
2051 
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R4 20 MEG 

R3 
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R2 
14 MEG 

I-NV\AOE-• 
R 2,000   

Q.00000r-

When the circuit between 7'1 and T2 is 
open, the gas tetrode is maintained non-
conducting during the positive swing of 
the plate by applying to the grid through 

ON (WHEN T1 872 
ARE CONNECTED) 

ON 
OFF 

120V A-C NEUTRAL 

the electrodes may be as high as 60 
megohms. The circuit controls an elec-
tromagnetic valve in the feed line of one 
of the glass boiling flasks, and also con-
trols a switch through which power is 
applied to the boiling-flask heaters. 

(POINTS A 8 B MUST HAVE) 
OPPOSITE POLARITY 

R2 the negative swing from the filament-
supply winding of the transformer. The 
phase is advanced slightly by the capaci-
tance coupling to potentiometer R1 in 
order to compensate for the lag introduced 
by the transformer. 

Tripping of the unit is accomplished by 
imposing on the grid a sufficiently large 
voltage in phase with the a-c line (or 
plate) voltage. This occurs when 7'1 
and T2 are connected together. rl'he 
resistance of this connection (single-dis-
tilled water conductivity) may be as high 
as 60 megohms. Protective resistors 
R3 and R4 may be increased up to twice 
the values indicated. The optimum 
value is determined by the current re-
quirements of the control cell connected 
between 7'1 and T2 and by its maximum 
resistance. In any event, the sensitivity 
is influenced by the potentiometer setting. 

When adjusting the unit, if the gas 

tetrode fails to conduct with the potenti-

ometer set for maximum bias and 7'1 and 
T2 connected together through the control 

cell having its electrodes immersed in 
single-distilled water, the bias is reduced 

until conduction does take place. In the 

event that the tetrode conducts with the 
control circuit open and with the potenti-

ometer set for maximum bias, the value 
of C1 is increased. A shield for the lead 

connecting the grid and the control cell 

has been found necessary in applications 
where considerable sensitivity is required. 

Limiting resistor R5 is selected to limit 

the surge current to the rated value. 

The two resistors R5 and R6 limit the 
average current to that required for 
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reliable operation of the plate-circuit 
relay. Capacitor C2 must be of sufficient 
capacitance to smooth the relay current 
for noiseless operation. 

In addition to its use in the still system. 

the electronic relay described has been 
found ideal for use with sensitive thermo-
regulators whose precision depends upon 
the maintenance of clean contactors. 
The exceedingly small currents drawn by 

the unit permit operation for long periods 
of time with mercury thermoregulators. 

R. E. Shrader and E. J. Wood, Automatic Control of 

Stills, Electronics, 'l' tomber, 1:1.1.1, p. 98. 

Photoelectric Control of Mercury-vapor Lamp for Constant Illumination 

Tilts control circuit for photographic 
printing uses a photoelectrically controlled 
mercury-vapor printing lamp in series 
with a, resistance that is adjusted to 
absorb the difference between tlse line 

voltage and the voltage needed by the 
lamp. Two 6L6 tubes are connected 
across the lamp so that the plate-to-
cathode current of these tubes is in parallel 
with the lamp. Plate current is adjusted 
to approximately 75 ma, halfway between 
zero and the maximum allowable current. 
The grid voltages am then varied so as to 
render the tubes capable of changing the 
current through the lamp over the range of 
0 to 150 ma. The control grids are 

operated by the amplified voltages from a 
phototube that derives its light from the 
optical path between the lamp and the film. 
The voltage generated by the phototube 

across a resistor /?,i controls the bias on 
the control grid of amplifier V. If no 
current flows in the phototube, the bias of 
V1 becomes zero. This allows the tube 
to draw current through its plate resistor, 
and the plate assumes a low potential 
with respect to its cathode. The plate of 

Dual-function 

Tins alarm circuit gives warning of 
interruption of program service. A bell 
rings instantly on failure of the carrier, 
and the same bell also rings, after an 
appropriate delay of 15 or 20 seconds, if 
there is any interruption in the audio level 
from the studio. 
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0.01 

this tube is connected through a battery 
to the control grids of 172 and 1'3 in such a 

929 
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o v, 6L6 

LAMP 

220V EI-C 

way that the grids of these tubes are 
always this amount negative with respect 
to the plate of V. Therefore, when-

ever tlse plate of Tr1 assumes a potential 
less than 22 volts above its cathode, the 
grids of l'2 and V3 become negative with 
respect to their cathodes and the plate 
current is varied. 
A very small change of phototube cur-

rent is capable of completely controlling 
the plate currents of the last two tubes, 
which in turn control within very close 
limits the exposure provided by the 
mercury-arc lamp. The circuit is arranged 
so that an increase of light on the photo-
tube will reduce the current through the 
lamp and correspondingly reduce the 
exposure of the film. Inasmuch as the 
operation of the control circuit is practi-

cally instantaneous, any fluctuations in the 
arc lamp or changes in supply voltage that 
might vary the exposure are suppressed. 
Tisis type of control circuit operates very 
satisfactorily with low-voltage mercury-
arc lamps of 100- and 250-watt size and 
permits the use of mercury lights from a 
220-volt d-c supply. 

John K. llilliard, Electronic Control for Constant 

Illumination, Electronics, May, I9.14, it. 180. 

Breakdown Alarm Circuit for Broadcast Transmitters 

The grid of the input stage is fed with a, 
small amount of radio frequency from 
some convenient place, or a short antenna 
can be used. The output circuit is tuned 
to the operating frequency and coupled to 
the first half of the 6116 rectifier. The 
voltage so developed across the diode load 

1_230.ttuFf—. 
'T' 

"TizT-

615 

6J7 

667 667 

METER 40,000 40,000 

JACK 

0+ 

BELL 

6.3V 

resistor is applied, with minimum time 
delay, to the grid of the 6.17 control tube. 
The relay closes instantly when this tube 
loses its bias. 
The audio component from the same 

source is amplified by the 6C5 and recti-
fied by the second half of the 6H6, thus 
providing the cutoff bias for the 6K7 
tubes. The two tubes in parallel give 
more reliable operation Ulan one tube 
used alone. 
A good tubular paper capacitor should 

be chosen for the delay network. Larger 
paper capacitors of the block type give 
erratic operation due to leakage. The 
network arrangement results in high bias 
voltage from the 6116. The capacitor 
charges in a second or two, which is de-
sirable from the standpoint of uniformity 
of time constant with varying program 
conditions. 

On failure of modulation, the time that 

elapses before the bell rings is determined 
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by the r- f input, the voltages on the con-
trol tubes, and the setting of the relay, 
as well as by the constants of the resist-
ance-capacitance network on the grids of 
the 6K7 tubes. The metering jack for 
watching the performance of the control 

Carrier-tone Alarm Circuit 

Tills circuit, developed during the war 
for reception of the 1,000-cycle tone-
modulated carrier of a key broadcast sta-
tion, responds to less than 1 per cent 

modulation by a 1,000-cycle tone held for 
a period of 15 seconds; yet it is relatively 

insensitive to music. 
The circuit contains a 6J5, with zero 

bias, that holds a relay down. The grid 
of this tube is connected to a 7h-volt 

negative bias that is balanced out by an 
opposing voltage developed across the 
cathode resistor of a 6Q7. This latter 
tube also has zero bias and passes plate 

current to develop the above bucking 
voltage. There are 3 volts of negative 

bias in its grid circuit, which is balanced 
out by the rectified carrier from a 6116 

tube. 
When a 1,000-cycle tone comes down 

from the receiver audio output, it is recti-
fied by a 6Q7 diode plate to provide volt-
age to make the 6Q7 grid negative. The 
1-megohm resistor and Slif paper capaci-
tor provide time delay. If the 6Q7 grid 

goes negative, the bucking voltage across 
its cathode resistor is removed, the 6J5 
grid goes negative, and the relay opens, 

closing the bell circuit. The bell rings 
until the toggle switch is thrown, killing 
the bell and connecting the loudspeaker. 

The limiter compresses the incoming 
program about 25 to 30 db. It allows a 
2;-db rise in output above compression 
starting point. The limiter rectifier uses 
6R7 with automatic Was control on its 

diode plates. The diodes are biased by a 
45-volt battery phis about 18 volts drop 
across the 100,000-ohm cathode resistor. 

In the usual rectifier, the rectified volt-
age acts as a negative bias on the rectifier 
plate, increasing as the signal increases. 
In this rectifier, for all practical purposes 
the rectifier bias does not increase with 
increasing signal. 

With no rectification, the 6R7 grid is 
biased very near cutoff (18 volts), and 

only about 0.18 nia plate current is flow-
ing. With rectification, the rectified volt-

tubes when adjusting the unit is almost 
indispensable. 
The d-e relay should be adjusted to 

close at 4 or 5 Ina and to release at 1.5 ma 
or better. (A less sensitive relay can 
sometimes be used by bleeding some addi-

for Response to Weak /,000-cycle 

age is added to the grid bias, and the small 
plate current is reduced enough to hold 
the total bias near 18 volts so that it will 
not be eut off. The added 45-volt battery 
bias places the controlled receiver output 
at the proper level and improves the com-
pression ratio. 
A W-E relay was adjusted to close on 

12 ma and to open on 10 ma. Its current 
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normally is about 13 ma when set for 
operation. About 5 ma of this is a steady 
bleeder current going to ground through a 
resistor. The 6J5 supplies the remainder. 
To adjust the receiver, tune in the key 

station, and turn the volume off. Press 
C discharge button, and relay reset but-
ton. Feed a low-level 1,000-cycle signal 
into test input, increasing until input is 1. 
db above start of compression, which is 
indicated by a drop in 6K7 plate current. 
1101d this level, and adjust the potentiom-
eter across the receiver output until the 
relay trips in 15 seconds. Discharge the 
8-uf capacitor with its shorting push-

tional current through it with a resistor.) 
This relay is in the plate circuits of the 6J7 
and the two 6K7 control tubes, which arc 
normally biased to cutoff. 

W. K. Angus, Transmitter Breakdown Alarm, Elec-

tronics, February, 1944, P. 158. 

Modulation of Transmitter 

button each time before adjusting for 15 
seconds. After adjustment, the volume 
can be turned about full on. 

After the 15-second adjustment is made, 
increasing the 1,000-cycle level 20 db trips 
the relay in about 12 seconds. If the key 
station program is allowed to come 
through for a few minutes before the 12-
second test, and the capacitor is not dis-
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BIS, +40V 

CONTROL TUBE 

607 

115v A-C 

BELL 

charged before testing, the time is about 
10 seconds. 
The program level can rise 35 to 45 db 

above the 1,000-cycle tone level used for 
the 15-second adjustment before the relay 
trips. If 42 db is taken as 100 per cent 
modulation, then the 1,000-cycle tone 
level corresponds to only 3 per cent 
modulation. 

In daily operation, programs trip the 
relay an average of once every 2 days. 
The 1,000-cycle tuned circuit is 4 db down 
from 1,000 at 800 and 1,200 cycles. 

L. II. Appleman, Sensitive Carrier-tone Alarm, Elec-

tronics, February, 1944, p. 154. 
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Thyratron Relay Circuit for Preventing Electrolytic Action 

BY connecting this electronic thyra-
tron tube relay in series with a tie wire 
joining the rails of an electric railway with 
the pipes of a gas or water main, it is 
possible to prevent damage to the pipes 
by stray currents from the near-by elec-
trified railway line. 

Grid bias is adjusted by setting the arm 
of the 5,000-ohm potentiometer and the 
tie-wire tap so that when the rails are 
positive with respect to the main this 
external voltage bucks d-c bias supplied 
by the Rectox unit, making the grid of 
the FG-17 more positive with respect to its 
cathode and causing the tube to fire. 
Anode circuit relay R closes, simultane-
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ously closing contactor C and permitting 
current to flow through the contacts of C 
from main to rails. Reversal of external 
voltage polarity produces an increase in 
negative grid bias, causes the tube to cease 
conducting, and opens relay R, contactor 
C, 111(1 the tie-wire circuit. 
Up to 200 amperes may flow from main 

to rails through the contactors of C, but 
the contacts need not break currents of 
this order. Proper adjustment of the 
relay's trigger point causes it to function 
when the voltage differential between rails 
and main is nearing zero. 

C. R.. Davis and It. M. Wainwright, An Anti-elec-

trolysis Belay, Electronies, March, 1942, p. 72. 

Varistor-compensated Double-triode Stage for Measuring Vertical Velocity of Aircraft 

A VARISTOR-COMPENSATED circuit here 
converts nonlinear voltage variables into 
linear voltage variables, for use in such 
applications as showing rate of climb di-
rectly in radio altimeters. The circuit, a 
novel combination of a varistor-compen-

VARISTOR X, 
(1=3.2 X10-12 E 4.68 ) 

1 
Ro 

similar circuit, for example, could be used 
to measure the angular velocity of the 
brush of a nonlinear potentiometer. 
The nonlinear altimeter output voltage 

across R1 is impressed across a network 
consisting of varistor X1, a parallel re-

150 V REGULATED 

R9 
3.5 MEG 

7F8 T4 

R7 
Q2 
MEG 

R2 § R3 
2 MEG 10,000 

j OEOEN 

RADIO ALTIMETER 
OUTPUT VOLTAGE 

• 

R4 
0.15 
MEG 

sating network and a balanced double-
triode stage, ‚vas developed for use with a 
radio altimeter to give true vertical-
velocity indications by first straightening 
the nonlinear altimeter output character-
istic and then differentiating with respect 
to time in an orthodox manner. The 
basic circuit principles, however, have ap-
plication wherever it is necessary to meas-
ure the rate of change of a function 
represented by a nonlinear voltage. A 
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SiStor R6, and a series resistor R2. The 
most essential component of this network 
is varistor X1. By virtue of its variable 
resistance characteristics, this component 
controls the current flow in the network 
so that the resulting voltage across R2 is 
essentially proportional to altitude. 
To minimize loading effects upon the 

altimeter voltage source, the voltage pro-
portional to altitude is first reproduced 
across cathode resistor R3 of cathode fol-

lower Ti T4. The actual differentiation 
process is then performed by the resistor-
capacitor network CIR4. 
The usable voltage after differentiation 

appears across grid resistor T?4. The 
polarity of this voltage depends upon the 
direction of the rate of change of altitude 
(climb or dive) and the magnitude is a 
measure of the vertical velocity of the 
aircraft. 
The grid of T3 of the balanced double-

triode T2T3 is maintained at a constant 
potential. Thus the voltage across cath-
ode resistor R6 is simply a zero reference 
voltage. A balancing potentiometer is in-
cluded. \\Then the aircraft rate of change 
of altitude is zero, the voltage across R5 of 
T2 is equal to the voltage across R6 of 7'3 
and there is no deflection of the meter 
needle. Irowever, when the aircraft 
changes altitude, a change of voltage 

across R5 of 7'2 causes the meter needle to 
deflect its zero center position. In this 

particular application the meter ‚vas cali-

brated to read directly in feet per minute. 

The main advantage of this type of ver-

tical-velocity indicating device over con-
ventional barometric rate-of-climb meters 

is that there are no large time lags present. 

In fact, in test flights it was found desir-

able to introduce a small time lag into the 

circuit to dampen the meter needle. The 

capacitor-resistor networks C2/?2 and 

Can8, each with a time constant of 0.2 

second, were added for this purpose. 
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The basic problem in the design of such 
a circuit is to select a varistor-resistor net-
work that most nearly compensates for 
the nonlinear voltage curve to be straight-
ened. In the vertical-velocity meter, a 
compensating circuit for a nonlinear volt-
age curve of decreasing voltage gradient 
was required. However, by interchang-

ing components X1 and R2 and by making 
use of the voltage across X1, the basic cir-
cuit for the compensation of a nonlinear 
voltage curve of increasing voltage gradi-
ent can be obtained. Since the effective 
characteristic of any given varistor can be 
changed by shunting the varistor with a 
parallel resistance no, it is conceivable 

that some combination of varistors and 
resistors can be devised to straighten al-
most any type of nonlinear voltage gradi-
ent, provided that the curvature does not 
change too rapidly. 

It. W. Treharne, J. A. Kammerer and R. Hofstadter, 

Rate-of-change Meter, Electronics, May, 1947, p. 106. 

Industrial Control Circuit Using Vane-responsive R-F Oscillator 

THIS vane-operated control unit can 
serve as an on-off, two-position, or three-
position controller. One section of the 
double-triode tube works as a constant-
grid-potential oscillator that changes its 
plate current suddenly as a vane moves 
between the coils, giving snap action of 
the output relay for industrial control 
applications involving float, feeler gage, 
or other sensing elements moving as little 
as 0.002 inch. 
The oscillator, which operates at 30 mc, 

is composed of a fixed tuned-plate circuit 
with a tickler coil in the first tube section 
cathode circuit which provides not only 
voltage feedback but also degeneration 
due to the impedance drop occurring for 
current flow. 
The second parallel tube section has its 

grid connected to the oscillator grid so 
that the average current thereof is also 
controlled in accordance with the vane 
position, although this section does not 
oscillate. The use of this second parallel 
triode results in about 60 per cent more 
current being available for relay opera-
tion, thereby providing greater power 
output and permitting use of a lower 
resistance relay coil with consequently 
larger wire size. 

Capacitor C2 is an r-f bypass shunting 

the d-c load and plate-supply source. C4, 
acting in parallel with the plate-to-grid 
and plate-to-ground stray capacitances, 
forms the capacitance of the oscillator-
plate tank circuit, the effective value of 
which is of the order of 10 if for 30 mc. 

Capacitor C1 affords an r-f grounding 
means for the grid. It also permits the 
average grid potential to become highly 
negative during the oscillation mode when 
the cathode fluctuates in its potential, 
causing the grid circuit to draw current. 
The combination of C1 and R1 introduces 
some time delay for relay closure to 
occur, and is selected as required to pre-
vent relay chatter under cases of vibration 
often encountered in industrial applica-
tions. This portion of the circuit may be 
easily altered to produce other values of 
time delay. For reasons of safety the 

cathode-bias resistor R2 is chosen to limit 
permissible current of the nonoscillating 
triode section and is held to somewhat 
closer tolerances (5 per cent) than is the 
grid resistor or other components (20 per 
cent). If the emission of the oscillator 
section falls below a fixed minimum, or 
its continuity is broken, sufficient current 
cannot flow to hold the relay closed. 
Moreover, the use of safety bias resistor 
R2 and the operation of the oscillator as a 
series-fed type ensure that the relay can-
not be energized should any coil, trans-
former winding, or coil lead become 
open-circuited. 

Inductance coils L1 and L2 arc conven-
tional pancake coils, with the number of 
turns chosen to provide satisfactory oscil-
lator characteristics and to allow the rela-
tively large dimensional spacing of 0.150 
inch between coils. Such a space factor 
permits the coils to be impregnated di-
rectly within a form of plastic material 
having low water-absorption properties. 
Ample space through which the control 
vane can move is provided without close 
dimensional tolerances being imposed on 
the associated mechanical components. 

W. II. Wannarnaker, Jr., Vane-actuated Controller, 
Electronics, June, 1947, p. 117. 

Pulsed Carrier-current System for Remote Selection of Phonograph Records 

RAPID remote selection of records in a 
coin-operated phonograph system is pro-
vided by employing a carrier-current 
circuit in which a wall-box oscillator 
transmits r-f pulses over its supply line to 
discriminator circuits in the phonograph 
cabinet. Twelve carrier frequencies and 
the use of both alternations of the power 
line permit selection of 24 records. 
The circuit requires considerably less 

than 1 volt of radio-frequency signal over 
its lines and solves the problem of inter-
wall-box interference in the event selec-
tions are made simultaneously from two 
different points. By using only 24 volts 
to power each wall box, it also removes 

the necessity of enclosing the cable sys-
tem in conduits. Each remote selector 
(wall-box unit) is built around a single 
65N7 tube. One triode of this tube is 
used in a Colpitts oscillator circuit to 
generate pulses, and the other triode is 
used as a loosely coupled isolation ampli-
fier. This amplifier is coupled to the 
coaxial line by a small capacitance. 
Twelve frequencies in the range from 

149 to 289 ke are generated in 12 separate 
slug-tuned oscillator coils, making possible 
the selection of 24 records by using enve-
lope phase selection in which only one 
phase of the 60-cycle plate voltage is 
applied to the oscillator amplifier. The 

proper phase is determined by the button 
pressed. 
Each oscillator coil in the box is con-

nected to a pair of pushbuttons. Since 
the receiver discriminator tubes at the 
phonograph are powered in the same 
manner and from the same a-c line, enve-
lope phase selection in the transmitter 
allows the number of possible record selec-
tions to be twice the number of separate 
frequencies used. The frequency separa-
tion of adjacent frequencies is determined 
on a percentage basis, a factor of approxi-
mately 1.07 being used to determine each 
successively higher frequency. 

Pushing button 1 will select oscillator 
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coil L and winding B of the high-voltage 
secondary of the wall-box step-up trans-
former. Pushing button 2 will select the 
same oscillator coil, but will select winding 
A of the power transformer. 
When a pushbutton is pressed, a series 

of A and B phase pulses lasting from 0.1 
to 0.25 second, depending on the time 
constant of the pushbutton and coin-

operated relay, is transmitted over the 
cable. Pushbuttons are also so inter-
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of a grid capacitor. This swings the bias 
of the tubes toward cutoff and limits the 
amplification of the tube. Output volt-
age of the amplifier tubes is therefore hehl 
at a fairly constant level regardless of 
signal input level. 
The six plates of the amplifier tube sec-

tion are connected individually to the 12 
r-f transformer primaries, two primaries 
being connected in series in each plate 
circuit. Plate supply to all amplifier 
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locked that if more than one is pushed 
simultaneously at the same wall box, only 
the numerically lowest button will select a 
record. 
The receiver uses three 6S1.7 tubes as 

amplifiers, twelve 6SN7 tubes as dis-
criminators, a 5Y3 to supply 250 volts of 
direct current to the plates of the ampli-
fiers, and an 884 that acts as a bias re-
sistor for tile discriminator tubes. 
The r-f signals from the wall box pass 

through the input autotransformer to the 
grids of the 68E7 dual-triode amplifier 
tubes. The 6SL7 tubes function as 
limiters because an r-f voltage to the grids 
in excess of the bias voltage permits the 
girds to draw current and allows charging 
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tubes is furnished by the 5Y3 rectifier 
tube, direct current being applied to these 
tubes so that they will not discriminate 

against A and B phased pulses. 
Each r-f transformer consists of two 

iron-core coils. The frequencies of the 
two transformers connected in series are 
purposely staggered so that no interfer-
ence is experienced in the tuning of each. 
The output of each transformer feeds the 
two paralleled grids of a 6SN7 discrim-
inator tube. 
Each discriminator tube functions as a 

plate rectifier. An r-f voltage appearing 
on the grids of the tube causes plate cur-
rent to increase, provided that the alter-
nating plate voltage is positive at that 

time. The plate circuits of the 6SN7 
tubes ate connected through individual 
relays to the opposite ends of the 500-volt 
winding on the power transformer, the 
center tap being at ground potential. 
Each end of this winding is bypassed to 
ground for radio frequency. 
An r-f signal from the wall box is ad-

mitted by all amplifier tubes but is eventu-
ally coupled into the grids of only one of 
the 6SN7 tubes. This action is obtained 
by the frequency discrimination of the 
filters, the 6SN7 tube being energized 
according to the frequency selected at the 
wall box. If r-f energy is supplied to the 
two gras of the discriminator tube and 
d-c potential is applied to the plates of this 
tube, the relays in both plate circuits 
would be energized. However, because 
the two plates of the discriminator tube 
are supplied from opposite sicles of the 
power-transformer winding, at the instant 
that one plate is positive the other plate 
will be negative. If an r-f signal arrives 
at the time when the plate is negative, no 
current will be drawn by its corresponding 
relay. 

Because the signal from the wall box is 
generated by an r-f oscillator with alter-
nating plate voltage, the r-f energy con-
sists of a series of pulses lasting for 'í2O 

second each and spaced from each other 
by the same period. These pulses will be 
in time phase with the plate voltage sup-
plied to one discriminator plate and will be 
out of phase with the voltage at the oppo-
site plate. The polarity, or phase, of the 
alternating current is chosen in the wall 
box by the pushbutton switches, the odd-

numbered buttons being of one pitase and 

the even-numbered buttons being of the 

opposite phase. Thus the selection of the 

discriminator plate that draws current 

depends On the phase of the voltage at the 

wall box. 

All discriminator-tube cathodes are con-

nected to the plate of an 884 gas tumbe that 

acts as a cathode-bias resistor. The volt-

age drop across the 884 tube remains con-

stant regardless of the amount of current 

flowing, and thus remains independent of 

the number of discriminator tubes draw-

ing current at one time. The action of 

the 884 tube used in this manner is similar 

to the more commonly used voltage-regu-

lator tubes. However, the 884 tube has a 
constant voltage drop of 14 volts, which 

is the correct bias for the discriminator 

tubes. 

Fred M. Berry, Remote Record-selection System, 

Electronics, June, 1940, 1). 104. 
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Circuit for Counting Arc-o vers 

To test the self-healing property of 
metallized dielectrics and to determine 
the factors that enter into this phenom-
enon, this counting circuit was used. 
Through a relay it will operate a magnetic 
counter. 
By means of this setup, the number of 

discharges through the metallized capaci-
tor paper was recorded up to a maximum 
of 10 per second, which was the limit of 
the counter used. 
A voltage was established across the 

metallized paper by means of the clamp. 
This was increased in 10- to 25-volt steps 
at 1-minute intervals, and the number of 
discharges during each interval was noted 
until a maximum of 350 to 400 volts was 
achieved. The voltage was then dropped 
to zero, and the foregoing procedure was 
repeated two or more times. 

Philip Godley and Jayson C. Balsbaugh, MetallizeOE1 

Capacitor Tests, Elertronica, April, 19-17, p. 112. 

Basic Eccles-Jordan 

IN the basic Eccles-Jordan trigger cir-
cuit shown here, the two triodes 7'1 and T2 
are so connected that the plate of each 
controls the grid of the other and only one 
tube can conduct (be on) at a time. The 
component values shown are merely illus-

+150 V 

trative, but will make a satisfactory 
trigger for relatively slow-speed operation. 
The tubes used are 615, or equivalent, 

and may be considered essentially as 
switches. When the tube is conducting, 
it is just like a closed switch except that 

there is a 40-volt drop between plate and 
cathode. When the grid is made negative 
with respect to its cathode by 8 volts or 
more, the tube is nonconducting and 
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Trigger Circuit for Use as Two-to-one Frequency Divider 

resembles an open switch in that no cur-
rent can flow between plate and cathode. 
With both tubes arbitrarily rendered 

nonconducting, the voltage at the grid of 
7'1 is determined by the resistor network 
shown between the +150-volt line and 

OUTPUT (OR 
COUPLING TO 
NEXT TRIGGER) 
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the —100-volt line. By Kirchhoff's law, 
the grid of T1 may be calculated to be 
19 volts positive with respect to its cath-
ode, thus turning T1 on. (Actually, suffi-
cient grid current will normally flow in T1 

to hold its grid down to approximately 
cathode potential.) 
When tube T2 is made conducting, its 

plate will drop to +40 volts and point A 
will be held at that potential. Again 

.55 

II 5V A-C 

applying Kirchhoff's law, we find that 
the grid of T1 is now 30 volts negative 
with respect to its cathode, and 7'1 is thus 
held nonconducting by Ts. Connecting 
the grid of T2 to the plate of 7'i with a 
similar network will enable T1 to control 

T2 in the same manner, and we have the 
desired condition in which only one tube 
can be on at a time. 

All that is required to use a trigger cir-
cuit of the type described as a frequency 
divider is to hold the input signal to 
reasonable limits (25 volts + 15 volts for a 
low-impedance source). No extra tubes 
or pulse selectors are required. 

If a square-wave input is of a low 
enough frequency, the positive rise of the 
square wave will appear to the trigger 
grids as a positive impulse of a magnitude 
equal to the negative impulse produced by 
the negative shift of the square-wave sig-
nal. To act as a frequency divider, the 

trigger must respond only to the negative 

shift. This it will do if the impulse is kept 

within reasonable limits. For example, a 

20-volt negative impulse will cut off the 

conducting tube, enabling the trigger to 
transfer; a 20-volt positive impulse will 
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not bring the grid of the nonconducting 
tube up to the conducting point, and thus 
cannot make the tube start to conduct. 
Its only action on the conducting tube is 
to drive the grid slightly positive. There-
fore the trigger will transfer only on a 
negative impulse or voltage shift, and the 
trigger will act as a frequency divider on a 
20-volt square-wave input. 
The trigger circuit as shown will respond 

to negative pulses only, so long as they 
remain between the limits of 10 to 40 volts. 
To couple two triggers together, it is 

only necessary to tap one plate resistor of 
the first trigger at one-quarter to one-half 
its value, coupling to the input capacitors 

of the second trigger. Thus there is a 
simple straightforward trigger circuit that 
is capable of distinguishing between 
positive and negative pulses without 
additional tubes. Such triggers when 
properly designed are stable, dependable, 
and independent of any reasonable volt-
age-supply variation ( + 20 per cent varia-
tion in either bias or plate supply, more if 
both vary together). 
As many triggers as desired may be 

coupled together by the methods outlined 
above to obtain any desired frequency re-
duction, the frequency being reduced by a 
factor of 2 for each trigger used. Such a 
frequency divider may be used in many 

ways, such as in combination with a 
mechanical counter for counting high-

speed pulses far above the speed of the 
mechanical counter alone, or in high-speed 
calculating. A combination of a trigger 
and a power tube, where the trigger con-
trols the power tube, may be used in place 
of a thyratron with the advantage that it 
may be turned off as easily as it is turned 
on. The triggers alone or in combination 
may also be used as electronic storage 
devices, since they are perfectly stable in 
either position. 

Byron E. Phelps, Dual-triode Trigger Circuits, Elec-
tronics, July, 1945, p. 110. 

Blocking Oscillator and Double Diode for Frequency Division 

IN the circuit arrangement shown, a 
100-ke pulse input is divided by 5 and 2, 
respectively, as required for measuring 
pulse-time differences in loran receiver in-
dicators. The 100-ke output from the 
crystal, having passed through a limiter 

ist BLOCKING OSCILLATOR 

INPUT FROM 
100- KC LIMITER 
AMPLIFIER 

_-L36p,u F 

6H6 

_L 

o 
r-

i6SN 

amplifier, is fed to a 6116 double diode so 
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capacitor, and the voltage across it 
thereby increases in steps. When five 
such steps have been accumulated, the 
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voltage across the capacitor has reached a 

sufficient level to trigger the following 

circuit, a 6SN7 blocking oscillator. 

The blocking oscillator generates one 

pulse and discharges the capacitor in the 

process, which thereupon accumulates 

five more pulses from the 100-ke source 

and triggers off the blocking oscillator 

once more. Thus the blocking oscillator 

reacts once for each five input pulses and 

the frequency is divided by five. 

The output of the blocking oscillator is 

applied to another double diode which, 

like the first, passes the positive pulses to a 

capacitor which charges to the level of two 

steps and thereupon triggers off a succeed-

ing blocking oscillator (biased to respond 

to two steps). 

Loran Recei ver-indicator, Electronics, Dec', 

1943, p. 110. 

• Energy-time Integration with Bridge-fed Eccles-Jordan Trigger Circuit 

Tins counting circuit converts an am-
plitude-variable signal into a frequency-
variable one. The circuit generates short 
pulses at a rate directly proportional to 
the amplitude of the input signal. Them 
is a bridge circuit that has pentode tubes 
125J7(l) and 12SJ7(2) as two of the arms. 
Assume that with zero input voltage to 

tube 12S.I7(1) the bias voltages of these 
tubes are so adjusted that the potential of 
point A is equal to the potential of point 
B. An input voltage will upset the bal-
ance of the bridge by changing the plate-
circuit resistance of 12517(1), causing a 
change in the potential at point A and 
establishing a difference of potential across 

C. If the input voltage increases nega-
tively, a positive potential will appear 
from A to B, charging capacitor Ci 
through the plate circuit of 12SJ7(2). 
Since 12SJ7(2) is operated as a constant-
current tube, the charging current will 
also be constant. The voltage across the 
capacitor increases linearly with time, 
and the rate at which it increases is pro-
portional to the signal voltage at the input 
of 12SJ7(1), provided that it is not too 
large. 

If a means is provided of suddenly dis-
charging the capacitor when the voltage 
across it has reached a predetermined 
critical value, then the rate at which it is 

so discharged is directly proportional to 
the amplitude of the input signal over its 
range of operation. An Eccles-Jordan 
trigger circuit is connected across the 

capacitor and is so adjusted as to trip 
when the positive voltage between A and 
B has reached a value determined by the 
setting of the bias potentiometer. This 

value may be about 1 or 2 volts. 
A fast-acting micro-relay in the plate 

circuit of the first section of the 125C7 
trigger tube short-circuits the capacitor, 
discharging it almost instantaneously. 
The discharging pulse causes the trigger 

circuit to reverse itself into its original 
position, and the capacitor begins to 



COUNTING CIRCUITS 57 

charge over again. At the break of the 
upper contact of the relay a 35L6G tube 
is momentarily brought into operation, 
causing an intensive short pulse of current 
to flow in its plate circuit. The current 
flows only during the action time of the 
relay, since it is biased to cutoff at all 
other times. These pulses are fed into 
the field coils of an electromagnetic lever 
that causes an ink-writing pen to make a 
lateral mark on a strip of moving Imper. 
The integral of the energy-time function 
over any interval is obtained by merely 
counting the number of pulses marked on 
the paper during the interval. 

Charles Sheer and John G. Lynn, Electronics in the 

Study of Head Injuries, Electrorrics„Tanuary, 1914, 

p. 112. 

XY- TO CO L OF 
RECORDING PEN 

Thyratron Frequency-dividing Circuit for Electromagnetic Counters 

Tins circuit permits recording or count-
ing the passage of 1,250 objects per second 
(over 4 million per hour). Units of two 
thyratrons in cascade reduce the rate of 
counting by a factor of 2 per unit, until 
the final counting rate is sufficiently slow 
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for a mechanical meter. In each unit the 
steady bias potential applied to both grids 
by the grid-bias battery through the grid 
resistances is slightly more negative than 
the critical negative potential required to 
prevent arcs from striking. 
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Suppose that by some means an arc has 
been started in one thyratron; the striking 

of the arc in the other thyratron conse-

quent upon the arrival of an impulse at the 

grids results in a sudden drop of its anode 

potential. The resulting negative poten-
tial surge, transmitted through a capacitor 

to the anode of the other thyratron, causes 

that thyratron to be extinguished. Each 

thyratron responds to half the total num-

ber of applied impulses. Only one of the 

thyratrons in each stage is coupled to 

the preceding unit of two by connecting 

the input side of the grid capaci tors to the 

anodes of one of the thyratrons through 

high resistances. 

C. E. Wynn Williams, high Speed Thyratron Auto-

matic Counting, Proc. Roy. Soc., May, 1932, ab-
stracted in Electronics, July, 1932, p. 232. 

Four-tube Binary Counter Decade Giving Forced Resetting at Count of Ten 

THE counter decade shown can form the 
basic unit for every electronic counting 
application. With appropriate input cir-
cuit accessories and a suitable number of 
these decades (one for each digit in the 
maximum quantity to be counted), the 
special requirements of particular appli-
cations are readily met. 
A minimum number of parts and tubes 

represent the numbers from 0 to 9. The 
binary progression 1-2-4-3 is used, being 
connected in such a manner that two 
pulses from one circuit cause one operation 
of the succeeding circuit. Interpretation 
is simplified by stopping the progression 

at the count of ten and resetting to zero. 
The counter decade comprises four stages, 
each employing an ordinary dual-triode 
vacuum tube (such as a 6SN7, 6N7, or 
6J6) arranged in an Eccles-Jordan trigger 
circuit in conjunction with an indicating 
neon lamp. The basic functioning of all 
stages is alike, and is dependent upon 
shifting of operating potentials of each 
stage back and forth between the two 
sets of values, indicated on stages 1 and 2, 
respectively. . 

Considering stage 1, note first that a 
fixed potential of +150 volts (with re-
spect to B— and ground) is applied to the 

cathode of the tube at all times by the 
power pack. Grid and plate potentials 
are obtained from the resistance network 
included in the basic circuit, however, and 
depend upon relative currents through 
the two branches of the network L'OE1R3R5 

and R2R4R6. 
Assume that the grid of the right-hand 

triode is essentially at cathode potential 
(zero bias), and assume that no signal 
pulses have arrived. At zero bias, the 
right-hand triode will conduct saturation 
plate current, and its plate-cathode volt-
age drop will be low (actually it is 20 volts, 

lower than the extinction voltage of the 
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neon lamp connected across this section). 
For this assumed initial condition, then, 
the neon lamp in the stage is extinguished. 
With the right-hand triode section con-

ducting, it draws current through R6 and 
greatly increases the voltage drop across 
R6. This leaves less voltage for R4 and 
R2, and hence drives point b in a negative 
direction with respect to the cathode. A 
shift of 25 volts was found sufficient to 

drive a triode section to cutoff, and re-
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4170v +170V 
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OV 

grid of the left-hand triode swings positive 
to zero bias, and the left-hand triode con-
ducts. Point a goes 25 volts negative 
with respect to the cathode, keeping the 
grid of the right-hand triode negative once 
it is driven negative by a negative input 
pulse. Thus circuit conditions in stage 2 
with respect to right- and left-hand triodes 
are reversed. 
With the right-hand triode nonconduct-

ing, its plate-cathode voltage goes up to 

NEON 
LAMP 
ON 

+260V 

LEFT-HAND 
TRIODE IS 
CONDUCTING 

sistor values were accon ingly chosen to 
give this distribution of N oltages. 
The grid of the right-hand triode is 

connected to point a (which is a cathode 
potential, as assumed for this explanation 
and as required for saturation plate cur-
rent in this section). The grid of the left-
hand triode goes to point b, which is at 
+125 volts with respect to ground and 
hence 25 volts negative with respect to 
the cathode. This being essentially the 
cutoff bias, the left-hand triode is non-
conducting under the initial assumed 
conditions. 
The stage is stable in this condition 

until a negative pulse (with respect to 
ground) is applied to its input circuit. 
Any positive pulse fed into the stage has 
no effect, because it is dissipated in the 
low impedance of the conducting triode 
section. 
Upon arrival of a negative pulse at the 

input, both grids swing in a negative di-
rection. There is no direct effect in the 
nonconducting left-hand triode since its 
grid is already at negative cutoff, but the 
negative grid swing of the right-hand 
triode stops its plate current. The result-
ing redistribution of voltage drops across 
Rß, R4, and R2 places point b at cathode 
potential, as indicated in stage 2. The 

R +150V 

OUTPUT 

about 110 volts, above the striking value 
of the neon lamp, and the lamp glows. 

Arrival of a second negative pulse again 
triggers a stage, returns it to the original 
conditions, and extinguishes the neon 
lamp. Also, the swing in the potential of 
point b from +150 volts to +125 volts 
produces a negative pulse that is trans-
mitted through the output capacitor of 
the stage to the input of the next stage. 
A complete counter decade employs 

four identical stages, numbered 1, 2, 4, and 
8 according to the binary system; the 
number assigned to each stage is equal to 
the number of negative pulses required at 
the input of the decade to make the neon 
lamp in the stage come on the first time. 

In preparation for a count a momentary 
displacement of the reset switch inserts a 
common dropping resistor R7 in the volt-
age supply line to all right-hand triodes. 
This drives the grids of all left-hand sec-
tions negative, so that the decade is preset 
with all right-hand triodes conducting and 
all neon lamps extinguished. 

For its tenth operation, the decade must 
transmit a negative pulse to the succeed-
ing decade and must reset to its original 
zero condition as required by the decimal 
system. This means that the tenth pulse 
must put out all lamps. The count of 10 

in the binary system calls for lamps 8 and 
2 being on; hence lamp 1 (on for the 9 
count) will go out automatically. Forced 

resetting therefore means putting out 
lamp 8 and preventing lamp 2 from com-
ing on. 

After the ninth pulse, the left-hand sec-
tions are conducting in both stage 1 and 
stage 8. When stage 1 is reversed by the 
tenth pulse, a negative pulse obtained 
from a tap on R6 in this stage is fed 
through capacitor Ci..8 to stage 8, causing 
point b of this stage to swing negative. 
This drives the grid of the conducting left-
hand section of stage 8 negative, causing a 
switchover and putting out neon lamp S. 
(All points on R6 of stage 1 are driven 
negative by arrival of the tenth pulse; the 
magnitude of the swing depends on the 
position of the tap, and can be as high as 
90 volts at the plate end of R6, thus the 

magnitude of the pulse is readily adjusted. 
It must be large enough to cause switch-
over by itself, but not too large, because 
at the eighth count it must be overpowered 

by the negative pulse that comes from 
stage 4 and correctly triggers stage 8 to 
turn on its lamp.) 

In an essentially similar manner, a posi-
tive pulse obtained from a tap on resistor 
R5 of stage 8 during the forced switchover 

of this stage is fed through capacitor C8-2 
to point a of stage 2, where it completely 
overwhelms the negative pulse fed into 
this stage from stage 1. Since the lamp 

for stage 2 was out after the ninth impulse, 
it therefore stays out. (All points on R5 
of stage 8 are driven positive by the forced 

switchover of the stage; the magnitude of 
the swing depends on the position of the 
tap, and can be as high as 90 volts at the 

plate end of R5, and thus the required 
pulse amplitude is easily obtained.) 

Switch°. ver thus provides the correct 
potential shift for forced resetting of the 

decade, and the correct direction of shift 

is obtained by making the capacitor con-

nection. Positive pulses getting into 

stage 8 through C4_8 during previous 

counts have no effect because they are 

dissipated in the low-impedance path 

provided by the conductive section of 

stage 8. 

A negative pulse from stage 8 through 

C8_2 to stage 2 at the arrival of the eighth 

pulse is not contrary to the normal input 

signal at that time. For all lower counts 

than 8 there is no switchover in stage 8, 

and hence no pulses are sent through C8_3 

to cause trouble. 

The capacitors across resistors R3 and 

R4 in each stage serve to short out these 
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resistors momentarily during each im-
pulse, thereby increasing the magnitude 
of the impulse available for triggering 
action. 

This counter decade operates at pulse 
rates ranging all the way from above 100 
kc down to as low a rate as desired, with 

no substantial changes in circuit con-
stants. It is only necessary to provide a 
negative pulse at the input that is approx-
imately the correct amplitude and shape. 
When sine-wave input exists, as from an 
oscillator that is started and stopped at 
the beginning and end, respectively, 

of the interval to be measured, a single 
multivibrator stage is generally inserted 
between the oscillator and the decade 
input for pulse-shaping purposes. 

John T. Potter, A Four-tube Counter Decade, Elec-

tronics, June, 19D, p. 110. 

Neon-tube-coupled Amplifier Circuit for Impulse Counting 

ALTHOUGH originally designed for use 
in cosmic-ray detecting devices, the multi-
stage amplifier arrangement shown here 
lends itself to a variety of industrial con-
trol problems where it may be desired to 
provide a definite and relatively large 
change in the output circuit of a control 
device with a relatively small variation 
in voltage of an input (levice. 
The 6C6, biased to cutoff, serves as a 

detector. When a positive impulse is re-
ceived by the grid of this tube, the 6C6 
becomes conducting. l'or the condition 
of cutoff, the 6C6 is nonconducting, and 
the neon tube connected to its plate cir-
cuit glows because current flows from 
the 250-volt plate supply through the 
plate load resistor to the neon tube and 
returns through the grid resistor of the 
first type 76 amplifier. 
When the 6C6 becomes conducting, 

the voltage drop through it is small com-
pared with that across the neon tube, so 
that the latter is effectively short-circuited 
and ceases to glow. When the positive 
pulse is removed from the grid of the de-
tector tube, the 6C6 stops conducting and 
the voltage in its plate circuit builds up to 

25 ÄlpF 

,tr 
TO LIMITER 
PLATE 

that required to initiate again discharge 
of the neon lamp. Consequently, the 
neon tube normally glows for grid voltages 
which are less positive than the cutoff bias 
but is extinguished for grid voltages on 

INPUT 

250V 

the detector which are more positive than 
the cutoff bias voltage. 
The sudden starting and stopping of the 

discharge of the neon tube transmits a 
large voltage change to the grid of the 
first type 76 amplifier. A recording relay 
in the plate circuit of this amplifier might 
serve as a recording, or counting, device. 
Such a relay would normally be closed and 
would snap open when the signal is 
received. 

Since it is usually more desirable to 
produce a record with positive rather than 
negative pulses, another and similar stage 
of amplification with neon-tube coupling 
is provided. 

The neon-tube coupling device may be 

replaced by any other gas discharge tube. 
Additional control of the operating char-
acteristics may be obtained through the 
use of resistances in series with the neon 
tube. 

F. A. Korff, A Neon Tube Coupled Amplifier Circuit 

for Radio Cosmic Ray Receivers, Rep. Sei. Instru-

ments, August, 1938, abstracted as Amplifier for 

Impulse Counting, Electronics, November, 1038, p. 69. 

Double-diode Counter Circuit for Measuring Beat Frequency 
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Tins circuit develops a positive d-c volt-

age that is proportional to the beat-note 

frequency present at the output of a pre-

ceding limiter stage. The arrangement 

was used in the APN1 frequency-modu-

lated radar altimeter to measure the beat 

note between transmitted and received 

signals and to convert the resulting count 

of rectangular waves into an accurate 

indication of altitude on a direct-reading 

meter. 

One section of the double diode passes 

the positive half cycles of the limiter out-

put, charging a capacitor and load resistor 

in shunt. The resistance and capacitance 

values are so chosen that the charge on 

the capacitor leaks off through the resistor 

at a rate approximating the conduction of 
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0.47 MEG 5OppF 

5 
ppF 

82,000 

charge through the diode. Hence, when 
the positive rectangular waves arrive at a 
more rapid rate (higher beat note), the 
direct voltage across the capacitor tends 
to increase, and vice versa. This voltage 

is passed through a low-pass RC filter that 
averages the direct voltage and applies it 
to the grid of the indicator amplifier tube. 
A milliammeter in the cathode of the 
latter tube registers, over a range of 5 

milliamperes, the average value of the 
direct voltage on the grid. This meter is 
calibrated directly in feet. 

F-1‘1 Radar Altimeter, Electronics, April, 1946, p. 130. 

Rate-of-occurrence Indicator Using Electronic Timer and 17-count Trigger Circuit 

Tuas circuit, developed initially as a 
machine-gun rate-of-fire indicator, can be 
used without change for industrial appli-
cations where a range of 600 to 900 move-
ments of a punch press, printing press, or 
other machine is to be indicated directly 
and accurately by a meter. Other indus-
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trigger output feeds through a gate tube 
and RC timing circuit to a delayed vac-
uum-tube voltmeter circuit. 
The saw-tooth voltage pulse generated 

by momentary closing of the switch is 
differentiated into a negative pulse of 
short duration and is impressed on the 

8,000 
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capacitor is a function of the charging 
time. This potential is measured by the 
delayed vacuum-tube voltmeter, which is 
calibrated to read in rounds per minute. 
The counting operation depends upon 

each trigger stage having two conditions 
of stable equilibrium. Every impulse im-

COUNTER CIRCUIT (5 ECCLES-JORDAN TRIGGER CIRCUITS) 
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tria applications include monitoring of 
life tests and acceptance tests of electro-
magnetic devices such as relays. For 
higher or lower rates, the circuit can 
readily be modified and a new meter scale 
calibration obtained. 

Circuit action is initiated by a mechan-
ical switch, such as a snap-action switch, 
connected to the input of an amplifying 
and pulse-shaping stage that feeds a series 
of five Eccles-Jordan trigger circuits to 
give a counting ratio of 16 to 1. The 
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grid of the input amplifier to be limited to 
the proper amplitude for the triggering of 
the counter circuit. 
The timing circuit is controlled by the 

counter and its associated gate circuit in 
such a mariner as to start and stop the 
timing action of the timer according to the 
time required to fire 17 rounds. This time 
interval is thus a direct measure of the 
rate of fire. A timing capacitor is charged 
for the exact duration of the counting 
period, and the resulting potential of the 
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pressed on the input circuit causes a 
transition from one state of equilibrium 
to the other, two impulses being required 
to complete one cycle. Each stage follow-
ing the first receives a negative triggering 
impulse upon every alternate operation 
of the preceding stage. Hence, the fifth 
trigger stage, which functions to control 
the gate circuit, remains in one state of 
equilibrium for the exact duration be-
tween the first and seventeenth rounds, or 
16 intervals. 
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Any number of rounds between 17 and 
32 can be fired but only the first 17 are 
counted and timed. A reset switch is 
provided for the purpose of restoring each 
trigger circuit to its initial state of equilib-
rium and also of discharging the timing 
capacitor in preparation for a firing test. 
The neon lamps connected to the first 

and last counter stages serve as an added 
check on the operation of the instrument. 
One should ignite on the first impulse and 
not extinguish until the seventeenth im-
pulse, while the other should glow on every 
other impulse from the mechanical switch. 

Loctal type 7N7 tubes were used in the 
trigger circuits since the two triode sec-
tions of this tube have more identical 
characteristics than those of the equiva-
lent type 6SN7 tubes. The mutual con-
ductance of one section of a 6SN7 tube is 
greater than that of the other section. 
The zero bias voltage on the grid of the 

gate tube causes the tube normally to 
conduct, and the current flowing through 
the plate load resistor results in a plate 
voltage of less than the igniting potential 
of the neon switch lamp. The potential 
of the timing capacitor is zero, it having 
been fully discharged during the operation 
of the reset switch. 
Upon firing the first round, the final 

trigger circuit shifts its state of equilib-
rium, initiating a negative gate pulse that 
drives the gate tube far beyond cutoff. 
Since the RC time constant of the input 
circuit is longer than any interval to be 
measured, the grid remains cut off until 
the end of the gate pulse. 
Thus the gate tube has an output pulse 

with an amplitude exactly that of the 
regulated power supply. This voltage is 
applied to the neon switch lamp, causing 
it to ignite and to start the charging of the 
timing capacitor. The voltage of the 
capacitor increases exponentially at a rate 
determined by the RC time constant. 

After the seventeenth round has been 
fired, the final trigger stage reinverts to its 
initial state of equilibrium and a positive 
pulse is suddenly applied to the grid of the 
gate tube. This reduces the plate voltage 
to a value below that of the extinguishing 
potential of the neon switch lamp and cuts 
off the IW timing circuit, leaving the 
capacitor with a definite charge. 
By this time, the timing capacitor has 

charged to a potential more positive than 
the plate voltage of the conducting gate 
tube, resulting in a sudden reversal of 
voltage across the neon switch lamp as it 
extinguishes. This reduces the deioniza-
tion time and the error which would result 
from an inconsistent deionization time. 

After the circuit through the neon 
switch lamp has been cut off, the timing 
capacitor should retain its charge over a 
reasonable period of time, to prevent the 
meter reading from drifting. The extent 
to which this can be accomplished depends 
upon the leakage of the capacitor itself 
and its associated circuit elements. 
Leakage currents were minimized by 

removing the base from the neon switch 
lamp, replacing insulation of the reset 
switch with polystyrene, designing the 
vtvm to have high input resistance, and 
using a special oil-impregnated timing ca-
pacitor having a very high leakage resist-
ance. Such a long RC time constant 
makes possible the holding of the charge 
on the capacitor without loss of more than 
1 per cent in over 3 minutes. 
The main consideration in the vtvm 

design was to obtain a high input resist-
ance and high degree of accuracy. 
A type 6C4 miniature tube was used be-

cause its electrodes pass directly through 
the glass, greatly increasing the insulation 
resistance as compared with ordinary 
tubes. Some input conductance also re-
sults from initial electron velocities 
emitted by the cathode. This was re-
duced by operating the heater of the vtvm 
at reduced voltage. 

Filament-voltage regulation of the 
vtvm was found to be advantageous in 
maintaining meter calibration independ-
ent of line-voltage fluctuations, especially 
when operating the heater at reduced 
temperature. 
The voltage applied to the timing cir-

cuit, the plate voltage of the vtvm, and 
the delay bias voltage must be well regu-
lated. A two-stage cascade voltage regu-
lator is used for this purpose. The 
regulated output voltage that is applied 
to the timing circuit is adjustable plus or 
minus 2.5 per cent from the front panel. 
This control is provided for making cali-
bration adjustments to compensate for the 
effect of temperature variations on the 
timing circuit. 
The range of the vtvm is determined by 

the value of the degenerative feedback 
resistance in the cathode circuit and the 
meter-damping resistance. 

If for any reason the gun should not fire 
the full number of rounds necessary to 
stop the timing action, the timing capaci-
tor would continue to charge until the 
grid potential of the vtvm approached 
zero. The plate current would then over-
load the meter. To remedy this condi-
tion, an overload relay is used in the meter 
circuit and operates when the current 
exceeds full-scale readings. 

The meter scale is nonlinear because 
rate is an inverse function of time. This 
was also a reason for using delayed 
bias, since the meter would have other-
wise read from infinity to 600 rounds per 
minute. 
The divisions of the meter scale are in-

dividually calibrated. Calibration points 
were established by means of a variable 
low-frequency generator of known accu-
racy. The output of this generator was 
used to operate a polarized relay, the con-
tacts of which were connected to the input 
of the indicator in the same manner as the 
mechanical switch unit. 
The accuracy of the indicator is greatly 

increased by means of a multivibrator 
calibration circuit that generates pulse-
repetition frequencies of 600, 750, and 900 
per minute for checking and adjusting 
the meter indication. 
When generating 10 or 15 cycles per 

second, the multivibrator is directly con-
trolled by the 60-cycle line frequency, 
functioning as a 6 to 1 or 4 to 1 frequency-
dividing circuit. When generating 12.5 
cycles per second, the multivibrator oper-
ates at a 4 to 1 ratio, and is synchronized 
by a 50-cycle source that in turn is con-
trolled by the 60-cycle line frequency. 
This is accomplished by means of a har-
monic generator which multiplies the line 
frequency by five and a multivibrator 
which divides the result by six. 
The harmonic generator is excited from 

the high-voltage winding of the power 
transformer, resulting ill an unusually high 
negative bias and a plate-current pulse of 
short duration. The angle of plate-
current flow was reduced to less than 36 
degrees at the fundamental frequency so 
as to cut off the plate current during the 
first half cycle of the harmonic output 
frequency. This prevents the conducting 
tube from distorting the output wave 
form, and it increases the tank-circuit 
efficiency since part of its energy is not 

being dissipated through the tube. 
The output tank circuit is tuned to 300 

cycles per second. Since it is shock-
excited by the plate-current pulse every 

fifth cycle, a periodically damped output 

wave form results. This voltage is im-

pressed on the grid circuit of a self-excited 
oscillator through a peak-limiting resistor 
that also serves as a grid-leak resistor. 

The oscillator is tuned to the saine fre-

quency as the harmonic generator, and 
thus a synchronized output voltage of 

uniform amplitude and wave form is 
obtained. 

This 300-cycle control voltage is applied 
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to both plate circuits of the 6 to 1 ratio 
multivibrator in phase so as to favor even 
frequency ratios, thereby maintaining the 
required frequency division over wider 
limits of voltage variation. 
The output of this 50-cycle multivi-

brator is directly injected into a 4 to 1 
ratio multivibrator, via a selector switch, 
and 12.5 cycles per second, or 750 cycles 
per minute, are obtained. 
The harmonic generator and multivi-

brators were found to stay in synchro-
nization over extremely ‚vide limits of 
line-voltage variation; therefore no volt-
age regulation was necessary. 

A conventional rectifier-filter type of 
voltage supply is provided for operating 
the unit. The first regulated output sup-
plies 255 volts to the counter circuits and 
the input stage. A second regulated sup-
ply follows the first and has a d-c output 
of 210 volts that supplies the timing stage 
and the vtvm stage. To prevent the 
initial current surge through the voltage-
regulator tubes when the instrument is 
first turned on, a 5Z4 heater-type rectifier 
tube was selected. 
Although the total current drain on the 

high-voltage supply is only 65 ma, a 
fairly large power transformer was used 

in order to supply the filament drain of 
4.8 amperes. 
The voltage-regulated supply for fila-

ments has an a-c output of approximately 
5 volts, which is applied to the vtvm 
heater. Two type VI175 tubes are con-
nected back to back across the primary of 
the filament transformer, and a resistor is 
connected in series with the line to limit 
the peak voltage applied to the trans-
former. The potential of the secondary 
winding is 75 volts above ground, the 
same as the cathode bias of the vtvm. 

Arvid D. Peterson, Machine Gun Itate-of-fire Indi-

cator, Electronics, December, 1945, p. 134. 

Simplified Scale-of-sixteen Circuit for Counting Impulses 

IN this vacuum-tube scaling circuit 
the necessity for using coupling tubes is 
eliminated by applying pulses directly to 
the cathodes. The numbers in the circles 
on the diagram indicate the output taps 
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for different scale ratios, with the final 
stage delivering one output pulse for 
every 16 input pulses. 
The height of the impulses fed to the 

cathode of the first scaling stage is limited 
to 6 or 8 volts by making the plate 
resistor of the 6F5G only 2,000 ohms, so 
that the total voltage drop across it is 
a maximum of about Ci volts. The grid-

bias arrangement for the input circuit 
provides means for selecting only pulses 
that are larger than a given size. 
The difference between the cathode 

potential and the grid potential of the 

30,000 
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nonconducting half of the scaling tube is 
an important factor in determining the 
stability and sensitivity of the circuit. 
If the difference is too small, the circuit 
may switch back to a preferred state of 
equilibrium or even oscillate, while if too 
large, the sensitivity to incoming pulses 
decreases. This difference can be ad-
justed by making the cathode resistors 

variable, with a range from 50,000 to 
100,000 ohms. 
When the right-hand side of a tube be-

comes conducting, its grid is at first driven 
positive so that the output voltage dips 

INTERPOLATOR 0-3 MA 
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below its final at-rest value. The return 
to the at-rest value can constitute a 
positive pulse that, if circuit constants 
difTer from those specified here, may trip 
the next stage. 

Don DeVault, Simplified Scaling Circuit, Rev. ‚Sei. 

Instruments, January, 1943, p. 23. 

Portable Geiger-Müller Counter for Locating Lost Radium 

Tills battery-operated Geiger-Müller 
counter, suitable for detection of lost 
radium, uses an automobile ignition coil 
to obtain the required high voltage for the 
counter tube. A voltmeter is included 
to indicate the high voltage. 

Essentially the radium detector con-

sists of a Geiger-Müller counter tube, a 
three-stage resistance-coupled amplifier 
feeding a loudspeaker, and the neces-
sary power-supply unit. The high-volt-
age supply necessary for the counter tube 
is provided by means of a Ford spark 
coil, a capacitor, and cold-cathode tubes, 

the combination giving a source of 
reasonably smooth direct current of 
practically any desired voltage. The 
voltage of the high-voltage supply depends 
upon the adjustment of the vibrator. 
Objectionable hum in the loudspeaker is 
elhninated by properly shielding and bond-
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ing the circuit. Cold-cathode OZ4G tubes 
connected in series are used as the rectifier. 

In use the instrument may be carried 
about until a greater number of pulses 
than normally due to cosmic radiation is 
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heard from the loudspeaker. Doubling 
of the count normally obtained from 
cosmic radiation is regarded as the crite-
rion of detection of radium. Twenty 
milligrams is detectable at about 135 feet 

Geiger-Müller Counter as Supersensitive Fire 

FAR ultraviolet radiation from open 
fires, flames, sparks, and electric arcs is 
utilized in this electronic fire-detector 
circuit that gives practically instantane-
ous response to minute sources of fire or 
sparking. A special Geiger-Müller coun-
ter tube is employed, having a copper-
screen cylinder sealed in an envelope of 
Corning 9741 quartz glass that allows 
over 80 per cent of the radiation at 2,600 
angstrom units to pass. In the spectrum 
portion used for fire detection, below 
3,000 angstroms, daylight has no effect 
because the earth's atmosphere absorbs 
these wavelengths, and artificial light has 
no effect because glass envelopes of lamps 
absorb far ultraviolet. 
The circuit operates a relay as soon as 

the average input pulse rate from the 
Geiger-Müller tube increases above a 
certain predetermined value. This is 
accomplished by a circuit that injects a 
charge on a capacitor-resistor combina-

tion for every pulse received, thus 
essentially integrating or averaging the 
pulse rate over a time interval of the order 
of the time constant of the combination. 
The negative pulses received from the 

sensitive tube are inverted in one triode 
unit and fed into a cathode-follower type 

of RC tank, the potential across the latter 
controlling a thyratron relay circuit that 
in turn controls whatever alarm device is 
to be activated. 
The averaging time constant is given 

by the product RC. The sensitivity is 
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with no obstruction intervening. 

Robert B. Camp, Rev. Sci. Instruments, December. 

1937, abstracted as Battery-operated Device for the 
Recovery of Lost Radium, Electronics, March, 1938, 

p. 64. 

Detector 

determined mainly by the duration of the 
positive control pulses reaching the 
cathode follower, which are determined by 
the product RC and by the absolute 
magnitude of the charging tank capacitor 
C. Also, the negative grid-bias control of 
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the thyratrons, accomplished by potenti-
ometer P, provides a simple adjustinent 
over a limited range of sensitivity. 
A projected cylinder area of about 30 

sq cm for the detector tube gives a natural 
average background rate of less than two 
pulses per second due to cosmic rays and 
natural radioactivity, as contrasted with 
about 100 per second for a lighted match 

30 feet away. The device will respond 
practically instantaneously to the striking 
of a match at a distance up to 60 feet in 
any direction from the detector tube. 
This extreme sensitivity may in many 
practical applications be undesirable. It 
is possible to reduce this sensitivity 
by any number of means, the most natural 
one being the choice of the proper dimen-

sions of R, R,, C, and C1 so that the charge 
transmitted to C per pulse received is 

small enough to require an appropriately 

large number of pulses to trigger the 

thyratron. 

Paul 13. Weise, Electronic Fire and Flame Detector, 
Elecirowiee, July, 1946, p. 106. 

Quenching Circuit for Geiger-Müller Counter 

AN easily adjusted regulated voltage 
supply and an electronic quenching cir-
cuit are provided here by only five tubes. 
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The output pulse is large enough to 
actuate headphones directly or to feed a 
recording or scaling circuit with little or no 
amplification. 
When no current is flowing in the G-M 

0-2 

counting tube, triode 7'4 acts as a resist-
ance only, and the circuit gives a stabilized 
output voltage between point A and 
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6F 5G 

OUTPUT 

5 MEG 
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ground and hence between point 
(the G-M tube central wire) and ground. 
When a discharge occurs in the counting 
tube, a negative bias is produced at T4, 
increasing its effective resistance. The 

current through pentode T2 accordingly 
goes up because its grid is tied to the 
plate of 7'4, and the grid of T1 is there-
fore driven negative so that the potentials 
of points A and B drop until the counter 
discharge is extinguished. As soon as 
the grid of 7'4 regains its normal potential 
with respect to the cathode, the circuit 
resumes its at-rest position in readiness 
for the next count. A 100,000-ohm 
potentiometer in the voltage-divider net-
work permits adjusting the voltage on 
the counting tube over a wide range, from 
800 to 1,800 volts. 
Good insulation is required through-

out, with Lucite or steatite standoffs for 
the connection from the counting tube 
to the grid of T4. Tube 7'1 can be some 
other type of triode provided that it has a 
rather high amplification constant. Fila-
ment transformers should have grounded 
shields between primary and secondary to 
prevent a-c hum pickup. 

William F. Bale and John F. Bonner, Jr., A Combined 
Voltage Regulating and Quenching Circuit for the 

Geiger-Müller Counter, Rev. Sei. beetrumente, July, 
1943, i, 222. 

Combination Mechanical Counter and Electronic Integrator for G-M Tubes 

IN this typical modern Geiger-Müller 
counting circuit, the high-voltage supply 
(not shown) for the G-M tube is obtained 
by a voltage-doubling arrangement using 
two dry-disk rectifiers and a smoothing 
circuit, with a rheostat in series with the 
primary winding of the power transformer 
for voltage control. The bleeder con-
sists of a suitable meter in series with 
a 6-megohm resistor. Since operating 
conditions vary from tube to tube, this 
voltmeter is a precaution against damag-
ing the tube by application of too much 
voltage. 

Extinction tube V1 is in a normal Neher-
Harper circuit. For optimum operation, 
the bias of 171 is adjusted by means of PI, 
so that the tube is just cut off. In this 
condition a slight increase of voltage of 

the cathode of the G-M tube owing to an 
ionizing particle entering the tube causes 
current to flow in VI, thus causing the 
voltage across the tube to fall considerably 
(due to the large anode load /?3). The 
effect is cumulative, and the extinction of 
the G-M tube is hastened. While many 
tubes are of the self-extinction type, 
some are designed for use with extinc-
tion circuits. Even with self-extinc-
tion tubes, an extinction circuit is often 
advantageous. 
The negative pulses from the G-M tube 

are taken from the anode of V1 and are 
sent through C2 and a grid resistor R2 to 
the grid of V2. Thus, in the absence of a 
pulse, the grid of V2 is held at cathode 
potential by R1 and R8. The arrival of a 
pulse at the grid cuts off the current in 

V2, resulting in a positive pulse at the 
anode of V2. 

Cutoff bias for V2 is only about minus 
2 volts, and consequently all negative 
pulses of amplitude greater than 2 volts 
give the same output from the anode. 
Since the pulse amplitude from a G-M 
tube (especially when used with an extinc-
tion •circuit) is almost invariably con-

siderably greater than 2 volts, this 
arrangement results in a satisfactory 
amplifier limiter. 
Tube 173 serves different purposes, 

depending on the position of switch Sl. 
The central position of Si disconnects this 
tube entirely, blocking the circuit. In 
both of the other positions of Sl, trans-
former 7'1 is in the circuit. This trans-
former feeds a phone jack to provide an 



COUNTING CIRCUITS 65 

audible indication of counting, useful in 
determining threshold voltages and in 
ensuring that no considerable number of 

counts are missed by the multivibrator 
circuit due to too high a rate of count. 
When Si is over to the left, V3 acts as 

a straightforward amplifier with the grid 

biased by means of R23 and R24 and with 
an anode load R51. Negative pulses are 
then fed through Cs to the grid of V4 to 
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quickly returns to its original stable 
state with l'4 on and V5 cut off. 
With this circuit, the limit to the speed 

of counting is definitely fixed by the 
counter itself, since the times required to 
build up the various voltage charges 
around the circuit are negligible. 
When switch Si is over to the right, 

the integrator is in the circuit. The 
high-voltage supply for V3 is then ob-
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AMPLIFIER INTEGRATOR 

causes less current to flow through V6 
and hence through the meter. The 
greater the rate of arrival of pulses at the 
grid of V3, the greater is the mean cur-
rent flowing out of C20 and the greater 
will be the voltage drop across R35 to 
allow this to flow. The current through 
V6, which is dependent upon the grid-to-
cathode voltage, will thus be a measure 
of the rate of arrival of pulses at the grid 
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trigger off the multivibrator circuit 
formed by V4 and Vs. 

In the absence of pulses, V4 passes a 
predetermined current. Power tube V5 
is biased beyond cutoff by the resistance 
chain R27, R28, and P3, and thus no 
current flows through this tube. 
When a negative pulse arrives at the 

grid of V4, this causes less current to flow 
in V4, and hence the anode voltage rises. 
This rise of *voltage is fed through C6 
and R17 to the grid of V5. Thus current 
commences to flow in Vs, and the drop of 
voltage at the anode is fed back through 
C7 and R16 to the grid of V4, causing still 
less current to flow in this tube and in-
creasing the voltage charge on the anode 
of V4 and the grid of Vs. The whole 
process is cumulative and ceases when 
V4 is cut off. The current through V5 
must be sufficient in amplitude and dura-
tion to operate the electromagnetic 
counter used. 
The duration of the current in Vä is 

largely determined by the time constant of 

C7, R16, and R15, which is made much 
shorter than that of C6Rig. After a 
count, C7 discharges through R15 and Ris 
and the grid potential of V4 climbs to-
ward its original voltage. This initiates 
cumulative action again, and the circuit 

R23 
1,500 

R24 
85,000 

tamed from point A on the resistance 
chain formed by R32 and P5. The anode 
load of 173 (neglecting R32) is then C20 in 
parallel with one of the resistors R35, 
R36, R37, and R33. 
When Si is over to the right, it also 

applies high voltage to V6 through R31 and 
meter M 2. The grid of V6 is fed directly 
from the anode of V3 (neglecting 7'1). 
When no pulses are being fed to• the 
grid of V3, the current in V6 is deter-
mined by the setting of P5 and the 
potential of the grid (tied to the anode of 

173). 
When positive pulses arrive at the grid 

of V3, each one causes a pulse of current 
through V3. This current is pumped out 
of Cm during the on period of the pulse 
and the charge builds up again during the 
off period. The rate of build-up is 
determined by the value of C20 and by 
the resistance in parallel with it. If the 
pulses are sufficiently frequent, the grid 
of V6 adjusts itself to a new steady volt-
age, the current pulses being smoothed 
out by C21) and R35. The voltage at the 
grid is such that the current leaking 
through R35 (or R36, R37, or R38) to restore 
the charge on C20 equals the average 

current being pumped out of C20. 
This reduction of potential of the grid 
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of 173. The meter 'n the anode circuit of 
V6 therefore indicates the counting rate. 

Since increase in the counting rate 
results in a decrease of current, the meter 
reads backwards. The meter is cali-
brated from 100 to 0 from left to right, 
and must be set to zero (extreme right of 
scale) before a count is taken. 
With only the background count 

present, Ps is adjusted until the meter 
reads zero. When a count is taken, the 

deflection decreases and, by comparison 
with a standard source, a quick measure 
of the count is obtained. It is advisable 
to obtain the saine deflection on the meter 
in both measurements and to compare the 
strengths of the two sources by means 
of their distances from the counter. The 
inverse square law relates counts to 
distance. 

Switches 32 and 83 give a choice of 
eight different sensitivities for use with 

different power sources. 
The integrator is most useful for fast 

rates of counting, for under this condition 
the efficiency of the smoothing circuit is 

greater and the current pumped out of 
C21 is nearer to a continuous flow. For 
low counting rates, the needle becomes 
unsteady and consequently accuracy 
is lost. The time taken to operate the 
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mechanical counter sets an upper limit 
to the counting rates for which this 

method can be used. The highest speed 
counter readily available will count at a 
rate of 16 per second (960 per minute). 
Since a G-M count is a count of random 
events, for absolute accuracy none of 
,these must occur within OEIOE c, second of 
each other. The randomness of the 
events reduces the actual rate of counting 

that can be measured with accuracy. 
With one of the counters mentioned above, 

the upper limit for accurate counting is 
about 600 per minute. 
With the integrator, the slowest rate of 

counting is dependent upon the duration 
of the pulses, the time constants of the 

circuits, and the meter itself. This last 
factor makes calculation of the slowest 
rate rather complicated, but is of the 

order of 100 per minute. There is thus 
a good overlap between the two methods. 
The integrator method is, of course, less 

accurate than the mechanical counting 

method. If accurate high-speed count-
ing is requited, scaling circuits must be 
introduced. 

A. Craves, Modern Geiger-Muller Counters, Elec-
tronics, January, 1947, p. 80. 

Counting-rate Meter Circuit for Use with Geiger Counters 

COUNTING rates up to the order of 
5,000 per second are indicated di ectly 
by the meter in this counting-rate meter 
circuit, originally developed for rapid 
scanning in a Geiger-counter focusing 
spectrometer used in measuring X-ray 
intensities and diffraction angles of 
powdered chemical and metallurgical 
samples directly and speedily in routine 
industrial processes as well as in labora-
tory research. 
The circuit comprises a uniform pulse 

producer actuated by the Geiger-counter 
tube and a pulse-averaging circuit. The 
averaging is accomplished in a resistance-
capacitance tank provided with a selection 
to make up time constants of 5, 10, and 20 
seconds. Uniform pulses are derived 
from a succession of pulse-shaping, ampli-
fying, and limiting stages. 

The Geiger-counter anode is coupled 
through a small capacitor to a two-stage 
preamplifier mounted in the same housing 

as the counter tube. Tie pulses devei-

on the counter wime oped 

lOppf 20,9F 50ppr 

appear as 
negative pulses, sharpened and amplified, 
in the output of the preamplifier. A 
third stage of amplification and differ-
entiation suffices to equalize all pulses 
at counting rates up to 3,000 per second. 

These uniform pulses are applied to the 
grid of the averaging stage. 
The resistance-capacitance averaging 

tank is placed in the anode circuit of a 
pentode. In this arrangement, the ampli-

tude of each pulse delivered to the capaci-
tor is independent of the voltage across 
it. The parallel resistor draws leakage 
current in proportion to the • capacitor 
voltage; microammeter MA in series with 
the resistor serves to measure the current. 
A choice of capacitors permits adjusting 
the charging time or speed of response of 
the indicator. Circuit constants and 
supply voltages are selected to yield 
approximately 1 microampere per pulse 
per second. 

H. Friedinan, Geiger ComIter Spectrometer for 

Industrial 'Research, Electronics, April, 1945, p. 132. 

Neon-tube Relaxation Oscillator for Measuring Weak Radiant Energy 

UNDER certain conditions the frequency 
of oscillation of a neon-tube relaxation 
oscillator depends upon the character and 
amount of radiation striking the neon 
tube. This phenomenon is utilized in the 
accompanying circuit to provide a sensi-
tive radiation-measuring circuit. The 
electrodes of the neon tube are photo-
electrically active, and the extra electrons 
liberated in the presence of light or other 
radiation reduce the voltage at which 
flashes occur, thereby increasing the 
frequency of flashing. 

Successful operation depends on a 
sufficient difference between the flashing 

potential and the extinguishing potential. 
The output of the relaxation oscillator 
feeds a two-stage amplifier that drives 
an electromagnetic counter for indicating 
the total number of flashes. An inte-
grating type of counting circuit can of 

course be used in place of the electro-
magnetic counter if direct indication is 
desired and the flashing rate is sufficiently 
high. 

0. Cameron Cruller, A Neon-counter for Medical 

Research, Electronics, December, 1944, p. 284; 

A. Stager, Relaxation Circuit Measures Radiant 

Energy, Electronics, July, 1937, p. 29. 

Alternating-current-operated Electronic Cardiotachometer for Indicating Heart Rate 

Tills circuit indicates directly the heart 
rate of a patient, on a meter calibrated 
in beats per minute. The electrical 
impulses that accompany the muscular 
action of the 'heart are picked up by 

flexible electrodes that may be attached to 
almost any conveniently accessible part, 
such as arms or legs. 
The first three vacuum tubes are 

conventional triodes used as amplifiers. 

The electrodes are connected to the first 
triode through a shielded cable, the shield 
being used for one lead. When in use, 
there is no impedance between the grid 
of the first triode and ground other than 
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the impedance of the subject between the 
electrodes. When not in use, or when the 
electrodes are being adjusted, the grid is 
shorted to ground by the switch. 
The next two tubes are both driven by 

a common connection to the adjustable 
gain control in the output of the third 
triode. The control is located at this 
point because the amplification is so 
great that were it located earlier there 
would be violent disturbances following 
any adjustment. These result largely 
from thermal potentials between resistor 
and sliding contact. 

6F5 

of capacitors being connected alternately 
and in turn to a source of fixed potential 
and to a discharge circuit. The current in 
the discharge circuit is thus proportional 
to the quantity of electricity constituting 
the charge on one capacitor and to the 
rate at which this quantity is delivered to 
the discharge circuit by the relay. The 
resistance-capacitance network is used to 
prevent varying components of the 
discharge current from appearing in the 
meter. The deflection is therefore virtu-
ally steady and proportional to the 
original pulse rate. The discrimination 

current surges in the gas triodes or charg-
ing circuit produce a small potential 
change across the third regulator. The 
regulator tube is more effective in reduc-
ing this change than the usual filter 
capacitor would be as it is virtually 
independent of the rate at which the 
change takes place. From this point 
in the circuit the disturbance has to pass 
through both of the power-supply net-
works in tandem in order to mach the 
first stage. The final element in this 
combined network, the first voltage 
regulator, is again a very effective means 
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The function of the 6E5 cathode-ray 
indicator tube is essentially that of a peak 
voltmeter, showing the magnitude of any 
signal impressed upon the grid of the final 
amplifier tube. 
The type 885 gas triodes cause current 

to pass through the windings of a relay 
during alternate intervals between pulses. 
At any instant one tube is conducting and 
the other is nonconducting. With the 
circuit in this condition, the voltage 
relations are such that an impulse im-
pressed on the grid circuits will cause the 
breakdown of the noncomlucting tube. 
This in turn causes the extinction of the 
conducting tube and the reestablishment 
of a stable condition in which the relations 
between the two tubes are interchanged. 
The relay, being connected in series with 
one of these tubes, thus carries current 
when that tube is operated, or during 
every other pulse interval. 
The circuit associated directly with the 

relay develops a direct current propor-
tional to the rate of relay operation. The 

relay performs a double transfer, a pair 

8 8 

V , 
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of the amplifier against frequencies of 
60 cycles a second and higher is an im-
portant factor in the design of the power-
supply system. The low frequencies of 
the signal components bring in an added 
difficulty, inasmuch as they make the 
usual type of decoupling filter quite 
ineffective. 

Current for the high-level portion of the 
circuit, which includes both the final 
amplifier stage, the gas triodes, and the 
capacitor-charging circuit, is delivered 
through a network having as series 
elements L43 and R43 and as shunt 
elements C43 and the third voltage-
regulator tube. This network constitutes 
a simple form of hum-elimination filter. 
Current for the first, or low-level, stage is 
taken from the common rectifier through 
a similar network. 

In any multistage amplifier it is neces-
sary to prevent current changes in the 
high-level stages from affecting the volt-
age of the power supply to the low-level 
stages. 
With the arrangement shown, any 
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of reducing the magnitude of such voltage 
change as remains. 
The network supplying plate power to 

the intermediate stages has L41 and C41 
in common with the network for the first 
stage. It has the separate resistance R43 
and the separate voltage-regulator tube. 
Those portions of the two networks which 
are not common, together with the com-
mon capacitance C41, form a single net-
work for suppressing the interchange of 
voltage variations between stages. 

Because of the low frequency of the 
signal it is possible to utilize a form of 
regeneration that is effective for the 
signal but not for power-supply inter-
ference. 
The cathodes of the two similar 6N7 

triode stages are connected together, 
and the combined plate currents flow to 
ground through a common resistance. A 

voltage introduced into the grid circuit 
of the first triode will cause changes in the 
plate currents of both tubes. The change 
in the plate current of the second tube 
will be greater than in that of the first 
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and will be of opposite sign. The net 
change will be of opposite sign to that 
which would take place in the cathode 
resistor of a single tube. 
The voltage across the cathode resistor 

will appear in the grid circuit of the first 
tube, therefore, with the same sign as the 
impressed voltage that originally pro-
duced the change. It will appear in the 
grid circuit of the second tube as of 
opposite sign from the amplified voltage 
impressed by the first tube. The effect 
of this voltage will be greater in the first 
tube than in the second because of the 
amplification. The net result, therefore, 
is that the common cathode resistance 
produces a regenerative effect. 

This regeneration through cathode 
coupling is of distinct advantage in the 

cardiotachometer, not only because of 
the increased gain that it provides, but 
because it may be made selective for the 
signal components. The frequencies of 
desired signal components are below 
those of interference; hence a capacitor 
may be chosen that offers a path of low 
impedance to the interference but not to 
the signal. It consequently prevents 
regeneration of the interference without 
impairing that effective for the signal. 
The low-frequency end of the trans-

mission characteristic of the cardiotach-
ometer is controlled by the values of the 
interstage blocking capacitors and grid-
leak resistors. The high-frequency end is 
controlled by shunting a capacitor of the 
proper value between the plate of each 
tube and ground. 

The circuit by which a current propor-
tional to the pulse rate is developed is 
similar in principle to the familiar capaci-

tor charge-and-discharge circuit, but one 
capacitor remains on charge and a second 
capacitor on discharge for one entire 
interval. During the succeeding interval 
the capacitors are interchanged, the fully 
charged unit being connected to the dis-
charge circuit and the fully discharged 
unit to the source of charging potential. 
To ensure that each capacitor delivers a 
full charge every time it is transferred, a 
relay making positive contact must be 
used. 

J. Warren Horton, An Electronic Cardiotachometer, 

Electronics, August, 1938, p. 14. 

Twin-thyratron Counting Circuit for Rapid Neurological Impulses 

THOUGH originally developed to obtain 
a continuous count of action potential 
spikes of nerves, involving rates of several 
hundred per second, this particular 
circuit is sufficiently flexible in its range 
of count to justify its being considered for 
many other applications where a relatively 
inexpensive means of obtaining a continu-

115V 
A-C 

eV-T2 

80 14 

A value of 200,000 ohms for R1 is high 
enough to ensure that discharge current 
will become small enough to be stopped 
by the negative grid. /?2 is inserted to 
limit the discharge current to the safe 
rating of T1. As successive charges 
accumulate on C2, its potential increases 
until the breakdown voltage of the second 
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ous count over long periods is desired. 
A counting rate of 300 to 1 is obtained 
with the circuit constants shown, so that 
for a count of 600 per second the relay, 
or electromagnetic counter, would operate 
twice a second. 
The impulses to be counted are ampli-

fied and impressed on the grid of thyratron 
ri with positive polarity. Thus Ci 
partly discharges through T1 at each 
impulse. C2 is charged from the power 
supply through T2 and loses a small part 
of its charge to CI each time an impulse 

reaches the grid of 7'1. 

T3 

2A5 

thyratron T2 is reached. The breakdown 
voltage of T2 is determined by its grid 
bias, which may be varied to determine 
the counting ratio, or number of input 
impulses for each output impulse. The 
cathode voltage of T2 may be applied to 
the grid of a vacuum triode that will oper-
ate a relay, mechanical counter, or other 
recording device. 

Potentiometer R, is used to set the 
counting ratio at a desired value. Switch 
S in the plate supply is turned on only 
when the cathodes have reached their 
operating temperature. Closure of this 

switch is followed by a single output im-
pulse as C2 is initially charged through 7'2. 
When the heaters of 7'1 and 7'2 were 

operated from the same filament winding 
on the power transformer, it was found 
that there was a current flow from 
cathode to heater which resulted in a 
continuous loss of charge from C2, so 
that T2 behaved as a relaxation oscillator, 
thus giving spurious output pulses when 
no input pulses were present. This 
current, which is only a small fraction of a 
milliampere, may lie attributed to electron 
emission from the heater. It is therefore 
necessary to supply the heater current for 
12 from a separate winding on the power 
transformer. 

Calibration was accomplished by utiliz-
ing the sweep pulse of a cathode-ray 
oscilloscope as a signal. The sweep was 
locked at 300 cycles and connected to the 
input transformer, or grid, of T1, and R9 
was adjusted until exactly one output 
pulse per second was obtained. 
The counting ratio can be varied over a 

considerable range by varying the setting 
of R6, but if ratios far different from 300 to 
1 are required, C1 and C2 may be changed. 
The counting ratio may be increased by 
increasing the value of C2, but the time 
constant of the discharge circuit of C1 
must be small compared with the interval 
between the incoming pulses. This time 
constant in seconds is equal to C1R1 
where C1 is expressed in microfarads and 
RI in megohms. 

Bertram Wellman and Kenneth Roeder, Electronic 

Counter for Rapid Impulses, Electronics, October, 

1942, p. 74. 
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Screen-coupled D-C Amplifier with Cathode 

A SCREEN-COUPLED cathode follower 
provides flat response up to 20 ke and a 
total voltage gain of 60 db in this circuit. 
The total distortion is less than 1 per cent 
at 15 volts output. The 6J7 is used as 
the screen-coupled cathode-follower stage. 
The circuit is highly degenerative, and 
there is no appreciable change in output 
for a 6-hour run after the initial warm-up 
period. 

Higher gain with less wide response can 
be obtained by removal of the 2-megohm 

2 MEG 

Follower 

feedback resistor connected from the 
plate of the output 6SJ7 to the cathode of 
the input 6SJ7. The cathode resistance 
of the input stage is then fixed at 150 ohms. 
Frequency response of the modified 
circuit is flat up to 12 ke, and the total 

voltage gain is 76 db. At 15 volts peak 
output, the total distortion is 2.5 per cent. 

Y. P. Yu, Cathode Follower Coupling in D-C Ampli-

fiers, Electronics, August, 1946, p. 99. 

High-current D-C Amplifier with Low-impedance Output 

DELIVERING current of 1 ampere to an 
oscillograph element of 3 ohms impedance, 
the d-c amplifier shown employs a carrier-
current system terminating in an output 
transformer and a dry-disk rectifier. 

VI 
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Stability is high and operation for several 
months is possible without adjustment. 
An external oscillator supplies carrier 

excitation to the grid of modulator tube 
VI. This tube is operated as a class C 
amplifier, so that its carrier-frequency 
output is proportional to its plate voltage. 
The plate voltage of tube V1 is supplied 
by the cl-c input signal through a cathode 
follower V2. The carrier output of 

modulator tube V1 passes through a The band-pass filter should pass the 
band-pass filter that passes the carrier carrier frequency and the upper and lower 
frequency and the side bands, and thence side bands. If the percentage of band-

it passes through a power amplifier, an width is small, a tuned circuit can be 
output transformer, and a dry-disk substituted for the filter. 

For an over-all response of 0 to 4,000 
V3 
6J5 cycles, the carrier frequency chosen was 

30 kc. The filter was designed for a 

T2 j T3 nominal bandwidth of 25 to 35 kc. 
Because of the high carrier frequency, 

special transformers had to be built for 
use at T1, T2, and T3. At 10 ke and be-
low, ordinary audio transformers should 

be satisfactory. 
The rectifier W at the output of the 

system is a Federal selenium unit, type 

+135v 5B1AV1. At 30 ke, the efficiency of dry-
20MA disk rectifiers is about half that obtained 

at lower frequencies. If a lower maxi-
mum frequency of over-all response is 

usable, a lower carrier frequency can be 
employed with a consequent reduction in 

the size of the power amplifier. 
The maximum output is 1.2 ampere into 

3 ohms. Input signal for maximum out-

put is 10 volts direct current. Input 
impedance is 10 megoluns. Frequency 
range is 0 to 4,000 cycles. 

+200V 

6Y6-G 

00 6Y6-G 

FEEDBACK 
ADJ. 

OUTPUT 

+200V 
120MA 

rectifier. The d-c output of the system is 
taken from the rectifier. 
The no-signal plate voltage of V1 is 

adjusted by potentiometer P1, which 
permits utilizing input signals of either 
polarity. The cathode follower V2 is 

arranged to drive the cathode of V1 in-
stead of the plate. A negative signal at 
the grid of V2 thus increases the voltage 
between the plate and cathode of V1. 

Lawrence Fleming, A D-C Amplifier of high-current, 

Low-impedance Output, Electronics, August, 1945, 

p. 212. 

High-gain Wide-band Direct-coupled Amplifier 

HIGH stability and a voltage gain of 
5,000 from 0 to 100,000 cycles are features 

of this direct-coupled amplifier. Its in-
put impedance is 100,000 ohms and a 
balanced input attenuator (not shown) 

reduces the input signal to an amplitude 
that is proper for the grid of the first 
stage and for control of output potential. 

Immediately following the input at-
tenuator is a three-position switch which 

69 

grounds either side of the amplifier input 
for use with signals which are unbalanced 
with respect to ground. An ungrounded 
position is provided for use of the ampli-

fier in the conventional balanced manner. 
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To compensate variations, such as 
drift, change in gain, change in output 
level, awl other factors, the balance of the 
amplifier is controlled by adjustment of 
potentiometers R17 and R2g. The balance 
control for this amplifier is merely an ad-
justment for the potential of the grid of 
7'4 which adjustment is obtained by 

2 

o  

+200V 

12$07 

ecipoo 

cross-connected. This type of feedback 
minimizes differential variations between 
the two sides of the push-pull amplifier. 
The feedback elements between T8 and 
T1' are 10,000 and 20,000 ohms. 
Negative voltage feedback also is 

employed to control voltage gain. This 
is accomplished - through feedback used 

300 000 

20,000 

2 MEG 

100,000 

25 100,000 
2 MEG 

varying its position along the cathode 
resistor of 7'2. Potentiometer R20 has a 
wide range of control, and it is mounted 
on the chassis of the instrument for 
adjustment only during service and 
maintenance. Potentiometer R17 func-
tions as a vernier on R20, and is mounted 
on the front panel for use as a spot-
position or pattern-centering control. 

Negative voltage feedback is employed 
to vary the voltage gain, to stabilize the 
voltage gain, to reduce drift, to broaden 
the frequency response, and to reduce the 
effective output impedance of the unit. 
One feedback circuit extends from the 

plates of the output tubes to the plates 
of the input tubes. To obtain the proper 
polarity for negative feedback, the two 
balanced sides of the amplifier must be 

I2J5 

25,000,, 

independently on each phase of the 
balanced unit. Tg feeds signal voltage 
back to T4, and Tg feeds back signal to 
T5. S2 is a two-section gang switch that 
controls the feedback simultaneously on 
each channel. Positions are provided for 
voltage gains of 1,000, 2,000, and 5,000 
times. 

Since the interstage coupling elements 
7'2, Tg, T6, and T7 are the most likely 
single sources of instability in the ampli-
fier, their internal characteristics are 
kept as nearly constant as possible by 
operation of their heaters from a regu-
lated d-c source. This precaution has 
been found to contribute greatly to the 
freedom from drift. In this connection, 
also, it was found highly desirable to 
employ commercial precision resistors for 

the plate load resistors of the coupling 
tubes because of their low temperature 
coefficient of resistance. 

Inasmuch as the input stage receives no 
compensation of any type, and to reduce 
a-c ripple in the amplifier output, the 

heater of this tube also is operated from 
a d-c source. 
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Power for the complete amplifier is 
supplied by three separate rectifier-filter 
systems. The output of each system is 
controlled by an electronic regulator. 
The first system has an output of +200 
volts. The second system furnishes regu-
lated power for operation of all heater 
circuits that require d-c operation. The 
third system has an output potential of 
—400 volts for operation of the amplifier. 
The amplifier was designed for direct 

deflection of a type 51.1)5 cathode-ray 
tube that is operated with a second-anode 
potential of 1,000 volts and an intensi tier-
electrode potential of 2,000 volts. Insta-
bility and drift cannot be observed on the 
screen of the tube. 

G. Robert Mezger, A Stable Direct-coupled Amplifier, 
Electronics, July, 1014, p. 106. 

Grounded Input and Output for D-C Amplifier 

CERTAIN industrial control applications 
of d-c amplifiers require that the con-
trolled unit, a motor, solenoid, or heater, 
be operated at ground potential. A 
method of obtaining such operation with 
a two-stage d-c amplifier is shown. It 
uses a cathode-coupled output circuit 
with a series voltage-regulator tumbe to 
reduce degeneration. High amplifica-
tion of alternating, steady, or slowly 
changing voltages is provided. 

Using one VR150, a load current of 30 
milliamperes can be handled. Two or 

more tubes can be paralleled for higher 
current or, if division of the load between 

the VR tubes cannot be made equal, ,a 
thyratron can be used. Capacitor C5 may 
be required to improve operation at 
audio frequencies. Parasitic oscillation 
is prevented by resistor R2 and capacitor 
C2. Tubes having higher anode current 
capabilities can be used in place of the 
6A3 in the output stage for devices re-
quiring large currents. 

Operating Circuits with Grounded Loads, Electronic 

Industries and Electronic Instrumentation, February, 

1947, p. 7. 
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High-sensitivity D-C Amplifier with Stabilized A-C Power Supply 

Tins amplifier is designed to measure 
very small currents or voltages from a 
high-impedance source. Special features 
incorporated are increased linearity, good 
stability, and a regulated power source. 
The input tube of the amplifier was 

carefully selected, as low grid current is 
necessary and high amplification is de-
sirable. Of many tube types tested, 
the miniature tube 1211E6 was found to 

followed by a cathode follower as the last 
stage. For stability, the tubes are heated 
from the regulated power source. 
The sensitivity is changed by a Shall-

cross No. 4765 switch in which the 
Bakelite base plate has been replaced by 
one of polystyrene. Zero adjustment is 
made by means of Ri. The meter to-
gether with the series resistor R7 forms a 
1.0-volt meter. 

of the resistors and of the characteristics 
of T6. To minimize these effects, the 
resistors, particularly those in the bleeder, 
‚vele Advance-wire wound. If it should 
be desirable to increase the stabilization 
still further, the power supply and the 
amplifier would have to be placed in a 
constant-temperature chamber. 
The stabilization ratio is greater than 

25,000. If slightly reduced performance 
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be the most suitable. It has a grid cur-
rent only slightly higher than that of 
special electrometer tubes and at the same 
time it has the advantage of a high ampli-
fication factor in addition to being gener-
ally available and much less expensive. 
At the most satisfactory operating 

point, the plate voltage is 12 volts, the 
screen voltage (grids 2 and 4) is approxi-
mately 7.5 volts, and the control grid 
(grid 3) is negtively biased to 2.5 volts. 
Grids 1 and 5 are connected to the cath-
ode. The heater current is reduced to 
105 ma. Under these conditions, the 
grid current is about 10-13 to 10-'4 
ampere and the amplification factor is 
between 200 and 300. The tube must be 
well shielded from light and coated to 
prevent surface leakage. 
The amplifier circuit is based on an 

amplifier described by Roberts. Three 
stages of voltage amplification are used, 

The input tube is washed carefully with 
absolute alcohol and dipped into poly-
styrene lacquer. It must be well shielded 
against stray pickup and light and pro-
tected from sudden temperature changes. 
It is preferable to mount the input tube 
inside an evacuated vessel. A polystrene 
tube socket is used for it, and all input leads 
are insulated by means of polystyrene. 

Capacitor C is used to quench oscilla-
tions. Depending on the layout, it may 
be necessary to change the connections 
and/or size of this capacitor to suppress 
oscillations. 

All supply voltages are obtained from 
the regulated source, which is powered 
from the 115-volt a-e line. The filaments 
of the regulator tubes in the source as 
well as the filaments of the tubes in the 
amplifier form part of the bleeder. 
The limiting factors of the stabilization 

obtainable are the temperature variations 
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can be tolerated, the battery may be 
eliminated and the grid of T6 returned to 
the mid-point of a 100,000-ohm resistor 
connected across T8. The stabilizer cur-
rent through the milliammeter is adjusted 
by varying R0, and it should be set to 
operate at 135 ma. 

After preliminary adjustment of the 
power source, it and the amplifier should 
be allowed to run for 24 hours. During 
this baking period the tube characteristics 
will largely stabilize. Final adjustment 
can then be made. If the instrument is 
to be used continually, it is best to operate 
it 24 hours a day as there tends to be a 
small drift during the first 2 hours of 
operation. Variation in line voltage of 10 
per cent has a negligible effect. 

II. S. Anker, Stabilized D-c Amplifier with High. 

Sensitivity, Electronice, June, 1947, p. 138. 

Sensitive Low-drift D-C Amplifier Using Cathode-control Circuits 

HIGH sensitivity and stability, negligi-
ble zero drift, low noise level, and flat 
frequency response up to at least 12 ke 
are features of this a-c operated (1-c 
amplifier circuit. A cathode-control am-

plifier eliminates slow drifting such as is 
caused by changes in ambient tempera-
ture, while gaseous discharge coupling 
tubes enable cascade stages having a gain 
of about one million to be operated from a 

single 250-volt regulated power supply. 
Input resistance may be any value from 

zero to several megohms. Both input 
terminals are normally at low potential, 
with one grounded. Both voltage and 
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current output terminals are available 
simultaneously. Current output is +5 
milliamperes, and voltage output is 4180 
volts peak from a balanced output circuit. 
Thus an Esterlinc-Angus 5-milliampere 
recorder may be used, or a 4-inch pattern 
may be produced on a cathode-ray tube 
having a deflection sensitivity of 40 volts 
per inch. Full rated output is obtained 
for an input of 0.35 to 10 millivolts. 
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the first section will be nearly independent 
of heater voltage fluctuations over a wide 
range. The cathode-control circuit is 
equally effective in overcoming the effects • 
of ambient temperature variations and 
other changes common to both portions 
of the common cathode. 
A degenerative type of cathode-control 

circuit is employed in the next amplifier 
stage. Here e is made very small but not 

DEGENERATIVE 
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The output stage is balanced in a for-
ward-acting manner through R39 and Rio 
and errors in resistance values and differ-
ences in tube constants are reduced 
through the degeneration caused by 
R41 and R42. Resistance R38 is used to 
obtain the proper (l-c bias on T16. Using 
resistances with +10 per cent tolerance 
for R39, R38, and Re and resistances with 
+2 per cent tolerance for R36, R37, R412 

DIRECT- COUPLED 
VOLTAGE AMPLIFIER 
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Transconductance is variable from 14 
iiilios to 0.50 mho. Voltage gain is 
variable from 72 db to 102 db. The over-
all voltage feedback is varied from 15 to 
45 db. Uniform response is obtained 
from direct current to 12,000 cps or 
20,000 cps (depending upon the sensitivity 
setting) from a low-impedance source. 
Noise level is 4 microvolts peak or roughly 
1 microvolt rms with the input shorted, or 
16 microvolts peak with input resistance 
equal to 0.5 megohm. The amplifier is 
independent of line voltages greater than 
94 volts when used with a good regulated 
250-volt power supply. 
The cathode-control amplifier used to 

overcome drift uses a tube having two 
sections arranged around a common 
cathode. The first section functions as 
an amplifier, and the section serves as a 
control section. Plate-circuit resistor Rie 
is made large compared with the internal 
plate resistances, under which condition 
the voltage e across R17 and Rle will be 
zero for R18 equal to 1/g2, where g2 is the 
transconductance of the second section. 
The result is that the amplifier employing 
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quite zero. The plate resistor is omitted 
and the grid connection for the second 
section is moved to the plate-voltage-
divider network, but the operation is 
otherwise the same as for the balanced 
cathode-control arrangement. 

Interstage coupling is achieved with a 
cold-cathode glow tube, which functions 
as a constant-voltage device for currents 
as small as 10 microamperes. This 
permits use of a grid resistor as large as 2 
megohms, with a grid bias of only about 
40 volts. The bias is made up in the 
cathode circuit. It is possible to view the 
gas tube as a blocking capacitor that 
functions right down to direct current. 
The transmission index of this circuit is 
very nearly unity, and by a proper 
alteration it can be made to function over 
almost any desired frequency band. 
The selector switch in the cathode of 

the first stage is the gain control. The 
third stage, which employs three tubes, 
is a form of direct-coupled voltage 
amplifier. Tube T13 is used to obtain a 
low-impedance 40-volt drop in the cathode 
of T,2. 
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and R47, the output stage is balanced 
within 2 per cent. The switch in the 
cathode circuit of T15 and TH is used to 
connect an external current load in either 
of the two possible phases, or to connect 
an internal current meter into the circuit 
for the purpose of lining up the amplifier. 

It is necessary to shield low-level leads 
adequately, to provide good ventilation, 
and to use low-temperature-coefficient 
resistors at points where small variations 
in resistance values will cause noticeable 
amplifier drift. There are few points in 
this circuit where the tolerance on 
resistance values need be less than ±10 
per cent, but there are numerous points 
where small variations in resistance during 
operation of the instrument will cause 
noticeable zero drift. In particular, it 
was found necessary to use Advance-wire 
resistances for the following: Rie, R19, R21, 
R22, R24, R45, R46, R47, and R49. Tubes T8 
and T2 were mounted on sponge-rubber 
cushions to eliminate microphonic effects. 

Stewart E. Miller, Sensitive D-C Amplifier with A-C 

Operation, Electronics, November, 1911, p. 27. 
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High-gain Direct-coupled R-F Amplifier for Boosting Output of Signal Generator 

THE output of the average r-f signal gen-
erator can be boosted tremendously with 
this high-gain direct-coupled amplifier, as 
required for such applications as measur-
ing antenna resistance with a bridge. 

An amplifier for this purpose should be 
completely shielded and nonoscillating. 
It is advantageous to have a low-imped-
ance output to match the low-impedance 
cables furnished with the bridge. The 
circuit shown meets all these specifica-
tions. The reason for making it direct-
coupled is that this does away with all 

untuned circuits between the 61(7 and 
the 2A3, allowing the 61(7 to produce a 
relatively high gain. 

If it is desirable to have a constant 
output impedance, the output voltage of 
the amplifier may be varied by detuning 
the tuned circuit. No values am shown 
for the tuned circuit as its values depend 
on the frequencies over which the am-
plifier will be used. 

Earle Travis, Direct-coupled R-F Arnplifier, Elec-

tronics, December, 1946, p. 154. 

Regenerative D-C Amplifier as Spike-pulse Generator 

Tills circuit generates two sets of 
sharply peaked waves 180 degrees out 
of phase with each other, which have any 
desired phase relation with respect to 
the a-c line voltage, as required for cur-
rent or timing control in welding circuits 
and other applications of gaseous tubes. 

If in the circuit shown the grid bias 
V, is sufficiently negative, T6 will not 
conduct, and T5 will pass a plate current 
determined principally by the plate-
supply voltage and the sum of the re-
sistances of RI, R2, and Rs, since the bias 
on this tube is now zero. If the grid of 
Tg is driven in a positive direction now, 
Tg begins conducting at about —20 volts 
on the grid, ancl the resulting plate-
current flow through R4 produces a 
voltage drop that drives the grid of T5 
negative with respect to its cathode. The 
resulting lower plate current of T5 

lowers the plate-current flow through RI, 
since the contribution made by T6 to 
this cathode-resistor current is negligibly 
small. Thus for each small change in the 
bias voltage V, there is a larger change in 
the voltage drop across R1 and therefore 
a still larger change in the grid-cathode 
potential of OEIOE,, giving the desired re-
generation. By proper choice of the 

coupling or feedback resistance RI, the 
feedback can be made so great that 
current through T5 falls suddenly and 
discontinuously \vhen bias V, is driven in 
a positive direction to a critical value, and 
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the current does not return to its original 
value until this bias has been made 
definitely more negative. 

Resistance R5 may be as large as 100 
megohms, and hence may be a phototube 
used also to introduce the control signal 
VQ. Another possibility, suitable for a 
welding control circuit, involves making 
feedback resistance Ri equal to 1,100 
ohms, which makes the critical voltage 

V„, equal to —7 volts and makes V„ — 7 
volts. Under these conditions the bias 
voltage may be replaced by a simple 
power transformer having a peak voltage 
in excess of 7 volts. This makes the plate 
current through T5 a nearly perfect 
square-top wave that is in exact syn-
chronism with the incoming a-c signal 
for any frequency over a wide range. 
Sharply peaked waves, 180 degrees out of 
phase with each other, can now be ob-
tained from points A and B by virtue of 
resistor-capacitor coupling through C3-R7 
and Ca-Rs, respectively. 

Additional windings on the grid trans-
former can provide power for the optional 
resistance-capacitor phase shifter shown 
on the diagram, so that the grid-trans-
former primary voltage can be shifted 
over a range of 180 degrees with respect to 
the line voltage by varying the total value 
of R,, from zero to infinity. This re-
sistance can be several different sizes of 
rheostats in series, to permit precision 
control of phase as required in many 
welder timing applications. 

Wayne B. Nottingham, An Electronic Circuit to 

Control Intensity anil Timing of Power for Spot 
Welding, Rev. Sri. Ineteumenlx, June, 19.13, p. 161. 

Direct-current Amplifier for Automatic Bias Control of A-F Output Stage 

HERE is a method of obtaining auto-
matic bias control for the grids of the 
output tubes of an audio amplifier, to 
combine the advantages of fixed bias 
with the reliability and ease of operation 

of self-bias. A pair of type 2A3 triodes 
will deliver 15 watts with extremely low 
distortion and 35 watts with distortion low 
enough to be unnoticed on short peaks if 
this automatic bias control is provided. 

It makes use of a novel form of d-c ampli-
fier to set the grid-bias voltage to such a 
value that the plate current of the output 
tubes is held to the proper value. 
An increase in plate current increases 
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the voltage drop across the 15-ohm 
resistor in the lead from the filament 
center tap to ground, driving the grid of 
the right-haml OFSOEG more negative with 
respect to its cathode and reducing the 
plate current drawn through the upper 
1-megolim resistor by this tube. As a 
result there is less voltage drop across the 
upper 1-megohm resistor, the grid of the 
left-hand MG swings more positive, 
this tube draws more plate current 

RIAS 
CONTROL 
LINE 

-15V 

-200 V 

A-F OUTPUT STAGE 

2A3 

8 MEG 

TO LOUD. 
SPEAKER 

FIL 
WINDING 

350V 

15 

through the 100,000-ohm resistor to in-
crease the voltage drop across it, and the 

bias control line swings more negative 
from its minus 15-volt quiescent value. 
The increase in output stage plate cur-
rent thus produces an increase in negative 
bias on the stage, as desired. 

Lincoln Walsh, paper presented at Rochester Fall 

Meeting, 1910, awl abstracted in Electronica, Decem-

ber, 1910, p. 24. 
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Radium-type Vacuum Gage Using Roberts D-C Amplifier Circuit 

GAS molecules are ionized by alpha 
particles from a pellet of radium, in linear 
relation to gas pressure, and the resulting 
ion current is collected and measured with 
this special high-gain cl-c amplifier cir-

IONIZATION 
CHAMBER 

100 
MEG Fe, 

5.5V 

10,000 
MEG 
R, 

6-4B 
BALLAST 

6X5GT 

esses, with scales of 0 to 100 microns, 
0 to 1 mm, and 0 to 10 mm. 
At pressures above about 25 min the 

recombination of ions produced in the 
chamber becomes appreciable and line-

10-WIRE CABLE 

20,000 

20,000 
0-

RANGE SWITCH 

10,000 VR ISO 

ADJUST SO/  , 
REG TUBE '-
DRAWS 002 

- AMP 

ROIARY POWER SWITCH 

cuit using an acorn tube and having up to 
101' ohms input resistance. 
Use of the ionization effect in the high-

pressure range avoids lag in readings. 
There is no filament to burn out and no 
filament current to set and maintain in the 
gage itself, no degassing to be done when 
the gage is turned on, and no fragile parts. 
The three ranges cover linearly the inter--
val between 1 micron and 10 millimeters 
required in a number of industrial proc-

0.1 MEG 

20,000 

ZERO ADJUST 
SWITCHES 0-200 

25,000 

50,000 

6K5GT 

0 

RANGE IV 
SWITCH 

22.5V 

50,000 

ali ty is lost, although the gage may be 
calibrated for pressures up to and beyond 
atmospheric. 

Tite essential features of the radium-
type vacuum gage are (1) the vacuum 
chamber, a brass shell with suitable 
vacuum-tight insulators and provision 
for making connection to a vacuum 
system; (2) the radium source, contain-
ing approximately 200 micrograms of 
radium, sealed to prevent radon loss, and 

in equilibrium with its immediate decay 
products; (3) ion-collector electrodes, 
with a plate electrode being used to 
produce :un electric field for ion collection, 
and a grid essentially at ground potential 
to minimize the effect of electrical leakage 
across the input insulator; (4) a suitable 
means of measuring the minute ion cur-
rent produced. 
The Roberts high-gain d-c amplifier 

circuit is used, with a type 954 acorn tube 
in the first stage. The simplicity of the 
amplifier depends upon realizing compara-
tively high voltage gain in the first stage. 
The second stage is degenerative about 
3 to 1, and the over-all gain must be kept 
up. 

It was discovered that the signal could 
be applied to the control grid on the type 
954 and that a low inherent grid current 
could still be obtained with appreciable 
gain if a proper value of screen voltage 
were chosen. 

Since the battery drain under the worst 

conditions can only be 400 microamperes, 

the life in this application is practically 

shelf life. Regulated cl-c power is sup-

plied to the amplifier. 

Sufficient control of the partly limited 

emission ill the first stage is obtained by 

an ordinary current-regulator tube. To 

accomplish this, ttvo filament windings are 

connected to give 11.3 volts alternating 

current, and this is fed to the 6-4B 

regulator. The regulator is then loaded 

with a 10-ohm resistor to provide the 

operating value of heater supply to the 

954. In use, a properly operating regu-

lator overcompensates slightly for changes 

in line voltages so that the net zero shift is 
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only 1 to 2 per cent on the highest sensi-
tivity scale, in a direction opposite to that 
of a line-voltage change of I() volts. 
A rotary power switch permits warm-

up before operation and ensures that 
the battery is disconnected in the Off 

position. 
In the 6KfiGT second stage, a 0.05-OEuf 

capacitor serves to remove the ghost 
flutter of the output meter needle on 
highest sensitivity. 
A pushbutton Operates the ion dis-

connect relay in the probe so that the 
amplifier may be zero adjusted by the 
control provided. Sensitivity ratios of 
10 to 1 and 100 to 1 are obtainable with 

the final control on the front panel. 
When set to range I (10 mm full scale), 
this control operates the switching relay to 
connect a 108-ohni input resistor in the 
954 grid and simultaneously selects a 
3,000-ohon adjustable Ro. On ranges II 
and (1.0 and 0.1 min full scale) the 
value of R1 is 10 10 ohms, while 25,000-ohm 
and 3,000-ohon potentiometers, respec-
tively, are used for Ro. These variables 
are necessary to allow for manufacturing 
tolerances in R1 and in the radium sources. 
They are adjusted under operating condi-
tions to read the gage in ion current as air 
pressure directly. 
The fourth range is obtainable by 

using the Ro value for range II with a 
value of 108 ohms for RI. A switch on 
the rear of the chassis operates the switch-
ing relay for this function, and is also 
used while adjusting for the limper value 
of screen-grid voltage. 
Another switch operates the disconnect 

relay, making it unnecessary to hold the 
zero-set pushbutton depressed during ad-
justment procedures. Finally, two more 
controls, a coarse zero adjustment and a 
screen-grid-voltage adjustment, complete 
this flexible amplifier. 

Glenn L. Mellen, Radium-type vacuum Gage, Eler-

ironies, April, 1946, p. 142. 

Crystal-driven Signal Chopper for D-C Amplifiers 

OSCILLATOR 6SK7 2.0 

0-C INPUT 
SIGNAL 

1.5 V 

CARBON 
BUTTON 

1.5 V 

6V6 

'r 125 V I 000 CPS 
CRYSTAL DRIVER 

ONE solution to the problem of drift 
of the zero-signal point in a sensitive d-c 
amplifier due to unavoidable changes in 
supply voltages, circuit constants, and 
tube characteristics is to impress the d-c 
signal on a high-frequency a-c signal in 
such a 'manner that the resultant ampli-
tude of the combination signal is propor-
tional to the instantaneous value of the 
incoming signal. The modulated 
signal is then amplified and rectified at 
high level to obtain a d-c voltage or cur-
rent proportional to the original d-c 

j, CHASSIS 
GROUND 

BAND-PASS AMPLIFIER 

The circuit for achieving this uses a 
carbon-microphone buttoir mechanically 
coupled to a Rochelle salt crystal that 
receives excitation from a 1,000-cycle 
oscillator. Construit oscillator output 
is obtained by use of a 3-watt tungsten 
lamp in the cathode of the first stage. 
The signal to be amplified is applied to 
the input transformer through the carbon 
button. Conversion of the d-c input to 

an a-c signal is accomplished by the car-
bon button due to the continuous vibra-
tion of the Rochelle salt crystal to which 
the button is mechanically coupled. This 

D-C 
OUT°UT 

0.003 

11,000H 
0.006  

0.003 

+300V 

1,000H 

SIGNAL 
RECTIFIER 

6H6 

+ 300V 

300,000 

action results in a loss in signal of about 
3 to 1 between the d-c input and the 
primary of the input transformer. A 
step-up ratio in the transformer of about 
30 to 1 compensates for this loss and 
results in an over-all gain of approxi-
mately 10 to 1 between the d-c input 

terminals and the grid of the first tube. 
The calibration system consists of a 

ladder network supplied by a 1.5-volt 

battery, with a switch for reversing the 
polarity. The calibrating voltage ap-
pears across a 2-ohm resistance in series 
with the input, and it is continuously 
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adjustable over the entire range of the 
amplifier. A duplicate calibration system 
may be used as shown to balance out any 
steady d-c potential that may be present 

in the input. 
The a-c signal resulting from the action 

of the converter is amplified by a three-
stage band-pass amplifier. The response 

of the amplifier used is flat within ±0.5 
db from 900 to 1,100 cycles, making 
possible observation or recording of 

signals from 0 to 100 cycles. This pass 

band might be extended if a higher 
frequency response were desired. The 
carrier signal is effectively eliminated by 
a low-pass filter having a cutoff frequency 
of 150 cycles and an attenuation of 70 db 
at 1,000 cycles. The output filter oper-
ates into a 500,000-ohm load. A gain con-
trol and step attenuator are included in 

the amplifier, to provide for a wide range 
of input levels. 
The instrument was used satisfactorily 

in making field measurements of signals 

Direct-current 

Is the psychogalvanometric circuit 
illustrated, the resistance between two 
electrodes pressed against the skin of a 
person forms one arm of a low-voltage 
bridge circuit that is normally adjusted 
to balance, and the two-stage direct-
coupled amplifier detects the amount of 
unbalance caused by changes in the re-
sistance of the skin during questioning. 
Rheostat R2 is used to adjust the voltage 
applied to the electrodes, while R1 serves 
merely as a comparison resistor used to 
simulate an external electrode circuit 

for Amplifier 

INPUT JACK 
FOR 

ELECT ROD ES 

ranging in level from 2 microvolts to 30 
millivolts and varying in frequency from 
0 to 100 cycles. No zero shift was 
observed. 
For use on the high-sensitivity range, 

it ‚vas found necessary that the input 
tube and the crystal driver be properly 
cushioned to prevent microphonics and 
that adequate shielding be employed. 

James A. Williams, Crystal-driven Modulator for 
D-C Amplifiers, Electronics, December, 1945, p. 128. 

Lie-detection Applications 

during adjustments. The screen voltage 
of the first tube should be adjusted so that 
the milliammeter in the plate circuit of the 
output stage goes to zero when the input 
circuit is opened. A voltage stabilizer 
across a portion of the power-supply 

voltage divider reduces degeneration. 
Sensitivity is sufficient to produce 0.01-
ampere changes in output current during 
the emotional change accompanying the 
telling of falsehood by an average person. 

Electronic Aids in the Biological Sciences, Electronic 
Industries, August, 1943, p. 86. 
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Electronic Contactor Operating from Radio-frequency Carrier Signal on Power Line 

. A COLD-CATHODE tube here responds to 
the presence of an r-f carrier signal on a 

power line to cause relay operation. Re-
sistors R1 and R2 are proportioned so that 

the igniter electrode will normally be 

maintained below its firing potential. 

The control contacts Si, when closed, 

raise the igniter potential by means of 

paralleling resistor R3 and fire the tube. 

A relay current of 25 ma is usually maxi-

mum for this type of tube. 

As soon as the control contacts are 

opened, the igniter is returned to its 

original potential, and the tube will cease 

firing on the first a-c supply cycle that 

makes the anode of the tube negative to 

the cathode. In all relay circuits where 

alternating current is used and the tube 
acts as a half-wave rectifier, the relay is 

subjected to half-wave pulses and must 

either be a fully shaded pole a-c type or 

must be paralleled with a suitable filter 

capacitor to smooth out the half-wave 
pulses and prevent chattering. 
A 110-volt a-c supply being assumed, 

the peak anode-cathode voltage would be 
154 peak volts and the igniter electrode 

should be maintained at approximately 
60 peak volts to prevent firing. To en-
sure ignition for run-of-the-mill tubes, 
this potential should be raised to 90 peak 
volts when control contacts Si are closed. 

If Ri is 150,000 ohms and R2 is 100,000 
ohms, the additional current required 
through R2 to raise the igniter to the 

firing potential of 90 peak volts will be 
0.0003 ampere. This additional current 
would be obtained through resistor R3 and 

would have to pass through control 

contacts Si. 
Increasing the values of resistors R1 and 

R2 would reduce the control-current 
requirements proportionally, but their 
values cannot be made too large because 

the igniter current required to fire the tube 

Cold-cathode Circuit for 

ADDITION of a tuned circuit to a con-
ventional cold-cathode gas-triode circuit 
provides a r-f-controlled relay having 
many practical uses. The high-Q tuned 
r-f circuit formed by L and C is designed 
to resonate at the carrier frequency 
employed, the carrier here being applied 
to the a-c power line so that this control 
unit can be plugged into a wall outlet 

anywhere in a building to pick up the 

control signal. 

LINE 

Hot-cathode Thyratron 

MICROAMPERES applied to the input 

of this simple circuit can control amperes 
of current at the relay contacts, with 
ample current available for relay opera-
tion. The smaller thyratrons can easily 
supply 100 milliamperes, and more re-
lay current can be had by using larger 

tubes, such as the RCA 3D22 rated at 
0.75 ampere. 

Bias is supplied to the grid by the 6.3-
volt filament transformer T1, and pre-

vents the tube from firing. When control 
contacts Si are closed, the grid is returned 

is appreciable (approximately 100 micro-
amperes), and an excessive voltage drop 
through RI, when the tube fired, would 
cause unstable operation. To supply 

the 0.0003-ampere control current, R3 
would require a value of 413,333 ohms. 
Disadvantages are the necessity for 

handling rather high potentials in the 
control circuit and the limitation of the 
relay current to 25 milliamperes. 

W. D. Maegeorge, Electronic Contactors for Control 
Applications, Electronic, April, 1946, p. 186. 

Switching with R-F Carrier Current 

With no radio-frequency signal, the 
igniter is maintained below its firing po-

tential by the voltage divider R1-R2; if 
an r-f carrier of the proper frequency 
appears across the line terminals, an r-f 
voltage will appear across L and supple-
ment the existing igniter cathode poten-

tial sufficiently to fire the tube. 

0A40 CONTROLLED 
CIRCUIT 

W. D. Macgeorge, Electronic Contactors for Control 

Applications, Electronics, April, 1946, p. 186. 

Circuit for Use as Electronic Contactor 

to the cathode, the bias is removed, and 

the tube will fire. 
The rms current flowing through the 

control contacts is given by the expression 
6.3 volts/(R1 -I- R2). If we assign a value 
of 2 megohms to R1 + R2, the con-

trol current will be 6.3/2 X 106, or 3.15 
microamperes. Even lower currents are 

possible under certain conditions. 
Resistor R1 is placed in series with the 

grid to prevent any possible damage to 
this element due to the accidental connect-
ing of a large external voltage source to 

77 
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contacts Si. A value of 50,000 ohms is 
usually adequate. 

Capacitor (11, shown in dotted lines, 
may be connected across R2 to improve 
the phasing of the circuit and to enhance 
its snap-acting qualities. The addition 

of C1, although its value is usually quite 
small, will increase, the control-current 
requirements slightly. A capacitance 

value of 0.001 OEuf in parallel with a 
2-megohm value of R2 would permit a 
control current of 3.9 microamperes to 

flow if the bias supply has a potential 
of 6.3 volts. 

The circuit has one disadvantage. If 
its installation is not properly supervised, 
a short circuit or high grid potential may 
result. This difficulty results from the 

fact that one of the control contacts is 
connected directly to the supply line, and 
if the other one becomes grounded trouble 

may result. To avoid this difficulty, a 
transformer may be used for isolation from 
the a-c line. 

W. D. Macgeorge, Electronic Contactors for Control 

Applications, Electronics, April, 11t16, p. 186. 

Universal Electronic Relay for Control Applications 

Tiffs triode amplifier circuit can be 
inserted between a sensitive contact-
making device and a power relay handling 
up to 1,000-watt inductive loads or up to 
1,800-watt noninductive loads. It will 
operate from either 115-volt a-c or d-c 

lines; it draws less than 30 watts of power 
and is designed for extreme flexibility 
and simplicity in industrial and other 
applications. 

The control circuit functions at a 
maximum potential of 6.5 volts, mini-
mizing erratic operation due to capaci-

INPUT 

115V 
A-C 

I2J5GT 
GM 

E63 CAB 
RELAY 

Trigger Circuit and Two-path Amplifier 

ELECTRONIC switching is provided here 

by a vacuum-tube trigger circuit con-
nected to a two-path amplifier in such a 
manner that one or the other amplifier 
tube is rendered inoperative by the high 
biasing voltage obtained from the plate 
resistors of the trigger tubes and applied 
to one grid of the tunplifier tube. If the 

triggering impulse is obtained from the 
sweep oscillator, the circuit is triggered 
during each return sweep of the fluores-
cent spot. The two amplifier tubes thus 
amplify during alternate sweeps, and 
the signal voltages are traced on the screen 
during alternate sweeps. 

Herbert J. Reich, An Electronic Switch for the 

Simultaneous Observation of Two Waves with the 

Cathode-ray Oscilh,graph, Rev. Sei. Instruments, 
April, 1911, abstracted in Electronics, July, 19,11, 
p. 75. 

1,000 (10W) 
FOR 0-C 
ONLY; 
SHORT 
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A-C 

LOAD 

tance between leads or due to dampness of 

insulation on the input leads. One 
control terminal and one load terminal 
am at ground potential when the load 
relay is open, if the line-cord plug is 

inserted in the wall outlet in such a way 
that the pilot lamp does not light. 
Sensitivity may be adjusted over wide 
limits by substituting a rheostat for the 

50,000-ohm resistor in the input circuit. 

Lester F. Boss, Universal Electronic Relay, Elec-

tronics, May, 1912, P. 68. 
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Two-thyratron Gate Circuit for Electronic Counters 

Two thyratrons here provide a simple 
electronic switching circuit by means of 
which a succession of pulses derived from 
a given circuit may be used to turn an 
amplifier stage on and off in any applica-

tion where pulses are to cause sequential 
operation of another circuit. In the 

particular application presented here, 
the amplifier, or gating circuit, is placed 

between an oscillator and an electronic 

counter of a chronograph used for 
measuring the time of flight of projectiles 
between two solenoids. Passage of the 

magnetized projectile through the first 
solenoid produces the initiating pulse 
that unblocks the amplifier, allowing a 
100-ke crystal-controlled oscillator to 
feed the counter. Passage of the pro-
jectile through the second solenoid pro-
duces the terminating pulse that blocks 

TO DEFLECTING 
PLATES 

+350V 

the amplifier, stopping the counter at a 
number from which the velocity of the 
projectile can be determined. 
The pulses employed for gating must be 

suitably altered in shape by a wave-
shaping network that ordinarily includes a 

series of amplifier stages, a clipping cir-
cuit, and a differentiating circuit. The 
first pulse from the shaper with a +30-
volt positive crest ignites thyratron T1, 



ELECTRONIC SWITCHING CIRCUITS 79 

the control grid of which is biased to 
—30 volts, but fails to ignite thyratron 
T2, whose grid potential is —82 volts. 
When 7'1 fires, its cathode potential 
jumps to +73 volts, which after a time 
delay through R3 and C3 biases the grid 
of 7'2 to —32 volts so that the second 
pulse of +30 volts from the shaper can 
ignite the second tube. Voltages before 
Ti fires are indicated in parentheses, 
voltages after ri fires are in boxes, and 
voltages after both 7:1 and 72 have fired 
are in brackets. 
Tubes T1 and 7'2 are gas thyratrons, 

such as type 2050 or type 2051, that, once 
fired, continue to glow until plate voltage 
is removed by opening the reset switch. 

The neon lamp indicates the condition of 
the circuit by glowing when the circuit is 
reset and is ready to function. 
The conditions at the grid of vacuum 

tube T3 are such that, before 7'1 has 

ignited and after 7'2 is ignited, the voltage 
is sufficiently negative to prevent ampli-
fication in 7'3. When Ti has ignited but 
before T2 has ignited, the grid voltage is 
sufficiently positive to permit amplifica-
tion. R3 and C3 should be designed to 
give the desired delay so that the control 

grid of T2 will become armed, or ready to 
be operated, after the proper time 

interval. 
In the case of the chronographs used 
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should be about 0.001 second; therefore 
values of R3 and C3 should yield a time-
constant product of R3C3 = 1,000 micro-
seconds. 
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for measuring time of flight of projectiles, 
a preferred coil spacing is, say, 30 feet, 
so that a 3,000-foot per second velocity 
will exhibit a time of flight of 0.01 second, 
or 1,000 cycles of the 100-kc oscillator. 
The arming time under this condition 

20,000 // 
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250,000 

-150 V 

(-57) F-1-"E 3 

T3 

+300 V 

OUTPUT TO 
COUNTER 

INPUT FROM 
OSCILLATOR 

Capacitors C1 and C2 may be any suit-
able size, depending upon the shape of the 
pulse. 

L. B. Tooley, Gate Circuit for Chronographs, Elec-

ironies, May, 1946, p. 144. 

Thyratron Booster Circuit for Sensitive-contact Applications 

WHERE irregularities in the operation of 

equipment are due to surface corrosion 
films on critical contacting surfaces, this 
booster-relay thyratron circuit can be 
used advantageously. The transformer, 

rectifier, and filter provide a steadier 
operating condition for the thyratrons 
than could be obtained with a straight a-c 
operation. Shorting of the three input 
terminals by an object moving under 
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80 
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Carrier-actuated Relay for 

WilEisr connected to the grid of the 
squelch tube in an f-m receiver or to an 

appropriate point in any other receiver, 
this simple double-triode electronic switch 
will pull in the relay when a signal is 

received. The relay contacts can be 
connected to control an alarm bell and 
indicator lights, to turn on an automatic 

TO CRC OF 
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TUBE 

400   

0.5 
MEG 

INPUT 

884 

OUTPUT 

I  
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them, such as a metal float moving under 
wire-contact fingers on a waterway, 
grounds the grids of the thyratrons and 
thereby makes them conducting, oper-
ating the relays and causing correspond-
ing positive connections between output 
leads. 

Eugene H. Woodman, Electronics Aids Waterway 

Development, Electronics, September, 1945, p. 120.. 

Automatic Relay Transmitters and Alarms 

relay transmitter, or to turn on any 
other circuit or device that is to be con-
trolled as a function of a received signal. 
Basically the circuit is a two-stage il-c 
amplifier. 

Motorola Installation Instructions for Relay Re-

ceiver Adapter Kit, Model K-8348. 

Strobotron Circuit for Starting Mercury-arc Rectifiers and Ignitrons 

A SATISFACTORY method for starting 
mercury-arc rectifier tubes in such appli-
cations as half-wave welding circuits, 

shown here, uses a strobotron cold-
cathode gas-filled control tube in con-
junction with a spark coil to start the 

main discharge by impressing a high 
potential momentarily on the external 
starter band of the rectifier tube. 
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A 3-µf capacitor is quickly discharged 
into the spark coil at the instant that the 
potential on the inner grid of the strobo-

1 
A C 
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 .A.A.A.AAA.Ar  

MERCURY-
TUBE 

cOE, 
C OE 0 
0 0 

SPARK COIL 
PEAKING TRANSFORMER--

3 

tron reaches its critical value. The high 
voltage from the spark coil starts a 
cathode spot at the junction of the 

25,000 

5,000 

75,000 

° 

+300V 

STROBOTRON D-C 

J4000  

PHASE SHIFTER 

mercury and the glass. At the end of the 
half cycle the tube goes completely out 
but is restarted at the desired portion of 
the next cycle by another surge of voltage 
from the strobotron circuit. The phase-

shift method of controlling the output is 
effected by varying the phase of the trip-
ping voltage with respect to the applied 
plate voltage on the mercury-arc tube. 
This same type of circuit has also been 
used for starting ignitrons. 

K. J. Gerineshausen and II. E. Edgerton, The Strobo-

tron, Electronics, February, 1937, p. 12. 

Electronic Switch Using Voltage-saturated Diodes for Square-wave Generation 

THIS circuit is in effect a medium-
speed single-pole double-throw switch 
that alternately connects two independ-
ent voltages to the input of a single-beam 
cathode-m7 oscilloscope. In each of 
these switches a square wave is applied to 
the cathodes of two high-mu pentodes, 
biasing them beyond cutoff on alternate 
half cycles. 
The independent input voltages are 

applied to the control grids and the out-

Strobotron Circuit for Registering Pulses from G-M Tube 

IN this counting circuit, the sudden-
discharge characteristics of a strobotron 
cold-cathode gas-filled control tube are 
utilized to actuate a W-E type 5T 
message-register counter to provide posi-
tive recording of pulses from a Geiger-
Müller tube. The counter is actuated 
when the 2-pf capacitor is charged from 
the transformer through the type-S0 tube. 
Tests show that the capacitor is fully 
charged in 1M or 2 cycles of the 60-
cycle supply, and the ballistic effect of the 
force resulting from this charging-current 
surge in the recorder causes it to register. 

The steady current to the amplifier is not 
enough to hold the counter in a closed 
position. 
A negative surge on the grid of the 

amplifier tube causes the plate voltage and 
thereby the outer grid voltage of the 
strobotron to increase to the critical 
value at which the strobotron starts. 
Once a glow is started, it immediately 
transfers into an arc and discharges the 

2-pf capacitor to almost zero voltage. 
A count is recorded when the capacitor is 
again charged from the rectifier and 
transformer. 

115 V 
A-C 

650 V 
C-T 

COUNTER 

Sensitivity control is effected by the 
adjustable resistance. This resistor is 

increased to as large a value as can be 
used without the self-operation of the 
strobotron. The drop across the ampli-
fier tube is used as a positive bias for the 
strobotron, and the larger it is, the smaller 

put is taken from the common plate 
connection. A high-voltage transformer 
connects to the plates of two diodes that 

are run at reduced heater current to 
secure voltage saturation. 

II. K. Hughes and R. F. Koch, Combination Vacuum 

Tube Switch for Double-trace Cathode-ray Oseil-

lograph, Audio Amplifier and Mixer, Rev. ,Sci. Instru-

menta, April, 1941, abstracted in Electronics, July, 

1941, p. 75. 

on Message Counter 

the surge will need to be to reach the criti-
cal potential at which the tube starts. 
Counting speed is determined by the 

counter, being about ten a second with 

10,000 

INPUT FROM 
G-M TUBE 

the W-E type 5T. With higher speed 
counters the same type of circuit can be 
used, utilizing if necessary a d-c source 
instead of the rectified a-c supply. 

K. J. Germeshausen and II. E. Edgerton, The Strobo-

tron, Electronics, February, 1937, p. 12. 
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Multivibrator and Shaper Circuits for Electronic Switching of Cathode-ray Tube 

A 6N7 tube connected as a multivi-
brator here has its output applied to two 
6F5 tubes that produce a more nearly 

perfect square wave with sufficiently high 
amplitude for electronic switching to 
permit simultaneous viewing of two differ-
ent voltages on the screen of a single-
beam cathode-ray tube. The square 
wave acts as the switching potential and 

is applied to the first grids of the two 
6L7 tubes. The phenomena to be ob-

served are applied to the third grids of the 
two 6L7 tubes, and the outputs of these 
tubes are applied to the vertical deflection 
terminals of the cathode-ray oscilloscope. 

J. R. Cosby and C. W. Lampson, An Electronic 
Switch and Square Wave Oscillator, Rey. Sei. Instru-
ments, April, 1941, abstracted in Electronics, July, 
1941. 
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Multivibrator for Switching Two R-F Circuits Automatically between Two Indicators 

A TWIN-PENTODE 111111tiVibratOr here 
serves both as an r-f amplifier and an 
automatic electronic switch for feeding 
two r-f circuits alternately into a common 

10 R-F 

1,000iupF 

2,000 

10,000 

However, in contrast to regular r-f 
amplifiers having fixed operating poten-
tials, the amplification here is accom-

panied by cyclical changes in bias and 
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indicator for direction finding and similar 
applications. 
The tubes function both as an amplifier 

for radio frequencies in the range from 
20 to 60 megacycles per second and as an 
a-f generator at approximately 200 cycles 
per second. The circuit appears similar 
to that of a conventional r-f amplifier. 

100,upF 820,000 

6A K5 

operating potentials imposed by the 
voltages of multivibration. 

A resistor R in series with capacitor C 
forms the audio-feedback path between 

the plate screen of each tube and the grid 
of the other tube. This resistor serves 
the dual purpose of preventing r-f 

coupling between tubes and of limiting 

the d-c grid current. Its value has an 
important effect both on the multivi-
brator wave shape and on the input 
impedance of the switch. If r-f de-
coupling were the only consideration, 

a choke might be used in place of this 
resistor. A bypass capacitor from the 

screen grid to ground is needed for r-f 
amplification but tends to reduce the 
sharpness of the square-wave multivi-
brator voltages. The capacitor used 
should be large enough to provide r-f 
bypassing but small enough to maintain 
square-wave sharpness. 

Grid-voltage limiting action tends to 
maintain nearly zero bias on the grid 
during the conducting period. During 
the conducting period the input resistance 
of the control grid is low in comparison 
with the current-limiting resistance R; 
the grid voltage goes positive only a very 
small fraction of the voltage applied at the 
other end of R. It is desirable to keep 
this positive swing as small as possible, 
both for the sake of the a-f wave form and 
to minimize r-f input circuit loading 
that increases with the grid current. The 
grid current may be- determined from 
the oscillograms that give the voltages at 
either end of resistor R. The peak grid 
currents are 300 microamperes, 75 micro-
amperes, and 33 microamperes when R is 

100,000 ohms, 820,000 ohms, and 2 
megohms, respectively. 

H. M. Wagner and J. F. Herrick, Self-switching It-F 

Amplifier, Electronics, June, 1947, p. 128. 
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Push-pull Telegraph-repeater Circuit for Driving Polarized Relay 

A l'AIR of vacuum tubes arranged in 
push-pull to drive a receiving polarized 
relay has proved a satisfactory solution 
to the problem of designing an efficient 
metallic telegraph-repeater circuit. The 
duplex line is arranged in bridge fashion 
with 250-ohm ratio arms, and the driving 

circuit for the tubes is connected across 
the pair of ratio arms. 
The characteristics of the tube circuit 

are such that the relay will be operated by 
a current of the proper value for efficient 
operation regardless of the value of the 
current in the loop circuit. A very small 
line-loop current will result in practically 
full value of current through the relay 
windings. A further increase in the 
line current will but slightly increase the 
relay current. The effect of this is that 
the electromechanical relay operates on a 
square sharply defined signal even though 
the shape of the signal through the line 
loop may be rounded and therefore not 
sharply defined. 
The tube circuit for driving the relay is 

symmetrically arranged so that no bias 
can result from variations in the supply 
voltage. Plate voltages are obtained 
from two small selenium rectifier stacks, 
each provided with a simple filter. 
Each tube has its cathode connected to 

an input terminal. When the voltage 
across the input terminals is zero, there 

will be a small plate current in each tube. 
The two currents of equal intensity flow-
ing through the two windings of the 
differentially wound polarized relay will 
balance out and have no effect on the 
relay. A small voltage across the input 
terminals will result, however, in an 
increase in the plate current in one tube 
and reduction in the plate current in the 
other tube. The net effect on the relay 
will be to make it mark or space as the 
case may be. 
The control grids of the two tubes are 

connected in the circuit in such a way 
that an increase in the plate current in one 
tube and reduction of plate current in the 
other tube will alter the IR drops in the 
two 500-ohm resistors. The change in 
the IR drops will result in an additional 
effect on the control grids, which aug-
ments or exaggerates the grid control 
resulting from the voltage applied across 
the input terminals. In this manner a 
very small value of input voltage will 
bring one plate circuit to practically full 
current value and the other plate circuit 
to practically zero current. Further 
increase in the voltage applied across the 
input terminals will have but little effect 
on the relay current. 
When the grid of one tube is sufficiently 

negative to bring the plate current to 
zero, an increase in the negative potential 

OUTPUT 

POLARIZED 
RELAY 

on the grid will still maintain the plate 
current at zero. The grid of the other 
tube can never be driven so that it is more 
than slightly positive with respect to the 
cathode because of the limiting effect of 
the resistors in the grid circuit. 
The self-inductance of the windings of 

the polarized relay naturally tends to 
prevent a quick build-up of current 
through its windings, and thus will limit 
the maximum speed at which the metallic 
circuits may be operated. The self-
induced voltage of the relay windings 
reacts on the tube grids and thus tends to 
neutralize the relay self-inductance. By 
means of voltage dividers, two-thirds of 
the self-induced voltage is applied to the 
grids. The full amount of the induced 
voltage is not used, because it would be 
excessive and the relay would oscillate 
when the input voltage was small. 

Alder Connery, Tubes Drive Relay in Telegraph 

Repealer Circuit, Electronic8, June, 1943, p. 226. 

Variable Length and Rate Pulser for Testing 

Tuts circuit provides variable pulse 
length, variable pulse rate, variable delay 
of synchronizing pip, and a means for 
introducing a steady-state signal upon 
which pulses may be superimposed. 
A gas-tube RC saw-tooth oscillator is 

used as the rate control. The oscillator 
output is differentiated and the resulting 
negative voltage pulses are used to trigger 
a delay multivibrator and to provide 
synchronizing pulses for oscilloscope 
sweep synchronization. 
The signal input may be connected for 

steady, automatic, or hand-key operation 
by means of a selector switch. With 
this switch in position 1, the input 
signal is applied directly through the 
level potentiometer and the mixer ampli-
tier to the grid of the output cathode 
follower. This position is incorporated 
for convenience in observing the non-
switched input signal and, in effect, shorts 
out the electronic switch. 
With the selector switch in position 2, 

a nonswitched output of any level from 
zero to ma,ximtun may be obtained as in 
position 1. The output of the switch 
tubes is added to this in the mixer ampli-
tier. An auxiliary control regulates the 
maximum amplitude of the switch-tube 
output. By means of the two controls, 
any desired relative level of pulsed and 
nonpulsed signals may be obtained. 

In position 3, a hand key may be used 
to turn the output on and off. The gas-
tube RC saw-tooth oscillator comprised of 

V1, CI, and R1 plus the attenuator will be 
noted in the upper left. In operation, C1 
charges through RI and the attenuator 
until the drop across CI reaches the igni-
tion voltage of VI. Tube VI then fires and 
discharges CI through protective resistor 
R2 until the extinction voltage of VI is 
attained, after which the above cycle is 
repeated. The repetition rate is deter-
mined by the calibrated attenuator and 
the intermediate control RI. 

The discharge time constant of R2C1 is 

very much smaller timan the charge time 
constant, so that a saw-tooth oscillator 
output voltage is obtained. This is 
differentiated by C2 and R3 and the re-
sulting negative voltage pip is used 
to trigger the delay multivibrator V2. 

and V2A. The length of the positive 
delay multi vibrator output pulse ap-
pearing at the plate of V2s is controlled 
by the associated capacitor switching 
system. The front edge of this pulse 
occurs at the instant 171 fires and is used 
for synchronizing. 
The delay multivibrator output is 

differentiated by C3 amid RA and the 
negative voltage pip resulting at the end 
of the pulse is used to trigger the length 
multivibrator V35 and V31. The length 
of the positive multivibrator output pulse 
appearing at the plate of V35 is controlled 
by the associated capacitor switching 
system. The repetition rate, delay, and 
length of pulse are all independently 
adj ustable. 
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The switching pulses from the length 
multivibrator are impressed on the sup-
pressor grids of the switch tubes Vs and 
V6 through C4 and Rs. The output ,side 
of Cs is connected to ground through V6, 
which acts as a d-c restorer or charging 
rectifier. By this means, the suppressors 
are maintained at a sufficient average 
negative potential with respect to ground 
to cut off the switch tubes except during 
the pulse intervals. 
The signal to be pulsed is impressed on 

the grid of 174. The output pulses appear 
at the plate of this tube and are impressed 

SIGNAL 
INPUT 

1.0 MEG EACH STEP 

ATTENUATOR 

SWITCHING SYSTEM 

across R6 through C6. Resistor R7 is an 
adjustable type that is used in initially 
adjusting the switch for minimum, no-
signal, switching transient output. 

In the alignment process the device is 
first turned on and allowed to warm up. 
The vertical plates of an oscilloscope are 
connected to the sync-output terminals 
and the delay multivibrator control R9 is 
adjusted until rectangular output pulses 
are observed on the oscilloscope for all posi-
tions of the rate and delay control settings. 
In addition, it should be noted that the 
flashing of V1 occurs simultaneously with 

0.1 

SIGNAL 
OUTPUT 

the synchronizing pulses. The oscillo-
scope is then connected to the output 
terminals and the length multivibrator 
control R10 is adjusted so that symmetrical 
output pips are obtained for all combina-
tions of rate, delay, and length settings. 

After the multivibrators have been 
adjusted, the switching transient control 
R7 in the plate circuit of V6 is adjusted for 
minimum no-signal output with an oscillo-
scope connected to the output terminals. 

C. It. Smitley and It. E. Graber, Electronic Switch 

for the Production of Pulses, Electronics, April, 

1947, p. 128. 

Four-Channel Electronic Switch for Cathode-ray Oscilloscopes 

THE four-channel electronic switch 
circuit shown here contains four switching 
pulse generators arranged as an electronic 
ring counter for supplying switching 
pulses consecutively to gate amplifiers 1 
to 4, this cycle of operation being continu-
ously repeated at the rate of 25,000 
cycles per second. This arrangement 
permits display of four different transients 
simultaneously on a conventional cathode-
ray oscilloscope screen. The high switch-
ing rate minimizes loss of resolution in the 
wave forms reproduced. 
The ring counter comprises a series of 

square-wave generating circuits of the 
Eccles-Jordan type so arranged that only 
one circuit of the series is in the On position 
at any instant. Trigger pulses applied 

simultaneously to all the circuits pass this 
condition consecutively to each square-
wave generator, the cycle of operation 
continuing as long as the trigger pulses are 
applied. 
The On position of a pulse-generating 

circuit is that state of the circuit from 
which a positive switching pulse is ob-
tained. A succession of trigger pulses 
applied to the counter ring results in 
positive switching pulses being supplied 
consecutively by circuits 1 to n. This 
cycle of operation is continuously re-
peated. Since all gate amplifiers are nor-
mally biased beyond cutoff, the function 
of these positive switching pulses becomes 
that of turning on the respective gate 
amplifiers. Any one of the gate circuits 

is brought into the conducting state for a 
period of 1/n times the switching cycle 
(n = 4 here) and is off during the remain-
ing part of the cycle. 
A Pierce oscillator using half of tube 

V2 and a 100-ke crystal yields a switching 
rate of 25,000 cycles. The other half of 
V2 serves as a square-wave amplifier for 
the pulses. Differentiation of the 100-ke 
square waves is accomplished by the RC 
combination composed of R4 and C2. Of 
the positive and negative pulses resulting, 
only the positive pulses are amplified by 
tube VI, which is biased to cutoff. Nega-
tive pulses appearing at the plate of V1 are 
applied to a common bus for injection into 
the ring counter and gate amplifier. 
The switching-pulse generator (ring 
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SWITCHING PULSE GENERATOR (RING COUNTER) 
ALL STAGES IDENTICAL 
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counter) is composed of four OSN7 
tubes connected in standard Eccles-
Jordan square-wave circuits, with the 
addition of inductance 1,1 in each plate 
circuit on that side from which the posi-
tive switching pulse is derived. Of those 

grids in the ring counter that are con-
nected to the source of trigger pulses only 

one grid is zero at any instant. This 
grid is associated with the circuit that is 
on. The trigger pulse operates on this 
grid and flops the circuit to its other stable 
state (Off). During this transition the 
positive rise in voltage at the left-hand 
plate is applied through C1 to the cutoff-
biased grid of the succeeding circuit, 
which is then turned on. The next trigger 
pulse operates on this circuit, which is 
then flopped to the Off position as in the 
case of the preceding circuit. In this way, 
a positive switching pulse is generated at 
the right-hand plate of each circuit during 
the sequence off-on-off. 

Pushbutton switch Sa, inserted between 
the two legs of the square-wave circuits, 
provides a front-panel control for initiat-
ing the proper sequence of operation for 
the counting ring after applying power. 
The gate amplifiers serve the twofold 
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purpose of switching and then mixing 
the signals applied to their respective 
inputs. The switching pulse is fed to the 
second grid of each gate amplifier, and the 
useful signal to the control grid. Incom-
plete cathode-current cutoff with this 
arrangement requires isolation of the 
screen voltage supplies to ensure minimum 

coupling. 
Variable resistor R1 in the cathode cir-

cuit provides a means for orienting the 
trace on the cathode-ray tube with 
respect to the other traces. When it is 
desired to observe less than the four 
available traces, switch S2 is thrown. 
This introduces a large resistor (R2) into 
the cathode circuit, which then deflects 

the respective trace off the screen. 
For added flexibility, switch Si is 

provided to restore normal single-trace 
operation. This shunts the trigger pulses 
to ground through C3 and removes the 
bias on the operating 612 tube by con-
necting its second control grid to cathode. 

It was evident early in the develop-
ment of the apparatus that amplification 
of the composite signal would present 
some difficulty. The problem involved 
is that of amplifying unidirectional 
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square-wave pulses of approximately 75 
volts amplitude. These pulses are modu-
lated by as much as 25 per cent. Capaci-
tance coupling could not be used because 
of the transient d-c amplification re-
quirement. Furthermore, it was found 
that it introduced interchannel coupling. 
The output-amplifier circuit uses triode-

connected 807 tubes in push-pull because 
of their large signal-handling capabilities 
coupled with low distortion. An exces-
sively large common cathode resistor 
(R3) is employed to make the cathode 
substantially follow the grid, thereby 
absorbing the large d-c potential at the 
6L7 plates and minimizing undesirable 
grid loading due to the direct connection. 

Phase inversion is also conveniently 
provided. 
The grid voltage of the phase-inverter 

tube is established at a point on a voltage 
divider between B+ and ground, and 
permits orientation of the composite 
signal on the cathode-ray screen of the 
DuMont type 5LP5 cathode-ray tube (blue 
screen) used at the recording medium. 

N. A. Moerman, Four-channel Electronic Switch, 

Electronics, Apra, 1946, p. 150. 



LIMITER CIRCUITS 

Series Type of Instantaneous 

Fott reducing the effects of undesired 

electrical noise disturbances in a radio 
receiver, this basic series limiter circuit is 
highly satisfactory on both c-w and mew 
reception, and at the saine time it is one 
of the simplest limiter arrangements in 
use. It requires only a fixed capacitor, 
two fixed resistors, and an independent 
diode in addition to the normal compo-

nents of a diode second detector. No 
manual control of limiting action is 
necessary; it operates only on rapid 
changes above umnodulated carrier level, 
and is independent of the absolute value 
of the unmodulated carrier down to the 
operating threshold of the limiter diode. 
It can be operated with or without aye 
and with or without heterodyne oscillator 
excitation. 
With the limiter switch in the Off 

position, output coupling capacitor C3 
connects conventionally to junction B of 
detector-diode load resistors R1 and R2, 
and the limiter diode has no effect on 
circuit performance. With the limiter 
switch On, C3 connects to the cathode 
of the limiter diode. 
Assume a rectified d-c potential of 10 

volts developed across RI and R2 by a 

constant carrier. The cathode of the 
limiter diode is then —10 volts with 
respect to ground because of its connec-

tion to point A through R3 and R4, 

Noise-limiter Circuit 

while the limiter plate is about —5 volts 
to ground. The plate is thus momentar-
ily 5 volts positive with respect to the 
cathode and the limiter diode becomes 
conductive, its resistance being fairly 

low compared with other resistance 
values in the circuit. Output capacitor 
C3 is thereby connected through the con-
ductive diode to its conventional location 
at junction B, so that a constant r-f 

carrier input provides a-f output. This 
output is about 45 per cent of what it 
could be without the limiter, but generally 
this reduction is of little significance. 
Under the above conditions, capacitor 

C2 is charged through 1-megohm resistor 

R4 to a potential of about —7 volts. 
Any appreciable change in this potential 
would require about 0.01 second due to 

the time constant of R4C2. The time 
constant of (R1 -1- R2)C1 is only about 50 
microseconds, however, so that the 

potential of the plate of the limiter diode 
can change in about 4,H, of the time 
required for its cathode to assume a new 
potential. Therefore, if a noise potential 
of say 100 volts suddenly appears across 
R1 ± R2 and brings the plate of the limiter 
diode to —50 volts from ground, this 

makes the diode plate about 43 volts more 
negative than its cathode and the diode 
resistance becomes very high. This in 
effect disconnects output capacitor C3 

from point B, and the a-f amplifier has no 
appreciable input for the duration of the 
noise signal. By the time that the 
cathode of the limiter diode has assumed 
an appreciably more negative potential, 

the noise pulse will usually have decayed 
and the limiter diode will have become 

conductive again, restoring the a-f input 

to the audio amplifier. 
With this limiter, noticeable distortion 

can be seen on an oscilloscope only above 
40 per cent modulation. In listening 
tests it is difficult to detect distortion by 
ear on speech and music transmissions 
maintaining an average modulation level 
between 30 and 40 per cent, a condition 
commonly encountered. 

Emeriek Toth, Noise and Output Limiters, Part I. 
Electronics, November, 1946, p. 114. 

Modified Shunt Type of Noise-peak Limiter 

Tills limiter circuit resembles the series-
type limiter except that the plate of the 
limiter diode and the low end of its 

cathode resistor are interchanged. As a 
result, the limiter diode acts to reduce 
the a-f output voltage whenever a noise 
peak makes the diode conducting. This 
arrangement permits grounding the low 
end of the i-f transformer secondary for 
stability reasons. 
Assume a constant carrier making 

point E on the detector diode load 10 
volts negative with respect to A. and 

ground. Points B and C are then both 
—5 volts to ground because the limiter 
diode is nonconducting, its plate being 
at the —10 volt potential of E. The 
plate-circuit time constant is much 

longer than that of the cathode circuit 
of the limiter, so that any noise surge 

in excess of 20 volts across the entire 
detector load drives the cathode of the 
limiter diode more than 10 volts negative 
to the ground and the diode conducts, 
shunting the input to the following a-f 
stage. The shunting action is made more 
effective by series cathode resistor R4, 
which with the limiter diode closed acts 
as part of a voltage divider to attenuate 
detector-load voltage peaks. 

Limiting action ceases when C becomes 
positive with respect to E due either to 
decay of the noise pulse or to charging 

up of C2. This limiter will begin to cause 
audio distortion at about 100 per cent 

modulation for the values shown. If R2 
85 
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equals 0.4 RI, distortion will begin at 
about 40 per cent modulation. This 
limiter is much more effective than the 

simple shunt limiter, but not as good as 
the simple series limiter at the lower 

carrier frequencies. 

Emeriek Toth, Noise and Output Limiters, Part I, 
Electronics, November, 19-16, p. 114. 
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Series Type of Noise Limiter with Threshold Adjustment 

BY means of potentiometer R 1 in this 
circuit the limiter threshold can be 
varied from about 65 per cent modulation 
down to zero per cent. This control 
varies the d-c bias due to the rectified 
carrier at the cathode of the limiter 
diode, which bias determines the limiting 
threshold. 
The circuit contains a diode shunted 

across resistor R3 to buck the residual 
plate current of the limiter diode, as this 
current reduces the effectiveness of the 
limiter at low carrier levels. The d-c 
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Low-loss Series-type Noise-limiter Circuit 

THE reversal of cathode and plate con-
nections of the limiter diode in the varia-
tion of the series-type limiter shown here 
necessitates the use of two snore resistors 
and a capacitor (over those required by 
the simplest form) to provide the required 
biasing and RC delay circuits for the 
diode elements. It has, however, the 
advantage of providing the a-f amplifier 
with a higher percentage of the a-f voltage 
appearing across the detector diode load. 
For a comparable degree of modulation 
distortion, this improved transfer of a-f 
voltage will amount to about 2 or 3 db, 

which is usually not of great importance 
unless the receiver is deficient in reserve 
gain. 
The cathode of limiter diode D2 is 

biased negative relative to its plate by 
connection to the junction of detector-
load resistors R2 and R3 through resistors 
R4 and R5. R4C2 provides a long time-
constant circuit, while R5 serves as the 
cathode load resistor across which the 
limiter output voltage is developed. 
Capacitor C3 provides a-f coupling to the 
plate of D2 for the detector audio-output 
voltage appearing between the junction 

voltage built up across R3 due to rectified 
direct current from the detector will, 
together with the time constant of C3 
and the grid resistor in the first a-f stage, 
tend to maintain this additional diode 
biased to cutoff except on weak signals. 
This improvement in weak-signal limiting 
is accompanied, however, by considerable 
increase in audio distortion at all useful 

Emerick Toth, Nose and Output Limiters, Part I, 

Electronics, November, 1946, p. 114. 
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of Ri and R2 and ground. Resistor R1 
serves only as an r-f filter element. 

Emerick Toth, Noise and Ouput Limiters, Part I. 
Electronics, November, 1946, p. 114. 

Hum-reducing Version of Simple Series Limiter Circuit 

THE series limiter circuit variation 
shown will give a reduction on the order 
of 20 (lb in hum originating in the limiter. 
This hum exists because audio signals 
are taken from a relatively high-value 
resistance load located in the cathode 
circuit of the a-c heated diode; with a 
heater-cathode capacitive reactance of 
about 500 mcgohms and a 0.5-megohm 
resistive load between cathode and ground, 
about 0.1 per cent of the _heater-ground 
potential will appear across the cathode 
resistor as hum voltage. For a 6.3-volt 

heater this would be about 6 millivolts. 
In tlse hum-reducing version the cath-

ode resistor of the a-f amplifier following 
the limiter is not bypassed to ground. 
The over-all equivalent circuit is that of a 

bridge, with eh as the limiter diode heater 
voltage and Chk as the heater-cathode 
capacitance. Equivalent resistance R. 
shunting one arm of the bridge is a compos-

ite of RI, R2, Ra, the effective resistance 
of Di, etc. The bridge is completed and 

balanced by capacitor C5 connected be-
tween the ungrounded side of the heater 
supply and the cathode of the first a-f 
stage; with usual limiter circuit compo-
nents the value of this capacitor is quite 
low, being 150 ¡LA in the circuit shown. 
If a limiter on-off switch is used, two 
different values of C5 Will be required due 
to slight changes in bridge configuration 
when switching from the cathode to the 
plate of the limiter diode. 

This hum-bridge scheme allows normal 
location and operation of the a-f gain 
control R5, permitting reduction of a-f 
amplifier input substantially to zero 
despite unbypassed cathode resistor R7. 

Emerick Toth, Noise and Output Limiters, Part 

Electronics, November, 1946, p. 114. 
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Manually Controlled Balanced-detector Type of Noise-limiter Circuit 

Tins circuit functions as a balanced 
bridge arrangement for detector voltages 
above the limiting threshold, with un-
balance being maintained at all other 
times. It must be adjusted manually for 
each carrier level, but automatic opera-
tion can be achieved by adding another 
diode as in the automatically operated 
balanced-detector type of noise limiter. 
When the contact arm of R6 is at the 

grounded end and R4 is set equal to R2 
(at 47,000 ohms), then RI, R2, R3, awl 
R4 form a balanced resistance-bridge 
circuit that is fed from the i-f output 
through the second detector and noise-
limiter diodes. If both diodes rectify in 
phase and their loads are equal, the a-f 
output is zero. If the limiter diode is 

made inoperative by adjusting R6 to 
bias its cathode with a positive (l-c 
voltage, the bridge becomes unbalanced 
and a-f output is obtained when a con-
stant modulated carrier input is present. 

If, now, a noise peak arrives that exceeds 
the diode bias, the bridge will be re-
balanced and no a-f output will be ob-
tained for the duration of that part of the 
noise peak which exceeds the diode bias 
voltage. 
The limiter normally is balanced ini-

tially by adjusting R4, and thereafter 
adjusted for each carrier level and desired 
modulation threshold by means of panel 
control R6. Adjustment of R6 disturbs 
the balance of the bridge by varying the 
resistance of one arm; hence it may be de-
sirable to gang a rheostat with R6 so as to 
hold its equivalent resistance constant. 
For most effective operation, the time 
constant of (R1 ± R2)Ci should equal 
that of (R3 + na)C2 for all settings of R6, 
and the capacitances of the two diodes 
should be equal. 
At broadcast frequencies no improve-

ment in receiver performance should be 
expected with this limiter, as improve-
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ment begins to be noticeable above about 
10 inc and only for ignition-type inter-

ference. The need for adjusting to 
changing carrier values makes this cir-
cuit practically useless on fading signals 
unless limiter control settings of the type 
that would cause considerable distortion 
are tolerable. No appreciable limiting is 
obtained with c-w reception employing a 
beat oscillator. 

limerick Toth, Noise and Output Limitera, Part I, 

Electronics, November, 1946, p. 114. 

Combination R-F Output Limiter and Noise Limiter 

BOTH r-f output limiting and r-f noise 
limiting are achieved with this simple 
circuit arrangment, which is dependent on 
vacuum-tube plate-current saturation and 

control-grid cutoff and on maintenance of 
a high input impedance in the control-grid 
circuits of the saturated tubes. The 

third and fourth r-f amplifier stages are 
used as saturation limiters by operating 

with 45 volts applied to both screen and 
plate circuits. The combined effect of 
the two stages provides the gain of one r-f 
amplifier stage at a much lower limiting 

level than is feasible with one stage alone. 
The single tuned circuit following the 
fourth stage filters out r-f distortion 
caused by the preceding limiter circuits 

and provides further selectivity while the 

low-pass filter following the detector 
further purifies the audio output and 

improves signal-to-noise ratio. 
The a-c input resistance of the third r-f 

amplifier tube is 1 megohm until the 

applied signal voltage exceeds the negative 
bias on the control grid, when it drops to 

0.5 megohm, because the grid becomes 

in effect a diode rectifier which is conduc-

tive for that portion of the positive half 

cycle during which the signal exceeds the 
grid bias. The negative bias thus devel-

oped across grid leak R1 by grid rectifica-

V,- 65K7 
3RD R-F AMP 

R4 

50,000 
cz 

V2' 6SK7 
4TH R-F AMP 

tion is applied to the control grid to 
limit the increase in space current. 
During a noise peak, then, the effective 

positive instantaneous voltage on the 
grid is the difference between the rectified 
voltage across R1 (maintained by charging 
C1) and the positive half-cycle voltage of 
the noise peak, giving the desired limiting 
action. On the negative half cycle of r-f 

input, grid cutoff limits the change in plate 
current of the tube. 
The phase shift from grid to plate 

circuit results in the positive noise peaks 
applied to the grid of the third r-f amplifier 

tube appearing as modified negative 
peaks at the grid of the fourth r-f ampli-
fier, where they are further limited by 
grid cutoff, the positive peaks at this 
point being also limited in the fourth 
amplifier plate circuit by saturation 
effects. The combined effect of the two 
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limiter tubes thus is to limit both peaks of 
applied r-f voltage, whether due to 
signals or noise peaks. 

Conventional bypass capacitors and 
screen filters are not shown in the circuit. 
The detector, an infinite-impedance or 
cathode-follower type, is used primarily 
for its low output impedance, and it does 
not provide any limiting action. This 
saturation-type limiter is useful chiefly for 
c-w reception at very low carrier frequen-
cies, though with a suitable saturation 
limit and an exceptionally good aye 

system controlling preceding r-f gain to 
just below limiting level on the desired 
signal, distortion on mew reception can 
be kept low over a considerable range of 

carrier input values. 

limerick Toth, Noise and Output Limiters, Part II, 

Electronics, Deceinber, 1916, p. 120. 
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Automatically Operated Balanced-detector Type of Noise Limiter 

BY adding another diode circuit to 
the manually operated balanced-detector 
noise limiter, automatic operation of the 
limiter can be secured, eliminating the 
need for adjusting a balancing potenti-
ometer with each change in carrier level. 
The additional diode is operated from a 

tertiary winding on the final i-f trans-

former, as shown here. This diode 
rectifies the i-f carrier to provide a d-c 

bias of about twice the mean rectified 

voltage furnished by the detector diodes, 

so that limiting does not take place on 
modulation depths below about 100 
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per cent. The bias voltage is applied to 
R3 at the point where Ro introduces the 
bias in the manually controlled circuit. 
The cathode delay bias on the noise-
limiter diode is thus maintained automati-
cally at a constant ratio with respect to the 
carrier input. The depth of modulation 
at which audio distortion begins is deter-
mined by the ratio of the rectified voltage 
supplied by the automatic biasing diode 
to that supplied by the noise-limiter diode. 

Emeriek Toth, Noise and Output Limiters, Part I, 

Electronics, November, 1946, p. 114. 

A Balancing Type of Noise-peak Limiter 

THE balancing effect of a diode shunted 
across the second detector with reversed 
polarity is used here. When the limiting 
threshold is passed, as on noise peaks, the 
variations in the liiniter-diode current 
oppose the normal demodulation current 
in the second detector. 
Assume that an unmodulated carrier 

produces a rectified potential of 10 volts 
across second detector-diode load RI, 
making point A 10 volts negative with 
respect to ground. On positive peaks of 
carrier input, point D will now be close to 
ground potential because point A remains 
relatively constant over an r-f cycle and 
the 10-volt positive r-f peak across the 
i-f transformer secondary acts to cancel 
the negative 10 volts at A. On negative 
peaks, point D will therefore be —20 volts 
with respect to ground. 
The voltage impressed across the noise-

limiter diode in series with R2 will there-
fore vary between substantially zero and 
—20 volts at an r-f rate. This builds up 

a potential of about —20 volts across 

capacitor C2, thereby biasing the limiter-
diode plate 20 volts negative with respect 
to ground. The net effect is that the 
second detector diode is shunted by a 
high impedance, between about 2.5 to 5 
megohms, until such a time as the i-f 
input voltage increases above the 10-volt 
value, as on a noise peak or with modula-
tion of the carrier. When this occurs, the 
limiter diode becomes highly conductive 
for all portions of the modulated wave 
having an instantaneous value in excess of 
10 volts negative. Since the time con-
stant of R2C2 is relatively long, between 
0.05 and 0.1 second, C2 serves mainly as a 
coupling capacitance to R1 as regards a-f 
variations. These variations, being of 
opposite polarity to those across RI, will 
tend to cancel the latter on half the audio 
cycle. The magnitude of the cancellation 
effect will depend on the impedance of the 
limiter diode when conducting, which in 
turn will depend on the values of the 
impressed voltages and R2, so that better 
cancellation will in general be obtained as 

NOISE 
LIMITER 
D2 

50,000 5 TO 10 
A-F 
OUTPUT 

R2 approaches R1 in value. This would 
mean increasing C2, however, to maintain 
the time constant at the desired magni-
tude and would increase the a-c loading 
across RI and seriously affect modulation 
distortion. 
The modulation distortion of this type 

of limiter is quite high, even on relatively 
low modulation depths, when it is effec-
tively limiting noise peaks. On the 
other hand, the circuit provides about 
twice the normally obtainable aye voltage 
when the d-c potential across R2 is 
utilized. 

Emeriek Toth, Noise and Output Limiters, Part I, 

Electronics, November, 1946, p. 114. 

Diode Shunt Type of Noise-peak Limiter 

HERE is the simplest limiter of them all, 
requiring only a resistor and a capacitor 
together with an independent diode. 
R1 and R2 bypassed by C1 give the 

detector-diode load a time constant of 

about 10 microseconds. The limiter 

plate-circuit time constant is 1 second, so 
that the limiter diode conducts and shunts 

the detector-diode load on noise (and 

modulation) peaks. During such peaks, 

the a-f output of the detector is reduced by 

SECOND 
DETECTOR 

an amount depending on the value of R3, 
the setting of RI, and the noise peak 
voltage. The depth of modulation above 
which distortion begins is determined by 
the relative values of R1 and R2 and by 
the setting of RI. The performance is 
not very good, but some improvement is 
evident with pulse-type interference on 
signals above 10 inc. 

Emeriek Toth, Noise and Output Limiters, Part I, 
Eledronirs, November, 19,16, p. 114. 
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Triode Shunt Type of Noise-peak Limiter 

Tins circuit employs the plate resist-
ance of a triode shunted across a portion 
of the second detector-diode load. The 
magnitude of the shunt resistance is 
controlled by the grid and plate voltages, 
which act in conjunction with differential 

time constants. 
A carrier input that produces a total 

rectified voltage of 10 volts across the 
diode load (between A and D) being 
assumed, potentials with respect to the 
second detector cathode will be —10 
volts for A, —8 volts for B, and —5.3 
volts for C. 'I'he triode plate is thus 8 
volts positive to its cathode, while its 

control grid (connected to A through 
R4) is 2 volts negative with respect to its 
cathode. For a triode with a mu of 20 
this gives plate-current cutoff, so that the 
triode impedance is high and it has little 
shunting effect on the second detector load 

resistors R2 and R3. Now if a 100-volt 
noise pulse suddenly appears between 
points A and I), the triode plate-cathode 
voltage rises to SO volts long before the 
grid potential can change (the plate-
circuit time constant is about 12 micro-
secon(ls, while that of the grid circuit is 
about 50 milliseconds). The triode thus 
becomes conductive and shunts section 
B-D of the detector load for the duration 
of the noise pulse, reducing the audio 
output from the detector. The noise 
disturbance will usually subside before 
the control grid swings sufficiently nega-
tive to stop this limiting action. 
The percentage of modulation at which 

audio distortion due to the limiter 
appears depends upon the type of triode 

used, the relative values of RI, R2 and 
R3, the time constants involved, and the 

absolute carrier level. At low carrier 

levels distortion can occur for modulation 
depths as low as 10 per cent, while higher 
carrier levels give no distortion (and no 
limiting). Effective limiting action is 
restricted to a narrow range of carrier 
input levels, at carrier frequencies above 
about 10 megacycles. OE 

Emeriek Toth, Noise and Output Limiters, Part I, 

Electronics, November, 1946, p. 114. 

Countermodulation Type of Noise-reduction Circuit 

NOISE-REDUCING circuits in general 
operate on one or more of the following 

principles: limitation, cancellation, coon-
termodulation, blanking out, and varia-
tion of gain. A straightforward circuit 
using the countermodulation principle at 
the output of the i-f amplifier is shown 

here. 
Signal and noise voltages at the i-f 

value of the receiver are fed into a push-

pull controlled amplifier stage that is 
paralleled by a push-pull noise-amplifier 

stage whose plate circuit is tuned lower 
than the i-f value, so that there is more 
noise voltage and less signal voltage at the 
noise-rectifier input than at the second 
detector input. If the i-f stages of the 
receiver are quite broad, the noise ampli-
fier may be detailed enough practically to 
eliminate signal voltage in this circuit. 
However, any signal voltage present is 
prevented from affecting circuit operation 
by the automatic threshold control tube. 
The noise rectifier has a variable-delay 

bias that is regulated by the threshold 
control tube, the delay being adjusted so 
that rectification occurs only above the 
level of the signal component in the 
voltage being rectified. The aye voltage 
fed to the grids of the threshold control 
tube regulates the delay level with change 
of signal strength. The a-f voltage 
representing the noise component is 
taken from the noise-rectifier load resistor 
and is fed through a blocking capacitor to 
the gain-controlling grids of the 6I17 con-
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trolled amplifier tubes. A d-c bias volt-
age is applied to these grids to set the 
level of the zero axis for the counter-
modulating voltage. Once the delay and 
bias adjustments are made, they need not 
be changed. 
Though not especially simple, this 

circuit is effective and fully automatic. 
Because it reduces noise voltages before 
rectification, noise cannot increase aye 

250,000 0.0001 
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THRESHOLCT 
CONTROL  
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0.25 

voltage, and hence receiver gain, noise-
rectifier delay, and noise-amplifier gain 
are all controlled only by the strength of 
the desired signal. If a squelch circuit is 
used in the receiver, the squelch can be 
set much closer to the opening point 
without noise bursts opening the squelch. 

Carlton Wasmansdorff, Reducing Radio Noise, 

Electronic Industries, July, 1944, p. SO. 
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Degenerative Feedback Type of Noise Limiter 

DEGENERATIVE feedback in the i-f 

amplifier prior to final detection is used in 
this circuit. A portion of the output 
from the first i-f amplifier is amplified in 
the first and second noise limiters, and the 
resulting i-f output is coupled into a full-
wave rectifier having 111 as a load. The 
d-c voltage developed across R1 serves as 
bias for the injector grid of a 61.7 pentode 
serving as the final i-f stage. Front-
panel control R3 provides a positive delay 
voltage for the diode cathodes, to prevent 
rectification until signal or noise peaks 
exceed this bias. Since the time con-

stant of the diode load is only 5 micro-
seconds, the d-c potential across R1 can 
fluctuate at a rate up to about 200 ke. 

1f the normal carrier peak impressed on 
the diodes is 10 volts and the delay bias is 
5 volts, the diodes do not rectify (since 
each gets only half the applied voltage), 
and the 61,7 grid gets no bias. Now if 
a 100-volt noise peak appears across the 
secondary of the diode transformer, the 
delay bias on each diode is exceeded by 

45 volts and a negative potential of 45 
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volts is therefore applied to the 61.7 grid. 
If this change in injector-grid potential 
occurs simultaneously with and in opposi-
tion to the change in the control-grid 
potential of the 6L7 due to this noise 
pulse, the effects of the noise pulse on the 

second detector can be reduced consider-

ably by the resulting bucking action. 

Ideal synchronism and balance are usu-
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ally difficult to achieve, however. This 
limiter requires manual adjustment of the 
threshold of operation and is useless on 
fading signals. Incorporation of auto-
matic biasing from an additional ave 
system would make for almost prohibitive 
complexity. 

Emerick Toth, Noise and Output Limiters, Part I, 

Electronics, November, 1946, p. 114. 

Use of F-M Discriminator for Noise Limiting in A-M Receivers 

IF the discriminator of an f-m receiver 
is used in place of the second detector 
in an a-m receiver, as shown here, there 
will be two peaks of maximum response 
corresponding to the two points of maxi-

mum discriminator current. If the a-m 
signal is tuned to one of the peaks, a better 
signal-to-noise ratio is obtained than for 
an amplitude detector. The noise output 
of the discriminator is low because the two 
halves of the discriminator characteristic 
are the result of the differential voltage 
derived from two opposing detectors. 
The reduction in noise is particularly 
apparent with relatively low modulation 
frequencies (narrow discriminator charac-

teristic), and especially on keyed c-w 
signals. At the same time, the useful 
bandwidth of the over-all selectivity 
characteristic is reduced to about half of 
what it would be with the usual a-m 
detector. 
The discriminator here is followed by a 

low-pass filter cutting off at about 200 
or 300 cycles. and a cl-e amplifier (capable 
of passing up to these frequencies) which 

operates a keyer tube controlling a local 
tone oscillator. Such an arrangement is 

capable of providing startling perform-

ance on keyed c-w signals in the presence 
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of noise interference that would make 
reception with the usual receiving system, 
even with noise-peak limiters, absolutely 
hopeless. The use of the local keyer 
circuit eliminates one of the two peaks of 
reception, since the discriminator output 
polarities are opposite for its two maxi-
mum response points and the usual keyer 
circuit is arranged to respond to one 
polarity only. This scheme is subject to 

• +250V 
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various disadvantages when adapted to 
a conventional a-m receiver, such as 
complexity and rather critical operating 
adjustments, but within its limitations it 
has much merit. It bears considerable 
similarity to receiving systems for fre-
quency-shift keyed signals. 

Ernerick Toth, Noise and Output Limiters, l'art II, 

Electronics, December, 1946, p. 120. 
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Saturation Type of Audio Output Limiter Using 

CONTROL of the saturation level of the 
a-f output pentode tube at various screen, 
plate, and control-grid voltages provides 
audio output limiting action here without 
use of additional tube circuits. A low-
pass filter (LIC4C5) filters out distortion 
produced in the output stage; its cutoff 
frequency is 1,200 cps, and hence for a 
1,000-cps tone signal the harmonics will 
be filtered out to a considerable degree. 
The control-grid, screen, and plate 

voltages in this limiter are varied by a 
double-pole switch that contacts taps on 
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TO 
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resistors R3 and R4. The voltages thus 
obtained maintain the gain below satura-
tion fairly constant for all switch settings, 
while at the same time permitting control 
of the limiting level. This circuit is useful 
for c-w reception only. Below limiting 

threshold, there is a loss in gain of about 
3 db over a 20-db range of limiting 
threshold. 

Emerick Toth, Noise and Output 1.imiters, Part II, 
Electronics, December, 1940, p. 120. 

Volume-limiting Feedback Amplifier Using Control Tube in Feedback Path 

UNLIKE other electronic limiters where 
the gain is controlled by a variable-ji tube 
or a variable attenuator network, the 
gain is here reduced, when compression 
begins, by employing a negative feedback 
circuit in which the percentage of output 
signal fed back to the input increases with 
increasing input. This is accomplished 
by developing a bias in the output cir-
cuit of an auxiliary amplifier fed from the 
input side of the compressor, which is used 
to control the plate resistance of a tube 
acting as one of the elements of the feed-
back circuit. Since the distortion in a 

negative feedback amplifier is reduced 
when feedback increases, it will be held 

down to a low value under compression. 
The input stage of the main amplifier is 

a triode using one section of a 6F8G, the 
other section acting as the auxiliary 
amplifier for the 6116 control rectifier. 
The input stage is transformer coupled to 
a push-pull output stage using another 
6F8G. Negative feedback is used on this 

stage. The feedback factor is deter-
mined by RI, R2, and the plate resistance 

of a 6L7. When R1 and R2 are fixed at 
suitable values, this feedback factor can 
be controlled within limits by varying the 
plate resistance of the 61,7 tubes since 
they are effectively in parallel with re-
sistors RI. If the bias on the 6L7 tubes is 
increased negatively, plate resistances 
increase, and the feedback factor in-
creases. Since gain decreases as the 
feedback factor increases, an increasing 
input signal increasing the bias on the 
6L7 tubes will decrease the gain and thus 
produce compression. 
With an initial positive bias on the 6116, 

the control of the auxiliary amplifier gain 

will delay compression till any desired 

output, within the limitations of the 
amplifier, is reached. In this partic-
ular ease, since a separate power supply 
is used, the bias is conveniently ob-
tained from the cathode of the auxiliary 
amplifier. 
The rectifier circuit is of the usual type. 

Fast action is obtained through the use of 
stepdown rectifier transformer with the 

moderate value of 0.5 ,uf for C2. The 
releasing time may be controlled by R3. 
With an amplifier plate resistance of 
7,700 ohms, a transformer ratio from 
primary to half the secondary of 2:1, and a 
resistance of 1,000 ohms for 6H6, the 
acting time is 1.5 milliseconds. The 
releasing time, with R3 as 2 megohms, is 

1 second. 

A push-pull compressor stage with a 
balanced feedback network is necessary 
to eliminate transient distortion due to 
compressor action, as well as being de-
sirable from the standpoint of low inherent 
distortion. Noise and hum level is low, 
being 75 db below 6 milliwatts output. 

This is due in part to the use of a separate 
power supply of the regulated type. 

In broadcast service, this amplifier is 
able to handle all ordinary peaks. There 
are no thumps when compression takes 
hold, and the general operation, as indi-
cated by listening tests, is quite smooth. 

II. H. Stewart and H. S. Pollock, Compression with 
Feedback, Electronics, February, 1940, P. 19. 
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Saturation Type of Limiter with Plate- and Screen-voltage Control Only 

BY using partly fixed-bias and partly 
self-bias arrangements in the cathode 
circuit of the output tube, output satura-
tion threshold control is obtained by 
varying only the common (l-c plate and 
screen-grid voltages on the output tube. 
This is done in steps that give changes of 
db in output limiting level. Resistor 

R7 in the control-grid circuit of the output 
tube reduces a-c loading, and it prevents 
excessively high direct current through 

the secondary winding of the interstage 
a-f transformer when rectification occurs 
in the grid circuit of the output tube. 
This limiter is useful for c-w reception 
only. There is some loss in gain below 
limiting threshold for the lower levels of 
limiting, amounting to about 5 db for 
about 21 db of threshold adjustment. 

Emerick Toth, Noise and Output Limiters, l'art II, 
Electronics, December, 1946, p. 120. 

OUTPUT TRANSFORMER 
OF 1ST A-F AMPLIFIER 
STAGE 

Saturation Type of Audio Limiter Preceding the Output Stage 

Tuis circuit obtains its output limiting 
effect in the a-f stage preceding the out-
put stage. It also employs sonie de-
generative feedback to the limiting 

amplifier from the output as an aid in 
maintaining the gain below the limiting 

threshold as nearly constant as possible. 
Limiting is done interstage primarily 

because of the low limiting level of 60 
microwatts required for minimum thresh-
old value. For a limiting level range of 
20 db, this circuit gives a decrease in 
gain below threshold of about 10 db, and a 
decrease of 16 db for a limiting level range 
of 30 db. These comparatively large 

losses in gain for lower limiting levels are 

due to the low minimum limiting level 

required in navy receivers. Better tran-
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overdriven by too great an input. sient characteristics are obtained when 
the a-f amplifier gain prior to the limiter 
stage is reduced to a point at which the 
grid circuit of the limiter stage is not 

14-EKG GT 

A- F 
OUTPUT 

Emerick Toth, Noise and Output Limiters, Part IL 
Electronics, December, 1946, p. 120. 

Peak-clipping and Audio-filtering Circuit for Preventing Overmodulation 

As a means of boosting the average 

percentage of modulation in a radio-
telephone transmitter without causing 
iwermodulation and resulting splatter on 
peaks, the accompanying circuit offers 

some advantages over volume compressors 
or low-pass or band-pass filters. 
The clipper is an instantaneous device, 

inoperative until the audio voltage reaches 
a predetermined level and then chopping 
off everything above that level. Al-
though this introduces considerable dis-
tortion, it occurs at a point where the 
objectionable high-frequency harmonics 

can be controlled and not allowed to 
appear in the side bands. Such distor-
tion as is left does not appreciably affect 

intelligibility. 
In the shunt type of clipper circuit 

shown, the bias for the clipper is obtained 

0.01 ii26SN7 

0.5 
MEG 

CLIPPER 
0.01 6H6 

330 
 %NW'  

R, 

3.75 H  

7-000 .\ 180 

I (  pp F 

ir  
200 

from the 6SN7 cathode resistors R7, R2, 
and R3. Clipping begins at an audio 
level of about 3 volts. The amount 
of clipping is determined by the voltage 
at R5. Potentiometer R4, a screw-driver 
adjustment, is set for 100 per cent 
modulation with R5 advanced about half 
way, and R5 is then used to adjust the 
amount of clipping. The low-pass filter 
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e-

following the clipper prevents high audio 
harmonics from modulating the carrier 
and causing unnecessarily wide signals. 
The filter cutoff frequency is 4,000 cycles. 
The filter choke must maintain its in-
ductance over the a-f range. 

John W. Smith and N. II. Hale, Let's Not Over-
modulate—It Isn't Necessary! OST, November, 
1946, p. 22. 
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Full-wave Shunt Type of Output Limiter 

Two diodes in a single OHO tube con-
nected interstage serve as a full-wave 
shunt type of audio output limiter. One 
diode shunts plate load R4 of the inter-
stage a-f amplifier tube for the positive 
and the other diode shunts for the nega-
tive half cycles of the audio signal. Tim 
diodes are biased in series with a d-c 
voltage obtained from R7, which controls 
the threshold level above which the diodes 
become conducting on audio peaks. The 
diode impedance when conducting is only 
about a few thousand ohms, so that the 
plate load of the preceding amplifier tube 
drops from about 250,000 ohms below 

limiting threshold to perhaps 5,000 ohms 
during limiting action. With a high 
plate-impedance tube, this load change will 
produce about 30 db less amplification 
above the limiting level than below it. 
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This loss of amplification, combined 
with normal saturation effects in the 
preceding amplifier tube, limits the out-

put peak voltage to a value that cannot 
exceed the d-c limiting bias of R7 by any 

considerable amount. This limiting sys-
tem is considered to be among the best 

of the audio output limiters for c-iv 

Re 

56,000 25,000 
• 

reception. A similar arrangement can 
be used following the audio output 
amplifier, using thermionic, gas, or crystal 

diodes. 

Emerick Toth, Noise and Output Limiters, l'art II, 
Electronics, December, 1946, p. 120. 

Lamb Noise-silencing Circuit for Making Noise Pulses Block an I-F Stage 

TEE circuit originally developed by J. J. 
Lamb for use in the i-f circuit of a super-
heterodyne receiver to suppress explosive-
type interference involves principles that 
may well have industrial applications 

also. 
Briefly, the circuit is effective against 

noise peaks of higher amplitude than the 
signal envelope. The circuit operates by 
separating part of the noise energy from 
the signal energy in a biased diode circuit, 
and using this noise energy to block one of 
the i-f amplifiers. By this means, the 
receiver becomes inoperative for a short 
instant during the noise pulse, and holes 
of silence replace the bursts of noise. 
The action is not perfect, since there 

remains considerable residual noise from 
low-amplitude components and from cross 
modulation within the i-f amplifier and 
the second detector. This residual noise 

manifests itself as a hiss that is not ob-
jectionable to the ear. 
The noise-silencing action of the circuit 

takes place as follows: An i-f signal 
(supplied by a conventional first detector) 
consisting both of the desired signal and 
the noise is fed simultaneously to an 
i-f amplifier, which acts also as the silencer 
tube, and to a noise amplifier. The latter 
tube, a 6.F7, amplifies the signal and noise 

and feeds them to a 6H6 full-wave diode. 
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The biases applied to the 6J7 and the OHO 
are controlled by a manually operated 
volume-control type resistor. The bias 
on the diode is adjusted until its value is 
equal to or slightly greater than the 
maximum amplitude of the envelope 
of the desired signal. No rectifying 
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action takes place, therefore until a noise 
pulse of higher value than this bias 

appears. 

The March of Electronics, Electronics, March, 1936, 

p. 7. 
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Logarithmic or Compressor Type of Audio Output Limiter 

THE circuit shown was used to investi-
gate the possibility of providing output 
limiting without serious audio distortion 
by virtue of exponential nonlinear re-
sponse, the theory being that a logarith-
mic increment in output for a linear 
increment of input would not cause dis-
tortion sufficient to destroy intelligibility. 
The arrangement consists of a two-stage 

a-f amplifier with degenerative feedback 
from the plate circuit of the output tube 
to the cathode of the preceding stage. 
Two diodes are connected in series with 
the feedback path, in such a way as to 
provide a path for both positive and 
negative half cycles of the feedback 
voltage. Potentiometer Rui across a 
battery provides (l-c bias to the diodes 
for setting the limiting level. The diode 
d-c circuit resistance is kept low to take 
advantage of low diode internal imped-
ance values varying at an exponential 
rate with applied voltage. Using the 
diodes in this manner as feedback imped-

c, 
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ances is equivalent to varying the feed-
back percentage from a low value to a 
maximum as the instantaneous feedback 
voltage rises, with the reverse effect as the 
instantaneous feedback voltage falls. 

Within the nonlinear portions of the 
output characteristic, this circuit produces 
considerable distortion on speech or 
music, but does not destroy intelligibility. 
Noise interference is reduced substan-

OUTPUT 
e 600 OHMS 

+200 V 

VG 
6H6 

tinily, and almost as effectively in some 
cases as with a series noise-peak limiter, 
if the desired signal is kept within the first 
linear portion of the output characteristic 
while noise peaks extend into the com-
pressed region beyond. 

Emeriek Toth, Noise and Output Limiters, Part II, 

Electronics, December, 19-16, p. 120. 
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Direct-indicating Comparison Bridge for Production Testing of R, L, and C 

DESIGNED for rapid production testing 
where moderate accuracy is desired, the 
circuit shown provides comparison of 
resistors, capacitors, and inductors to a 
similar standard. It consists of an 
a-c slide-wire bridge and an electron-tube 
indicating circuit. The slide wire covers 
a range of approximately ± 50 per cent of 
the value of the standard. 
Three working standards are used in 

calibration of the gear: one of nominal 
value and one each of upper and lower 
desired limits. Low and high values can 
be different. After adjustment, the sepa-

rate indicating meter provides a within-
limits.reading up to a marked point on the 
scale or an outside-limits reading beyond. 
Thus the testing operator is not required 
to rotate dials or press buttons. 
Accuracy of the equipment is largely 

dependent on the care with which limits 
are set, as well as on variations in line 
voltage. However, sensitivity and sta-
bility are such as to permit successful 
operation with limits set as close as +5 
per cent or as wide as ± 50 per cent of 
nominal. The range of measurement on 
capacitance is from 0.0001 to 1.0 ilf; in 

resistance, from 2,000 ohms to 20 meg-
ohms; in inductance, from 5 to 50,000 
henrys. 

Direct-indicating Comparison Bridge for Production 

Testing, Electronics, December, 1945, p. 272. 

A Wide-range Wheatstone Bridge for Resistance Measurements 

THIS bridge circuit measures resistance 
over a range extending from less than 0.1 
ohm to a million megohms—a range of 10'3. 
Relatively few standard resistors are 
required, and it is suitable for precision 
measurements as well as production 
checking to specified tolerance limits. 

In the bridge circuit, the multiplier 
switch selects the proper values for the 
B and C arms in accordance with the 
table. The A arm consists of a standard 
decade resistance box permitting settings 
from 10 ohms to 111,100 ohms. While 
a 1-ohm decade may be substituted for 
the larger 10,000-ohm decade, the latter 
is to be preferred, since it permits the 
application of higher voltages when 
measuring high values of resistance. 
For convenience all the arms of the bridge 
are brought out to separate terminals 
when the multiplier switch is placed in the 
External position. This makes it possible 
to extend the range of the bridge or to 
substitute other standards. The guard 
terminal that is also made available can 
be used in the measurement of three-
terminal resistances. 
A balanced circuit is used in which the 

cathodes of the two 6K6G tubes are con-
nected together and returned through a 
50,000-ohm resistor to a negative point on 
the power supply. The power supply is 
conventional and provides the plate volt-
age of plus 20 volts, the cathode-return 

voltage of minus 40 volts, and the heater 
voltage of 5.0 volts. 

Because of the high value of cathode 
resistance, an unusually high degree of 
self-regulation is secured. However, this 
is not accompanied by any appreciable loss 
in sensitivity since a push-pull action takes 
place that minimizes the degenerative 
effect normally obtained in a single-sided 
circuit. As a result of this self-regu-
lating action, the indicator is highly stable 
and independent of line-voltage variations 
over a wide range. 

Possible error that might arise as the 
result of grid current is eliminated by 
reducing the grid current to a very low 
value and by placing the balance switch 
in the bridge voltage-supply circuit rather 
than in the indicator circuit. The choice 
of tube type, operating conditions, and 
circuit design all combine to reduce 
the grid current to less than 0.0001 
microampere. 
The galvanometer is protected against 

injury by means of the 2-tnegohm resistor 
in the grid circuit and the 50,000-ohm 
cathode resistor. Both of these combine 
to prevent an excessive increase in cathode 
current and consequently in the current 
through the galvanometer. At the same 
time, the grid resistor and capacitor form 
a filter that prevents an indication as the 
result of stray alternating voltages. 

Because of the extended high-resistance 
95 

range of the bridge, care must be taken 
to prevent stray leakage paths from im-
pairing the accuracy of measurement. 
Greatly improved performance can be 
obtained by using a conducting rather 
than an insulating panel. Where a metal 
panel is used, the leakage paths which 
exist are not between the several junctions 

of the bridge but are directly to the guard 
terminal which is connected to the panel. 
This is especially important because of the 

fact that the vacuum-tube indicator and 
its associated plate leads are in proximity 
to the panel, and any leaks between these 
leads and points in the bridge circuit 
would produce an error. 
As far as the insulation of points 1 and 2 

from the panel is concerned, the values of 
shunt-leakage resistance must be high in 

comparison with 100,000 ohms, the latter 
being the maximum value of resistance 
used in the A and B arms. This condi-
tion is easily satisfied. The voltage used 
to supply the bridge must also be carefully 
insulated from the panel, since any leak-
age to the panel will appear as a shunt 
resistance across the A and B arms. 
Again this leakage must be kept to a 
value high in comparison with 100,000 
ohms. 
The point at which the insulation must 

be of the highest quality is at the high 
terminal of the unknown resistance R. 
To satisfy this requirement a ceramic 
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insulator that has low surface leakage is 
used. Separate insulators are used for 

the two terminals of R so that these two 
terminals in conjunction with the panel 
form a three-terminal network in which 
the leakage to the panel does not affect the 
accuracy; the only effect of leakage 
between the high terminal of R and the 
panel is to lower slightly the sensitivity of 
balance where high values of resistance 

are being measured. As long as the leak-
age resistance between the low terminal 
of R and the panel is high in comparison 
with 100,000 ohms, the accuracy is not 
impaired. 
The measurement of resistances above 

100 megoluns is preferably made by using 
100-megolun standard in the C arm. 

An inexpensive and satisfactory standard 
can be made by placing ten 10-megohm 
resistors of the metallized type in series. 
To reduce errors due to switch-contact 

resistance, the minimum value of resist-
ance used in the C arm is kept to 1 ohm; 
this minimum value is used for the meas-
urement of resistances below 1 ohm. 
Since the switch-contact resistance is less 
than a milliohm, the error from this source 
will not exceed 0.1 per cent. 
• Heavy bus bars should be used to con-
nect the low side of R to the battery 
junction 1 and the high side of R to the 
indicator junction 3. Alternatively, the 
need for these heavy leads can be reduced 
by wiring the indicator to the high termi-
nal post of R, and by wiring one side of 
the bridge supply voltage directly at the 
low terminal post of R. Where this 
arrangement is followed, the internal 
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lead resistances connecting the R arm 
with the A and C arms appear as part of 
the A and C arms rather than as part 

of the resistance being measured. Since 
the minimum value of resistance ever 
used in the A and C arms is 10 ohms, 
these lead resistances do not cause any 
error provided that reasonably heavy 
wire is used. 
For the production checking of re-

sistors, the indicator is provided with a 
15,000-ohni rheostat which can be preset 
so that the maximum allowable error will 
cause a deflection in either direction from 
the zero to two fixed indices on the meter 

scale. 
The following values of B and C arms 

were used. 
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Jack Avios, A Wide Range Wheatstone 
Electronics, July, 1039, p. 38. 

Two-tube D-C Vacuum-tube Voltmeter with Cathode-follower Input 

Tins circuit was designed to overcome, 
by sacrificing some simplicity, the short-
comings of the single-tube voltmeter. 
This d-c voltmeter is essentially a two-
stage amplifier with the first stage serving 
only to couple the source to the second 
tube. The first stage is a cathode-
follower arrangement and is highly stable 
because of the large degeneration. The 
6J5 is operated with low voltages on the 
heater and plate in order to reduce the 
grid current in both tubes. The high 
side of the input is connected through a 
shielded lead with a 1-megohm isolating 
resistor, thus providing an input resist-
ance of 11 megohms. This resistance 
could be macle larger. 

The bias for the 6AC7 is the algebraic 
sum of the voltage drops across the two 

cathode resistors. The initial plate cur-
rent is balanced out by a No. O dry cell. 
Instead of this cell, a suitable voltage may 
be tapped from the bleeder resistance but 
this reduces the sensitivity somewhat. 
In order to protect the indicating in-
strument against excessive deflection, 
switch S is left open until the heater of 
the 6AC7 has warmed up. The sensitiv-
ity can be controlled by the rheostat in 
series with the millialmneter. The supply 
voltage is regulated by using a VR75 
tube. 
This voltmeter is strictly linear; the 

zero point is stable, and no appreciable 
grid current is observable in the 0.15. 
An input of 1.5 volts gives a full-scale 
deflection on a 5-ma instrument of 1 per 
cent accuracy. The circuit is sufficiently 

Bridge, 

stable so that, by means of a more sensi-
tive indicator, the range of the voltmeter 
may be extended upward by a conven-

tional voltage divider across the input. 
Because of the filtering action of the input 
circuit, cl-c voltages can be measured 
correctly even in the presence of super-
imposed ac voltages. 

J. T. McCarthy, Improved Vacuum-tube Voltmeters, 
Electronics, July, 1945, p. 137. 
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Two-tube Vacuum-tube Voltmeter Circuit with A-C Plate Supply 

THIS voltmeter circuit is suitable for a 
wide range of voltage and frequency and 
uses an a-c operated triode amplifier fed 
by a diode that rectifies the incoming 
signal. The readings are relatively un-
affected by line-voltage changes and no 
voltage regulator is required. 
A 6116 diode is used as the input tube 

when an alternating voltage is to be 
measured. One section of this tube serves 
as the rectifier of the a-c input, while the 
other section is unused. A small resistor 
is used in series with the heater of the 
6116 to lower its filament voltage. 
A selector switch is provided so that 

either direct or alternating voltages may 
be measured. The d-c position of this 
switch removes the diode from the circuit 
and substitutes the direct voltage that is 
to be measured for the rectified output of 
the diode. Whichever of these voltages 
is to be used is impressed across the 
voltage divider to which the range switch 
is connected. For a given meter range, 
this simply selects a portion of the voltage 
available and applies it to a resistance-
capacitance filter, after which it is im-
pressed upon the grid of the a-c operated 
amplifier. 
The diode circuit and the polarity mark-

ing of the d-c input terminals are ar-
ranged so that the signal grid of the 6SN7 
is always at zero or at a negative potential. 
This eliminates practically all grid cur-
rent of the double triode and makes it 

possible to limit the total current that 
can flow through the meter, even with a 
severe overload at the voltage input 
terminal. 
To assure that the voltmeter produces 

an accurate indication at all times, a 

Mallory grid-bias cell is used as a stand-

ard with which the a-c operated circuit 

can be calibrated. If the cell has first 

been aged for about 1,000 hours, and if no 
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direct currents larger than 10-7 ampere 
flow in the cell circuit, the output voltage 
of a 1%-volt cell may be expected to be 
maintained under normal temperatures to 
within +2 per cent of its original value for 

at least 2 years. 
Two of the range switch positions, 

labeled Cal. 1 and Cal. 2, are used for 

checking the calibration of the meter by 
the method outlined above. When the 
switch is at Cal. 1, a known direct voltage 
from the bias cell is connected between 
ground and the bottom of the voltage-
dividing resistor. The adjustable re-
sistor R4 is varied until the meter deflects 
to a calibration point on the scale of the 
moving pointer meter. The range switch 
is then set to Cal. 2, and the resistor Rs is 
adjusted to give a meter indication of 

zero. These two adjustments are re-
peated in succession until the meter indi-
cates zero at Cal. 2 and up to the marked 

point at Cal. 1, at which time the instru-
ment is correctly calibrated. 

Experimental checks show that changes 
of +10 per cent in line voltage result in 
variations of less than ± 2 per cent in the 
indication of the meter throughout all 

300V 

I I: V 
A -C 

reading ranges both on the a-c and on the 

d-c settings. 
The input impedance of the instrument 

with the switch on the d-c position is a 
resistance of 10 megohms shunted by a 
capacitance of 15 ¡lid. With the switch 
on the a-c position, the impedance is 
rather complicated because of the rectifier 
action of the diode, but the loading effect. 

upon most circuits encountered in ordi-
nary laboratory work has been found to be 
negligibly small. 
The instrument is useful and reliable 

for frequencies between 50 and 20 X 106 
cycles. Over this range, the a-c-operated 

voltmeter should be accurate to within 5 
per cent of full scale deflection. 
Any vacuum-tube voltmeter of this 

peak-reading type is subject to serious 
errors if a calibration based upon root-
mean-square sinusoidal voltage is used to 
measure voltages of nonsinusoidal wave 
form. A percentage error, equal to the 
percentage of harmonic amplitude present 
in the voltage being measured, is possible. 

James Norton Thurston, An A-C Operated Vacuum 

Tube Voltmeter, Electronics, October, 1943, p. 102. 

Tube Tester for High-power Thyratrons, Phanotrons, and Other Tubes 

T1111 accompanying circuit has proved 
highly satisfactory for checking FG57 and 
FG 95 thyratrons, FG32 phanotrons, and 
872A rectifier tubes for shorts, low ion-
izing potential, erratic operation, and low 
emission. The tester operates from a 
440-volt single-phase 60-cycle a-c line. 

If it is assumed that switch 82 is in the 
position which disconnects the anode, 
grid, and cathode from their respective 
circuits and that switch Si is closed, the 
filament of the tube under test is being 

heated by the secondary of transformer 
T3, which in turn is supplied by the 
secondary of transformer 
With Si and 82 in the above positions, 

switch $3 is rotated to apply 110 volts in 
series with the neon tube between grid 
and cathode, grid and plate, and cathode 
and plate in turn of the tube being tested, 
as a shorted-electrode test. 
Throwing switch 82 to its other position 

applies all voltages to the tube under 
test and permits regular tests on the 

tube. The grid potential at the instant 
that the tube becomes conductive is read 
on the voltmeter. The plate current is 
then read on the 10-ampere d-c ammeter 
in series with the load resistor, which is of 
such value as to allow the passage of 
rated load current for the tube. The tap 
and switch 56 are provided because some 
of the tubes tested have a different plate-
current rating. 
Under the foregoing conditions trans-

former T2 is also energized. It applies a 
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rectified voltage between the grid and 
cathode of the tube under test, through 
the type 80 rectifier tube and the brute-
force filter, which consists of C1 and C2 
and choke LI. The grid is negative with 
respect to the cathode here, and the value 
of the grid-cathode voltage is deter-
mined by the setting of the potentiometer 
in series with the 3,000-ohm resistor, 
which together serve as voltage divider 
and bleeder. The value of this voltage is 
indicated by a 25-volt d-c voltmeter. 
Capacitor C4 maintains the grid at a 
constant potential, which is independent 
of ripple voltage or surges. S is a 
normally open pushbutton switch, serving 
to bring the grid to zero potential as a 

check for intermittent operation of the 
tube. 
To test an FG57 thyratron, all switches 

are in off positions, and the potenti-
ometer is in its minimum-voltage (coun-
terclockwise) position. Insert tube in 
socket, and connect grid lead to cap on top 
of tube. Close switch Si, and wait until 
condensation has cleared from sides of tube. 

Rotate switch 83 through its three 
positions, and observe the neon tube. 
If both sides of tube light simultaneously, 
a short circuit is indicated, and the tube 
should be discarded without further test. 

6X5 

1I5V 
60 A, 

Close switch 82, and rotate the potenti-
ometer slowly in the clockwise direction 
while watching the grid-voltage meter. 
The tube should ionize when the grid 
meter reads 5 volts. If the reading is 
appreciably lower, a weak tube is indi-
cated, and the tube should be discarded or 
marked Weak. After the tube has 
ionized, advance the potentiometer to 
its extreme clockwise position, and ob-

serve the reading pf the plate-current 
meter. This reading should be 2.4 
amperes. A lower reading indicates low 

emission, and consequently a weak tube. 
Press pushbutton switch S4 to short-

circuit the grid to the cathode. The tube 
should ionize each time this switch is 

depressed, regardless of the setting on 

the potentiometer. This switch is in-

corporated to facilitate locating tubes 

that may be erratic in operation. 

To test an FC95 thyratron, all switches 

are in off positions, and the potentiom-

eter is in minimum-voltage position. 

Insert an ľG95 tube in socket, connect to 

cap on top of tube, and connect to cap 

on side of tube. Remainder of procedure 

is identical with that given above. 

For the FG32 phanotron, all switches 

are in Oil positions, and S6 is in open 

2.WATT 
NEON WA 

position. Insert an FG32 tube in socket, 
and connect to cap on top of tube. 
Close switch SI, and wait until condensa-
tion has cleared from sides of tube. 

Make leakage test as outlined for FG57. 
Close switch 52, and observe reading on 
plate-current ammeter, which should be 
2.4 amperes. 
The procedure for testing the 872A 

rectifier tube is exactly the same as for 
the FG32 thyratron except that switch 
86 must be in its closed position and that 
the plate current should read 1.4 amperes. 

V. P. McKinney, Thyratron Tube Tester, Electronics, 

July, 1_913, p. 128. 

Vacuum-tube Circuit for Use as Rheostat in Calibrating D-C Meters 

0--C VOLTAGE SOURCE 

10H 
1,000 

Tilt calibrating of (1-c measuring 
instruments during manufacture or the 
rechecking of accuracy during use re-
quires a d-c source of power that provides 
an accurately known and smoothly 
variable voltage. The drawbacks of 
carbon-type potentiometers in conven-
tional voltage-dropping circuits for both 
batteries and power packs led to investi-
gation of vacuum tubes as rheostats. 
A tube having a sharp cutoff, such as a 

6N7 operated as a single triode, gives a 
plate-cathode resistance variation from 
about 3,000 ohms up to practically infinity 

25,000 
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CONTROL 

6N7 
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when grid bias is varied over a range from 
a positive value of a few volts to just 
beyond cutoff bias. This permits use of 
the vacuum-tube rheostat in series with 
the source for voltage-dropping purposes 
rather than as a voltage-dividing potenti-
ometer. The 25,000-ohm potentiometer 
for bias variation is a wire-wound unit 
having long life at the low grid-current 
values encountered. 
The meter to be checked is converted 

to a 100-volt d-c voltmeter by appropri-
ate multiplier resistors in series and is 
connected in parallel with the precision 
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standard 100-volt meter in the instru-
ment. Both meters are fed by a regu-
lated full-wave power pack through the 
series vacuum-tube rheostat. The volt-

age is varied from 0 to 100 volts by 
adjusting the 25,000-ohm potentiometer 
in the grid circuit while the readings of the 
two meters are compared. Fine adjust-
ments of voltage are obtained with a 
1,000-ohm rheostat serving as vernier 
control in the grid circuit. 

Roscoe Ammon, Production Testing of Panel Meters, 
Electronics, February, 1946, p. 170. 
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Transient Peak Voltmeter for Measuring Single Pulses 

TIIIS transient peak voltmeter uses the 
fast transient signal of the circuit under 
test to charge a low-leakage capacitor 
through a diode in the voltmeter circuit. 
The high inverse impedance of this diode 
allows the capacitor to remain charged for 
a considerably longer period than that of 
the signal. By making the capacitor's 
discharge time sufficiently long, the initial 
charge can be measured by means of a high-
input-impedance balanced bridge contain-
ing a cl-c instrument between the arms. 
The circuit will measure the peak value 

of the input signal and hold the reading 
for several seconds or until reset by the 
manipulation of the reset switch. There 
are four input voltage ranges, of 1, 5, 10, 
and 50 volts full scale, to cover the most 
generally used range of voltages. Higher 
or intermediate ranges can be added if 
desired. Lower ranges could be provided 
by the addition of suitable amplifiers. 
The input circuit has a constant input 
impedance of 20 megohms and contains 
a blocking capacitor that prevents direct 

current in the measured circuit from 
affecting a measurement. 
The frequency-response characteristics 

of such a voltmeter can best be considered 
as the response to single transients with 
various times to the peak. Assuming 
the pulses to be the equivalent of one-half 
cycle of sine wave, the response is flat 
within 2 db from 5 milliseconds to M 
second and time to the peak. 
The amplifier-inverter (B) provides a 

gain of 10 and inverts the signal-voltage 
polarity from positive to negative. The 
amplified and inverted signal then goes 
through the impedance transformer (C), 
which is no more than a cathode-follower 
circuit used to match the plate circuit of 

the amplifier to the low-impedance diode 
hold-on circuit (D) which charges a 
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low-leakage capacitor to the peak value 
of the incoming signal. The charging 
impedance of this circuit is low but the 
discharge resistance is extremely high, 
in the order of several hundred megohms. 
The value of the voltage that is fed 

into the hold-on circuit is measured by 
the balanced bridge (E). This voltmeter 
circuit is designed to have high input 
resistance, so that the signal will not be 
dissipated by the measuring device. At 
the conclusion of a measurement the 
hold-on circuit is reset and made ready for 
a new signal by the manipulation of the 
reset switch (F). This action discharges 
the hold-on capacitor. 
The potentiometer control R1 adjusts 

the sensitivity of the voltmeter and is 
used during calibration. The control 
R2 is the zero-set adjustment that provides 
balance between the tubes of the volt-
meter bridge. 
The voltmeter bridge is a double 

cathode-follower arrangement, with the 
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input signal applied to the grid of tube 
VT2, the balance potential applied to the 
grid of VT6, and the indicating instrument 
connected between the cathodes of these 
two tubes. The compensation network 
in the grid circuit of cathode-follower 
tube VT3, consisting of resistances R3, 
R4, and C1, improves the frequency 
response of the preceding amplifier tube 
VT2 by increasing the input impedance of 
the cathode-follower circuit. The bias 
cell in the input to VT2 is necessary in 
order to cancel the diode potential that 
otherwise would cause a spurious zero 
reading. The presence of this cell re-
quires that the reset switch be connected 
to discharge the capacitor without shunt-
ing the bias cell. 
The voltage that is applied across the 

balance or zero-set resistor R2 is in prac-
tice obtained from a small C battery. 

C. Ryerson and M. Aronson, Transient Peak Volt-
meter, Electronics, September, 1945, p. 110. 

Balanced Cathode-follower Input for Stabilized VTVM 

TIM circuit shown provides linear 

response and avoids the use of a battery 
to balance out the initial tube plate cur-
rent. It stabilizes easily against line-

voltage variation; hence a stabilized 
power supply is not usually required. 
The two 6AG'7 tubes and the two sides of 
the 6SN7GT should be approximately 
matched for optimum stability. 

A deflection of 10 ma can be obtained 
for an input of 2 volts, but the circuit is 
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Two-tube Precision Moisture-testing Circuit for Granular Material 

Tills circuit measures the moisture 
content of such things as cattle foods, 
seeds, dehydrated foods, straw, tobacco, 
malt, clays, and plastic powders and is 
remarkable for its accuracy and simpli-
city. Most readings are correct to 
within about 0.5 per cent moisture, and 
different unskilled users can easily obtain 
results differing by less than 0.2 per cent. 
The circuit is designed to respond to 

capacitance or a-c conductance changes or 
to any combination of the two, the latter 
condition being very suitable for produc-
ing a linear scale of moisture. Another 
advantage is that a rise in temperature 
produces a decrease in dielectric constant 
and an increase in conductivity so that a 
combined method of measurement enables 
over-all temperature variations to be 
minimized. 
The material to be examined is placed 

in a test cell and a constant alternating 
voltage applied. The resultant current 
is the vector sum of the conduction cur-
rent, which is in phase with the applied 
voltage, and the capacitance current, 
which is in quadrature with it. This 
resultant current is passed through a 
fixed resistor and the potential difference 
at its terminals contains two components 
in quadrature that are proportional to the 
capacitance and conductance of the 
material being tested. 
A voltmeter is connected to the termi-

nals of the resistor so that it measures the 
component of the total voltage which 
bears a definite phase relationship to the 
main supply or some auxiliary voltage. 

If there is a suitable phase relationship 
between the cell voltage and the reference 
voltage, the voltmeter can be arranged to 
indicate only that component of the 
resistor potential difference which is 
proportional to the capacitance of the 
cell or the component which is pmpor-

tional to the conductance, the change 
from one to the other being made by 
moving the cell voltage through 90 de-
grees. Should the phase be intermediate 
to these points, the voltmeter will indicate 
a proportion of the capacitance and 
conductance voltages. 
The two tubes receive equal anode 

voltage from the center-tapped trans-
former but with opposing phases. In 
series with the cathodes are resistors RI 
and R2, with a variable linking resistor. 
Both grids are joined, and the voltage 
to be measured is applied to them so that 
the resultant voltage operative in the 
anode circuit of one tube is µV -1- V 
while the other is µV — V, V being the 
anode voltage. 
The indicating instrument is a d-c 

microammeter connected across the two 
cathode resistors. A 50-henry choke is 
connected in series with the indicator to 
prevent alternating current from flowing 

through it, and the comi illation is by-
passed by capacitor C1. 

In operation, the tubes pass pulsating 
current, and the meter indicates the 
difference in the mean potential of the 
cathodes, which will be determined by 
the two anode voltages. To adjust the 
indicator to zero, the variable resistor 

joining the two cathode resistors is ad-
justed when the grid potential is zero, which 

takes place when the test cell is empty. 
Automatic protection against overloads 

is obtained since resistors R1 and R2 

determine the bias applied to the grids; if 
a large voltage is accidentally applied to 
the instrument, the grids automatically 

acquire a large bias. 

John H. Jove, Itapid Moisture Testing of Granular 
Material, Electronics, May, 1946, p. 180. 

Vacuum-tube Voltmeter Circuit for Measuring lnterelectrode Capacitances of Vacuum Tubes 

DEsioNED for production measurement 
of interelectrode capacitance of vacuum 
tubes, this instrument uses a single fixed 
standard, whose magnitude made an 

accuracy of one-half of 1 per cent readily 
obtainable, a range multiplier which 
could be voltage-calibrated, and a direct-
reading capacitance indicator. 
The equipment will readily measure 

other capacitances than those between 
vacuum-tube elements, and adequate 
measurements can be obtained without 
shielding of the test specimen when its 

geometry is determinate and the sample 
can be directly connected to the ends of 
the coaxial cables. Small fixed and 
variable capacitors may be measured, and 
characteristics which can be correlated 

with capacitance can be determined with 
the use of small samples. 
The instrument consists of a power 

supply, oscillator, vacuum-tube voltmeter, 
and shielded junction block with associ-

ated tube adapters. The power-supply 
unit is fed by a voltage-regulating trans-
former and comprises separate supplies for 
the vtvm and oscillator. 
The oscillator is a crystal-controlled 

Pierce type driving a 6L6 amplifier, part 
of whose output is fed back through a 
rectifier to provide automatic amplitude 
control. The voltage source is thus 
stabilized against line-voltage changes, 
frequency drift, and output-voltage am-
plitude variation arising from detuning 
and switching of load. The output of the 
oscillator is fed into a three-step decade 
attenuator which then feeds the voltage 
to the measuring network. 
The vtvm is a high-gain three-stage 

band-pass amplifier, the input of which 
contains the dividing elements of the 

measuring network. This amplifier is 
followed by an impedance-changirg tube 
that drives the 1-ma 6-inch indicating 
meter through a rectifier. Meter pro-

tection is provided by the circuit overload 
characteristic, which keeps the meter 
current from exceeding 2.3 ma for any 
value of input voltage. The range 
selector is a single control driving the 
attenuator and the divider switches that 
are linked by a gear and rack drive. 

Calibration of attenuator steps is 
accomplished by supplying voltages from 
a calibrated source. This method has 
two primary advantages: (1) The cali-
bration can be made against a single 
accurate standard of capacitance, and (2) 
the remaining ranges can be calibrated as 
voltage decades from the first range. 

Variations of residual capacitance are 
eliminated by use of an adapter each of 
whose contacts is in a separate completely 
shielded compartment. 
The adapters plug into a universal 

shielded socket, having all the pin 
contacts carried through shielded cham-
bers to a series of receptacles mounted 
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on an inclined periphery of the socket. 
This socket is in tuno mounted upon and 
shielded from a casting whose periphery 
carries two banks of parallel-connected 
receptacles. Each bank is shielded; one 
bank connects to tloe oscillator and the 
other to the vtvm. Patch cords between 
the lower banks of receptacles and the 
receptacles in the socket serve to connect 
the tube elements into the measuring 
circuit in any arrangement required. 
The base casting also contains a 50-Auf 
standard capacitor. 
The instrument is readily operated, 

611 
 r0000‘•-----A 

the controls being merely those for 
range and calibration. The gain of 
the vacuum-tube voltmeter is set, with 
the standard in place of the unknown, 
for a meter reading of 0.5. The tube 
elements are then connected so that the 
unknown capacitance is between the vtvm 
and oscillator circuits. The shield is 
grounded or connected to cathode, as re-

(luired by the applicable test specification. 
The capacitance between the tube ele-

ments being measured is the product of 
the meter reading and the multiplier 
dial setting. In the event that any of the 
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readings fall upon the low end of the scale 
and greater accuracy is required, the range 
of the instrument can be varied by chang-

ing the calibration point, i.e., calibrating 
at 1.0 instead of at 0.5 provides full-scale 
ranges of 50, 5, 0.5, 0.05, and 0.005 pi.of. 
For production testing, other points of 
calibration may be selected so that the 

limits of measurement fall on a single 
scale for one range setting. 

L. Y. lIanopol, Production 'l'ester for Small Values of 
Capacitance, Electronics, September, 1915, p. 160. 
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Inverted-triode Circuit for Measurement of Extremely Small Currents 

A NEW electronic tube can measure 
hydrogen-ion contents of chemicals (pH), 
minute currents produced by phototubes, 
ion current in mass spectrometers, alloy-
ing constituents of steel, awl minute 
quantities that previously required an 
electrometer or its equivalent. 

In this tube the outer electrode, which 
is normally the plate in an ordinary 
vacuum tube, is used as the control grid. 
This inversion minimizes the space-
charge effect, thereby making it possible 
to select a value of grid bias that will 
result in zero grid current. 

Currents as low as 10-14 ampere can 
be measured and as low as 10-16 ampere 
can be indicated. Direct potentials can be 
measured to a sensitivity of 10-4 volt in 
circuits having up to 10 12 ohms resistance. 
The tube is termed an inverted triode 

because the outer electrode, which is 
normally the plate in mui ordinary vacuum 
tube, is used as the control electrode or 
grid in this tube. This places the control 
electrode at a maximum distance from the 
space-charge region surrounding the fila-
ment, thus minimizing the amount of 
electrons collected by the control elec-
trode. In this manner, the current to the 
control electrode is held at a minimum. 
The mesh mounted between the fila-

ment and the control electrode is used as 
the anode. This construction provides 
more radiating surface to the grid, de-
creasing its temperature and possible 
thermionic emission. The control ele-
ment, or grid, being farthest from the 

filament, receives less heat and light from 
the filament, thus decreasing emission 
from the grid. 
The filament is operated at a low tem-

perature to minimize the emission of 
photoelectrons and of primary electrons 
from the grid. All the electrodes are 
operated at rather low voltages to reduce 
the possibility of ionizing residual gas 
in the tube, which would cause positive 
ion current in the grid circuit. 

In taking measurements of extremely 
minute currents, the electrostatic charges 
that build up on the inside surface of the 
glass bulb produce a sufficiently high 
electric field to affect the over-all sensitiv-
ity of the tube. This electric field also 
makes consistent results practically im-
possible. To eliminate this condition, a 
small piece of spring wire is mounted with 
a slight pressure against the inner wall 
of the glass bulb. The connection is 
then brought out to a base pin and con-
nected to an electrical ground with respect 
to the other electrodes. If not thus 
neutralized, electric fields created by the 
charge on the glass bulb can easily be of 
sufficient magnitude to exert a greater 
control over the electron flow than is 
obtained from the control electrode. 
A microammeter, or a galvanometer, 

must be used in the plate circuit to meas-
ure the small currents. The output may 
also be fed into a suitable voltage ampli-
fier, in which case the RI1507 tube will 
serve as a coupling device between the 
source under measurement and the am-
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plifier proper. A typical electrometer 
circuit using a microanuneter, or a 
galvanometer, is shown. 
The tube and all leads from the voltage 

supply should be shielded carefully from 
stray magnetic or electrostatic fields. 
It is also necessary to shield the tube 
from light as there may be sorne photo-
electric effects while sensitive readings are 
being taken. It is advisable to mount 
the tube in a reasonably tight shielded can 
containing a drying agent, such as calcium 
chloride or phosphorous pentoxide, to 
protect it from moisture condensing on the 
bulb surface. 
The filament current is very critical 

and must be held constant. If there is 
any drift due to battery or other changes, 
the plate current_ will naturally shift, 
which will affect the constancy of the 
readings. It is therefore advisable to 
use only a battery which has been sea-
soned or has been stabilized so that its 
voltage has become practically constant. 

inverted Triode for Industrial Measurements, 

El ectronics, December, 1944, p. 176. 

Resistance Strain Gage Calibrator for Rapid Visual Tests 

Tills circuit has proved extremely 
useful as a limit indicator for calibrating 
strain gages in the process of manufacture 
and the routine check of gage installations. 
Considerable saving of time is effected as 
compared with previous methods in 
which a galvanometer is used as the 
indicating device. 
The instrument consists of a null-

balance circuit using 6E5 tuning-eye 
tubes as null indicators. 

The gage under test is connected to two 
terminals on the front panel. Evidence 
of faulty wire in the gage, open gages, 
corrosion of the wiring junctions, or poor 
insulation of the gage to ground is 
immediately apparent as either complete 
opening of the shadow angle or as an 

erratic flutter in this angle. Change of 
resistance in a gage due to aging or other 
factors may be determined in terms of the 
standard gage resistance by noting the 
point on the dial at which balance is 
obtained. The balance dial is graduated 
in percentage of tolerance. 
The gage to be tested becomes an arm 

of the bridge circuit. Resistors have 
been provided in the bridge to accommo-
date 200-, 400-, and 800-ohm gages. 
Other sizes could be taken care of by 
additional resistors in the reference arm 
of the bridge. 
With the balance potentiometer set to 

center position (zero on the dial), any 
unbalance of the bridge will be applied to 
the first tube of the voltage amplifier. 

The amplified output (60 cycle) of the 
amplifier is applied to the two grids of the 
tuning-eye tubes in parallel. Since these 
tubes have 60-cycle alternating current 
on their plates, the shadow angle of one 
or the other of the tubes will change, 
depending on the phase relation of the 
grid signals with respect to the plates. 

The amount by which the balance 
potentiometer must be moved in order to 

return the bridge to balance is a measure 
of the gage resistance with respect to the 
standard resistors in tue bridge circuit. 
Balance is indicated by the return of the 
shadow angles to their original setting. 
The shadow angles of the 6E5 tubes are 
usually adjusted as close to zero as possi-
ble by means of the 1,000-ohm potenti-
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ometers that vary the grid bias of the 6E5 
tubes. The check-read switch is turned 
to the Check position for this adjustment 
to remove the voltage from the bridge. 

Resistors RI, R2, R3, R4, and R4 are all 
precision wire-wound resistors whose 
accuracy is better than 0.05 per cent. 
These are used as a standard reference. 
The dial is calibrated by using an addi-
tional set of precision resistors with the 
specified tolerance. The dial divisions 
represent percentage of deviation from 
the nominal values of 200, 900, and SOO 
ohms. Tisis marking was used since the 
calibration ivill be same for all three 
ranges. 

Spread of the dial may be varied by 
adjustment of padding resistors R4 and 
R7. To make tisis adjustment, the unit 
must be removed from the case and the 
dial recalibrated. 

In using the test set to check a gage 
already installed, the gage in question is 
connected to the proper terminals on the 
front of the set. If the shadow angle has 
been properly adjusted beforehand and 
the dial is at zero, the change in angle, if 
any, will indicate deviation in resistance 
from that of the standard. Erratic flutter-
ing of the shadow angles indicates faulty 
installation. 

If the set is to be used for adjusting 
gages (luring manufacture, the procedure 
is the same as above except that the bridge 
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is made to balance by adjusting tile 

resistance of the gage itself. This may 
be done while the gage is connected in the 
circuit. The advantage of tisis method is 
that the operator may use both hands for 
soldering and adjusting, while at the same 
time observing the shadow angle. 
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It is possible to hold gages to better 
than 0.02 per cent of the value of the 
standard resistors with tisis method, 
without sacrificing quantity of production. 

E. II. Heinemann, Test Set for Strain Gages, Elec— 

tronics, July, 1944, p. 146. 

Wheatstone Bridge with Amplifier and Cathode-ray Indicator for Testing 

PURITY of distilled water can be read 

directly in terms of conductivity with 
tisis simple a-c Wheatstone bridge ar-
rangement. For convenience the scale 
is calibrated 0 to 15 parts per million in 
terms of sodium chloride. 

A conductivity cell and the liquid in 
which it is immersed constitute the un-
known resistance. Resistors Ri and R2 
are the standard resistors, and resistors 
R3 and R4 together with the slider on R4 
form the ratio arms of the bridge. Re-
sistor 112 is employed for temperature 
compensation and has a dial marked in 
degrees. A dial on resistor R4 carries 
the concentration calibration. 

Voltage for the bridge circuit is derived 

from a winding on the power transformer. 
Plate voltage for the operation of tile 
6F5 amplifier tube and the 6AF6G 

indicator tube is supplied by the center-
tapped 150-volt winding of the power 
transformer through a 6H6 rectifier tube. 

The latter is arranged in a frequency-
doubler circuit. 

The detector junctions of the bridge 
are connected to the grid and cathode of 
the 6F5 amplifier tube. Unbalance volt-
age from the bridge circuit is applied to 
the grid and cathode of the 6F5 amplifier 
tube and tends to close the shadow angle 
of the indicator tube. When the voltage 
across the detector junctions is zero, tlie 
indicator tube is opened to its maximum 
shadow angle. Throwing the bridge off 
balance in either direction results in 
closing the eye. 

If the amplifier and indicator tubes 
were operated at the line frequency 
instead of twice line frequency, the eye 
would open if the bridge were thrown off 
balance in one direction and would close 
if the bridge were thrown off balance in 
the other. The frequency-doubling ar-
rangement eliminates tisis difficulty and 
at the same time retains the inherent 

Water Purity 

simplicity of a completely a-c-operated 

instrui sent. 
The conductivity scale of the meter is 

calibrated from 0 to 15 parts per million 
and can be read to 0.25 ppm in the range 
from 0 to 5. The temperature-correction 
scale has a range from 64 to 190°F. 

‚Vater Purity Tester, Electronics, December, 1943, 

p. 162. 
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Cathode-follower Circuit Permits Use of Tubeless Probe for VTVM 

Win' this circuit, the r-f circuit loading 
due to the input admittance of the meas-
uring instrument is reduced by employing 
a cathode follower in the input circuit of a 
vacuum-tube voltmeter. 
The circuit is practically as effective as 

a vacuum-tube probe and has the advan-
tage of permitting the tube to be located 
some distance away from the circuit under 
test. 
The cathode follower is fed through a 

shielded conductor. The shield is not 
grounded but is connected directly to the 
cathode of the tube. The capacitance of 
the shielded conductor thus is added to the 
grid-cathode capacitance of the cathode 
follower, but because of the cathode-fol-
lower characteristics this total capacitance 
does not appear as such at the input 
terminals. The effective input capaci-
tance at the probe terminals is the total 
capacitance between grid and cathode 
multiplied by a reduction factor that by 
proper design may be 0.01. 
The circuit is useful at frequencies up to 

several hundred kilocycles. It employs 
a type 6SF5 high-mu triode operating 
with E, = 100 volts, I, = 0.4 ina, and 
E, = —1 volt. 

Circuit constants are Rb = 200 volts, 

C, = 1,000 µµf, R, = 10 megohms, R,, = 
2,500 ohms, and R. .= 250,000 ohms. 
The published values of µ and G„, for 

these conditions are 100 and 1,150 
micromhos, respectively, giving a value of 
= 0.013. The 2-foot length of 60-14 

per foot shielded cable used as an input 
lead should appear as a shunt capacitance 
of only 2 X 60 X 0.013 = 1.6 pg. With 

total grid-cathode resistance of 5 meg-
ohms, the apparent shunt input resistance 
is 5/0.013 -- 380 megohms. 
The measured input impedance of this 

circuit was found to be approximately 

5 µµf in parallel with 300 megohms at 

frequencies from 1 to 500,000 cycles, the 

difference between 5 mµf and 1.6 µµf being 

accounted for as the grid-to-ground 

capacitance within the tube. The volt-

age gain is about 0.98. 

The chief limitation of the high-

frequency operation of this circuit is the 

cathode-ground capacitance, since this 

must be considered as shunting the cath-

ode resistor for the purpose of evaluating 

Zr. The high-frequency limit evidently 

may be extended by using a tube having 

a higher transconductance mid requiring a 

lower value of cathode resistor. The 

Cg 

1 Rg 

SHIELD CONNECTED 
TO CATHODE 

low-frequency limit may be extended iy 
increasing the value of C,. 
The cathode-to-ground impedance of 

the tube appears relatively low even for a 
source impedance as high as several 
megohms, and hum pickup is much 
reduced as compared with an unshielded 
lead. For low-level measurements, a 
double-shielded cable may be used, the 
inner shield being connected to the 
cathode and the outer one to ground. 
With the double shield, the cutoff value 
will be constant and independent of 
location but it will be lower because of the 
increased cathode-to-ground capacitance. 

IIoward L. Daniels, Tubeless Probe for r11'1\1, 

Electronics, February, 1945, p. 125. 

Electrometer Circuit Using Type RH507 Inverted Triode 

IN this circuit, a type-RH507 inverted 
triode is operated with zero grid current 
as required for the measurement of cur-
rents as low as 10-'5 ampere and will indi-
cate the presence of 10-'6 ampere, which 
represents a flow of about 625 electrons 
per second. Direct potentials of 0.0001 
volt may be measured in circuits having 

up to 10'2 ohms resistance. 

Use of the outer electrode as the con-

trol grid minimizes the space-charge 

effect, making it possible to select a value 

of grid bias that will bring the grid current 

down to zero for any anode voltage em-

ployed in the range from 4.5 to 9 volts. 

Good C batteries may be used for both 

the grid and anode voltage supplies. An 

air cell battery or No. 6 dry cells may be 

used for the filament provided that they 

are seasoned, because the filament current 

is critical and must be held constant. 

The tube should be mounted in a 

reasonably tight shielded can containing 

a drying agent to minimize surface leak-

age. All leads from the voltage supply 

should be shielded from stray magnetic or 

r-
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PROTECTIVE RESISTOR 

CALIBRATED 
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mul PUSHBUTTON 
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—OEV OEVW-

25,000 

WV 
55 

6V 
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electrostatic fields, and the tubes should 
be shielded from light to prevent photo-
electric effects while readings are being 
taken. Wherever possible, all leads from 
the electrodes should be air insulated. 
Any feed-through insulators used should 
be quartz glass or a similar material that 
offers extremely high resistance to surface 
leakage. 
The high sensitivity of this circuit, 

when used alone or fed into a suitable 

10,000 

amplifier, permits measurement of hydro-
gen-ion concentrations, currents pro-
duced by phototubes when subjected to 
starlight, ion current in mass spectrom-

eters, and other minute quantities that 
previously required an electrometer or its 
equivalent. 

W. A. Hayes, It11-507 Inverted Triode, Radio News 

(Radio-Eleetronie Engineering edition), January, 

1945. 
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Sensitive Feedback Voltmeter with High-range Milliammeter 

A USEFUL instrument for a-f measure-
ments is the feedback voltmeter, con-
sisting of a resistance-coupled amplifier 
feeding a diode rectifier and a d-c micro-
ammeter. Negative feedback is applied 
between the output rectifier and the 
amplifier input stage, to make the whole 
system stable and linear. 
The circuit shown permits the use of an 

insensitive indicating instrument. The 
diode is operated into a high-resistance 
load and followed by a current-amplifier 
stage operating the indicating meter. 
Negative feedback is run from the output 
of the current amplifier. back to the input 
of the first stage. 
The voltmeter' diagrammed uses a 

125-ohm per volt d-c instrument reading 
8 ma full scale as the indicating means. 
With about 22 db of feedback in use, full-
scale deflection requires 0.4 volt rms 
of signal at the input. The relation of 
input voltage to meter deflection is linear 
over the whole scale. 

Stability is satisfactory for most pur-
poses. The apparent disadvantage of a 
zero adjustment (absent in the voltmeter's 
prototype) is not serious in practice. 
Decreasing the line voltage from 110 
to SO volts shifts the zero reading by one 
small division, only 2 per cent of full 
scale. On the incremental calibration 
this line-voltage change has no discern-
ible effect. Changing tubes in current-
amplifier position V4 may shift the zero 
setting by a small percentage of full scale, 
but readjusting control P1 readily brings 
the calibration back to its original value. 
Changing of other tubes has no detectable 
effect on the calibration. 
With respect to frequency, no variation 
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in response can be read ovei the range of 
40 to 20,000 cycles. (The upper figure 
was as high as the available test oscillator 
would go.) Below 40 cycles the meter 
pointer tends to oscillate with the signal. 
It will be noted that the signal component 
current cannot readily be filtered out 
of the current amplifier because that 
component is used to supply negative 
feedback. 
Tubes VI and V2 are used as a conven-

tional two-stage amplifier, feeding into 
diode V3. The rectified output is applied 
to the grid of a 6.15, V4 arranged as a 
current amplifier. V4 is operated on the 
linear part of its characteristic and the 
no-signal direct current is balanced out 
of the meter by conventional resistor 
network RIR2P2. The diode is poled 
so that an increase in signal increases the 
plate current of 174. 
The feedback circuit extends from the 

cathode' of V4 through 15,000-ohm re-
sistor R.1 to the arm of potentiometer P3, 

v3 6H6 

2 

P2 

ZERO ADJ 

+320V 

+280V 

10 ±- 10 

which is 'n the cathode circuit of first 

stage VI. The usual blocking capacitor 
in series with the feedback resistor was 
omitted to reduce phase shift. Since the 
output end of feedback resistor R4 is at a 
fairly low positive potential, 15 to 30 
volts, the bias on the 6J7 is not upset 
enough to affect its gain. 
The zero-adjustment potentiometer Pr 

gives a range of adjustment plus or minus 
5 per cent of full scale. To locate this 
range pri welly ,, another potentiometer P2 
is adjusted with a screw driver. P2, being 
part of a shunt around the meter, affects 
current sensitivity of the stage con-
siderably more than Pr. The feedback 
control P3 is another screw-driver adjust-
ment, covering a range of 15 to 1 in the 
over-all gain of the system. 

Lawrence Fleming, Sensitive Feedback Voltmeter 

with Rugged Milliammeter Indicator, Electronics, 
April, 1942, p. 88. 

Visual Indicator and Automatic Gain Control for Bridge 

THIS circuit shows a visual-indicating 
null detector for use with a General 
Radio type 650A impedance bridge. 
The accuracy is approximately the same 
as with magnetic headphones and no 
amplifier. The aye action of the single 
stage gives a logarithmic type of input-
output level curve. An auxiliary copper-
oxide rectifier W is used across the 
tap on the output choke 1' (a push-pull 
output transformer) to deliver greater 
current to the indicating instrument. 
Too much stepdown to rectifier W can-
not be used because of the curvature of the 
rectifier characteristic at low voltages. 

INPUT 2, 

The speed and damping of a 1-ma instru-
ment movement make it more satisfactory 
than a more sensitive instrument because 
it is far less fatiguing to the operator than 
the use of the ear, and is capable of great 
accuracy if the proper aye characteristics 
are obtained. A two-or even three-stage 
amplifier may be necessary. It also is 
essential to use an instrument with a fast, 
well-damped movement. The tube fila-
ments can be operated from alternating 
current for this type of service. 

Lawrence Fleming, AVC Amplifiers for Bridge Null 

Detectors, Electronics, January, 1945, p. 198. 
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Direct-reading Insulation Tester Using Double-triode Circuit 

Fon measuring resistance up to 100 
megohms, this circuit operates as a 
conventional ohmmeter. About 950 volts 
direct current. is developed across four 
resistors constituting an internal load on 
the section of the OFSG tube used as a 
half-wave rectifier. This voltage is im-
pressed across the insulation under test in 

series with a current-limiting resistor and 
the 0 to 1 ma milliammeter. By choosing 
the series resistor properly, the meter can 
be calibrated to read directly in megohms. 
When measuring resistance between 

100 and 5,000 megohms, the triode 
section of the MC/ (the section with its 
control grid connected to the top cap) 
comes into use. Potentials are applied to 
the electrodes of this triode section 
through the voltage divider in such a 
manner that tile grid is biased just beyond 
cutoff. It will be noted that the high-
range jack is connected to the grid 

through a 2-megohm resistor. Thus, 
when the high-range jack is connected to 
the insulation under test, any small 
amount of current flowing through the 
insulation and through the 2-megohm 
resistor makes the grid less negative, 
causing anode current to flow. Anode 
current flows through the milliameter, 
which may be calibrated to read directly 
in megohms. 
The calibration of the instrument is 

somewhat affected by aging of the 6FSG, 
and replacement of the tube is usually the 
solution when the instrument fails to 
read full scale with the test prods shorted 
together. Calibration is affected to only 
a minor degree by differences in the 
characteristics of 6F8Ci tubes. Variation 
in calibration appears to be less than 5 
per cent up to 1,000 megohms when tubes 
are changed. 
The simplest manner of calibrating the 

( • SUBJECT TO ADJUSTMENT DURING CALIBRATION) 

GROUND 
(OR WIRE CONDUCTOR) 

LOW 
RANGE 

0.95 MEG 

HIGH 
RANGE 

2 MEG 

instrument is to connect known resist-
ances across its terminals and to draw a 
suitable scale from the resulting readings. 
Suitable resistors are available up to 20,-
000 megoluns. 

W. N. Lambert, Direct-reading Aircraft Insulation 

Tester, Electronics, April, 1942, p. 84. 

Limit Bridge with Cathode-ray Indicators for High-speed Testing of Components 

I. o'bUo 01 

SUITABLE for the high-speed testing of 
capacitors and inductors, the circuit of an 
electronic limit bridge shown below 
utilizes a pair of 6E5 cathode-ray indicator 
tubes for high and low indication. This 
saves the time that might be lost waiting 
for a meter needle to come to rest. This 
instrument, which involves the circuit of 
a modified Wheatstone bridge as shown, 
can be used to measure impedances at 

60 cycles from 600 ohms to 2.6 megohms, 
which allows coverage of 0.001 to 4 tif in 
capacitors and 2 to 7,000 henrys in 
inductors. Limit dials are continuously 
variable from 0 to 30 per cent low and 
from 0 to 40 per cent high, and accuracy 
is within ±1 per cent of the standard. 

Limit Bridge for Iligh-speed Testing, Electronics, 

December, 1945, p. 244. 

Null Indicator with Regeneration for High Sensitivity 

Tins circuit is useful where a very 
sensitive null indicator is required, as in 
the case of a recording potentiometer or of 
lie-detector experiments in which skin 
voltage and resistance changes are ob-
served. The circuit shown makes use of 
controlled regeneration. 
The bias in the first tube is supplied by 

a voltage drop through a resistor in the 
plate circuit of the second tube. The 
second tube bias is determined by the 
plate current in the first tube. Therefore 
a reduction of negative voltage in the first 
tube grid will increase plate current and 

correspondingly increase the negative bias 

on the second tube grid. This reduces the 
plate current in tile second tube, which 
produces a corresponding decrease in the 
negative bias of the first grid. 
The additional drop added to the origi-

nal signal originates a second cycle of 
bias changes, which further adds to the 
input voltage to produce the unbalance 
current indicated by the galvanometer. 
The sensitivity of the indicator may be 
increased to a point of instability by 
changing the adjustments on Ri. 

Instability is a factor that is largely 
dependent on the input voltage. An 
extremely high degree of regeneration 

may be used for very small input voltages, 
but if the input voltage exceeds a critical 
value for a given adjustment, the plate 
current will surge out of control. 

Daniel E. Noble, A Regenerative Null Detector, 

Electronics, June, 1934, p. 190. 
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Electronic Voltmeter and Ohmmeter with 5-ma Meter 

A PRACTICAL electronic voltmeter hav-
ing a d-c full-scale range in the neighbor-
hood of L volt when using a 5-ma meter is 
shown in the diagram. Voltage ranges 
from 1.5 to 500 volts are covered with 
an input resistance of 1 megohm per 
volt. 
The circuit contains a high-transcon-

ductance tube with much less degenera-
tive feedback than is usually the case. 
The circuit is of the bridge type to balance 
out the initial plate current and to obtain 
an initial meter reading of zero. In 
operation, the tube serves as one arm of 
the bridge, the initial balance of which is 
upset by the change in the tube plate 
resistance caused by a change in grid bias 
as the result of applying a direct voltage 
to be measured to the grid circuit. 
A resistor is used in series with the 

meter to bring its deflection for 1.5 volts 
input to the grid to exactly 5 ma. The 
sensitivity without this resistor is nearer 
1 volt for full-scale deflection. A scale 
can be drawn calibrated directly in volts. 
By making the primary range 1.5 volts, 

it became possible to include an ohmmeter 
in the instrument rather simply, using a 
single flashlight cell for voltage supply. 

This ohmmeter operates upon the princi-
ple of measuring the voltage drop across 
the unknown resistance in series with a 

known resistance across a known voltage. 
The scale is calibrated directly in ohms. 
This feature has proved very convenient 
for measuring resistance in the megohm 
range. 

Because of the relatively heavy current 
drain on the power supply for such 
service (30 ma), it was decided to use 
somewhat more filtering than is usually 
the case in electronic voltmeters. This 
heavy current makes the instrument slow 
in heating. It takes from 10 to 20 
minutes before the slow zero drift is over-
come. This has not proved annoying in 
actual use, since after the first 5 minutes 
the drift is very slow. 
No voltage-regulating circuits have 

been found necessary. However, tests 
show that the zero setting shifts an ap-
preciable extent with line-voltage changes. 
The effects on calibration are negligible 
(2 per cent or less for +10 volts in the 
line) if the zero is corrected. In a 
locality that had rapid or large line-
voltage fluctuations, some form of reg-
ulation of the power supply would be 

OV I5V 50V 150V 500V 

to avoid the annoyance of necessary 
shift. 

zero 

Edward M. Yard, Electronic Voltmeter with 5-ma 
Meter, Electronics, July, 1944, p. 160. 

Direct-reading Vacuum-tube Millivoltmeter Using Push-pull Circuit 

THE diagram shows the circuit of a 
direct-reading vacuum-tube voltmeter de-
signed especially for the measurement of 
biological potentials and which will 
operate from a 115-volt a-c power line. 

The inherent stability is of a high order 
due to the push-pull circuit that is used. 
Electrodes are connected to the input 
grids of two pentode amplifiers. The out-
put circuits of these tubes produce poten-
tial changes across their respective loads ' 
180 degrees out of phase. Any plate-
supply-voltage variation will be very 
nearly nullified since both plates will 
follow the voltage change to nearly the 
same degree, and thus will have little 
effect upon the recording instrument. In 
addition, the amplification of pentodes 
varies insignificantly with plate-supply 
potentials. However, the amplification 
changes markedly with a variation in 

screen supply voltage. This undesirable 
characteristic is removed by the push-pull 
arrangement since both screen grids, 
varying with a changing supply voltage, 

will produce amplified signals in their 
respective plate circuits in phase. There-

fore no deflection on the galvanometer 
that is connected from plate to plate will 
occur if both tubes produce the same 
degree of amplification. 

Variations in the a-c line voltage cause 
filament-current fluctuations that, if of 
considerable magnitude, will cause slow 
oscillations of the recording device. This 
oscillatory motion is ordinarily very slow 
due to the thermal inertia of the cathode 

emitter of the modern heater type of tube. 

However, if it is objectionable, it may 

be eliminated by drawing the filament 

current from a separate 6.5-volt com-

pensated transformer. 

Walter Lyons and Richard E. heller, A Direct Reading 

Vacuum-tube Millivoltmeter, Electronics, Novetnber, 

1939, p. 25. 
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Four-tube A-C Galvanometer Circuit for Bridge Null Indicator 

THE electronic a-c mill indicator de-
scribed here provides high effective 
sensitivity by a combination of two fac-
tors—high optical sensitivity and high 
electrical sensitivity. It also constitutes 
a more satisfactory method of detecting 
balance of an impedance bridge that 
is used to check incoming electric 
components. 

If balance of the bridge is to be pre-
cisely determined, it is almost invariably 
necessary to determine an increment of 
minute value. For easiest optical detec-
tion, which in turn means greatest 
accuracy, the incremental angle must be 
as large st fraction as possible of the initial 
angle. This condition is realized with an 
initial angle of zero degrees. In another 
sense, this arrangement produces what 
might be regarded as optical amplification. 
The instrument is provided with two 

panel controls, one for sensitivity and the 
other for indicator bias. The sensitivity 

control is simply a gain control R1 in the 

input circuit of the amplifier, while the 

indicator bias control is a potentiometer 

R5 located in the cathode circuit of 

the 6E5. If a single variable resistor (or 

potentiometer) were used here, it could 

not be turned through its entire range, 
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because minimum bias of about 7.5 volts 
is needed at all times. The series resistor 
R6 developed this minimum voltage, 
thereby making the panel control useful 
over its entire range. Variable resistor 
R6 is screw-driver adjusted so that mini-
mum bias can be set exactly as required 
for operation or upon replacement of the 
6E5. In practice, it is simpler to use 
relatively high-resistance potentiometers 
for R5 and R6, shunting them with a lower 
resistance. For this reason, a 15,000-
ohm resistor is connected in parallel with 
the 50,000-ohm potentiometers. 
The minimum signal that can be de-
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tected is 20 µv. With the sensitivity 
control set at maximum, zero-degree eye 
opening can be secured with signals up to 
seine 470 µv by proper adjustment of the 
indicator bias control. 
With minimum bias a signal of about 

95 µv will produce a 10-degree eye open-
ing, while with maximum bias this open-
ing is produced by a signal of some 510 µv. 
By varying the amount of bias, a 10-
degree opening will result from the appli-
cation of any signal between these limits. 

Arthur L. Quirk and Henry D. Hall, A-C Galva-
nometer, Electronics, December, 1915, p. 147. 

Cathode-ray Tuning-eye Tube as an Electronic Electroscope 

A CIRCUIT for making tests of polarity 
and voltages (within certain ranges) is 
shown that may be considered somewhat 
analogous to the old-type electroscope. 
It has been found useful in experimental 
work. The circuit utilizes the operation 
of the shadow angle of 6E5 electron-ray 
indicator or similar tube. 
The 10,000-ohm variable resistor is 

adjusted to provide a suitable bias on the 
grid of the tube. It may be adjusted so 
that if the grid goes negative the shadow 
angle will close, while if the grid goes 
positive the angle will open. 

If the circuit is to be used in connection 
with low impedances, the 200-µµf grid 

0.1 (OPTIONAL ) 

capacitor may be eliminated. The pur-
pose of this capacitor is to build up and 
maintain a charge for an appreciable time 
for those applications in which the tube is 
used as an electroscope. If a negatively 
electrified substance is brought near or 
into contact with terminal A, the shadow 
angle will close, whereas when the elec-
trified substance is removed the shadow 
angle will return to its initial position. 
Without the use of this grid capacitor, the 
response of the electron-ray tube will not 
be sufficiently prolonged to be readily 
apparent. 

Esten Moen, An Electronic Electroscope, Electronics, 
October, 1941, p. 74. 

Electrometer for Determining Polarity for Quartz Crystals 

MAGNITUDE and polarity of small 
direct voltages, such as those produced 
when a natural quartz crystal is squeezed 
between two electrodes, are indicated by 
a microammeter in this simple piezoelec-
tric electrometer having its own a-c power 
supply. The 6K7 tube used as the elec-
trometer is connected to the remotely 
located power pack by a shielded cable, 

0.1 
MEG 

05 MEG 

in which the plate lead has its own indi-
vidual shield. Filaments of both tubes 
are served by the same filament winding 
on the potver transformer, one side of 
which is grounded. The power supply 
should be completely shielded. 

Laboratory Rinks, Electronic Industries, August, 
1943, p. 99. 
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Automatic Gain Control for Impedance-bridge Null Detectors 

IN the use of an impedance bridge it is 
helpful if the sensitivity is highest near 
the null point and if overloading can be 
avoided when the bridge is far off balance. 

Both of these can be provided by an 
automatic gain-control circuit in the 
bridge amplifier. 
The two-stage unit shown has been 

successfully employed with a General 

Radio 71613 capacitance bridge. It per-
mits measurements of both capacitance 
and loss factor as closely as the dials can 

be set. 
A delay voltage is introduced into the 

automatic gain-control circuit by a 1.5-
volt battery in series with resistor R. 
The signal voltage from the output tube 
is coupled by a capacitor to the diode 

plate of the same tube to obtain the ave 
voltage. 
The aye action is not made flat, be-

cause if it were it would not be possible 
to tell in which direction to turn in order 
to balance the bridge. This characteristic 
makes the bridge considerably easier to 
operate. 
Tuned circuits are formed by 0.005-,uf 

capacitors with L1 and .L2, which have an 
inductance of about 7 henrys and a Q of 7 
at 1,000 cycles. Resistor R between the 
headphone jack and the tuned circuit per-
mits the use of either crystal or magnetic 
headphones without &tuning the circuit. 
Chokes L1 and L2 can be improved in Q 

up to about 20, with a corresponding 
drop in inductance, by increasing the air 
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gap. The actual inductance of most 
chokes that are rated at 10 to 30 henrys 

measures close to 7 henrys at 1,000 
cycles. Too high a Q is undesirable. 

Lawrence Fleming, AVC Amplifiers for Bridge Null 

Detectors, Electronics, January, 1945, p. 198. 

Negative-plate VTVM for Measuring up to 5,000 Volts 

A HIGH-RESISTANCE voltmeter capable 
of measuring negative voltages as high as 
5,000 volts is shown. The voltage to be 

measured is applied to the plate of a 2111) 

tube, and the grid of the tube forms the 

output circuit. Since the plate is nega-

tive, no current flow takes place in this 

circuit. The grid is maintained at a 

positive potential by the power supply, 

and current flow in this circuit is measured 

on the milliammeter. 

When a tube is used in this manner, 
the amplification factor is about equal to 
the reciprocal of the normal amplification 

factor. The transconductance is small, 

and large changes in plate voltage result in 

small changes of grid current. 

HIGH 
VOLTAGE 

The grid current-plate voltage curve for 
the 2111) is practically linear from 500 to 

5,000 volts. For the 0 to 3,000-volt 
range the current may be read from a 
0- to 25-ma milliammeter, or a direct-
reading voltage scale may be used on the 
meter. A shunt is provided across the 
meter to increase its range to 50 ma when 
reading 5,000 volts. Zero adjustment is 
accomplished by the variable resistor in 
the grid circuit. 
At 5,000 volts the current drain from 

the circuit under test was found to be 10-6 
ampere and from this the total input 
resistance from plate to ground was 
found to be 5 X 109 ohms. 

M. Kupferberg, Rev. Sci. Instruments, August, 1943, 
abstracted as Negative Plate Voltmeter, Electronics, 

January, 1944, p. 152. 

Vacuum-tube Microvoltmeter for Medical Research 

THIS circuit is a vacuum-tube micro-
voltmeter, used for measuring extremely 
small potentials in living-tissue structures 
during medical research and for determin-
ing ovulation time in experiments with 
artificial insemination. 
The mapping of direct voltage gradients 

in living structures presents many special 
problems, and it requires an instrument of 
sufficiently high input impedance to draw 
a minimum of current from the area under 
investigation and to be reasonably unaf-
fected by varying resistances. 

This Burr-Lane-Nims vacuum-tube mi-
crovoltmeter solves these problems. This 

instrument requires little associated shield-
ing, contains standard radio parts, and is 
conveniently portable. The circuit is a 
bridging arrangement using two type 
112A radio tubes with a special battery 
bias supply for the grids, which is adjusted 
to the floating grid potential. Both 
tubes have their bases removed. 

Associated equipment consists of an 
accurate galvanometer and reversible 
silver and silver-chloride electrodes that 
may be designed for microscopic manipu-
lation. 

John D. Goodell, Medical Electronic Practice and 
Research, Electronics, April, 1944, p. 96. 
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Bridge Null Indicator with Visual Phase Indicator 
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DELAYED automatic gain col trol per-
mits utilization of high sensitivity in this 
a-c bridge null indicator with visual 
indication of phase and amplitude rela-
tions. The high sensitivity is easily met 
by a two-stage pentode amplifier. At the 
same time, a delayed automatic gain 
control may be used as overload protec-
tion for conditions far off balance without 
destroying the sensitivity at balance. 
Harmonic discrimination is accomplished 
by using tuned choke or transformer 
coupling, while phase is shown by a 
cathode-ray type of indicator. In addi-
tion, a sensitive output meter is a useful 
supplementary unit. 

Input is connected directly to the bridge 
through a tuned transformer that is a part 
of the bridge itself, as in the General Radio 

type 561D. A manual gain control per-
mits reduction of large inputs to below the 

value that operates the automatic-gain-
control circuit. The two-stage 6SK7 

amplifier has a special interstage trans-
former, made by the American Trans-

former Company, mounted in a mu-metal 
shield can. For highest Q, about 13 at 
1,000 cycles, the interstage transformer 
tuning capacitance is split between pri-
mary and secondary as shown. A first-

stage gain of over 500 is obtained. The 
RC series combination, joining the high 
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side of primary and secondary, clin mates 

high-frequency resonance (around 7,000 
cycles) due to the second resonance peak 
of a double-tuned circuit. The trans-
former must be correctly poled for this 
connection to be effective. 
The second 6SK7 with a tuned-choke 

plate load, which has a 1,000-cycle Q 
of about 5, is coupled directly to one 
vertical deflection plate of a 2All 
cathode-ray tube, which serves as an 
output amplitude and phase indicator. 
A second indication is obtained by reading 
the rectified current of one of the 6116 
diodes on the output meter. 
The other 6116 diode, used for auto-

matic gain control, has a positive delay 

bias of about 100 volts applied to its cath-

ode. The automatic-gain-control voltage 

is applied to the grid of the second 6SK7 

and gives adequate limiting action by a 

combination of bias variation and plate-

circuit overload. The meter shunt is 

adjusted to give full-scale indication with 

maximum input. 

Horizontal deflection voltage for the 

cathode-ray tube is obtained through a 

separate input from the bridge source, 

and is amplified by a single 6SK7 tube 

operated with a tuned-choke plate load 

(a 6SJ7 is now being used here). The 

6h41fij\Ai‘..W-.-1 I MEG 1,000 
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25,000 

25,000 
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seg0,000 

10,000 

cathode-ray tube is operated with its 

cathode 300 volts below ground through 
the 6X5 rectifier, thus providing a second 
anode voltage of 600 volts from an ordi-
nary 300-volt power-supply transformer. 
An input of 10 microvolts is sufficient to 

give an observable indication on either the 
meter or the cathode-ray vertical deflec-
tion. As the input is increased, the indi-
cation increases linearly up to about 
half scale on the meter, at which point the 
automatic gain control begins to operate. 
Thus full sensitivity is realized over about 
half the meter range, and yet the meter 
can never go off scale. 
For phase indication on the cathode-ray 

tube, a resistive unbalance of the bridge 
is caused to give a tilted line on the tube 

by adjustment of the horizontal phase 
control. An unbalance in the opposite 
direction is shown by a reversal of slope 
of the line, and perfect balance by a 
horizontal line. Reactive unbalance of 
the bridge causes the cathode-ray pattern 
to become an ellipse. The output indi-

cating meter ma,y be used as a simple null 
instrument and also as a quantitative 

indicator of the relative amount of input 
voltage to the instrument. 

C. W. Herold, Bridge Null-indicator, Electronics, 

October, 1945, p. 128. 
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10- to 50,000-cycle Direct-reading Frequency Meter 

Tins wide-range frequency meter con-
tains a limiter in the input stage for 
clipping the peaks of a cycle. A square 
wave results regardless of whether the 
input frequency is a pure sine wave or one 
having distortion and irregularities. The 
input sensitivity is slightly more than 1 

volt and the input impedance is greater 
than 100,000 ohms for most frequencies 
but not higher than 220,000 ohms, the 
value of R2. 
The multivibrator circuit formed by 

V-2 and V-3 is directly connected to the 
plate of V-1, and is at rest by virtue of 
the 10,000-ohm resistor. This value is 
selected to permit the multivibrator cir-
cuit to operate at the instant a square-
wave voltage is present at the plate 
of V-1. The multivibrator circuit has no 
resonant characteristics; its function is to 
amplify the output of V-1 without 

alteration. 
Amplified square waves are then fed 

into an RC integrating network (C6, 
R12, etc.) which determines the amplitude 
of the pulse that is to appear on the grid of 
V-4. Capacitors in the frequency-selec-
tor circuit are either air-type trimmers or 
silver-mica types having negative coeffi-
cients to minimize calibration drift caused 
by heat within the instrument. 

Operation of the V-4 tube circuit is 
similar to class C audio amplification. 
The grid bias is adjusted to zero plate 
current with no signal input. This 
circuit functions as a linear amplifier in 
which plate current changes are directly 
proportional to grid voltages. 

External and panel meters are pro-
tected from burnout by a relay in the 
plate circuit of V-4. The relay shorts the 
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meter when current exceeds 10 ma and 
releases at about 4 ma. The meter cir-
cuit is arranged to permit reading the 
panel and external meters simultaneously. 
Accurate frequency indication on the 
external meter is limited only by the 
meter itself. If a recorder is used, over-
shooting and undershooting of the pen 
(determined by chart paper travel) must 
be taken into consideration. If the fre-
quency meter is accurately calibrated and 
stabilized, the inherent circuit error will be 
less than 2.0 per cent of full scale over the 
entire range of 10 to 50,000 cycles. 
An RC network having a long time 

constant (C6, CHI) is incorporated into 
the plate circuit of V-4. Without the RC 
network, some recorder pens resonate 
badly at 100 to 130 cycles with the selector 
switch (82) set on 100- or 500-cycle posi-
tions. External meters having a 5-ma 
movement and a coil resistance not exceed-
ing 1,000 ohms may be used without 
recalibration. A 10,000-ohm external 
meter-damping resistor R14 was chosen as 

e e RFC 

12,000 8,200 

-351-055V 

 226) 
20 e 

CH, 

EXTERNAL METER 
CONNECTIONS 

o 
o R 

0-5 MA 

an optimum value and accommodates most 
recorders without affecting calibration. • 
For frequency calibration, 60 cycles at 

6.3 volts is obtained from the filament leg 
of the transformer and 120 cycles at 2.5 
volts comes from the B-minus leg of the 
full-wave power rectifier through a 47-ohni 
resistor. The calibration switch is nor-
mally open (center postition) as shown. 
Selector switch 82 is placed on the 100-
or 500-cycle range when making a 
calibration check. 
The frequency meter has been used to 

measure a-f differences in quartz crystal 
manufacturing, to determine pulse fre-
quencies, function for gamma-ray, X ray, 
and electron counting, to determine a-c 
line frequencies for power- and audio-
transformer design, and to measure tern-
perature-coefficient drift on transmitters 
and receivers operating under test tem-
peratures of from —40 to 200°F. 

W. R. Strauss, Frequency Meier for Use by Factory 

Personnel, Electronics, May, 1945, p. 150. 

Direct-reading Frequency Meter Using Gas-filled Triodes 

FREQUENCIES up to 7,000 cycles can be 
read on a d-c meter with this circuit. 
Tubes A and B are grid-control rectifiers 
connected in an inverter circuit, whose 
frequency is controlled by the signal ap-
plied across the input terminals. When 
tube B is nonconducting, capacitors C 
and C,„ associated with tube A are charged 
to the voltage existing across resistor R, 
while capacitor C„, associated with tube 
B remains uncharged. When in response 
to the signal at the input terminals the 
grid of tube B is made sufficiently positive 
to make tube B conduct, the potential 
of the cathode of tube B rises abruptly. 

Since the charge across capacitor C is 
not dissipated immediately, the cathode 
of tube A is charged positive with respect 

to its anode and tube A is extinguished. 
At the same time both anodes of the 

double-diode I) become positive because 
of the charge on capacitors C„, and as a 
result current is delivered to the micro-
ammeter in series with the cathode of the 

double diode. 
The average current delivered to the 

microammeter is directly proportional to 
the number of pulses delivered to it per 
second, and therefore the indication of the 
instrument is proportional to the fre-
quency of the input signal. Tisis pro-
portionality can be extended over wide 
limits within the audible range, the upper 
limit depending upon the capacitances C 

and C.. The essential limitation is the 
ionization time of the thyratrons. 

o 
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4. 

A High Speed Direct-reading Frequency Meter 

Electronics, July, 1935, p. 224. 
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Circuit for Measuring Inductance of Filter Chokes while Carrying Direct Current 

INDUCTANCE of filter chokes having 

direct current flowing through them can 
be determined by this circuit. It con-
sists essentially of a two-tube positive 
feedback oscillator with a resonant LC 
circuit in the plate of the second amplifier 
tube. The reactor to be tested forms 
part of the LC circuit and the resonant 
frequency is compared with the 60-cycle 
power-supply frequency. 

Resistor R1 controls the amount of 
feedback applied to the grid of tube VT1. 
The bias of second amplifier tube VT2 
is controlled by resistor R2, which thus 

controls the plate current drawn by this 
tube and the current through the reactor 
L. Resistor R3 is a variable control that 
enables the a-e component across the 
reactor to be varied. The alternating 
voltage built up across the reactor is 
applied to one set of plates of the oscillo-
scope, and a voltage obtained from the 
60-cycle power supply is applied to the 
other set of plates. 
For measurement, resistor R2 is set so 

that meter M reads the required value of 
direct current in the reactor. Resistor R1 

is then adjusted so that the positive feed-
back is just sufficient for oscillations to 
occur across the combination of inductor 
L and capacitor C. Accurate adjustment 
of this feedback control is required to 
avoid overloading of ITIOE2 with conse-
quent wave-form distortion. The vari-
able capacitor C, which might be a decade 
box, is then adjusted until a stationary 
circular or elliptical pattern is obtained 
on the oscilloscope. This indicates that 
there is a constant phase relationship be-
tween the two frequencies applied and 
that the frequencies are identical. The 
inductance may then be determined from 
a reactance chart or by calculation from 
L = 1/w2C, where co = 2rf and f is the 
power-line frequency. 

Resistor R3 is adjusted to give the re-
quired magnitude of the a-c component 

across the inductor. This latter may be 
measured with a vacuum-tube voltmeter. 
As R3 is decreased, the Q of the LC circuit 
drops, with a reduction of the alternating 
potential across the inductance or cessa-
tion of oscillations. The oscillating condi-
tions may be restored by adjustment of RI. 

Tlie current through the reactor may be 
increased to any desired value by oper-
ating tubes in parallel with VT2 or by the 
use of a larger amplifying tube. For ease 
of reading, the capacitor decade box 
may be calibrated directly in terms of 
inductance. 

L. R. Mailing, hleasurement of Filter Chokes, Elec-
tronics, May, 1944, p. 181. 

Determining Inductance with a Negative-resistance Oscillator 

VALUES of inductance commonly em-
ployed in communications circuits may be 
measured accurately in terms of a cali-
brated capacitor with this circuit. The 

inductance is made a portion of an os-
cillator circuit that generates a frequency 
dependent upon the LC constants of its 
input circuit. 
A portion of the power from the output 

of the grid circuit of the oscillator is fed 
to the tuned circuit of a vacuum-tube 
voltmeter whose resonant frequency is 
known. The calibrated capacitor of the 
oscillator is then varied until maximum 
current is found to flow in the plate cir-
cuit of the resonance indicator. From 
this indication and the calibration of the 
instrument dials, the unknown inductance 

can be determined. 
The two 6F6 oscillator tubes provide a 

negative resistance between terminals 
A and B. Therefore any resonant circuit 
connected between these terminals will be 
forced into oscillation at its natural fre-
quency of resonance. Frequencies as 
high as 75 mc can be obtained with such 
a circuit arrangement. 

If a calibrated capacitor is connected 
between terminals A and B and a coil of 

unknown inductance is connected between 
terminals A' and B', the value of self-
inductance can be determined from the 
calibration of capacitor C. and the fre-
quency at which the oscillator operates. 
The calibrated capacitor is thus used to 
measure inductance and its dial is marked 
inductance. 
The distributed capacitance of the coil 

will be in parallel with that of the cali-
brated capacitor and will introduce a 
slight error that may be eliminated by 
making measurements at two different 
frequencies. The two 0.01-µf series ca-
pacitors have sufficiently large capacitance 
so that they will not introduce appreciable 
error. Capacitor C. is an index adjust-
ment that is useful in setting the zero of 
the instrument when a coil of known in-
ductance is connected across terminals 
A' and B'. The range of measurements 
can be extended by changing the LC con-
stants of the resonance indicator. 

In the vacuum-tube-voltmeter reso-
nance indicator, a high-Q tuned circuit is 
connected between the grid and cathode 
of the tube. A powdered iron-core coil 
of high Q in a shielded metal case with its 
distributed capacitance provides reso-

nance at 1.7 mc. A tap on this coil at 
20 Ali is connected through a 2.5-mh coil 
to the mid-point of the grid resistors of 
the oscillator tubes. This loose coupling 

between the oscillator and vacuum-tube 
voltmeter ensures that the resonance of 
one circuit is not affected by that of the 
other. The resonant frequency may be 
lowered by the capacitors that are 
selected by range switch $117. 2. 

Voltage from the grid circuit of the 
oscillator is fed to the tapped coil of the 

voltmeter. When the oscillator frequency 
corresponds to that of the detector, the 
detector plate current will be at its maxi-
mum. In this way resonance between 
the two circuits is easily ascertained from 
the indication of the milliammeter. 
The operation described is that for the 

switch on position 1. When the switch 
is thrown to position 5, an additional fixed 
capacitance is added to the distributed ca-
pacitance of the coil. This additional 
capacitance is so adjusted to tune the grid 
circuit to 340 kc. Since the frequency is 
now one-fifth of the value of that with 
S1V2 on point 5, the instrument will 
measure inductances of five times that 
measured in position 1. 
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For the third position of the range 
switch D, a variable capacitor, is connected 
in parallel across the 200-µh coil; this pro-
vides for a continuous range of resonant 
frequencies, and hence of multiplying 
factors. The dial of this variable capaci-
tor is calibrated in terms of multiplication. 
With this switch on position D, the in-
ductance of the coil inserted at /4 is 
determined from two dial settings. First, 
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it is necessary to determine the inductance 
from the calibration of standard capacitor 
C., after which it is necessary to multiply 
this value by the multiplication factor of 
the dial marked Frequency, which con-
trols capacitance C. 

Capacitor C. is used to determine the 
zero setting when coils of known induc-
tance are connected at Lx. 
Normally the milliammeter reads plate 
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Test Circuit for Checking Activity of Quartz 

THE quartz-crystal test circuit shown' 
is so designed that its input characteristics 
are approximately the same as those 
presented to the crystal by the crystal 
oscillator in the radio equipment. Thus 
frequency and activity (r-f voltage) 
requirements for the crystal are dupli-
cated to a high degree of accuracy by the 
test set. 
The oscillator circuit is of the Pierce 

type. The test set is a-c operated, with 
d-c voltage regulation. The oscillator tube 
is operated far below its nominal d-c plate 
and screen voltages; likewise, the heater is 
operated at subnormal voltage. Because 
of these reductions in operating points, 
tube aging and burnout are minimized. 
The stability of both the voltage 

regulator and the resistors involved in 
the meter-reference circuit was extremely 
important, since a given resistor value 
was to be set up at any time to an accu-
racy of +5 microamperes, in terms of 
direct current on the activity meter. 
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10,000 
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current of the resonance indicator tube. 
However, by depressing the pushbutton 
at the left of the meter, the total plate 
current of both oscillator tubes may be 
read on the same meter. In this case the 
meter has a full scale range of 25 ma. 

Eugene Mittelman, Inductance Bridge for Com-

munications Circuits, Electronics, February, 1944, 

p. 139. 
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Circuit variations ordinarily considered as 
very small therefore became quite im-
portant. A switching circuit permits 
checking the operation of the VR90 tube 
at any time against a B+ reference 
value. The meter reference value, estab-
lished by a variable resistor in the oscil-
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lator grid circuit and the constant B 
voltage, simultaneously established the 
proper activity correlation for the partic-
ular crystal involved. 

W. E. McNatt, Test Set for Quartz Crystals, Elec-

tronics, April, 1945, p. 113. 
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Feedback Amplifier for Iron-core Reactor Measurements 
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5Z4 I   l- 400V VR 150 

20,000 
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REACTOR measurements can be made 
by feeding an oscillator into an amplifier 
having current feedback to create a high-
impedance signal source. From the out-
put stage of the amplifier a resonant 
circuit containing the saturable-core in-
ductor can be fed both alternating and 
direct current for measurement of the 
inductor's electrical parameters. 
A vacuum-tube amplifier circuit that is 

well suited for nearly all measurements of 
this type in the frequency range of 20 to 
100,000 cycles is shown. This circuit 
provides direct current that is con-
tinuously adjustable from 0.3 ina to 50 
ma, with an a-c output impedance be-
tween 2.5 megohms and 90 megohms, de-
pending on the selected current range. 
High a-c output impedance is achieved 
by application of a large amount of cur-
rent feedback. 
The output stage V3, through which 
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D-C CURRENT 
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both saturating current and test signal 
are applied to the inductance, is a triode-
connected 6V6GT. The direct current is 
controlled by a range selector switch, 
which inserts various fixed resistors in 
series with the cathode, and a potentiom-
eter, which permits the cl-e voltage be-
tween the grid and B — to be varied 
continuously from 0 to 150 volts. A 
milliammeter is provided in the cathode 
circuit of V3 to indicate the direct 
current. 
The test signal is injected into the cir-

cuit through the cathode of V3, Willa is 
coupled directly to and driven by the 
cathode of VI. 
A double triode might be substituted 

for V1 and V2 with appropriate circuit 
redesign but only at a sacrifice in output 
impedance or high-frequency response, or 
both. 
The buffer stage is a cathode follower 
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that prevents the input impedance of the 
external vacuum-tube voltmeter, or os-
cilloscope, used in tracing the parallel-
circuit impedance curve, from loading the 
parallel circuit—and hence affecting the 
results of the measurement. The total 
stray capacitance from the plate of V3 to 
ground is limited to about 15 il,uf by this 
means, and the added shunt resistance is 
about 500 megohms. 
The grounding of B+ rather than B — 

provides some protection against shock 
while manipulating the coil under test. 
As an additional safeguard, a switch is 
provided which breaks B —, and also 
operates a pilot light to indicate its posi-
tion at all times. Whenever the d-c 
coil circuit is to be broken, this switch is 
first operated to protect the operator 
from the negative supply voltage. 

Reactor Measurements, Howard L. Daniels, Elec-

tronics, October, 1945, p. 146. 

Oscillator and Constant-current Generator for Inductance and Capacitance Measurements 

USEFUL measurements of resonant fre-
quency, inductance, capacitance, and Q 
can be made with a calibrated oscillator 
(90 kc-25 Inc) driving a pentode amplifier. 
For practical purposes, the amplifier can 
be considered a constant-current gener-
ator in which the developed resonance 
voltage is proportional to the Q of the 
load. The amplifier and accompanying 
diode are mounted inside a probe. 
A panel control is provided to introduce 

a bucking potential to the diode in slide-
back-voltmeter fashion, although no abso-
lute voltage measurements are made. 
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probe, and the oscillator is adjusted for 
resonance as indicated by the 6E5. 
Since the pentode will act as a frequency 
multiplier, resonance will be indicated at 
harmonics of the tank fundamental; but 
this is not objectionable because the de-
veloped tank voltage is always greater at 

the fundamental frequency. 
Capacitance can be measured by con-

necting a standard tank and the capacitor 
to be measured across the measuring 
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terminals. With the particular oscillator 

ranges used, a 450-kc i-f transformer with 

an additional shunt capacitance serves as 

a standard tank. 

The i-f transformer padder is utilized 

as .a zero positioner for the capacitance 

scales. It is advisable to calibrate the 

capacitance scales against a standard Q 

meter or some other capacitance stand-

ard, rather than by computation based 

Frequency-measuring Circuit Serves 

ONE solution to the problem of meas-
uring the speed of a motor operating at 
low angular velocities, as low as 5 rps, 
is to couple to the motor armature shaft 
the rotor of a clock-type synchronous 
motor (without gearbox) and thereby 
secure an a-c generator whose frequency 
(and hence speed) can be measured with 
the accompanying frequency-meter cir-
cuit. A motor speed of 5 rps will generate 
an open-circuit voltage of the order of 

0.5 to 1 volt rins depending on the direc-
tion of rotation and on the condition of the 

permanent magnets in the clock motor. 
The first two stages of the circuit form 

a square-wave generator. The only re-

quirement here is that the output wave 
maintain its extreme values over an 
appreciable fraction of a, cycle and that 
these values be independent of input 

voltage, input frequency, line voltage, and 
tube characteristics. The last stage is a 
diode integrator having in one plate lead a 
microammeter that measures the average 
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on the inductance and total capacitance 
of the standard tank. 

Inductance measurements are made in 
a similar manner by using a fixed capaci-
tance standard. 

Determinations of Q can be roughly 
made by using the frequency-variation 
method. 

G. Zaharis, Circuit Constant Checker, Electronics, 

October, 1944, p. 118. 
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current through the 1-megohm resistor 

and gives a scale calibration that is 
approximately linear with frequency as 

long as the product fC2R is very much 

smaller than 1. 
To understand the operation of the 

diode integrator, assume steady-state 
conditions, with point B having a constant 

potential VI. If point A is swinging 

between and Vmi. in synchronism 
with the multivibrator action and hence 

with the output frequency of the clock 
motor, the charge on C2 when A attains its 

maximum value is C2 (Vm.y — 171). As 
the potential of A decreases in time, C2 

discharges through the lower diode until 

the charge reaches the minimum value of 
Now as the potential of A 

increases, C1 will charge again through the 
upper diode and the average current 

through R and the meter will be propor-
tional to the input frequency. The Vlt 
tube ensures independence of line-voltage 
fluctuations up to 15 per cent. The 
accuracy of this frequency meter is 

apparently better than 2 per cent. 

P. II. Miller, Jr., Variable Speed Motor and Electric 

Tachometer, Rev. Sei. Instruments, December, 1944, 

p. 348. 
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Test Circuit for Measuring Speed and Acceleration of Gyro Rotors 

ELECTROSTATIC' 
PICKUP 

— 260V 
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100,000 

0.01 
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CLASS A VOLTAGE AMPLIFIER 

35v  0.01 Va  55v  

270,000 .-
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S1,52,53,5, RANGE SWITCH 

THE output of an electrostatic pickup 
mounted alongside a rotating object, 
such as a gyro rotor, is converted by this 
circuit into meter readings proportional 
either to speed or acceleration of the rotor, 
as desired. When combined with a 
vibrometer arrangement, a gyro test 
unit is obtained that is invaluable in 
adjusting and testing rotor assemblies in 
iì minimum of time. 
The tachometer channel consists of a 

two-stage class A voltage amplifier, a 
class C limiter amplifier, which provides 
additional gain and introduces some limit-
ing action, a saturated class C square-
wave clipper whose output is essentially a 
rectangular wave, and a class B metering-
circuit amplifier that produces a series of 
sharp pulses or peaks of plate current. 
The output of the tachometer is fed to a 

range switch. When this switch is on 
position L or II, the tachometer is con-
nected to an indicating meter that 
averages the energy of the pulses from 
the metering circuit and reads low or high 
values of rotational speed. The number 
of pulses is proportional to the speed of 
the gyro rotor; hence the meter indication 
is also proportional to gyro-rotor speed. 
When the range switch is placed on 

position C, the output of the tachometer 
is fed into the accelerometer, which 
measures the rate of change of rotational 
speed. The accelerometer consists of a 
differentiating circuit whose output is 
proportional to the acceleration rather 
than to the speed of the gyro rotor and a 
vacuum-tube voltmeter, or amplifier, 
whose plate circuit feeds the indicating 
meter. 
The rotor constitutes one electrode of 

the electrostatic pickup, while the second 

6SJ7 
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electrode is a small probe. As the rotor 
buckets (or vanes) pass by the probe, the 
change in capacitance between the probe 
and the vanes causes a displacement 
current to flow through series resistor Ri 
and to develop across it the input signal 
voltage for the amplifier. 
The fixed grid bias of the limiter stage is 

adjusted to approximately four times the 
cutoff value. The limiter blocks out 
extraneous voltages, thermal agitation, 
and other noise when no input is applied 
from the rotating gyro. The saturated 
class C clipper produces a rectangular 
wave shape whose amplitude is inde-
pendent of the input signal amplitude, 
provided that the input from the electro-
static probe pickup is greater than 2 milli-
volts. The metering stage further modi-
fies the signal received from the clipper 
to form a series of sharp pulse waves of 
plate current, all having uniform height. 
A fixed negative voltage somewhat 

greater than cutoff is applied to the 6SF5 
metering tube V5. When a signal is 
applied, negative peaks merely make the 
grid more negative, while positive peaks 
cause the tube to draw pulses of plate 
current. 
The time constant of the input circuit 

to V5, consisting of R41 and either C40 or 
C42, is short, so that the coupling capacitor 
becomes fully charged at a time interval 
which is short compared with the period 
of pulses from the gyro rotor. Therefore 
the current that flows through resistor 
R41 reaches its maximum value, and x 
drops to zero in a period of time less than 
the shortest half cycle of the input signal. 
A pulse of voltage is produced by the 
surge of current through R41, and this is 
applied to the grid of V5. Pulses in a 
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positive direction cause V5 to draw plate 
current, while pulses in a negative direc-
tion are eliminated by the fixed cutoff 
bias. Since the pulses of grid voltage 
are complete before the end of any half 
cycle, plate-current pulses will all be the 
same in magnitude; but there will be a 
larger or smaller number of them per 
unit time, depending upon the speed of the 
gyro rotor. 
With the range switch set on position 

L or II, the output of Vs in the metering-
circuit amplifier is connected to the 
indicating meter, the reading of which is 
proportional to the integral or average 
value of the plate-current pulses. Since 
these pulses are of constant amplitude 
but vary in frequency, the meter reading 
will also be proportional to the frequency 
and may be calibrated in ternis of revolu-
tions per minute. 
With the switch on position L, the meter 

indicates speeds of from 160 to 400 cps, 
or 400 to 1,000 rpm, for a rotor having 24 
buckets. With the switch on the high 
position II, frequencies from 2,000 to 6,000 

cps, or speeds of 5,000 to 15,000 rpm, may 

be measured. 

Since the output of V5 is proportional 
to the frequency of rotation of a gyro 

rotor, a differentiating circuit is required 

to produce a reading proportional to 

acceleration. The differentiating stage is 
intended to detect the slow change in plate 

voltage of V5 encountered when a gyro 

rotor coasts. 
For such low frequencies, any reason-

able coupling capacitor would introduce a 

serious error in the response of the 
differentiating stage. Therefore direct 

coupling is required, and this is accom-
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pfished by means of two neon glow lamps 
connected in series. 
The voltage drop across a glow lamp is 

nearly independent of the current through 
it, within certain limits. This character-
istic of the glow lamp makes possible a 
reduction of 120 volts in the absolute 
value of the voltage from the plate of V5 to 
the grid of V6 without altering the magni-
tude of the voltage change. 
The voltage derived from V5 through 

the glow lamps is positive with respect to 
ground. It is applied to the grid of V6 
in series with a negative voltage derived 
from the supply. The value of this 
negative voltage is adjusted by means of 
R51, so that the grid voltage is minus 
0.5 volt at 500 rpm, or minus 6.5 volts at 
1,000 rpm of the gyro rotor. Thus the 
plate current of V6 is relatively high at low 
rotor speed and low at the higher rotor 
speed of about 1,000 rpm. As a result, 
the voltage on the plate of V6 is propor-

tional to the rotor frequency. 
Capacitor C54 and resistor R55 constitute 

the differentiating circuit, so that the 
grid voltage applied to V7 is proportional 
to the deceleration of the rotor. The 
signal voltage applied to the grid of V7 
is proportional to the voltage across R55, 
or to the current that flows through 
capacitor C54 and resistor J. If the 
resistance of R55 is small compared with 
the capacitive reactance of C54, the cur-
rent through these two circuit elements is 

proportional to the time rate of change of 
the voltage across the combination. 
However, this voltage is the varying 
plate voltage of V7. The grid voltage 
on V6, therefore, is proportional to the 
rate of change of the plate voltage of V6, 
which is proportional to the speed of the 
gyro rotor. Hence, signal voltage on V7 is 
proportional to deceleration of the gyro 
rotor. 
The coast-time amplifier V7 is a vacuum-

tube voltmeter operated at low plate 
voltage. With no signal applied to its 
grid, V7 draws sufficient plate current to 
cause the indicating meter to read ap-
proximately full scale. The voltage de-
veloped across R55 by st decelerating rotor 
is negative and therefore reduces the plate 
current drawn by V7. The amount by 
which the plate current of V7 is reduced 
is determined by the voltage developed 
across Ras, which depends upon the rate 
at which the gyro rotor is decelerated. 
Two rectifier-filter type of voltage 

supplies, one a negative supply for bias 
purposes and the other a high-voltage 
supply for all plate voltages, are needed. 
The voltage of the bias supply is con-

trolled by a VR75 regulator tube, while 
critical plate voltages are regulated by 
two VR150 tubes in series. 

An Electronic Tachometer, Accelerometer, and 
Vibrometer, Electronics, June, 1944, p. 100. 

Direct-reading Frequency Meter Using Vacuum Tubes 

Br converting an incoming signal to a 
square wave by means of an over-biased 
vacuum tube and then using the square 
wave to charge a capacitor, audio fre-
quencies can be measured directly on a d-c 
meter. The circuit is shown in the 
accompanying diagram. 
The 617 amplifies the incoming signal. 

The 6V6 is driven beyond cutoff and to 
saturation, thereby producing a square 
wave. A bank of capacitors and corre-
sponding meter shunts provide the various 
frequency ranges. The 6116 separates 
the charging and discharging currents of 
the capacitor so that a d-c meter can be 
used for frequency indication. The meter 
is placed in the plate circuit of one diode 
to permit bucking out the tube contact 
potential. 
The basis for C and R for each range is 

that (172f RC) > 4.6. With this design 
limitation and the circuit values given, the 
Meter is linear within 2 per cent for input 
voltages from 1 to more than 300 volts 
rms. If, because of harmonics or other 
distortion, the input signal falls below 1 
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volt during a half cycle, the meter will 
read high. Because of changes in cathode 
emission of the duodiode, the meter read-
ing varies with power-supply voltage. 
This variation is approximately 2 per 
cent for a 10 per cent change in power-
supply voltage. As designed, the meter 
has ranges in multiples of 100 and 300 cps. 
Each range is from 0 to its upper limit. 
The highest range is 30,000 cycles. The 

DISCRIMINATOR 

3,000 
8+ 

10,000 

•--)1  

VR 150 

METERING 
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meter current will be I < (V/2R4.6) in 
milliamperes. The output voltage V 
from the 6V6 is 125 volts with the circuit 
constants shown. A meter having a full-

scale deflection of 1 ma was used in the 
interest of mechanical rigidity, since the 
instrument was made for portable use. 

Direct-reading Audio-frequency Meter, Electronics, 
January, 1945, 1). 264. 

Inductance Bridge for Measuring and Recording Liquid Flow 

VARIATIONS in the inductance of a 
pickup coil with movements of a rotameter 
plunger inside the coil are measured and 
automatically recorded with this elec-
tronic circuit. By using a coil having an 
increasing number of turns from bottom 

to top, an inductance change is obtained 
that is linear with displacement of the 
small soft-iron cylinder as it moves up 
and down inside the rotameter to take a 
height that is at each instant a function 
of the liquid flow. 

High sensitivity in the presence of a 
coil resistance of about 800 ohms calls 

for a high audio frequency to energize the 
bridge circuit; yet the frequency cannot 
be so high that capacitance effects due to 
proximity of other bodies are objection-
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able. A satisfactory compromise is 3,000 
cycles, generated by a dynatron oscillator 
employing a 6J7 tube with screen and sup-
pressor grids tied together to give the tube 
a negative resistance portion in its char-
acteristic curve. The 3,000-cycle signal 
excites a single-stage power amplifier to 
supply the bridge, in one leg of which is 
the rotameter pickup coil. Here R5 is 30 
ohms less than the resistance of the pickup 
coil, L4 is slightly less than the pickup-
coil inductance, and L5 is a trimmer 
inductance. 
The bridge output is amplified in a 

+250 V REGULATED 

VOLTAGE 
AMPLIFIER 

6F5GT 

single-stage voltage amplifier followed by 
a power amplifier and a full-wave rectifier 
that feeds the series-connected 0 to 1 ma 
indicating milliammeter and 0 to 7.5 ma 
mirror-type milliammeter of the recorder. 
A voltage-regulated power supply is re-
quired for plate voltages. Slow changes 
in output owing to variation of tube-
cathode temperatures are prevented by 
supplying the entire circuit with power 
from a saturated-core type of regulator. 
A small bucking battery is needed in the 
meter rectifier circuit to offset emission of 
electrons from the 6H6 cathode and to 
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make the meters read zero when no signal 
is applied. 

Although this circuit was designed 
primarily for biological applications, its 
stability, reproducibility of calibration, 
small size, and ease of operation make it 
useful as a general laboratory tool. 
Flow ranges from less than 1 ml per minute 
to 200 nil per minute can be measured 
with the original equipment. 

E. C. Crittenden, Jr., and R. E. Shipley, An Elec-

tronic Recording Flowmeter, Rev. Sci. Instruments, 

December, 1944, p. 343. 

Direct-reading Power-factor Meter for Currents from 0.1 to 10 Amperes 

DESIGNED for either 150- or 250-volt 
lines, the circuit shown permits power 
factor to be read directly on a meter 
scale with high accuracy. 

If calibrated dials are attached to the 
rheostat in the plate circuit and to the 
variable shunt, it is possible to determine 
the voltage and current in the circuit, 
and, knowing the power factor, the power 

in watts drawn by the load can be easily 
determined. The instrument thus serves 
as a combined voltmeter, ammeter, power-
factor meter, and wattmeter. 
A transformer with a center-tapped 

secondary and a ratio of about 1:80 is 
required. The magnetizing current of 
the transformer should be small so that 
the primary voltage of the grid trans-
former is nearly in phase with the load 

current even at small values of load cur-
rent. The primary winding has 150 
turns and draws a magnetizing current of 
7 ma at 0.5 volt rms. The secondary of 
the grid transformer has a total of 12,000 
turns and an equivalent secondary imped-
ance of about 90,000 ohms. 
A constant voltage must be developed 

across the variable shunt within the full 
operating load-current range used. For a 
minimum of 0.1 ampere and a maximum 
of 10 amperes, a minimum resistance of 
0.5 ohm and maximum of 5 ohms are 
required on one control. To provide 
uniform variation of voltage along the 
control, a tapered rheostat giving small 
changes of resistance at the large current 
and large changes of resistance at the 
small current end is required. 

In operation, with the switch in the 
E 4di position, the Id, meter is in parallel 
with the 1-ohm shunt and the grid is 
shorted to the cathode. With the switch 
in this position, the rheostat in the plate 
circuit is adjusted until I d, reads full-scale 
deflection. With the switch in the lad; 
position, the /d., meter is connected with 
the proper polarity across the copper-
oxide rectifier cell and the variable shunt is 
adjusted until the meter assumes some 
position that indicates a predetermined 
voltage drop across the variable shunt. 
This last adjustment is not critical, for 
if the instrument is used on a 120-volt 
line and calibration was made with an rms 

VARIABLE SHUNT 

voltage of 21 volts on the grid, doubling 
the grid voltage would cause an error 
equivalent to only 2 degrees, while halv-
ing the grid voltage would produce an 
error equivalent to only 5 degrees. If the 
switch is released to its normal center 
position, the /d., meter is again placed in 
parallel with the 1-ohm shunt and the 
reading on the meter indicates the power 
factor of the load. Whether readings 
should be taken on the lead or the lag 
scale is determined by the position of the 
lead-lag switch. 

A. B. Bereskin, Power Factor Meter, Electronics, 

October, 1941, p. 38. 
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Measuring Velocity of Wave Propagation in UHF Transmission Lines 

THE velocity of electromagnetic wave 
propagation in a prepared sample of 
solid dielectric uhf transmission line can 
be determined in about 10 seconds and 
to an accuracy of 2 per cent with the 
oscillator-indicator circuit shown. This 
test is useful in transmission-line manu-
facture as a method of quality control, 

and is essential in determining lengths of 
solid dielectric tuning stubs for impedance 
matching and in other applications where 

exact physical lengths of line must repre-
sent exact electrical lengths. 

Operation is based on the fact that two 
coupled resonant circuits will resonate 

at the same frequency if the transmission-
line section inserted in one circuit acts as 
a short circuit. This will occur only when 
the frequency of the generator is such 
that the electrical length of the trans-
mission line is exactly an odd number of 
quarter wavelengths. Oscillator and in-
dicator tuning capacitors arc ganged to-
gether and the tuning dial calibrated in 

megacycles over the usable range of from 
95 to 105 megacycles. 
The transmission-line sample being 

measured is cut exactly 150 centimeters 
long, and under these conditions the re-
lative velocity of propagation is equal to 
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two-thirds the frequency in megacycles. 
It is only necessary to insert the prepared 
end of the sample transmission line, adjust 
the tuning dial for maximum reading of 
the 100-microampere meter, and read 
the frequency directly on the dial. If 
desired, the dial can be calibrated directly 
in relative velocity of propagation. 
The inductor L1 is loosely coupled 

through an electrostatic shield to in-
ductor L2 in the vacuum-tube voltmeter 
circuit serving as indicator. Padding 

Converting Frequency Variations into 

Tins circuit will convert a frequency 
shift into a proportional change in current 
for operation of a conventional recorder. 
It is useful where motions of a few mil-
lionths of an inch or equally small varia-
tions in other quantities are applied to the 
elements of a tuned circuit to produce 
large changes in frequency proportional to 

the original changes. 

The oscillators utilized in this type of 

electronic measuring equipment generally 

operate at a relatively high frequency, 

such as 4 megacycles, and are used in 

conjunction with a crystal standard that 

differs from the measuring oscillator by 

an audio value, so that a beat note is 

produced. It is this audio frequency, 

varying linearly with the quantity being 

measured, that is fed into the accom-

panying frequency-current converter cir-

cuit. This circuit delivers a maximum 

current of 500 microamperes to the re-

corder if a 2,000-cycle tone is being applied 

to its input with switches set at the L, 
or low-frequency, position. Lower input 

tones produce proportionally lower output 

current. On the 11 range, maximum out-
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UNLABELED CAPACITANCES ARE IN jig 

capacitors are provided in each circuit to 
obtain close tracking throughout the 
frequency range. Calibrated test sam-
ples of cable should be kept on hand for 
checking the accuracy of the instrument 
from time to time, These can be solid 
dielectric lines pulled into tight-fitting 
copper tubes and sealed, the tube serving 
as the outer conductor. 

B. Kramer and Fred Stolte, Measurement of Velocity 
of Propagation in Cable, Electronics, July, 1949, 
p. 128. 
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put current is obtained for a 4,000-cycle 
tone. 

Conversion is achieved by amplifying 
the beat frequency with a 6J5 triode, then 
passing it through a limiter that clips off 
all amplitudes above a certain level in 
both positive and negative directions with 

a pair of 884 thyratrons in a push-pull 
arrangement. The resulting square wave 
is passed through a differentiating circuit 
that recognizes 'only the voltage changes 
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as the square wave reverses its polarity. 
The resulting series of constant-amplitude 
pulses has a frequency equal to the original 
frequency, so that when rectified in a full-
wave circuit and smoothed out in a filter, 
the resulting current is directly propor-
tional to the input frequency. 

Recording Frequency Drift, Electronic Industries, 
February, 1944, p. 116. 
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Direct-reading Interpolation Oscillator for Frequency Measurements 

Princisiox readings between the 10-ke 
points given by a secondary frequency 
standard are provided by this interpola-
tion oscillator. It is similar to an 
accurate beat-frequency oscillator of a 
communications receiver and has a 
frequency range somewhat more than 
5,000 cycles plus or minus the intermedi-
ate frequency of the receiver with which 
it is used. The standard must have 100-
kc output as well as the 10-ke multivibra-
to r output. 
The 1,000-ke oscillator in the circuit is 

used for checking frequencies above 20,000 
ke. This oscillator is arranged so that it 
is controlled by the 100-kc output of the 
standard. 
The 455-ke oscillator is tuned by means 

of a combination of a silvered-mica 
capacitor, whose stability is very high, 
especially with respect to temperature, 
and a variable iron-core inductance. 
These two in the plate circuit of the 6SJ7 
oscillator, in combination with the 100-
µbf air padder and interpolation capacitor, 
complete the basic parts of the interpo-
lation oscillator. By means of the vari-
able air padder and the variable inductance 
the range of the interpolation oscillator 
may be precisely adjusted while keeping 
the middle frequency the same as that of 
the intermediate frequency of the receiver. 

It is assumed the receiver dial can be 
read to within reasonable limits and that 
the approximate frequency of the station 
to be measured is known. For instance, a 
station is known to be operating on about 
2,512 kc. The station is tuned in and the 
10-kc multivibrator is switched on. The 
dial of the interpolation oscillator is 
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set at midscale, and the interpolate 
switch is thrown on. A beat note will 
be heard in the receiver. The receiver is 
tuned to exact zero beat at 2,510 ke with a 
harmónic of the multivibrator. During 
this operation it is desirable to remove the 
incoming signal to avoid confusion of beat 
notes. The plate switch is thrown off and 
the station is received again. A beat note 
will be heard. This beat will be the 
exact difference between 2,510 and the 
operating frequency of the station meas-
ured. This difference can be measured 
by tuning the interpolation oscillator to 
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i MC 
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TO RECEIVER 

zero beat. If the station is on exactly 
2,512 kc, the dial will read +2 kc (100 
degrees). Each division of the dial is 40 
cycles. If the frequency should happen 
to be 2,508.5 kc, the dial would read —1.5 
kc (or 187.5 degrees). To check back, 
turn off the received signal, turn the 
multivibrator on, and see if the zero beat 
checks back at 150 degrees or the zero 
calibration mark of the interpolation 
oscillator. 

D. Reginald Tibbetts, Direct Reading Interpolation 
Oscillator, Electronics, October, 1941, p. 35. 

Portable Radiation Meter Using Subminiature Electrometer Tubes 

THIS battery-operated circuit for indi-
cating the intensity of low-level ion-
producing radiation, such as X rays and 
emanations of radioactive materials, was 
designed as a sensitive portable radiation 
meter. The ionization chamber in the 
input circuit of the first Victoreen VX41 
tube consists of a cylindrical metal tube 
with very thin walls and with a center 
electrode mounted coaxially and insulated 
from the shell. A potential of 45 volts 
between these two is sufficient to collect 
all the ions produced in the chamber by 
the low-intensity radiation that this 
device was designed to measure. The 
third tube in the circuit, the VX32, was 

designed specifically as a current amplifier 
to operate a meter. 
One 45-volt B battery supplies both 

plate and filament current for the entire 
amplifier, at a total drain of somewhat less 
than 11 ma. The use of a single battery 
simplified the replacement problem tre-
mendously. In the actual instrument, 
the On-off switch carries a battery test 
position whereby it is possible to set the 
filament current at exactly 10 ma; when 
this can no longer be done, the battery 
is replaced. 

This radiation meter measures the rate 
at which radiation strikes the ionization 
chamber. The higher the radiation, the 

FILAMENT SWITCH 

45V 

greater the number of ions produced, the 
greater the current through the high 
input resistor, and the greater the voltage 
across it. 

C. D. Gould, Subminiature Electrometer Tube, 
Electronics, March, 1947, p. 106. 
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Single Diode Circuit Serving as VHF Wattmeter up to 500 Megacycles 

NEED for an accurate and convenient 
method of measuring r-f power at fre-
quencies ranging from 100 to 500 mc and 
powers ranging up to 100 watts is met with 
this one-tube vhf wattmeter circuit. 
Pulse power of the order of kilowatts may 
be conveniently measured if the pulse rate 
is made low for output power tests. 
The power-carrying transmission line is 

for measuring purposes terminated in a 
purely resistive load. Power dissipation 

in the resistor is found from a voltage 
measurement with the diode circuit. The 
capacitive input of the voltmeter must 

then be compensated to obtain effective 
resistive termination of the transmission 
line. 
The termination can be a type of 

watt carbon resistor that has brass end 
caps and is contained in a ceramic case. 
The length of the carbon mix between 
brass caps is 0.5 cm, the diameter 0.3 cm. 
On the assumption of a resistor of 50 

ohms with these dimensions, the resistance 
per centimeter cube would be 7 ohms and 
the skin depth 0.6 cm. The skin effect 
may thus be neglected as we can expect 
substantially uniform current distribution. 
Knowing the current distribution en-

ables us to determine the inductive effect 

of the resistive rod, which has a value of 
0.001 microhenry or an inductive react-
ance of 2.5 ohms at 500 inc. Thus the 
terminating impedance gives a standing-
wave ratio of 1.05 on the transmission 
line. Sufficiently accurate power meas-
urements may be made when the stand-

ing-wave ratio is less than 1.1. 
The 9005 diode, having a resonant 

frequency of 1,500 mc and a voltage 
rating of 117 volts maximum, makes a 
peak diode voltmeter for the measurement 
of voltage across the resistor. Allowing 
for socket and stray capacitance, a 

value of 1 ßpf may be assumed as the 
input capacitance of this diode. The 
mismatch due to this capacitive reactance 
may be neutralized by a corresponding 
inductive reactance. 
The shunt capacitive reactance may be 

converted to an equivalent series react-
ance of 3 ohms at 200 mc, for which the 
equivalent inductance is 0.002 micro-
henry. Difficulties in making a com-
pletely noninductive connection to the 
transmission line are now avoided as we 
may leave a short length of the inner 
conductor equivalent to this value for 
making the connection to the resistor. 
With RGS/U 50-ohm concentric cable, 
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having a copper conductor, the length 
of conductor is approximately 0.5 cm 
from the end of the cable to the resistor. 
With a high-resistance load, 1 megohm, 

and a small r-f bypass capacitor of 100 
gut the meter reading will indicate peak 
voltage across the terminating resistor. 
Because of electron transit time and 
internal diode resonance, the meter 
indication at 500 me will be a few per 
cent low, with correspondingly less error 
at lower frequencies. 

Leonard R. Mailing, VHF Transmitter Power 
Measurements, Electronics, February, 1947, p. 158. 

Capacitance Tests for High-speed Sorting of Mica Capacitors 

A DIRECT-READING capacitance tester 
that was developed for sorting mica 
capacitors within the range 100 to 1,200 
pill' is shown. The unit possesses the 
qualities needed for production test 
equipment as it is small and compact, 
simple to use and to service, and supplies 
sufficient accuracy for the purpose for 
which it was intended. 
The method used for the evaluation of 

capacitance is the measurement of the 
alternating current flowing through the 
capacitor from a substantially constant 
voltage source. 
The diagram shows a 6J7 tube con-

nected as an electron-coupled oscillator 
operating on a frequency of 25 kilocycles. 
The output of this oscillator is taken by 
means of a wire-wound potentiometer to 
the terminals of the capacitor under test. 
In series with this capacitor a 1,000-ohm 
resistor is connected to ground. Across 
the 1,000-ohm resistor, a half-wave 
copper-oxide rectifier and a 0 to 1 d-c 
milliammeter are used to give a measure-
ment of the current flowing through 
the resistance by measuring the voltage 
across it. 

The milliammeter scale is calibrated 
in 100-pg steps from 100 to 1,200 if. 
Toward the end of the scale there is a 
tendency for the 100-1.4 steps to be 
closer together than on the 0-500 Auf 
part of the scale. 

Coil LI consists of three pies, each con-
taining 500 turns of No. 40 wire on a m-
inch form. Feedback coil L2 contains 200 
turns of No. 36 wire wound between the 
pies of Lb 
A switch with spring return is incorpo-

rated to switch the test terminals to 
an internal standard 500-14 capacitor 
to which reference can be made whenever 
desired. The oscillator, due to the grid-
leak bias arrangement, tends to maintain 
a constant amplitude of oscillation, but 
any variations due to such factors as tube 
aging are compensated for when required 
by a screw-driver adjustment of the out-
put potentiometer. 
The same principle can be used for 

other ranges. For reasonable linearity 

of the scale, the capacitor impedance 
should be several times that of the other 
impedances in series with it, i.e., the 
1,000-ohm resistance and rectifier and 

25,000 

TO CAPACITOR 
UNDER TEST 

421 

the section of the output potentiometer. 
across which the voltage being used is 
developed. 

Other uses for the tester are thickness, 
moisture, and other evaluations that can 
be made by measurement of capacitance 
or dielectric constant. 

Production 'Pester for Mica Capacitors, Electronics, 
August, 1944, p. 156. 
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Cathode-follower Amplifier Circuit Using Tube as Cathode Resistor 

A POSITIVE square wave applied to the 
input of a conventional cathode follower 
has its leading edge well reproduced, but 
its trailing edge is badly distorted. A 
two-tube circuit shown overcomes this 
fault, has an output impedance of 30 
ohms at frequencies up to 30 mc, and has a 
higher output voltage than a single-tube 
circuit. 

In effect the two-tube circuit is a two-
stage resistance-coupled amplifier svith 
100-per cent feedback from the second 
tube to the first. The plate resistance of 
the second tube serves as the cathode 
resistor in the stage of the first tube. 
This cathode resistance must be large 
so as not to decrease the gain of the second 
stage unduly. The cathode degeneration 
in the first stage is therefore large. 
The value of output conductance repre-

sents an improvement over the conven-
tional cathode follower by the factor s. 
However, in driving low load impedances 
from this circuit, the signal must be small 

enough not to overdrive the lower tube. 

The output approaches unity as the 

output load approaches 1,000 ohms. 

The output is essentially uniform to about 

10 me but falls when above that fre-

quency, falling faster with lower load 

resistances. A pronounced rise in output 

(an actual voltage gain) is obtained with a 

capacitive load of 0.0001 if at approxi-

mately 10 inc. The rise occurs at lower 

frequencies as the capacitive load is 

increased. With 0.01 /if there is a slight 

rise at about 800 ke and practically no 

response at 1,000 kc. The fidelity of 

response to a pulse is definitely superior 

and 

(61_6'S CONNECTED AS 
TRIODES BY TYING 
SCREENS TO PLATES) 

to that of a single-tube circuit, 
effect on sine waves is also good. 

the 

Calvin OEM. Hammack, Catlimle Follower of Very LAW 

Output Resistance, Efertroicio, November, 1946, 

p. 206. 

Wave-analyzer Circuit Indicates Harmonic Distortion of Audio Amplifier 

Tms harmonic wave analyzer provides 
a means for determining the second and 
third harmonic content of an amplifier or 
similar piece of apparatus operating in 
the a-f range. The method is based on 
the assumption that the harmonic con-
tent of the equipment under discussion is 
reasonably independent of frequency. 
This assumption is fulfilled quite well in 
audio amplifiers so long as the output load 
is a pure resistance. 
An adjustable sinusoidal voltage of 

fixed frequency is applied to the equip-
ment under test. A variable-gain ampli-
fier incorporated as part of the wave 
analyzer is adjusted until the output 
meter, fed through a filter of fundamental 
frequency, reads 100 per cent. The 
reading is also obtained for the magni-
tudes of the second and third harmonics, 
respectively, by noting the meter reading 
when the appropriate filter is switched 
into the circuit. 
The fundamental parts of this instru-

ment are an isolating amplifier, band-
pass filters, a voltage amplifier, a rectifier, 
and meter. The first amplifier is used 
to isolate the instrument from the circuit 
under test. The band-pass filters are 
tuned to pass only the desired funda-
mental, second, or third harmonic fre-
quencies. Following the filters is a 
two-stage audio amplifier feeding a diode 
rectifier that in turn actuates a milli-
ammeter having a range of 0 to 1 ma. 
A type 6J7 connected as a triode, and 

transformer coupled to the filter, is used 
in the first stage. The matching trans-
former q', has a turns ratio of 3.6 to 1 and is 
a universal plate-to-line transformer of 
good quality. Tisis reflects a load of 
approximately 7,500 ohms back to the 
plate. 
A steady current of about 0.05 milli-

ampere is bucked out by feeding a small 
voltage back from the power supply. 
The tap on the voltage divider is deter-
mined by trial as tlse current to be bucked 
out varies for different tubes. 

Since the calibration of the voltmeter 
was very nearly linear, it was found 
convenient to provide three ranges having 
full-scale distortion readings of 100, 50, 
and 10 per cent. These scales give readily 
ascertainable readings of harmonics to as 
low as 0.2 per cent. The scale change svas 
accomplished by means of a series of 
resistors and a three-point tap switch 
connected as the grid resistor of the 75 
triode. 

Calibration of this instrument can be 
done in either of two ways. The first 
method is to feed a 2,000-cycle signal of 
adjustable amplitude into the instrument 
and to determine the output meter reading 
in terms of the input voltage. This 
procedure is repeated with adjustable 
voltages of 4,000 and 6,000 cycles. The 
harmonic distortion is then calculated and 
calibration curves are plotted showing the 
percentage of harmonic distortion against 
the output current. With this method 

there will be little error introduced by 
aging of the tubes. 
The second method of calibration uses 

two oscillators, the first of which must be 
free of harmonics. Such a sinusoidal 
oscillator may be obtained by inserting 
a 2,000-cycle band-pass filter in the out-
put of the laboratory oscillator, or gener-
ator. The output of the second oscillator 
is fed into the instrument in series with 
that of the 2,000-cycle oscillator. Meters 
are placed across the outputs of both 
oscillators and the harmonic voltage, 
which is thus artificially generated, can 
be read directly. It is important that 
the mixing resistances be linear (inde-
pendent of voltage or current) to prevent 
modulation of one oscillator by the other. 
The voltage of the No. 1, or distortion-

less, oscillator is adusted for full-scale 
reading of the meter with the 2,000-cycle 
filter connected in the wave analyzer. 
The 4,000-cycle filter of the analyzer is 
then cut in. Tlse voltage of the 4,000-
cycle oscillator is gradually increased, 
and a curve of harmonic voltage against 
output current is plotted for second 
harmonic distortion. This procedure is 
repeated for the third harmonic and the 
percentage of distortion is determined as 
in the previous method. These two 
methods of calibration checked with a 
maximum difference of 2 per cent, which 
occurred near full-scale readings. 
By properly apportioning the scale-

changing resistances 1?1, R2, and R3, a 
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single calibration curve may be used for 
the instrument if all filters have the same 
midfrequency attenuation. The midfre-
quency attenuation of the filters may be 
adjusted by connecting an appropriate 
resistor across the shunt arm inductance 
L2. In this instrument, it was necessary 
to shunt the 4,000-cycle filter with a 220-
ohm resistance to make the attenuation 
equal to that of the 6,000-cycle filter. 

Operation of this analyzer is relatively 
simple and rapid. The device to be 
measured is supplied with a 2,000-cycle 
distortionless, or sinusoidal, voltage and 
the output from the device connected 
directly to the analyzer. With the 2,000-
cycle filter in the circuit and the meter 
switched to the 100 per cent position, 
the gain control of the analyzer is adjusted 
to give full-scale reading of the meter. 
The 4,000- and 6,000-cycle filters are then 
switched in and the magnitudes of the 
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second and third harmonic voltages, 
respectively, arc read. The minimum 
voltage necessary to operate this instru-
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ment is approximately 4 volts. 

R. F. Thomson, Simple Harmonic Wave Analyzer, 
Electronics, December, 1942, p. 61. 

Power-line Synchronism Indicator Using Cathode-ray Tuning Tube 

A TYPE 6E5 cathode-ray tuning indica-
tor tube is used in this simple circuit for 
showing synchronism relations between a 
132,000-volt power line and a bus to which 
it is to be connected. The small size of 
this tube enables its installation to be 
made in the best position for observation 
by the operator. Also, because of its 
small size it may be duplicated at other 
convenient points by connecting addi-

tional tubes in parallel. 
In the diagram, line L is synchronized 

to the bus by means of switch S. To a 
phase conductor of the line a static 
collector ‚vire is electrostatically coupled, 
and another static collector wire is 
similarly coupled to the corresponding 
phase conductor of the bus. The poten-
tial developed in each of the pickup wires 
is proportional to and of the same fre-
quency as the potentials of the bus and 

line to which they are coupled. Before 
the switch can be closed, the frequency 
and phase relation in the bus and in the 
line or in the pickup wire must be identi-
cal. During synchronism there is no 
difference of potential in these two pickup 
wires, and therefore the adjustment is 
made such that the 6E5 target shows a 
green light pattern with only a thin black 
shadow. With the line of the bus out of 
step the thin line of shadow spreads out 
with a more or less rythmic opening and 
closing motion. The 100,000-ohm resis-
tor is set so that the shadow covers 
approximately a 90-degree sector of the 
circle. 
The indication given by this instru-

ment does not in itself show whether the 
incoming line has a frequency which is 
higher or lower than the bus to which it 
is to be connected. If this information is 

Precise 

A CATHODE-RAY tuning indicator tube 
serves here as a simple and inexpensive 
indicator of the precise moment at which 
two metallic bodies touch. A maximum 
variation of only four millionths of an 
inch on successive tests can be achieved on 
such micrometer applications as sorting 

polished steel ball bearings or calipering 
polished steel surfaces. 

In the circuit, the grid of the 6E5 is 
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required, it may be obtained by the addi-
tion of an amplifier tube to provide the 
power needed to operate the rotation-
indicating device. 

Frederic S. Beale, Cathode Ray Type Synchronism 
Indicator, I nstrunients, March, 1940, abstracted in 

Electronics, April, 1940, p. 105. 

and Sensitive Contact-indicating Circuit 

biased sufficiently negative to cut off 
plate current, so that the target fluoresces 
all around. When the contacts touch 
each other or are joined by the object 

200,000 being calipered, the grid of the tube is 

made positive with respect to the anode 
and target, so that plate current flows and 

a shadow appears on the target. 

1MEG 

TO CONTACTS 115 V A-C 

Mills, Rev, Sci, Instruments, February, 1941, p. 105. 
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Vacuum-tube Microammeter as Portable Indicating X-ray Dosimeter 

Tins a-c operated instantaneous-read-
ing X-ray dosimeter circuit can be used 
for measuring in arbitrary units the 
currents produced by both hard and 
soft ionizing radiations. Once calibrated 
against a standard, readings are taken as 
the difference of microammeter readings 
with and without X rays. 
The voltage-doubling power supply 

calls for use of an external ground wire 
for the circuit and correct polarity for 
insertion of the power plug in the outlet 
receptacle. The indicating lamp glows if 
polarity is wrong, assuming that an ex-
ternal lamp is used. 

Usual precautions should be taken with 
the 12J7GT tube to keep the control 
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grid current low so that large input re-
sistances may be used. This tube is 
operated with about 6 volts on the fila-
ment and 20 volts on screen grid and 
plate, permitting use of a 1,000-megohm 
resistor for RI should such sensitivity be 
required. This resistance is preferably 
varied in steps, using a six-position selec-
tor switch and six fixed resistors ranging 
from 1 to 100 megohms or higher. 
The filter network in the microammeter 

circuit permits placing the meter remotely 
from the dosimeter without trouble from 
stray electric fields. 

Richard P. Krebs and II. Kersten, A Portable Indi-
cating X-ray Dosimeter, Rev. Sei. I netruments, 
August, 1942, p. 332. 

Audio-frequency Vacuum-tube Voltmeter for Measuring Complex Components of Voltage 

THE real and imaginary components of 
an unknown a-f voltage in the range from 
20 to 20,000 cycles per second are directly 
indicated in sign and magnitude relative 
to a reference voltage by this a-f vacuum-
tube voltmeter. Such data are useful in 
measurements on filters, attenuators, and 
amplifiers where knowledge of phase 
shift may be important. Operation is 
based on the fact that the magnitude of 
the. vector sum of a large voltage and a 
small voltage is very nearly equal to the 
sum of the large voltage and the in-phase 
component of the small voltage. 
The amplified reference is rectified by 

one section of T1 acting as a linear peak 
diode, the resulting d-c voltage appearing 
across R1 with the polarity indicated. 
The vector sum of the unknown and 
amplified reference is applied to the other 
section of T2, also acting as a linear peak 
diode, with the resulting d-c voltage ap-
pearing across R2. The difference of these 
two (l-c voltages then appears across C3. 
Diodes T1 and T2 may conveniently be a 
dual diode, both diodes included in the 
same envelope. This circuit has the 
advantage over other possible solutions in 
that both signal sources and the vtvm 
have a common low potential or ground 
side. 
Tube T1 is a double triode, each section 

being used as a cathode follower. The 
first section provides a means of changing 
the voltage range by the voltage divider 
in the cathode circuit. Range is selected 
by SI. The second section provides a 
divided output voltage at constant imped-
ance for introduction into the rectifier 
system. 

Tube T2 is the double rectifier that 
works into the (l-c vacuum-tube voltmeter 
T3. The latter has a range of plus or 
minus 1 volt, center zero. Switch S2 
provides a means of opening one rectifier 
circuit in order to set the magnitude of the 
amplified reference voltage at 50 volts, 
allowing it to be read by the same vtvm 
because 82 also changes vtvm range from 
1 volt to 100 volts. The magnitude of the 
reference is controlled by RI. 
The reference is applied to the first 

section of T5, another double triode. 
The first section provides low output 
impedance for working into the phase-
shift network controlled by S6 and R2. 
This network, when properly set, provides 
a leading phase shift of approximately 45 
degrees. 
The second section of T5 works into 

two phase-shift networks; the one con-
trolled by R3 and S5 provides a lagging 
phase shift of approximately 45 degrees, 
and its output provides the reference for 
measuring the real component of the 
unknown voltage. The other network 
out of T5 controlled by S4 and R4 pro-
vides an additional shift of approximately 
45 degrees leading for the measurement 
of the imaginary component of the un-
known voltage. The proper reference for 
the component to be measured is selected 
by 83 and applied to 7'4, the voltage 
amplifier, which then works into the 
rectifier system. 

In all three of the phase-shift networks, 
the proper capacitance depends upon the 
frequency only. Therefore S4, S5, and 
86 are ganged together and labeled as a 
frequency control, to be set for the 

frequency range desired. Potentiometers 
R2 and R3 are ganged together and 
used as the phase control for the real 
component. The setting which gives in-
phase reference results in the lead and 
lag 45-degree shifts mentioned above. 
After this control is set, control R4 for 
measuring the imaginary component 
is set for an additional 45 degrees. 

Potentiometer R5 is simply the zero set 
for the d-c vacuum-tube voltmeter. 
Voltage-regulator tubes ensure stable 
operation. 
The following is a summary of all 

controls: 
RANGE. Ranges of 1, 5, 10, and 50 

volts full scale plus or minus are provided 
by Si. 

ZEItO SET. With Use-cal switch on 
Use, reference voltage applied, and 
unknown terminals shorted, this control 
is set for zero voltmeter indication. With 
the switch in the Use position, R7 having 
a resistance of 9,500 ohms is used as 
the voltmeter multiplier. This multiplier 
gives the input to T3 a sensitivity of 2 
volts. However, the microammeter scale 
has been altered to give a center zero, 
and the needle is adjusted to this point 
by R5, the Zero Set control. The Zero 
Set applies about 1 volt to the grid of the 
second section of T3 by this adjustment. 
Thus the actual range of the input to T3 is 
+1 volt. 
REFERENCE AMPLITUDE. With Use-

cal switch on Cal, this control is ad-
justed for a voltmeter reading of 50 volts. 
Resistor R6, which is 0.5 meg, gives the 
meter a full-scale range of 100 volts, and 
therefore the adjustment is made for 
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center scale. Because R7 has been previ-
ously set to give about 1 volt deflection, 
this voltage produces negligible deflec-
tion with the new multiplier in the cir-
cuit. The microammeter is therefore at 
its extreme left, or zero-current, position 
with no input voltage. The 50-volt 
point is therefore the center of the scale, 
which is marked zero on the micro-
' ammeter face. 
FREQUENCY. This control must be set 

to the appropriate range. The ranges 
provided are 20 to 200, 200 to 2,000, and 
2,000 to 20,000 cps. 
REAL PIIASE. With 83 on Real and an 

external lead used to connect the refer-
ence voltage to both the reference and the 
unknown terminals, this control is set for a 
maximum value as indicated by the vtvm. 
REACTIVE PHASE. With 83 on Reac and 

an external connection as above, this 
control is set for zero value as indicated 
by the vtvm. This adjustment ensures 
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a reading of zero for the imaginary com-
ponent of a pure real unknown. 
Although there may seem to be a large 

number of controls to be set, these do 
not have to be disturbed after they 
are once set provided that the frequency 
is not changed. Therefore in the analysis 
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of a complicated circuit at a single fre-
quency, the operation is very simple, only 
the Real-Reac switch and the Range 
switch being used. 

George E. Pihl, Measuring Complex Components of 
Voltage, Electronica, February, 1947. p. 128. 

Proteximeter Circuit for Measuring Total Amount of High-voltage Radiation 

THE circuit shown will indicate the total 
amount of low-level radiation received in 
a given location over a period as long as 
24 hours. This indication is of impor-
tance because the effect of high-voltage 
radiation such as X rays on the human 
body is cumulative. X-ray technicians 
and cyclotron operators, for example, are 
exposed to varying amounts of radiation 
in the course of a day. By the use of 
an instrument which indicates total 
quantity of radiation, it is possible to 
monitor the location in which the oper-
ators work, and make sure the total 
amount of radiation received in one day 
does not exceed the tolerance dose. 
The shell on top of the instrument is a 

sealed ionization chamber containing a 
nonionizable capacitor and an electrom-
eter tube operated as an inverted triode. 
The capacitor supplies the collecting volt-
age for the ionization chamber. In tho 
absence of radiation no ions are produced, 
and the charge on the capacitor remains 
unchanged. When radiation strikes the 
chamber, however, the capacitor svill 
lose its charge by an amount directly 
proportional to the total quantity of 
radiation received. Thus to measure the 
total amount of incident radiation it is 

only necessary to measure the change in 
voltage across the chamber and capacitor; 
this function is performed by the Victoreen 
VX41 electrometer tube. 
For such an instrument to perform 

successfully, the leakage resistance across 
the capacitor, chamber, and electrometer 
tube must be almost infinite, and gas 
current in the electrometer almost zero. 
The total capacitance of the chamber, 

capacitor, and electrometer grid is about 
100 micromicrofarads. This capacitance 
is charged to —24 volts initially and when 
discharged (a condition that represents 
twice the maximum daily tolerance dose) 
this potential drops to —6 volts. In the 
absence of radiation the meter will move 
2 per cent of full scale per day. Tisis drift 
of course includes the effect of the 
background of cosmic radiation that is 
present at all times everywhere. 
Apart from the 24 volts necessary to 

charge the chamber, the entire instru-
ment can be operated from a 6-volt 
supply. This supply is made 7.5 volts 
to allow for aging of batteries, and is 
furnished by five flashlight cells. To step 
this voltage up to 24 volts, current is 
momentarily passed through a small choke 
loaded with a resistor. The voltage pulse 

NON IONIZ ABLE 
CAPACITOR IN 
CHAMBER 

developed when the current starts is 
ignored. When the current through the 
choke is suddenly interrupted, the voltage 
that will appear across the choke can be 
made any value desired, up to a few 
hundred volts, by properly proportioning 
the shunt resistor. To a first approxima-
tion (neglecting the effect of the resistance 
of the choke) the ratio between supply 
voltage and developed voltage equals the 
ratio of the series resistor to the shunt 
resistor. Because the capacitance of the 
grid-circuit chamber requires only a 
minute charging current, it will be charged 
nearly to the full voltage developed across 
the choke. 

C. D. Gould, Subminiature Electrometer Tube, Eleo-
ironies, March, 1947, p. 100. 
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Rectifier and Limit Circuits for Electronic Comparator Gage 

100V 100V 
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HEAD 

VARIO-
COUPLER 
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100-KC 

OSCILLATOR 

WITH the direct-indicating gage circuit 
given here, a standard-size piece of work is 
used to balance an indicating meter to 
zero center, and desired limits of deviation 
are set up. Movement of the diamond 
contact point of the gage during produc-
tion inspection then varies the inductive 
relationship between two coils to light 
lamps indicating standard, oversize, and 
undersize pieces. 
The circuit operates on the change in 

inductance of a coupled circuit at 100 kc. 
The gage head contains two coils, one 
fixed and connected to a 100-ke oscillator, 
and the other mounted on a spindle that 
is actuated by the work piece. The 

second coil is coaxial to the fixed coil, 
and as it moves a varying voltage is 
applied to a phase-correcting network and 
to the attenuator. The output voltage 
from a variocoupler, also fed from the 
100-ke oscillator, is combined with the 
gage-head output. This permits the gage 

to be set to zero anywhere in its operating 
range by balancing out the gage-head 

voltage. The voltage from the attenu-
ator is amplified. The amplifier is con-
ventional and has practically no phase 
shift. Its output goes to the rectifier and 
thence to the indicating meter. The 
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LIMIT CIRCUIT 
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voltage developed across the load resistor 
in this circuit is applied to the grids of a 
limit tube in which the bias is varied so 
that the limit lights may be preset to 
selected tolerances. This provides within 
limit, above limit, and below limit 
indications. 
A minute motion of the diamond con-

tact point of the spindle must produce 
enough voltage to give a usable output. 
The fixed coil is wound in two sections, 
one in an opposite direction to the other. 
This provides an electrical center for the 
coil mounted on the spindle that moves up 
and down inside its form. If the spindle 
should inove downward, however, so that 
its coil passes the electrical center, an 
output current would flow that might con-
fuse the operator. The confusion is 
eliminated by using a rectifier similar to a 
diode vacuum-tube voltmeter. A volt-
age from the 100-kc oscillator is injected 
on the grid of the first section of the 
6SN7GT double triode in such a manner 
that it is out of phase with the voltage 
from the amplifier when the spindle coil is 
below electrical center. This prevents 
any current from flowing through the load. 
The second section of the tube is con-
nected as a diode across the rectifier 

60 CPS 60 CPS RED 

GREEN 

o 
AMBER 

5,000 
6.3VA-C 

triode and biased to give protection to the 
meter. The four ranges of the meter are 
+0.003, ±0.001, +0.0003, and ±0.0001 
inch. 
The limit control circuit provides a 

means of measuring within predeter-
mined tolerances. This is a great advan-
tage in sorting or where rapid inspection 
is required. 
The output voltage across the 50,000-

ohm load resistor appears on the grids of a 
6SN7GT. The cathodes of this tube are 
biased from a voltage divider and are 
adjusted so that the relays operate at the 
desired output voltage (for a predeter-
mined value on the meter scale). 
With a regulated power supply, stabil-

ity of the amplifier and oscillator is 
such that a +10 per cent variation in line 
voltage produces an error of only 2 per 
cent on the meter when the gage is oper-
ating on its most sensitive range. Varia-
tions in gage block dimensions can be 
quickly detected since changes of 3 to 5 
microinches are readily observed on the 
meter. Sensitivity and speed of opera-
tion are high enough to permit inspection 
of surfaces also. 

W. IT. Hayman, Electronic Comparator Gage, Elec-

tronics, July, 1946, p. 134. 

Radiation Detector for Electronic Heating Generator 

Miiinsummr.wrs of radiation from a 
6-kilowatt dielectric heating generator 
operating at 9 Inc showed that as much 
radiation was leaking out of various holes 
and cracks in the generator cabinet as 

came out of a shielded work enclosure. 
The oscillating wavemeter circuit shown 

here ‚vas used for detecting points of 
maximum radiation around the cabinet. 

Coupled to a small shielded loop, it 
provides indications on a grid meter for 

strong signals and a heterodyne beat in 

OE SHIELDED 
LOOP headphones for weaker signals. With 

the loop it was easy to find that the 
oscillator cabinet (loor joints were the 
source of the strongest radiation. Cou-
pling the loop close to the surface of the 
cabinet permitted mapping the direction 
of current flow around the various por-
tions of the cabinet. 

G. W. Klingaman and G. II. Williams, Shielding of 
Dielectric Heating Installations, Electronics, May, 

1915, p. 106. 
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Pulse-stretching Circuit for Use with 

PuLsE stretching by means of the 
accompanying circuit can sometimes be 
utilized to make a peak-reading vacuum-
tube voltmeter usable on very narrow 
pulses. It is necessary to proportion R3 
and C3 so that complete recovery, 99 per 
cent, can occur between successive pulses. 
At the highest repetition frequency, C3 
should be small enough to permit e, to 
reach at least 99 per cent of final value 
during the narrowest pulse to be measured. 
These precautions are necessary to min-
imize loss of peak amplitude and conse-
quent loss of accuracy. 

Allan Easton, Pulse Response of Diode Voltmeters, 
Electronics, January, 1946, p. 146. 
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Measuring Electrical Resistance of Oil Film 

IN this circuit, an accurately regulated 
low a-c voltage is applied, in series with a 
fixed resistor, to metal balls between 
which is the oil film whose resistance is to 
be measured. In parallel with the oil-
filmu  path is the primary of the coupling 
transformer for the amplifier, so that the 
resistance between the balls shunts the 
primary and affects the voltage drop 
across the transformer. This voltage is 
amplified, rectified, and read on a micro-

Slow-return 

Tins circuit has been found useful for 
sound-recording work. The meter will 
read peak voltages with very quick dy-
namic action, but has a slow return to 
zero. The time constant is adjusted by 
the use of resistor R3 in the diode ground 
lead. When this bleeder resistor is 

removed, the time of return is approxi-
mately 5 seconds. However, when a 
resistor of about I megohm is inserted as 
a bleeder, the meter follows the envelope 

ammeter calibrated directly in resistance 
from zero to 260 ohms. In addition to the 
conventional line-voltage regulator serv-
ing both power transformers in the circuit, 
an electronic voltage-regulator circuit 
using type 2A3 and 6C6 tubes is used for 
the power pack serving the two voltage-
amplifier stages. 

C. J. Penther and D. J. Pompeo, Electron Tubes in 
Petroleum Research, Electronics, April, 1941, p. 20. 

STRETCHED 
PULSES 

0.1 

TO OIL FILM 
ELECTRODES 

Audio-peak Voltmeter Circuit for Sound Recording 

of the sound voltages. 
The signal is applied through a coupling 

circuit to the grid of the triode section 
of the tube. From the plate circuit of the 
triode the signal is pawed on to the diode 
plate through CI. The meter is inverted, 
and R3 is adjusted so that the meter 
reads 1 ma with no input. A 1-volt 

signal will cause full-scale deflection. 
The voltage divider R4 allows use on 
higher voltage ranges than 1 volt. 
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Henry Loughnane, A Peak Voltmeter Useful for 
Sound Recording, Electronics, August, 1938, p. 42. 
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Beat-frequency Locator for Buried Manholes and Large Buried Metal Objects 

IN the public-utility field this beat-
frequency locator is very useful for finding 
buried manholes and other types of metal 
boxes used to protect gas and water valves 
and cable junction boxes. It is most 
effective in locating buried metal having 
a large surface facing toward the exploring 
coil, and hence is not ordinarily used for 
tracing small pipes. Large pipe lines 
can be traced as long as the depth does 
not exceed the penetration of the locator, 
determined by the frequency, the power 
fed into the pickup coil, and the diameter 
of the pickup coil. 
Many different frequencies have been 

tried with this type of locator, and there 
seems to be no critical value. Fre-
quencies as high as several megacycles 
have been used, but frequencies between 
150 and 400 kc appear to be completely 
satisfactory. At low frequencies, more 
power can be used without exceeding the 
signal strength of 15 microvolts per meter 
at a distance of Ä/27r (or 157,000/fk,, 
ft) as set by the Federal Communi-
cations Commission in sections 2.101 
through 2.104 of the FCC ruling applying 
to low-powered radio devices operating 
without licenses. 
The circuit uses no detector or mixer, as 

both of the triode Hartley oscillator tube 
plates are fed through the headphones. 
When the beat note reaches the audible 
range, the plate-current impulses are 
heard in the headphones. The frequency 

of the pickup oscillator is kept slightly 
higher than the fixed oscillator frequency, 
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to prevent the oscillators from locking into 
step. 
When a conductor comes into the field 

of the pickup coil, the eddy current set 
up in the conductor opposes the field in 
the coil, and the effective inductance of 
the coil is reduced as a result of the 
shorted-turn effect. The reduced effec-
tive inductance increases the frequency 
of the associated oscillator, and the audi-
ble beat note rises in pitch proportionally. 

In actual operation the pickup oscillator 
frequency is set slightly high so that a low-
pitched beat note is produced when the 
coil is about the correct distance above 
the street or barren soil level. Then, 
when a conducting body is approached, 
the beat note increases sharply in pitch, to 
a maximum directly over the conductor. 

In the construction of such a locator it is 
important to shield the coil with metal 
foil or sheet metal, being careful not to 
form a short-circuited loop with the shield. 

Without a shield the capacitance of the 
pickup coil to the earth or vegetation 
creates a decrease in frequency so that, 
the result is a tendency to cancel the 
frequency increase caused by proximity 
to a conducting mass. The fixed oscil-
lator should be shielded, so that the 
two oscillators will not be magnetically 
coupled. 
The interlocking difficulty may be 

eliminated by the use of a form of buffer 
stage. A meter can be added to give 
visual indication of buried metal, but 
headphones allow the operator to use his 
eyes in searching for traces of the lost 
object and to watch for traffic and 
obstacles. A meter would require at 
least one additional tube, with increased 
battery drain. 

W. H. Blankmeyer, Metal Locators, Electronics, 
December, 1943, p. 112. 

Exploring Coil and Two-tube Amplifier for Locating Current-carrying Cables and Pipes 

THIS circuit is designed for locating, 
without digging, cables, pipe lines, con-
duits, and other metallic conductors that 
are buried in the ground or in concrete 
walls and floors and are carrying current. 
The device consists of a magnetic pickup 
coil on a U-shaped iron core, a battery-
operated vacuum-tube amplifier, and an 
indicating meter. It has sufficient sensi-
tivity to detect a 60-cycle current of 2 or 3 
amperes at a distance of 1 foot. Cables 

carrying direct current can easily be 
detected if the current is generated by a 
d-c generator. This is made possible by 
the commutator ripple. In cases where 
the cables are shielded in iron conduits 
there is generally enough ground current 
to operate the detector, or where it is 
necessary current may be passed through 
the conduits. By the use of this instru-
ment, iron conduits have been located as 
much as 13 feet underground with no 
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difficulty and with good accuracy. 

II. C. Marcroft, Locating Burled Cables and Pipes, 
instruments, May, 1940, abstracted in Elecironice, 

June, 1940, p. 94. 
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Portable Beat-frequency Type of Locator for Finding Buried Steel Rail Crossties 

Tills electronic locator was devised to 
locate by 2-inch steel straps about 1 
foot under the pavement, serving as 
crossties between trolley rails, as the ties 
had to be cut with torches in order to pull 
up the rails on abandoned routes without 
destruction of the pavement. The cir-
cuit employed depends on changes of 
inductance of a search coil when metal was 
brought into its vicinity. This change 
results from eddy currents in the metal, 
which establish a flux opposing that from 
the coil. 
To detect this very small change in 

inductance, circular search coil L4 was 
made the inductor of the tank circuit in 
one of two r-f oscillators that were 
operated at slightly different frequencies. 
These frequencies were mixed in the 105 
and detected. The difference frequency 
was amplified in the 1S4 and fed to a 
loudspeaker. 
A fairly high radio frequency was used 

in the oscillators, since this produces a 
large change in cycles per second for a 
given percentage change in inductance. 
Also, the effect of eddy currents is more 
pronounced at high frequencies. 

If the operating frequency selected is 
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too high, the disturbing influence of stray 
capacitances and ground currents may 
become appreciable. A frequency of 2 
mc was found to be a satisfactory com-
promise between these effects. 
To minimize the influence of stray 

capacitances, a comparatively large ca-
pacitance and small inductance was used 
in the tank circuit containing the search 
coil, and a Faraday electrostatic screen 
was placed between the search coil and 
the ground. Increase of capacitance 

8MH 

L2 

+45V 
+45V 

and decrease of inductance reduce the 
impedance of the tank circuit. This 
reduction results in a poor impedance 
match with the plate resistance of the 
tube. 
The filaments of the tubes were sup-

plied from a flashlight battery, and the 
plates from a 45-volt hearing-aid battery. 

James G. Clarke and Charles F. Spitzer, Electronie 
Locator for Salvaging Trolley Rails, Electronics, 
January, 1944, p. 129. 

Circuit for Detecting either Metallic or Nonmetallic Objects 

THE discontinuity detector circuit 
shown, used in mine-detector set AN/ 
PRS1, will detect the presence of non-
metallic masses buried at shallow depths 
in the ground. Modifications could be 
used to detect the presence of metallic 
masses of finite dimensions in nonmetallic 
objects, while discriminating against ob-
jects of smaller size. 
The presence of voids, or discontinui-

ties, in plastic objects could be deter-
mined by a modification of this detector. 
When the device is adjusted off resonance, 
it is capable of detecting the presence of 
personnel or vehicles ill motion at ranges 
up to 100 feet. Such an application 
might be valuable in plant protection or 
machine safety installations where space 
limitations or arrangement preclude the 
use of a separate source and receiver 
combination, or where ambient noise or 
light prevent the use of audio or photo-
electric systems. 
The ultrahigh-frequency oscillator 

mounted in the detector head is of the 
resonant line type, operating at a fre-
quency of approximately 300 mc. A 

50-if capacitor, used as a resonant line 
shunt, is made externally adjustable by 
means of the tuning knob at the bottom 
of the detector-head assembly. An an-
tenna coupling loop is mounted in the 
detector head case, providing coupling 
from the oscillator to the antenna system. 
The coupling loop is shunted by a resistor 
chosen to maintain the antenna imped-
ance at the value required for operation. 
The a-f oscillator is of the RC type using 
an untapered phase-shift network. A 
tapered phase-shift network would re-
duce oscillation difficulties with low-gain 
1N5GT tubes, however. 
The operating frequency of the oscil-

lator is higher than the resonant frequency 
of the antenna. The coupling loop is 
shunted by a resistor and is retained in a 
fixed position with respect to the oscillator 
lines. The oscillator frequency is ad-
justed by means of the resonant line shunt 
capacitor. 

Proper adjustment is obtained when 
approximately 80 microamperes of grid 
current flows in the oscillator circuit when 
the detector head.is held approximately 3 

inches above the ground. The presence 
of a nonmetallic mine then causes the 
grid current to drop to that value estab-
lished by the contact potential of the 
tube (usually 10 or 15 microamperes). 
The presence of a metallic mine unloads 
the oscillator, causing a substantial rise 
in grid current (usually in excess of 150 
microamperes). 
The decrease in grid current causes a 

drop in the d-c potential across the grid 
resistor, which is coupled to the amplifier 
output tube control grid. The decrease in 
control-grid voltage on the a-f output 
tube in the amplifier causes an increase in 
the audio signal output. The inverse 
effect occurs when the oscillator grid cur-
rent increases. The audible signal is 
initially adjusted to a satisfactory level, 
the presence of a nonmetallic mine 
causing the signal to increase in ampli-
tude, and a metallic mine causing the 
signal to cut off. 
With the detector head held well above 

the ground, the tuning knob at the bottom 
of the detector-head assembly is turned 
clockwise to the extent of its travel so 
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that the oscillator is operating at its 
highest frequency. The tuning knob is 
then turned counterclockwise until the 
.detector meter reads approximately one-
half full scale (approximately SO micro-
amperes). The detector head is then 
presented to the ground and the tuning 

knob is turned counterclockwise until 
no deflection of the meter occurs until 
the detector head is within 8 inches of the 
ground. The knob is adjusted until the 
detector meter reads half full scale at a 
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height of approximately 3 inches from the 
ground. The detector oscillator is then 
operating under the condition necessary 
for the detection of both nonmetallic and 
metallic mines. 
The potentiometer on the amplifier 

case is adjusted, with the detector head 
held in the operating position, until a 
nominal audio signal is heard. The 
detector operator then moves the de-
tector head from side to side, advancing 
approximately 1 foot per sweep. For 

proper operation the height of the 
detector head above ground is maintained 
between 2 and 5 inches. Over normal 
soils and with mines buried at operational 
depths, metallic mines increase the meter 
reading and decrease the audio signal, 
and nonmetallic mines decrease the meter 
reading and increase the audio signal. 

T. E. Stewart, Non-metallic Mine Detector, Elee-

tronicee, November, 1945, p. 100. 

Geophone Portable Amplifier and Vacuum-tube Voltmeter for Geophysical Prospecting 

TIIIS geophone, for use in connection 
with a source of a-c power that is applied 
to the earth in the area being searched or is 
connected to pipes or cables whose course 
is being traced, consists essentially of 

a rugged portable audio amplifier and 
built-in vacuum-tube voltmeter. The 
search coil picks up the a-c magnetic 
fields for iunplification by the geophone. 
For tests requiring physical contacts with 
the earth, the coil is omitted and pointed 

steel contact rods are connected to the 
input coil jack. The headphones are 

usually used to indicate the signal, al-
though the vacuum-tube voltmeter is 
useful for indicating maximum-signal 
adjustments as contrasted with the null 
points, which are usually best detected by 
Ilead phones. 
The amplifier circuit is conventional 

except for the method of obtaining the 
bias for the IAS. This bias is developed 
across the 900-ohm resistor in the negative 
B battery lead to both amplifier tubes. 
A separate filament battery is necessary 

for the voltmeter tube, since the filament 
is made more positive than —B to obtain 
grid bias. This bias is adjusted by a 
potentiometer connected across the nega-
tive half of the B battery. 
The voltage gain of this amplifier is 43 

(li). For most purposes this is enough, 
but another stage identical with the 1N5 

voltage amplifier can be added if care is 
exercised in shielding the tubes and leads, 
and crystal headphones are used. The 
magnetic field from ordinary headphones 
would be fed into the pickup coil, with 
regeneration and oscillation the probable 
result. 
The pickup coil design determines to a 

large extent the sensitivity and usefulness 
of the geophone. Usually, the desired 
result is maximum voltage from a very 
weak magnetic field, making it necessary 
to use a large number of turns (from 5,000 
to 20,000 turns). The coil is wound in a 

-inch wide by deep groove in a 
plywood ring 9 inches in outside diameter. 
It holds 5,000 turns of No. 36 enameled 
wire. 

It is necessary to shield the coil from the 
efTects of stray capacitance and electro-
static charges. A practical foi-in of 
shielding is copper, aluminum, or tin foil 
pressed around the ring and ending in a 
tape-insulated lap joint so as not to form 
a short-circuited turn. The foil is con-
nected to the shield of the flexible coil 
lead. 
• For ordinary small locating jobs the 
conventional auto radio vibrator-inverter 
circuit furnishes ample power. For short 
periods of time, it may be used with dry 
cells; otherwise a 6-volt storage battery is 
most economical. 

When the geophone is used for searching 
large plots of ground for ore bodies, an 
engine-driven generator or power from a 
commercial line is desirable to create a 
stronger field. Tube oscillators have also 
been used for generating a-f power at 
higher frequencies than can be produced by 
mechanical vibrators. 
When a pipe line is being traced, it is 

usually possible to make a connection to 
the pipe at some point where the location 
is known. When this is the case, the 

signal will be applied between the pipe and 
a ground rod or other ground connection. 
If a connection is not available, then two 
ground rods somewhere near the pipe but 
spanning the unknown section will feed 
sufficient current into the pipe. 
The signal will be detectable for some 

distance on each side of the connection, 
depending on the soil resistance and depth 
and the size and condition of the pipe. 
With a coated pipe, the kind used for 
natural-gas transmission across country, 
the signal is reasonably strong for a mile or 
more in each direction. 
The geophone with pickup coil is used in 

this method also. The vibrator power 
supply is very satisfactory as a source of 
signal. 
The null-signal adjustment of the coil. 

gives the most satisfactory indication of 
the position of the pipe or cable being 
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located. The null signal exists when the 
axis of the coil is pointing at the center 
of the pipe carrying the tone signal. With 
the use of the level on the coil, the 
exact pipe location can be found. Also, 
the approximate depth of the pipe can be 
determined by backing away from the 
pipe until the null signal occurs at an 
angle of 45 degrees. Then the depth of 
the pipe is equal to the distance from the 
point over the pipe to the 45-degree 
position of the coil. The height of the 
coil above ground will be subtracted to 
get the true depth from the surface. 

Pipes and cables under water can be 
traced very easily. If necessary, the coil 
can be made waterproof and lowered by 
means of the connecting wire. The 
signal will be detectable from the surface 
unless the depth is too great or other 
factors interfere. 

The actual detecting is done by adjust-
ing the position of the pickup coil until 
the null-signal point is found. At this 
point the axis of the coil will project 
through the conductor carrying the tone 
signal. This is surprisingly accurate 
where there are no disturbing conductors. 

Faults in communication and power 
cables can also be located by means of the 
geophone and the pickup coil. As in most 

locating, a certain amount of experience is 
necessary in order to interpret the signals 
resulting from the various faults in a 
cable. 

In the case of short circuits the signal 
should normally be fed into the short-cir-
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cuited conductors. To locate a ground, 
apply a signal between the earth and the 
grounded conductor. When the ground-
ed spot is passed over by the pickup coil, 
the signal will decrease in amplitude. 
Very frequently a power-cable fault 

offers a high resistance to a low-voltage 
signal. In such cases the fault must be 
burned until the insulation carbonizes to a 
lower resistance. Another system is to 

0.05 

apply a sufficiently li.gh voltage to arc 
through the fault but to limit the current 
by means of a suitable reactor. The 
current floiving under this condition can 
be used as the tone signal for locating by 
means of the pickup coil. 

W. 11. Blanktneyer, Metal Locators, Electronics, 

December, 1943, p. 112. 

Vehicular-mounted Mine Detector with Automatic Drift-stabilizing Variometer Tube 

DEVELOPED during the war to speed 
clearance of mines in roads and fields by 
covering a wider area at higher speed 
during each traverse of a suspected region, 
this metal detector circuit has output 
circuits that automatically deenergize 
the clutch and set the brakes of the vehicle 
before the front ivheels reach the buried 
metal object. False signals are discrimi-
nated against by phase selection, and a 
variometer tube is incorporated to mini-
mize circuit drift. 
Four coils arranged side by side are 

carried ahead of the vehicle on a boom 
and are connected in series to serve as the 
transmitter. Another four coils in series 
are mounted flat on the first ones and are 
used as a receiver. The mutual induct-
ance between transmitter and receiver 
coils is nullified by a group of air-core 
transformers giving an equivalent mutual 
inductance of opposite polarity. 

Electrostatic shielding, to avoid capaci-

tance effects when the coils approach 
the ground, is provided by a Faraday 
shield of thin copper wires embedded in 
the bottom part of the coil box. 

In conventional detectors the mutual 
impedance between transmitter and re-
ceiver coils has to be manually nullified 
time and again, generally by means of two 
variometers corresponding, respectively, 
to the inductive and resistive components 
of the signal. This is primarily because 
changes in temperature of the coil as-
sembly produce uneven thermal ex-
pansion, which results in a progressive 
change of the mutual impedance, with a, 
corresponding drift of the output 
In the vehicular detector, drift is partic-
ularly undesirable. Rebalancing takes 
time, and in this case speed is the goal. 
For that reason, an automatic electronic 
system has been devised that practically 
eliminates the drift. 
The drift compensator consists essen-

tially of a variometer tube. This tube is a 
variable-mu pentode, the grid of which is 
a-c modulated by the transmitter current, 
while the plate is coupled to the receiver 
circuit. A signal is therefore injected into 
the receiver circuit, and the magnitude of 
this signal depends on the (l-c bias 

impressed on the control grid of the 
variometer tube. The signal at the 
output of the main receiver amplifier is 
rectified. The d-c voltage obtained, 
after one stage of amplification that is 
required in order to get enough power to 
operate a relay, is fed back through a 
resistance-capacitance delaying network 
to the grid of the variometer tube. 
With this arrangement the system is 

self-stabilizing, and tends to keep the out-
put signal constant or at least insensitive 
to slow drift. The action is somewhat 

similar to that of an automatic volume 
control, except for the fact that the use 
of a variometer tube makes it possible to 
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predetermine the phase of the signal 
injected by proper choice of the excitation 
phase and coupling to the receiver cir-
cuit. The automatic control takes into 
account not only drift due to thermal 
expansion of the coil assembly, but also 
any changes in the power output of the 
oscillator and of the over-all gain in the 
a-c amplifier and rectifier and the d-c 
amplifier network. 
The drift control does not adversely 

affect the equipment's sensitivity to 
mines. When the detector coils pass over 
a mine, the signal is suddenly modified, 
and the change is too quick for the 
automatic control to balance it. The 
output signal level changes and operates a 
differential relay that is normally in its 
neutral position. This trips a latch-type 
relay, which operates the brake and clutch 
mechanism. 
The above system, based on the use of 

an automatically controlled permanent 
signal, has two additional advantages. 
One of them is to give some phase selec-
tion. The second is to provide a warning 
in the event of breakdown of the circuit. 
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If conventional operation at true balance 
were used, there would be no output 
signal under normal conditions, but 
something could deteriorate in the circuit 
with the result that the output would 
remain at zero even though a mine was 
encountered. In the vehicular device, 
every breakdown of the circuit automati-
cally produces a substantial change of the 
output signal, either up or down, so that 
the brake and clutch mechanism is imme-
diately tripped and the vehicle stopped. 
The a-c excitation of the variometer 

tube, together with its coupling to the 
receiver circuit, can be so chosen as to 
give to the injected signal any desired 
phase with respect to the transmitter 
current. In the vehicular-mounted de-
tector the phase of the injected signal 
has been chosen at 90 degrees with respect 
to inductive signals, such as those pro-
duced by a change in the mutual induct-
ance of the coils. The result is that the 
detector has been made substantially 
more sensitive to resistive components, 
which are always an important part of a 
mine signal, than to purely inductive 
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0000000,  
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components which might result from 
changes of elevation above magnetic 
ground, or sudden twists of the coil as-
sembly when passing over rough ground. 

Before starting actual detecting opera-
tion, the circuit is balanced by means of 
manual controls, which consist essentially 
of two variometers giving, respectively, 
inductive and resistive components of 
compensating voltage. While this ad-
justment is being made, the automatic 
control is put out of action by means of a 
switch. A waterproof cover is then set 
over the control panel of the oscillator-
amplifier box, and from then on the 
operator uses a very simple control box 
mounted on the steering column. This 
control box contains a meter which en-
ables the operator to know at all times if 
the circuit is still in good balance and 
which also indicates the presence of mines. 
In addition, it contains a switch to disable 
the automatic-stopping equipment when 
automatic stopping is not desired. 

H. G. Doll, M. Lebourg, and G. K. Miller, Vehicular-
mounted Mine Detector, Electronics, January, 1946, 

P. 105. 



METAL-LOCATING CIRCUITS 133 

Circuit for Detecting Conducting Liquids 

THE oscillator in this arrangement 
operates while air or a nonconducting 
liquid such as oil is passing through the 
glass tube inside the coil, but stops oscil-
lating because of eddy-current losses when 
an acid or other conducting liquid enters 
the tube. A millivoltmeter in the cathode 
lead of the 6C5 triode indicates whether or 
not oscillation is present, the reading being 
higher when there is no oscillation. 
The liquid in the glass tube serves as the 

core for coils LI and L1 in the tuned cir-
cuit of the oscillator. The circuit is 
adjusted to oscillate for a nonconducting, 
or air, core; it can be made sensitive 
enough so that 25 cu cm of hydrochloric 
acid in a 1.25-inch diameter glass tube 
inside the coil will cause a 0.5-ma in-
crease in plate current. Where automatic 

GLASS TUBE FOR LIQUID 

control is desired and sensitivity require-
ments are less, the meter can be removed 
and the plate-circuit relay used by 
itself. 

115 V 

J. W. 13roadhurst, Electronic Indicator for Liquid 

Separation, J. Sei. Instruments, June, 1944, abstracted 
in Electronic Industries, October, 1944, p. 112. 
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Electronic Combination Tachometer, Accelerometer, and Vibrometer for Gyro Rotors 

TIIE circuit shown is designed primarily 
to assist in adjusting and testing gyro-
scope rotor assemblies. It combines in 
one unit the functions of a tachometer to 
indicate rotor speed, an accelerometer 
to indicate the rate of change of rotor 
speed, and a vibrometer to indicate 
visually and audibly the vibration present 
in a rotor assembly. 
The rotor under test is mounted in a 

fixture and, by means of an air jet, is 
rotated at a fairly high speed to simulate 
operation in a gyro-horizon indicator, 
or directional gyro. Two pickups are 
mounted in the fixture in such a manner 
that rotation of the rotor produces varying 
voltages in each of the pickups. 

Voltage from the crystal pickup, em-
ployed to operate the vibrometer, is fed to 
a class A amplifier whose output feeds a 
peak-discharge circuit using a gas tetrode. 
The plate circuit of the gas tetrode 
operates a peak-vibration indicator lamp. 
The output from the class A voltage 
amplifier also feeds a class A power 
amplifier that operates a loudspeaker. 
The indicator lamp and loudspeaker 
are used to provide visual and aural 
indications of the vibrations occurring 
when the gyro rotor is set in motion. 

Voltage from the electrostatic pickup is 
employed to operate the tachometer and 
accelerometer circuits. The tachometer, 
or frequency-indicating channel, measures 
the speed of rotation of the gyro rotor. 
It consists of four electronic elements: (1) 
a class A voltage amplifier for increasing 
the magnitude of voltage obtained from 

the electrostatic pickup, (2) a class C 
limiter amplifier that provides additional 
gain and introduces some limiting action, 
(3) a saturated class C square-wave 
clipper whose output is essentially a 
rectangular wave, and (4) a class B 
metering-circuit amplifier that produces a 
series of sharp pulses or peaks of plate 

current. 
The output of the tachometer is fed to 

a range switch; when this switch is on 
position L or II, the tachometer is con-
nected to an indicating meter that 
averages the energy of the pulses from 

the metering circuit and reads low or high 
values of rotational speed. The number 
of pulses is proportional to the speed of the 
gyro rotor; hence the meter indication is 

also proportional to the gyro-rotor speed. 
When the range switch is placed on 

position C, the output of the tachometer 
is fed into the accelerometer, which 
measures the rate of change of rotational 
speed. The accelerometer consists of two 
electronic elements: (1) a differentiating 
circuit whose output is proportional to the 
acceleration rather than to the speed of 
the gyro rotor, and (2) a vacuum-tube 
voltmeter, or amplifier, whose plate cir-
cuit feeds the indicating meter. 

Considering the tachometer and acceler-
ometer portions of the circuit, rotational 
speed input is obtained from an electro-
static pickup placed close to the rotor 
vanes or buckets. 
The rotor constitutes one electrode of 

the electrostatic pickup while the second 
electrode is a small probe. As the rotor 
buckets (or vanes) pass by the probe, the 
change in capacitance between the probe 
and the vanes causes a displacement 
current to flow through a series resistor. 
The voltage drop developed across it is 
fed to the input of the class A voltage 
amplifier, consisting of V1 and V2. 
The voltage-amplifier circuit is a con-

ventional resistance-coupled type with 
a gain of approximately 100 per stage. 
This circuit operates as a class A amplifier 
for input signals of less than about 10 
millivolts, but V2 clips off the top of the 
signal and commences modification of the 
wave shape for input signals of more than 
10 millivolts. 
The output of the voltage amplifier is 

fed to a limiter stage. This stage con-
tains a triode Vs, with fixed grid bias ad-
justed to approximately four times the 
cutoff value, or about 20 volts for a 
6SF5. 
The limiter stage functions to block out 

extraneous voltages, thermal agitation, 
and other noise when no input is applied 
from the rotating gyro. The high nega-
tive bias on the grid of V3 stops low-level 
noise from actuating its grid, thereby 
stabilizing the operation of the circuit 
in the absence of signals from the gyro 

rotor. At the same time, V3 contributes 
some squaring or clipping action since all 
negative portions of signal voltage are 
cut off. 
The signal obtained from the output of 

the limiter stage is relatively large and is 
134 

fed to a saturated class C clipper. The 
function of the clipper is to produce a 
wave which has the same fundamental 
frequency as that of the input signal but 
which has a rectangular wave shape whose 
magnitude is independent of that of the 
input signal. 
The signal voltage applied to the grid of 

174 is of such magnitude that on negative 
portions of the cycle the grid is driven 
beyond cutoff and the part of the wave 
more negative than that necessary to 
reach cutoff is eliminated. On positive 
peaks the grid is driven positive so that 
plate saturation is reached. The part 
of the wave inure positive than that re-
quired to produce saturation is likewise 
eliminated. The resultant wave ob-
tained from the plate of V4 is essentially 
rectangular. 
The magnitude and shape of the square 

wave delivered by V4 are practically 
independent of the magnitude or shape 
of the input signals, provided that the 
input is greater than 2 millivolts. 
A fixed negative voltage somewhat 

greater than cutoff is applied to Vs. 

With no signal input, V5 therefore draws 
no plate current. When a signal is 
applied, negative peaks merely make the 
grid more negative, while positive peaks 
cause V5 to draw pulses of plate current. 
The time constant of the input circuit 

to V5, consisting of R41 and either C40 or 
C42, is short, so that the coupling capacitor 
becomes fully charged at a time interval 
which is short compared with the period 
of pulses from the gyro rotor. There-
fore the current that flows through re-
sistor R41 reaches its maximum value and 
drops to zero in a period of time less than 
the shortest half cycle of the input signal. 
A pulse of voltage is produced by the surge 
of current through R41 and this is applied 
to the grid of Vs. Pulses in a positive 
direction cause Vs to draw plate current, 
while pulses in a negative direction are 
eliminated by the fixed cutoff bias. Since 
the pulses of grid voltage are complete 
before the end of any half cycle, plate-
current pulses will all be the same in 
magnitude but there will be a larger or 
smaller number of them per unit time, 
depending upon the speed of the gyro 

rotor. 
With the range switch set on position 
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L or H, the output of V5 in the metering-
circuit amplifier is connected to the 
indicating meter. The movement of the 
meter cannot follow the rapid individual 
plate-current pulses of Vg; however, it 
produces a reading that is proportional to 
the integral or average value of the plate-
current pulses. Since these pulses are of 
constant amplitude but vary in frequency, 
the meter reading will also be proportional 
to the frequency and may be calibrated in 
terms of revolutions per minute. Plate 
current flowing through V5 as indicated 
by the meter is a measure of the input 
frequency or speed of rotation of the gyro 
rotor. 
With the switch on position L, the meter 

indicates speeds of from 160 to 400 cycles 
per second, or 400 to 1,000 rpm for a rotor 
having 24 buckets. With the switch on 
the high positisin II, frequencies from 
2,000 to 6,000 cycles, or speeds of 5,000 to 
15,000 rpm, may be measured. 
When the test unit is used to measure 

coast time (deceleration, or negative 
acceleration), the range switch is thrown 
to position C. This connects the output 
of the tachometer to the differentiating 
circuit and vacuum-tube voltmeter of the 
accelerometer, while at the same time the 
indicating meter is connected to the out-
put circuit of the vacuum-tube voltmeter 
V7. 

Since the output of 175 is proportional 
to the frequency of rotation of a gyro 
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rotor, a differentiating circuit is required 
to produce a reading proportional to 
acceleration. The differentiating stage is 
intended to detect the slow change in 
plate voltage of 175 encountered when a 
gyro rotor coasts. 

For such low frequencies, any reason-
able coupling capacitor would introduce a 
serious error in the response of the 
differentiating stage. Therefore direct 
coupling is required, and this is accom-
plished by means of two M-watt neon 
glow lamps connected in series. 

Capacitor Cg4 and resistor R66 in the 
plate circuit of V6 constitute the differ-
entiating circuit, so that the grid voltage 
applied to V7 is proportional to the 
deceleration of the rotor. 
The coast-time amplifier V7 is a 

vacuum-tube voltmeter operated at low 
plate voltage. With no signal applied to 
its grid, 171 draws sufficient plate current 
to cause the indicating meter to read 
approximately full scale. 
A decelerating rotor reduces the plate 

current drawn by V7. The amount by 
which the plate current of V7 is reduced is 
determined by the voltage developed 
across Rgg, which depends upon the rate 
at which the gyro rotor is decelerating. 
Therefore the coast-time reading is 2, 
measure of the rate of deceleration. 
The signal produced by the phonograph 

type of crystal pickup placed on the 
gyro frame is introduced on the grid of 
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Vg, operating as a conventional class A 
voltage amplifier. The output of this 
amplifies. divides into two branches. 
One branch drives a conventional power 
amplifier Vg, which operates a loud-
speaker to give audible indications of 
vibration present in the gyro rotor. 
The second branch is used to provide 

visual indication when vibration of the 
gyro rotor exceeds a specified amount. 
Output from voltage amplifier Vg is fed 
into the input stage of the peak-dis-
charge circuit employing a gas tetrode 
V10. When the grid of the gas discharge 
tube exceeds a stipulated value, the tube 
breaks down and illuminates the indicator 
lamp 1715. In this way, excess vibration 
of the gyro rotor is converted into a visual 
warning. 
An input signal of 2 millivolts or more is 

required for satisfactory operation. Most 
gyro units produce a voltage of at least 
5 millivolts with the probe designed for 
this purpose. 
With the range switch on position C for 

measuring coast time, negative accelera-
tion from approximately 1.6 to 3.2 
cycles per second is read on the indicating 
meter. The test unit is accurate to 
within 3 per cent when measuring rota-
tional speed, whereas a precision to within 
about 5 per cent is obtained when meas-
uring coast time. 

An Electronic Tachometer, Accelerometer, and 

Vihrometer, Electronics, June, 1944, p. 100. 
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Electronic Exciter and Voltage Regulator for Three-phase Alternator 

Tins electronic exciter for a three-phase 

400-cycle constant-frequency a-c gener-
ator is controlled by an electronic voltage 
regulator. Field excitation is obtained 
from the output of the alternator through 
controlled rectifiers, reducing the weight 
of the alternator approximately 25 per 
cent, and eliminating problems of com-
mutation at high altitudes, such as 
those encountered in aircraft installations. 
Voltage collapse is not experienced on 

faults that have sufficient impedance to 
maintain approximately 35 per cent of 
rated voltage at the alternator terminals. 
The voltage-indicating circuit measures 

the deviation of the alternator line 
voltage from a set standard consisting of a 
d-c bridge circuit that is supplied through 
a 511,4GY vacuum-tube rectifier from 
the alternator terminals. A glow-dis-
charge type VR150 voltage-regulator tube 
is used as a primary standard, and the 
bridge is balanced when the a-c voltage 
equals a value determined by the adjust-
ment of rheostat Rn. Any deviation of 
a-c voltage produces a change in grid 
voltage of the 6AC7 amplifier tube with 
respect to its cathode and a corresponding 
change in the plate current, which excites 

a saturable reactor. 
In the grid-control circuit, variations in 

reactance caused by changes of the d-c 
excitation of the saturable reactor produce 
corresponding phase shifts of the grid 
voltage of the CE306 thyratron main 
rectifier tubes. 
The main rectifiers are connected for 

full-wave rectification. The output of 
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the tubes, which flows through the alter-
nator field, is determined by the relative 
phase angles of their grid and anode 
potentials. A change in voltage at the 
alternator terminals will unbalance the 
bridge, producing a change in the d-c 
excitation of the saturable reactor and a 
consequent shift of phase angle of the 
thyratron grid voltage, which raises or 
lowers the output of the thyratrons and 
the alternator excitation until the bridge is 
again balanced. 
A 24-volt battery provides the excita-

tion necessary to initiate voltage build-
up in the starting circuit. When the 
unit is starte(l, battery voltage is applied 
to the alternator field through a series 
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resistance that is adjusted to produce 
approximately 60 per cent normal voltage 
at no load. At this voltage the heater 
current in the thyratron tubes is sufficient 
to start ionization. The low a-c voltage 
causes the bridge to call for full output 
from the thyratrons and, when ionization 
commences, the rectified voltage from the 
thyratrons adds to the battery voltage, 
increasing the excitation and a-c voltage 
cumulatively until normal voltage is 
reached. A relay opens the battery 
circuit when the field voltage reaches a 
self-sustaining value. 

Paul T. Hadley, Arthur W. Forsberg, and O. Kilmer, 
Exciter-regulator for Aircraft Alternators, Electronics, 

July, 1946, I). 120. 

Thyratron Circuit for Reversible Operation of Two-phase Capacitor Type of Motor 

WITH this circuit, one pair of control 
contacts permits reversing a two-phase 
capacitor type of a-c motor. When the 
contacts are open, the motor will rotate in 
one direction, and when they are closed 
the motor will rotate in the opposite 
direction. 
Tubes VI and V 2 are both biased from 

the 6.3-volt filament circuit and the grid of 
V2 is raised to firing potential by coupling 
capacitor Ca, which is supplied with line 
potential whenever V1 is dormant. When 
contacts S 1 are open, V 1 is dormant and 
V 2 fires; when the control contacts are 
closed, V 1 fires and reduces the potential 
supplying coupling capacitor Ca to a value 
that is nearly zero. This removes the 

firing voltages from the grid of V2 and it 
becomes dormant. 
The motor is supplied by transformers 

T 1 and T2, alternately. When V2 fires, 
transformer T2 feeds an alternating cur-
rent to motor winding A. Winding B is 
supplied through phase-shift capacitor 
C, and a rotating field results that drives 
the motor. Some efficiency is lost duc 
to the shunting effect of transformer T1 on 
motor winding B, but the motor operation 
is satisfactory for most purposes. When 
V 1 fires, the operation is reversed and 
transformer 7'1 supplies power. 
.Since the input to transformers T 1 and 

T2 is half wave, the addition of some 
filter capacitance (not shown in the dia-

gram) to the circuit will improve the wave 
form of the current reaching the motor. 

W. D. Macgeorge, Electronic Contactors for Control 
Applications, Electronics, April, 1946, P. 186. 
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Electronic Control for Adjusting Carbon Arcs 

CARBON arcs used in motion-picture 
theater projection service are more critical 
with respect to current density than to volt-
age across their electrodes. The length of 
the gap has a major bearing upon illumi-
nation intensity and steadiness, formation 

of craters at the positive electrode, and 
the rate at which carbons are consumed. 
Direct current for the arc is often supplied 
by half-wave Tungar bulb rectifiers with-
out filters, and carbon feed is something of 
a problem because the ordinary arc 
control does not function very well where 
current is pulsating. 
The circuit shown is a simple, sensitive, 

and inexpensive electronic carbon-arc 
control that adjusts arc length as a 
function of arc current. 
A heavy shunt having a value sufficient 

to produce about 10 millivolts drop across 
the primary winding of transformer 7' is 
connected in series with the power supply 
feeding the arc. (No-load output of 
rectifier units used with most commonly 
encountered carbon combinations is 70 
volts, falling to approximately 54 volts 

under load. Shunt unit values for sup-

plies having other characteristics are 
readily calculated.) The secondary wind-
ing of T delivers about 25 volts to the 
type 27 tube, used as a half-wave diode 
rectifier. The d-c voltage developed by 
the diode is applied as negative bias to 
the grid of the 2A4G thyratron. Thyra-
tron fixed bias may be adjusted by vary-
ing RI. Rheostat R2 shunts the 2A4G so 
that this tube need not pass the entire arc-
adjusting motor current. Capacitor C 
shunts the motor to keep the thyratron 
anode in phase with its grid, so that the 
tube may continue to exert control after 
the motor starts. (Relay coils originally 
furnished with the motor are removed 
to avoid impairment of circuit operation 
due to their self-induction.) 
When the control unit is placed in 

operation, the arm of R1 is rotated to the 
most negative point of this potentiometer, 
i.e., the cathode center tap of the thyra-
tron. With the arc burning, R2 is ad-
justed until the arc-feed motor is just 
barely turning over. R1 is then varied 

until the arc assumes its most efficient 
length and is held at this position until 
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the carbon crater has formed. After the 
crater has formed, RI is readjusted for 
opthnum arc length and remains set, 
needing no further adjustment until 
carbons have burned down to short stubs 
and require replacement. When these 
adjustments have been made, any in-
crease in arc current (carbons too close 
together) develops a higher negative bias 
on the grid of the thyratron, cutting this 
tube off and slowing down the motor that 
is geared to drive carbons closer together. 
Any decrease in arc current (carbons too 
far apart) causes the carbon-feed motor 
to speed up. 

Wilbur Flaherty, Electronic Control for Adjusting 
Carbon Arc, Electronics, March, 1942, p. 65. 

Bridge-controlled Thyratron Drive for Reversible Motor of Water-level Indicator 

A BRIDGE-CONTROLLED amplifier and 
thyratron rectifier combination serves 
here as an automatic liquid-level indicator 
and recorder in which interference with 
the surface of the liquid is minimized. 
The variable-resistance arm of the 

bridge consists of the resistance between 
the liquid and a metal pointer that dips 
into it. This is the controlling resistance 
of the circuit, and is normally balanced by 
resistance RI. Bridge-unbalance output 
differs in phase by 180 degrees depending 
upon whether R1 is greater or less than R2. 
Upon this reversal of phase depends the 
correct operation of the rectifier circuit. 

Capacitance C1 is added across R1 for 
the purpose of making adjustments. 
The amplifier and rectifier are of the 

usual type. The thyratron rectifier tubes 
will fire depending upon the phase and 
magnitude of their grid voltages. Their 
plate voltages are in phase and are 
displaced 180 degrees from one another. 
Thus the output of the amplifier can fire 
only one thyratron at a time. A reversal 
of 180 degrees in this amplifier voltage will 
fire the other tube. The thyratron bias 
voltage is so adjusted that with no 
amplifier output (with the bridge bal-
anced), neither tube will fire. 
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A .( 0o-hp double-field universal motor 
is driven by the two thyratrons; it is 
driven in either direction, depending 
upon the phase of the amplifier output. 
With the gear train employed, one 
revolution of the motor produces X inch 
travel of the metal water-contacting 
pointer, or rack. The grid bias on the 
thyratron is adjustable, making it possible 
to decrease the dead space, or distance of 
free travel of the rack, to a very small 
value. The resistance RI, though nor-
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000 00_0 , 

OE 000000s 
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mally set at about 8,400 ohms, 
adjusted to cause the indicator 
gear assembly to read correctly 
event of any changes in water conductiv-
ity or contact resistance. This pro-
vides a convenient means of calibration. 
With a German silver point, readings 
deviated from the true level by only 
about 0.025 +0.005 inch over an oper-
ating period of 70 hours. 

cati be 
on the 
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L. A. Ware, Water Level Indicator. Electronics, 
March, 1940, p. 23. 



138 HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS 

Frequency-measuring Circuit Producing Two-phase Output for Synchronous Motor 
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IN this tachometric a-f meter, Eccles-
Jordan scale-of-two trigger circuits divide 
the audio input frequency to be measured 
and simultaneously produce a two-phase 
output for driving a synchronous motor 
and magnetic drag tachometer. Fre-
quencies from 30 to 450 cycles are indi-
cated directly by the pointer with 0.5 per 
cent accuracy. 
The use of a polyphase (two-phase) 

motor necessitates the inclusion of a 
phase-splitting circuit in order that the 
frequency-meter input be single-phase. 
Since the range of frequencies through 
which a synchronous motor will remain 
synchronous is limited (from about 
100 to 150 cycles for a good 60-cycle 
motor), frequency dividers are required 
for range extension. 
The Eccles-Jordan scale-of-two circuit 

provides a reliable frequency divider for 
extending frequency range and simul-
taneously producing a two-phase output 
from a single-phase input. Two dividers, 
each driven from a plate of the first 
divider, receive signals having ISO degrees 
difference in phase. Because of the fre-
quency-dividing action, their outputs are 
90 degrees out of phase. The principle 
underlying this arrangement is that the 
second subharmonics of two signals of the 
same frequency and of 1SO-degree phase 
displacement are 90 degrees out of phase. 

If V4 and V5d rive power amplifiers whose 
loads are the fields of the synchronous 
motor, the motor will run at a speed pro-
portional to one-fourth the input frequency. 
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The magnetic drag tachometer is used 
to operate a direct-reading indicator 
corresponding to the speed of the motor. 
It consists of a spring-loaded shaft, on 
which is mounted a pointer and a copper 
cup. A rotating permanent magnet with-
in the cup, driven by the synchronous 
motor, sets up eddy currents in the cup, 
producing a shaft torque proportional to 
the speed of magnet rotation. The 
torque, acting against the spring, causes a 
shaft displacement proportional to the 
torque. The pointer indicates the speed 
on a dial calibrated in cycles per second. 
The complete circuit is designed to 

operate from 30 to 450 cycles. The out-
puts from the frequency dividers are not 
taken directly from the plates but from 
taps in the load resistors, to prevent insta-
bility due to loading. 

If one phase of a two-phase motor is 
reversed, the direction of rotation will be 
reversed. In order to prevent the instru-
ment from reading backwards, the load 
resistors of the second dividers are made 
unequal. This unbalance ensures con-

sistency in the firing order of the second 
dividers. The simultaneous reversal of 
both phases will not affect the direction of 
rotation. Therefore the first divider 
requires no unbalance. 

The problem of varying input wave 
form is taken care of by trigger circuit V2 
preceding the first divider. Except that 
the input is applied to one grid and the 
static voltage distribution is changed, 
this circuit operates in a manner similar 

0.25 
MEG 

to the frequency divider. Its output is 
either a square or rectangular wave, 
regardless of input wave form. The 
only input limitation is that the unknown 
frequency be periodic. If it should be 
necessary to determine the average fre-
quency of an aperiodic input, the trigger 
circuit would have to be replaced by some 
sort of integrating or averaging circuit. 

Since the impedance of the motor varies 
with the frequency applied, the method of 
coupling the motor to the power amplifiers 
must be free of snatching errors. This is 
easily done by using large electrolytic 
capacitors (20 ¡if for CI and C2) directly 
between the plates and the motor. 

Voltage amplifier V1 precedes the 
trigger circuit. The sensitivity of the fre-
quency meter is determined by the 
gain of the amplifier and can be ex-
tended as desired by the use of a pentode 
or another stage. Range extension can 
be accomplished through the use of 
additional frequency dividers preceding 
the first divider. 
The power-amplifier design is deter-

mined chiefly by the requirements of the 
motor used. For a motor rated at about 
50 ma at 100 volts (per phase), the circuits 
of V6 and V7 suffice. Variations, such as 
inverse feedback and class-B output, 
would probably be required if the motor 
were larger or a range of frequencies 
greater than 10 to 1 were to be used. 

Edward limier, Tachometric Audio-frequency 
Meter, Electronics, February, 1947, 121. 
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Speed-control Circuit for Small Synchronous Motor 

IN this circuit of an electronic generator 
that feeds a synchronous motor, the tem-
perature-compensated tuning fork that 
controls the frequency is driven by coils 
L2 and La in a regenerative circuit whose 
pickup coil is LI. The succeeding a-f 
amplifier stages step up the power to meet 
the input requirements of the motor. 

In the original application as a precision 
stroboscopic frequency meter, the motor 
drives an array of 12 identical trans-
lucent pattern disks that are geared to-
gether in such a way that the speed ratio 
between adjacent disks is the twelfth 
root of 2, or about 6 per cent, obtained 
with sufficient accuracy by successive use 
of the gear ratios 89/84 and 107/101 in 
alternation. The wheels are illuminated 
by the discharge tube of a flashing 
amplifier circuit. 

Sliding weights on the tuning fork are 
calibrated in 100 steps covering a fre-
quency range of 3 per cent above and 
below 55 cycles, the fork frequency. This 
range in combination with the 7 pattern 
wheels rotating at 12 different speeds is 
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sufficient to give a stationary pattern 
for any frequency from 31.772 to 4,066.8 
cycles. The frequency range can be 
extended considerably upward by using an 
external frequency divider. Frequencies 

up to 50 kc have been measured with the 
same degree of accuracy as the funda-
mental range, namely, 0.05 per cent. 
The 440-cycle tone broadcast regularly 

2-6L6G 

SYNCH. MOTOR 
& GEAR CASE 

on 5,000 ke by the National Bureau of 
Standards is adequate for checking the 
calibration, because an adjustment of 
the fork at any one frequency makes it 
correct for all other frequencies. 

Earle L. Kent, Precision Stroboscopic Frequency 

Meter, Electronics, September, 1913, p. 120. 

A Circuit for Synchronizing Electric Motors 

APPLICATION of electronic controls in 
industry sometimes involves the syn-
chronizing of several operations that 
are ultimately accomplished by electric 
motors. A simple method of main-
taining synchronism of motors is sug-
gested by the system employed in the 
SC11502, a semiportable radio direction 
finder. It employs two fixed Adcock 
antenna arrays, one being used from 1.5 
to 10 mc and the other for 10- to 30-mc 
operation. Instantaneous visual azimuths 
are indicated on the screen of a 5-inch 
cathode-ray tube by means of deflection 
coils driven in synchronism with motor-
driven goniometers that scan the output of 
their respective antenna arrays. 
The motors that drive the goniometers 

operate on 115 volts, 60 cps, and are 
single-phase types rated at ≤o horse-
power. The motor that rotates the 
deflecting coils of the cro is a h-horse-
power synchronous 1,800-rpm unit. Tlie 
motors are some distance apart and one 
of the problems is to maintain synchro-
nism between them. 

Open-close contacts are operated by 
eccentric cams on the drive shafts of the 
goniometer and the bearing-indicator 

drive motors. These two sets of contacts 
are wired in series, with one end grounded 
and the other end terminal connected to 
the grid of a 6S1.7 tube. The contacts 
are so arranged that the indicator con-
tactor is closed for about 270 degrees of 
its rotation and the goniometer contacts 
close for about 30 degrees of rotation 
during the time the contacts at the indi-
cator are open. In normal synchronous 
operation, the two contactors never close 
at the same time, and therefore the grid 
of the 6SL7 is not grounded. In fact, the 
tube is biased to cutoff during the syn-
chronous condition. 
The circuit of the synchronizing unit is 

shown and consists of a twin-triode 
6SL7 and a 2050 thyratron. When the 
first grid of the 6SL7 is cut off, the grid and 
cathode of the second triode are at the 
same potential so that this tube draws 
current through resistor R1 and produces 
bias at the 2050 grid so that it does not 
draw current. The plate circuit of the 
2050 contains a relay with its contacts 
arranged so that when the 2050 does not 
draw current, the a-c supply is connected 
to the goniometer drive motor. 

If the motors are not synchronized on 

the same pole, then closing of the goni-
ometer contactor will not occur during the 
open interval of the indicator contactor 
and, during some part of the revolution, 
the grid of the first half of the 6S1.7 will 
be grounded. When this occurs, this 
tube draws plate current. Since each 
time the grid is grounded the tube draws 
current, pulses of voltage will appear 
across the load resistor and an associated 
RC circuit. After several pulses, the 
number depending upon the setting of the 
No. of Intervals control, the potential 
across the capacitor reaches the flashing 
voltage of the glow lamp. 
When the glow lamp conducts, current 

flows through the resistance in series with 
it, overbiasing the second triode of the 
6SL7. With this tube cut off, bias is 

removed from the 2050, which fires and 
operates the relay in its plate circuit, 
opening the power line to the goniometer 
motor. As the negative bias leaks off the 

second tube, its plate current rises and 
ultimately the thyratron is again shut 
off. The time interval during which cur-
rent is cut off the goniometer motor de-
pends upon the setting of the Time 
Interval control. 
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With the power circuit to the goni-
°meter motor open, this motor slips be-
hind the rotation of the indicator drive 
motor until the series contactors are again 
situated so that the series circuit in which 
they are connected no longer grounds the 
grid of the first half of the 6SL7. In 
other words, the synchronizing cycles con-
tinue until the two motors are in step. 
When the controls are properly set, there 
will be one, three, or five synchronizing 
cycles requiring approximately 1 to 3 
seconds. 

Synchronizing Electric Motors, Electronics, January, 

1946, p. 166. 
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Class C Amplifier Circuit for Driving Small Synchronous Motor 

IN this circuit for providing automatid 
synchronization of a facsimile receiver to a 
transmitter, a stable tuning-fork oscillator 
is used as a frequency control and feeds a 
two-stage power amplifier which drives 
the synchronous motor which is coupled 
to the recording drum through gears and 
clutches. The oscillator supplies a 30-
volt input to a power amplifier tube, which 
is transformer coupled to a pair of parallel 
power amplifier tubes. Class C opera-
tion is used for the power amplifier tubes 
to obtain maximum efficiency. The res-
onance characteristics of L1 and the shunt 
0.01-µf capacitor serve to produce a 
high voltage for the synchronous motor 
windings. Reactor L1 should have a 

value of 0.9 henry. This is the incre-

mental inductance with 80 ma of (I-C plate 

current through its windings. 
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The plate circuit has a low-Q resonant 
characteristic, and considerable harmonics 
are generated. The voltage rises to the 
extent that corona effects are noticeable 
and insulation must be considered in 
wiring the plate circuit. Approximately 
1,000 volts exist across the four series-
coil windings of the synchronous motor. 

This type of motor will not start by 

115V A-C 

TO GONIOMETER 
DRIVE MOTOR 

L1 SYNCHRONOUS 
MOTOR 

B4-

itself, and it requires an additional motive 
source to bring it up to speed. The 
characteristics are such that it will lock 
into synchronism from a higher speed but 
will stall completely at lower speeds. 

Daniel Schulman, Facsimile Synchronizing .Methods, 

Electronics, March, 1946, p. 131. 

Motor Control Circuit for Vehicular-mounted Automatic Map Tracer 

THE electronic circuit for the odograph 
(automatic map tracer) utilizes photo-
tubes and thyratrons to transfer the 
indications of a precision magnetic com-
pass to a motor-operated plotting unit 
that is also actuated by a speedometer 
drive cable, causing a pencil to trace on 
an appropriate map the exact course 
taken by the vehicle. 
The magnetic card assembly, enclosed 

in a glass bowl, has two mirrors assembled 
at art angle and oriented to face north. A 
focused beam of light shines through the 
glass bowl onto the card mirrors, and it is 
reflected back to mirrors on the outside of 
the housing for the light source. This 
housing and the phototubes and thyra-
trons are mounted on a revolving table 
geared to a flexible shaft that connects 
the compass with the plotting unit. 

If this table is in correct alignment 
with the compass card, the light is re-
flected by the north-facing mirrors di-
rectly back into the aperture from which 
it comes. However, if the compass card is 
deflected by a change of heading of the 
vehicle, the beam of light strikes one or 
the other of the two mirrors mounted on 
the outside of the light housing and is 
reflected onto the cathode of one of the 
two phototubes. This fires the related 
thyratron, which energizes one of the 
electromagnetically operated clutch yokes 
in the plotting unit and thereby causes 
the driving motor in that unit to rotate 
the flexible shaft until the compass table 
is back ill alignment with the compass 
card. 
When plate voltage is first applied to 

the thyratrons by the power pack, no 

current is flowing through the 200-ohm 
rheostat serving as cathode-bias resist-
ance, and one of the thyratrons will fire. 
(Theoretically, both tubes should fire 
simultaneously, but in practice one tube 
will nearly always fire first, since it is 
practically impossible to build two tubes 
with identical characteristics. If both 
fire, the power switch is momentarily 
turned off.) 
Assume that thyratron B fires first. 

It permits current flow through the bias 
resistor, providing a voltage drop that 
prevents the other thyratron from firing. 
Plate current of thyratron B flows through 
clutch electromagnet C, actuating the 
clutch and causing the plotting-unit 
motor to rotate the compass table in one 
direction. At the same time, the l.0-if 
capacitor connected between the thym-
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tron plates becomes charged to 185 volts 
approximately. 

Rotation of the compass table in the 
direction associated with clutch C soon 

results in light being reflected from the 
compass-card mirror onto phototube D, 

which controls nonconducting thyratron 
E. This light reduces the resistance of 
the phototube, allowing current to flow 
through the 5-megohm resistor in the grid 
circuit of thyratron E in such a direction 
as to make the grid of E positive with 
respect to its cathode. As a result, this 

tube fires, and its plate-cathode voltage 
drops from 200 volts to 15 volts. For an 
instant both thyratrons are conducting, 

but the plate-to-plate capacitor dis-
charges, placing a negative voltage of 
minus 170 volts on the plate of thyratron 
B long enough to block this tube and 
enable its grid to gain control. 
Now thyratron E sends plate current 

through clutch F, causing the compass 
table to rotate in the opposite direction. 
Rotation continues until the light beam 
has swung over onto phototube A, 
triggering off thyratron B and thereby 
starting a new hunting cycle. This hunt-
ing action goes on continually while the 
odograph is in use, and circuit adjust-
ments are normally such as to give a 5-
degree hunt on each side of the compass 
course at a rate of approximately 100 to 
115 complete cycles per minute. 

Sensitivity of the thyratrons is con-
trolled by adjusting the 200-ohm bias 
rheostat. Since a tube will fire on zero 
grid bias, if the resistance of the bias 
rheostat is entirely out of the circuit, the 
tube will fire regardless of the signal from 

the phototube. 

At the other extreme, if the entire 200 
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ohms is in the cathode circuit, the thyra-
tron will never fire. In practice, a setting 

is used between these two extremes, or at 
about 120 ohms. A lower resistance than 
this will tend to speed up the hunting 
cycles of the apparatus and to reduce the 
angle of hunt, while higher resistance will 
have the opposite effect. 
The signal box contains a 34-watt neon 

lamp that, in normal operation, glows on 
alternate electrodes in synchronism with 
the hunting action. This lamp is con-
nected so that a 1-µf capacitor discharges 
through it with opposite polarity as the 
polarities of the two thyratron plates 
alternate in the hunting cycle. Thus one 
cathode of the neon lamp represents one 
of the thyratrons and its electromagnet, 
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STORAGE 
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FILTER 
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and the othem cathode represents the 
other combination. Any variation in 
hunting action can be detected by ob-
servation of this signal lamp. 
Two voltage regulators are incorpo-

rated in the power pack. A VR105 
regulator tube keeps phototube anode 
voltages constant at approximately 105 
volts despite battery voltage variations 
from 6 volts up to 8 volts. A resonant-
type transformer in series with a satu-
rated reactor holds the voltage of the light 
source and the thyratron heaters constant 
at 6.3 volts. 

D. J. Faustman, Automatic Map Tracer for Land 
Navigation, Electronics, November, 1944, p. 94. 

Gas Discharge Tube Checks Breaker Points in Ignition System 

THE circuit shown contains a 6116 half-
wave rectifier connected in series with 
a resistor across the breaker points of an 
internal-combustion engine. 
The resistor is shunted by a capacitor to 

minimize the error caused by the time 
required to deionize the 884. The 884 has 
its control grid connected to the anode of 
the rectifier, while the anode of the 884 is 
connected to the supply battery through a 
meter, a limiting resistor, and an adjust-
able resistor. 
When the contact points are closed, no 

voltage drop exists across the input to the 
6H6 and no voltage appears across the RC 
combination in the grid circuit of the 884. 
When the points open, an exponentially 

damped sinusoidal oscillation voltage 
appears across the breaker-point capaci-
tor. The first half cycle of oscillation 
causes the ungrounded terminal of this 
capacitor to become negative with respect 
to ground. This causes a high negative 
potential to appear on the grid of 884, 
rapidly collecting the positive ions and 
extinguishing the gas discharge. 
The rectifier prevents the positive im-

pulses from appearing on the gm-id, while 
the capacitor prevents the grid voltage 
from falling to zero while the thermionic 
rectifier is nonconductive. As the oscil-
lations (lie away, there is finally left im-
pressed on the input leads the steady d-c 
potential of the battery, which is sufficient 

to prevent the initiation of discharge. 
The cam continues to rotate and the con-
tact points close, short-circuiting the 
voltage input to the apparatus, whereupon 
the grid voltage of the 884 diminishes and 

the gas discharge once snore is initiated as 
the grid voltage crosses the pickup poten-
tial of the 884. Therefore anode current 
flows at all times when the points are 
closed, and is interrupted while the points 
are opened. The plate meter of the 884 
may be calibrated to read the percentage 
of time during which the contacts are 
closed. 
The procedure followed in using the 

apparatus is to short-circuit the rectifier 

cathode to the cathode of the 884 and to 
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adjust resistor R2 so that the meter is 
precisely at full scale, which may be 
calibrated to read 100 per cent. The 
short circuit is now removed and the 
apparatus connected to the ignition 
system, whereupon the percentage of 
contact closure time may be directly read. 
With a cam having a given number of 

lobes, the time during which the contacts 
are closed may also be expressed as the 
number of degrees of cam rotation during 
which the contacts are maintained closed 
for one cycle of operation. In fact, this is 
the general practice in the field of auto-
motive instruments and the meter is 
therefore calibrated in terms of cam angle, 
rather than percentage of contact closure 
time. 
The damping characteristics of the 

meter movement are such that current 
impulses at the rate of 25 per second give 
substantially steady indications. During 
a test, the engine is run at a speed giving 
at least this number of interruptions each 
second, corresponding to 400 rpm for an 

eight-cylinder engine and 550 rpm for a 
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six-cylinder engine of normal design. 
Taking an eight-cylinder engine for an 

example, it is seen that the distributor 
shaft rotates at 200 rpm or 3Yi rps. Any 
operational irregularities due to an ec-
centric cam or defective bearings will be 
cyclically repeated at this frequency, 
which is sufficiently low so that the damp-
ing of the meter is without effect, and 
they may be readily detected. 

Polarity reversing switch SI is provided 
to accommodate the various types of 

Servo Motor Automatically Adjusts Power 

ALTHOUGH it was designed for labora-
tory use on microwave oscillators and am-
plifiers, the characteristics of this regulated 
supply are such that it should prove useful 
for many other applications which require 
high voltages with good flexibility and 
regulation, provided that the positive 
output can be grounded. 
The servo-transformer unit consists of 

a three-phase autotransformer, to vary 
the primary voltage of the high-voltage 
transformer (and thus the d-c input of 
the electronic regulator), a reversible servo 
motor geared to the autotransformer, and 
a control circuit. 
The regulator-tube voltage appears 

across the divider R1 — R2 — R3. The 
voltage appearing across R1 is compared 
with the independent plate supply and the 

difference is the bias for VI, the left-hand 
section of the double triode. Similarly, 
the difference between the voltage ap-
pearing across R1 + R2 and the plate 
supply is the bias for V2, at the right. 
The value of this voltage is greater than 
that applied to VI. 
With normal regulator-tube voltage, 

VI conducts and V2 does not. Then the 
contacts of both relays are open and the 
motor is not operating. As the regulator-
tube voltage becomes lower, the V2 bias 
becomes less negative and this tube 
conducts, energizing the Raise relay. 
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The bias of VI is also decreased, but since 
V1 was already conducting, the change 

has no affect on the Lower relay. Thus 
the motor operates to restore the regu-
lator-tube voltage, until the restored 
voltage cuts off V2. 
When the regulator-tube voltage be-

comes too high, the increased V1 bias 

cuts off tube VI. This deenergizes the 
Lower relay, thereby closing its contacts 
to operate the motor to lower the voltage 

to normal. 
The normal voltage bandwidth can be 

adjusted by R2. Its centerpoint is set by 
R3. This servo control is necessarily a 
discontinuous type because a primary 

voltage correction should be made only 

battery installations, connecting the rec ti-
fier cathode to the negative breaker pont 
in either positive-ground or negative-
ground systems and at the same time 
connecting the cathode of the 8S4 and its 
associated circuits to the opposite con-
tact. Switch 52 has been added for 
convenience in making the initial calibra-
tion setting of the meter current. 

G. V. Eltgroth, Clmeking Auto Breaker-pointa by 

Electronics, Electronics, March, 1912, p. 34. 
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when the regulator tube is getting too near 
the limit of its ability. Narrower band-
width is not desirable. 

Before power is applied to the trans-
former, or before the 6SN7GT is warm, 
the relays are in a position to lower the 
autotransformer. The failure of either 
the 6SN7ÚT or the 5Y3GT tube would 
result in a lowering of the transformer 
primary to zero. Thus this control cir-
cuit is inherently safe. This servo-
transformer arrangement can be made to 
work with existing regulator circuits as 
well as with the one described. 

Oliver Hoag, Power Supply for Microwave Equip-

ment, Electronics, February, 1917, p. 110. 
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Servo Amplifier Circuit for Control of Split-field Series Motor 

6SF5 
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nos servo system, used in the KS 
gunsight, converts the voltages from a 
computing network into mechanical mo-
tion to offset the sight laterally and 
vertically. It involves a balanced d-c am-
plifier that is precise enough for an accu-
rate computer and yet is rugged enough 
for use in an aircraft turret with attendant 
airplane vibration and gun shock. 

This amplifier has a sensitivity of 20 
millivolts and performs throughout a 
temperature range from 65 degrees below 
zero to 160 degrees above and a humidity 
range of 0 to 95 per cent. 
A pair of matched 6SF5 triodes is used 

to control a; pair of 2050 thyratrons that 
supply a split-field series motor. Balance 
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and bias adjustments are provided to 
take care of any variations in tubes. 
The thyratron plate supply is obtained 

from a specially designed four-phase 
alternator. One phase is used for each 
of the four thyratrons (two for each of the 
two identical amplifiers used). The direc-
tion of rotation of the motor which offsets 
the sight is determined by which field is 
energized. This depends on which thy-
ration fires, which in turn is determined 
by the polarity of the d-c signal applied to 
the input of the 6SF5 tubes. 
The motor continues to drive until the 

voltage from the so-called bucking po-
tentiometer, which is also driven by the 
motor at the same time the sight is offset, 

2050 
THY RAT RON 

 7 00000 
ALTERNATO'\--1  R 

WINDING PHASE I 

o 

81 MOTOR* 

g FIELD 

MOTOR 
ARMATURE C OE 

COE, 
<OE 

ALTERNATOR f 
WINDING PHASE 2 

 J000.90 j_ 

MOTOR. 
FIELD 

equals the voltage from the computing, 
network. When this occurs, the input to 
the amplifier is reduced below the ampli-
fier threshold sensitivity of 10 or 20 
millivolts, and the thyratrons stop firing.  
The bucking potentiometers are sup-

plied from a permanent-magnet generator 
driven by the same motor that drives the 
permanent-magnet generators used for 
supplying the computing network. In 
this way all the voltages of both the net-
work and the bucking potentiometers 
vary together so that a null system is. 
obtained. 

H. Erwin Hale, The K-8 Computing Gunsight, Elec-

tronics, January, 1945, p. 94. 

Phototube-thyratron Control Circuit for Drag-cup Motors 

A PAW of thyratrons operating directly 
from the a-c line in this bridge-type 
photoelectric control circuit provides 
control over both speed and direction of 
low-inertia drag-cup induction motors. 
Illumination of one phototube will cause 
the motor to run in one direction at a 
speed approximately proportional to illu-
mination, and illumination of the other 
phototube will similarly determine speed 
in the opposite direction. With both 
phototubes equally lighted or with no 
light at all, the motor stands still. With 
illumination of both phototubes, the 
phototube receiving the most light con-
trols the direction, and speed is propor-
tional to the difference in illumination. 
A push-pull class B output transformer 

matches the thyratrons to the motor. A 
2-megohm potentiometer in the grid 
circuit permits balancing to compensate 
for slight differences in the characteristics 
of the tubes. The 0.5-tif capacitor across 
the plate supply provides correct phasing 
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to stop the thyratrons from firing, while the 
0.6-OEuf capacitor, in combination with the 
other phase-shifting circuit elements, 
provides the 90-degree phase shift re-

115 V A-C 

quired for optimum operation of the 
motor. 

Edward M. Glaser, Multiwinding Motors for Elec-

tronic Uses, Electronic Industries, April, 1944, p. 102. 
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Antihunt Filter Network for Servo-motor Amplifier 

Titis antihunt filter network markedly 
improves the action of a servo system 
following any irregular motion, and it 
should have wide application in amplifiers 
for servo motors. 

An incoming error voltage is amplified 
by the input transformer, which is tuned 
to 60 cycles by a capacitor across the 
secondary. The potentiometer between 
the input transformer and the triode 
amplifier serves as a gain control. The 
output of the triode is fed to both the filter 
network and a second potentiometer. 
The amplified error voltage between A 
and B is applied to the network. If 
the input is exactly 60 cycles, as when 
the control transformer is following the 
synchro with. a small constant lag, the 
high impedance of the filter at 60 cycles 
results in zero antihunt voltage. 
The direct input voltage between point 
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B and ground is passed to the second 
triode and amplified. If the control 
transformer increasingly lags or leads, 
however, the input voltage will have com-
ponents higher and lower than 60 cycles. 
Since the parallel T network has a much 
lower impedance to these frequencies, 
they will be applied to the second triode, 
and this antihunt voltage will be ampli-
fied and used to control the motor. In 
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practice, the second potentiometer is ad-
justed to give the correct balance of anti-
hunt and direct input voltage. Too 
large a percentage of antihunt results in a 
system that falls too far short of its correct 
position; too little antihunt causes oscil-
lation of the system about the correct point. 

Finn J. Larsen, Ultrasonic Trainer Circuita, Elec-

tronics, June, 1916, p. 126. 

Electronic Regulator Circuit for Waste-gate Motor of Aircraft Turbosupercharger 

A FOUlt-TUBE electronic circuit here 
regulates the speed of all turbosuper-
chargers for the engines of a large air-
plane to provide constant engine power 
at any altitude. The amplifier responds 
to the resultant a-c voltage from an a-c 
bridge circuit macle up of six potentiom-
eters and three power transformer wind-
ings (all on the same core and energized 
with 400-cycle aircraft power). The 
turbo-boost selector potentiometer is the 
pilot's only control over the system. The 
other potentiometers serve as pressure-
boost control, overspeed control, acceler-
ometer for anticipating pressure increases 
and preventing overshooting, and bal-

ancing. 
The amplifier determines which direc-

tion of rotation is needed for the waste-
gate motor that controls the amount 
of exhaust gases passing through the 
turbine wheel to drive the compressor, 
and it also provides the required power for 
the waste-gate motor. This is a two-
phase reversible electric motor that 
positions the waste gate through a 
mechanical linkage. As this motor ro-
tates, it operates a balancing potentiom-
eter that delivers an alternating voltage 
opposed to the resultant of the other 
potentiometer voltages. When the motor 
has rotated just far enough to make the 
two voltages neutralize each other ex-

actly, amplifier power is cut off and the 
motor stops. The amount of waste-gate 
movement is thus determined by the 
magnitude of the original control, and 
there is no overshooting beyond the 
desired new position. 

In effect, the alternating voltages across 
the six potentiometers either add to or 
subtract from one another. For the 
complete bridge to be balanced, these 
voltages must cancel, so that no voltage 
exists between the uppermost wiper 
and the bottom grounded wiper. 

Voltages that give one of the many 
possible balances are indicated. Here 
there are alternating voltages of 3 and 
12 volts which act in one direction from 
ground and which offset the 15-volt 
center section acting in the other direc-
tion from ground. If the pilot should un-
balance this bridge by moving the 
turbo-boost selector 3 volts to the 
left (for less power), the resulting alter-
nating voltage of 3 volts would make the 
amplifier and waste-gate motor close the 
waste gate and drive its balancing po-
tentiometer 3 volts to the left so as to 
rebalance the bridge at the new power 
condition selected by the pilot. Move-
ment of any other potentiometer wiper 
would likewise initiate waste-gate action 
and rebalancing. 
The 7Y4 rectifier tube converts the 

115-volt 400-cycle aircraft power to a 
high direct voltage for the two plates of 
the 7F7 tube. All other tubes and parts 
operate from alternating voltages. 
When the bridge is balanced, no a-c po-

tentials exist in the 714'7 circuits, and 
hence no alternating voltage is fed to the 
7C5 tubes. Under this condition, each 
of these tubes passes only a small current 
(determined by the self-acquired bias on 
the control grids) on alternate half 
cycles, with this current flowing through 
the amplifier-excited field winding of the 
waste-gate motor and acting as a brake 
on the motor armature. (This bal-
anced-bridge current, the wave form of 
which is shown, causes the resultant 
motor field to reverse every half cycle 
instead of rotating in one direction.) 
When the bridge is unbalanced by 

movement of one of the potentiometer 
wipers to the right, the positive voltage 
pulse (with respect to ground) from the 

unbalanced bridge acts on the control 
grids of tubes 1 and 2 after undergoing 
amplification in the two sections of the 
7F7 tube, but only tube 1 conducts, since 
the plate of tube 2 is negative at this 
instant. Thus tube 1 supplies current 
to the amplifier-excited field winding of 
the waste-gate motor on alternate half 
cycles, causing, say, clockwise rotation. 
When polarities in both transformers 



MOTOR CONTROL CIRCUITS 145 

have reversed M oo second later, the grids 
of tubes 1 and 2 are both negative, and 
hence no power flows from the amplifier 
to the motor. 
Movement of the upper potentiometer 

to the right thus causes clockwise rotation 
of the waste-gate motor. A similar 
analysis will show that movement of the 
potentiometer to the left will cause 
counterclockwise rotation of the motor. 
Under both conditions of unbalance 

the 7C5 tubes deliver positive pulses with 
time intervals between them. For proper 
operation of the waste-gate motor, how-
ever, it is necessary to have a-c instead 
of d-c impulses flowing through the 
amplifier-excited winding. Therefore a 
capacitor of the correct size is connected 
in parallel with the field winding to form 
an oscillating circuit. The current re-
sulting from operation of one tube is then 
half a cycle out of phase with the current 
resulting from operation of the other 
tube—exactly what is required to reverse 
the direction of the rotating magnetic 
field of the squirrel-cage induction motor 
driving the waste gate. 

Willis II. (line and II. T. Sparrow, Electronic Turbo 

Regulator for Multiengine Airplanes, Electronics, 

May, 1944, p. 108. 
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Feed Motor Control Circuit for Contouring Machine 

Tins electronic positioning follow-up 
circuit for an automatic contouring 
machine accomplishes its purpose by 
causing a stylus to follow the contours of a 
master templet, or pattern. The position 
of the stylus relative to the templet is 
converted into quadrature signals that are 
mixed to give a vector signal indicative 
of the direction and distance the stylus has 
moved. The phase of the signal governs 
speed and direction of two motors, one 
geared to the cross-feed lead screw and the 
other geared to the longitudinal feed lead 
screw. The arrangement is highly accu-
rate, is continuous instead of step by step, 
drives the tool at constant travel speed, 
and is flexible in its control of the machine 
tool. 
The stylus of the magnetic tracing head 

is mechanically linked to the movable 
armatures of four variable inductors 
serving as tracer coils. The axis of each 
set of tracer-head coils is parallel to the 
corresponding feed motion. The force 
required to deflect the stylus is low, 
approximately 4 ounces for a 0.01-inch 
deflection. 
When the templet is in contact with the 

stylus, the tracing head generates signals 
that, after being amplified, mixed, bent, 

and translated, are fed into the motor 
control panel. This panel in turn controls 
the speed and direction of rotation of the 
corresponding feed motors to drive the 
movable table with the templet and cut-
ting tool mounted on it, so that the stylus 
feels along the edge of the templet. 
A 2,000-cycle a-c voltage from a 

vacuum-tube oscillator and power am-
plifier (of conventional design, and hence 
not shown) is used for faster speed of 
response and more efficient use of the 
variable inductance in the tracing head. 
The voltage from the power amplifier is 
fed into a phase-shift bridge, which by 
means of an RC combination provides two 
Output voltages 90 degrees out of phase, 
designated reference and quadrature, 
which are fed to the corresponding trans-
lator circuits. In addition, the reference 
voltage is fed to the bridge circuit con-
taining tracer inductors 1 and 3, and the 
quadrature voltage is fed to another 
bridge circuit containing tracer inductors 
2 and 4. 
With no deflection of the tracing-head 

stylus, both bridge circuits are balanced 
and there is no output voltage from either 
bridge circuit. The tracing head is so 
constructed mechanically that a deflec-
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tion of the stylus changes the air gaps of 
one or both sets of inductors, resulting 
in an output voltage from one or both 
bridge circuits. The vector of these two 
output voltages will be directly propor-
tional to the stylus deflection, both in 
magnitude and direction. 
The 2,000-cycle output voltages of the 

two bridge circuits are fed into two ampli-
fier circuits, one for each bridge, which 
amplify the relatively weak bridge output 
voltages to workable levels and feed them 
into the mixer circuit. A single vector 
signal voltage is obtained from the mixer, 
with its magnitude and phase dependent 
upon the magnitude and direction of 
stylus deflection. 
The bender circuit shifts the phase of 

this signal voltage in proportion to its 
magnitude. Without this circuit, the 
templet would be shifted in the same 
direction that the stylus is deflected, 
resulting in damage to stylus, templet, or 
tool. With the bender circuit, if stylus 
deflection is sufficient to give a phase 
shift of 90 degrees, the templet will move 
in a direction tangential to the rim of the 
stylus instead of into or normal to the 
stylus. 
The signal voltage from the mixer is 
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fed into the grid of tube 11 in the bender 
circuit, and it is fed, in turn, through 
transformers 7T and ST into a cathode-
follower rectifier circuit (tubes 12 and 13) 
and also into a saturable-reactor phase-
shift bridge. The amount of phase shift 
obtained in this bridge will depend on the 
amount of direct current flowing through 
the d-c winding of the saturable reactor. 
The amount of direct current flowing 
through tube 14 will, in turn, depend on 
how much the tube is turned on by the 
grid voltage. The grid voltage is a d-c 
voltage, proportional to the magnitude of 
the signal voltage, obtained from the 
cathode-follower rectifier circuit. 
The combination of the directional 

signal voltage obtained from the tracing 
head and the phase-shifting action of the 
bender circuit gives the guiding character-
istic needed to follow the contours of a 
templet. Once the templet is brought 
into contact with the stylus, it starts 
moving in a direction tangential to the 
stylus and will continue to do so until 
stopped by the operator. 
When a corner or change of slope is 

reached, the direction of stylus deflection 
changes, and the templet will tend to 
run in a different direction. If the stylus 
tends to dig into or lose contact with the 

edge of the templet, the bender circuit 
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corrects this tendency by changing the 
amount of phase shift and thus keeps the 
magnitude of stylus deflection constant. 
The 2,000-cycle output signal voltage 

from the bender circuit is fed (through 
tube 9 and transformers 1T and 2T) to the 
grids of the tubes of two translator 
circuits, identical except that one has 
the 2,000-cycle reference voltage from the 
oscillator applied to the plates of the 
translator tubes, while the other uses 
the 2,000-cycle quadrature voltage. 
The function of each translator circuit 

is to provide a d-c voltage which can be 
used to govern the speed and direction of 
the feed motor corresponding to that 
translator. Each translator output volt-
age, filtered, is'a (l-c voltage proportional to 
the cosine of the pitase angle between the 
signal voltage on the grids and the reference 

or quadrature voltage on the plates. 
Because the plate voltages have a 90-

degree phase relationship, translator No. 1 
will have a d-c output voltage propor-
tional to the cosine of the phase angle 
between the signal voltage and the refer-
ence voltage, while translator No. 2 has 
an output voltage proportional to the sine 
of the same phase angle. The polarity 
depends upon that of the function. Con-
sequently, the two motors have a sine-
cosine relationship so that the vector sum 

0.005 
[2,000 TO MOTOR 
CPS, 400V—  — CONTROL 
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of the two feed speeds is constant, the mag-
nitude depending on setting of the contour-
ing-speed potentiometer, and the direction 
depending on the slope of the templet. 
The two d-c output voltages are then 

applied, through suitable electronic con-
trol circuits, to the corresponding feed 
motors that drive the cross and longitudi-
nal feeds of the movable work table. The 
motor control is such that it holds a motor 

speed proportional to the magnitude of 
the d-c output voltages from the corre-
sponding translator, and runs the motor in 
a direction depending on the polarity of 
that voltage. Consequently, a constant 
tool-travel speed, or speed of movement of 
the stylus along the edge of the templet, is 
maintained, regardless of the direction of 
travel. 
With a tool-travel speed along the work 

of 1 inch a minute, the maximum error was 
less than 0.001 inch and occurred, as 
would be expected, where the direction of 

tool travel had to change rapidly. The 
error on a relatively larger radius (approxi-
mately M inch) was less than half of the 
above. At a tool-travel speed of 10 inches 
a minute, errors between finished pieces of 
work were approximately 0.003 inch. 
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Exciter Regulator for Variable-frequency Single-phase Alternator 

OVER a frequency range of 380 to 1,000 
cycles, this electronic exciter controlled by 
an electronic voltage regulator is capable 
of maintaining constant voltage with an 
accuracy of 2 per cent under steady-state 
conditions, and will recover completely 
from sudden application of full load in 
less than 0.05 second. 
When battery voltage is applied to the 

unit, relay SI is energized through a 
normally closed contact on relay 82. 

Closing of relay SI applies battery voltage 
to the alternator field and also connects 
one side of the a-c bus to a tap on the 
primary of the heater transformer. The 
tap is adjusted to give approximately 60 
per cent rated heater voltage at the lowest 
speed at which the unit is to be started. 
At this voltage; ionization starts in the 
thyratrons, the bridge calls for full thy-
ratron output, and the rectified voltage 
from the thyratrons adds to the battery 

voltage to increase the excitation and a-c 

voltage cumulatively until normal volt-

age is reached. 

A resistance in series with the power-

transformer primary limits the current 

flow through the thyratrons during the 

starting period. A thermal time-delay 

relay 83, having characteristics which 

closely approximate those of the thyra-

trons, is connected across one of the 

heater circuits. When the thyratrons 

have reached operating temperature, 

83 closes and energizes 82. 82 Short-

CONTROLLED 
FULL-WAVE RECTIFIER 

SATURABLE 
7,000 REACTOR 

12,500 R 

rOE3r-
CE306 

50,000 

o 
o 

24-VOLT AIRCRAFT BATTERY 

ALTERNATOR 

o  
d0000'-

5R4GY 

SATURABLE 
REACTOR 

50,000 

Oh° r-

-no «no-

g— 
o 

2 

uict 
3 u-
0 u) 
z 
cc $— 

CE306 

6-11' 

  RELAY S2 
000q,\A„.1\;t_ 

91. 
25 

20 
ALTERNATOR FIELD 

RELAY Si 

HEATER 
TRANSFOR MER 

_e 
THERMAL 
REL AYŠ -13   
DELAY 

circuits the .esistance in series with the 
power-transformer primary and also cle-
energizes Si; thus the heater primary is 
switched from tap to full winding and, 
at the saine time, - the battery circuit is 
opened. 
When starting at the highest operating 

speeds, the heater voltage is approxi-
mately 50 per cent above rated voltage. 
The thyratrons are protected against 
overheating by the characteristics of the 
thermal relay, but the life of the amplifier 
and rectifier tubes may be shortened 
because of their smaller thermal capacity. 
A sudden change in a-c voltage, with a 

corresponding change in bridge voltage, 
causes current proportional to the rate of 
change of voltage to flow through capaci-
tor Cf. This current, flowing through 
1?0, produces a potential on the grid that 

tends to oppose the change produced by 
the change in bridge voltage. The result 
is to slow down the response and to 
prevent overshooting. The cathode re-
sistor also provides degenerative feedback 
and aids in preventing hunting. 

Paul T. Hadley, Arthur W. Forsberg, and 0. Kraner, 
Exciter-regulator for Aircraft Alternators, Electronics, 
July, 194(3, p. 120. 

Automatic Ship Steering with Electronic Control Circuit 

Tills circuit, used in an automatic steer-

ing apparatus for ships, is operated from a 
magnetic compass by means of phototubes. 
The compass card of an ordinary 

magnetic compass carries a mirror that 
reflects a beam of light, from a source 
just above it, to a system of prisms and 
three phototubes. When the ship is on 
course, the middle phototube is illumi-
nated. Any deviation throws the light on 
to one of the side phototubes, and this 
starts a motor that moves the steering 
wheel as required. This motor is coupled 
through gearing, a differential gear, and 
two autosyn motors back to the frame 
carrying the phototubes, thus moving 
them back to the light beam as the steer-
ing wheel is moved. When the light beam 
shines on the middle phototube again, 
the motor stops. The effect is to make 
the movement of the steering wheel pro-
portional to the input-output deviation. 

The function of the variable gearing is 
to alter this proportionality to suit the 
particular ship. The function of the 
differential gear is to change the course by 
changing the angular displacement be-
tween the rudder and the binnacle head 
carrying the phototubes. The autosyn 
motors and connections take the place of 
a long flexible shaft between the compass 
and the rest of the apparatus. The 
dummy compass card acts as a repeater of 
the automatic steering compass and gives 
the course of the ship. 
The phototube currents are fed through 

cables up to 40 feet long to the amplifier. 
In the cycle of operation, an increase of 

light on one phototube decreases the 
plate current of one 6L7; hence the 
negative bias on the gas triode COA is de-
creased and current is passed to the steer-
ing motor armature through one of its 
series fields. The motor turns in the 

appropriate direction to produce rudder 
torque to send the ship back toward 
the desired course, and also turns the 
autosyn follow-up system to restore 
the normal relation between the light 
beam and phototubes that operate to stol) 
the steering motor. 

If it is assumed that the light beam falls 
on the left phototube, this will apply 
negative bias to grid 1 of the 6L7. If the 
beam continues to move rapidly past this 
phototube, grid 3 of the 6L7 ensures that 
the motor continues to run, because grid 
3 is negative so long as there is no light 
on the middle phototube. A special 
relay is used for this so that both rectifiers 
do not go on simultaneously. This relay 
has two coils (marked 1 and 2) in the 
anode circuit of the COA tubes, and two 
pairs of contacts. This relay is held 
mechanically either in position 1 by a 
spring or in position 2 by a latch. When 
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coil 2 is energized, it pulls the arm over to 
position 2, where it is latched, and coil 1 
releases the latch so that the arm returns 
to position 1. 
As long as the middle phototube is dark, 

the 6C5 on the right puts a negative bias 
on grid 3 of the appropriate 6L7 so that 
the latching function is applied to the 
proper COA and the motor continues to 
run in the appropriate direction to return 
the light to the middle phototube. 

This middle phototube also operates 
an alarm circuit to warn the navigating 
officer of an unusual deviation of the ship 
from the course that he has set. If, in 
the event of an unusual deviation of the 
ship or of any failure of the electro-optical-
mechanical system, the light beam does 
not illuminate the middle phototube, the 
anode current of the left-hand 6C5 is cut 
off' and the capacitor shunting the alarm 
relay coil discharges and rings the alarm in 
7 seconds if the unusual condition is not 
corrected. 
The COA tubes are supplied with an 

a-c grid voltage lagging the anode voltage 
by 90 degrees in order to give smooth 
control of the motor current by means of 
the d-c bias supplied by the 6L7 tubes. 
This phase is adjustable to vary the top 
speed of the motor and the initial starting 
current. A thermionic time delay in the 
application of the COA anode voltage 
is supplied by a 2A5 operated as a diode. 
This gives 40-second time delay. The 
capacitors across the various load resistors 
prevent a-c pickup, which would give 
irregular firing of the COA tubes. Capaci-
tors are shunted across the motor to give 
increased torque and to improve the COA 
control characteristics under heavy loads. 
A limit switch is provided to prevent the 
steering motor from turning the rudder 
control past its normal limits. 

Britton Chance, Electronic Control for Ship Steering, 
Electronics, June, 1039, p. 41. 
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Symmetrical Twin-triode Multivibrator Circuit 

IN this basic multivibrator circuit, grid 
returns are made to the cathode, anil 
corresponding circuit elements used in 
conjunction with the two tubes are 
identical. The frequency depends chiefly 
upon the time constant and in most cases 
this can be simplified to 1? (2Cc with little 
error. For grid returns to the cathodes as 
shown, the frequency is approximately 
0.3/RGCc, but it also depends to a small 
extent on the tube characteristics and the 
supply voltage. Connecting the grid 
returns to the plate supply lead results in a 
higher fequency, approximately equal to 
1/RGCc. Frequency variation can be 
obtained by connecting the grid returns to 

an adjustable positive voltage. The 
amplitude of the generated waves is 
proportional to the supply voltage, and is 
only slightly affected by changes in the 
grid return connection. At high fre-
quencies, distributed capacitances reduce 
the amplitude and make calculation of 
frequency difficult. 

Insertion of resistors Rc in the grid leads 
of the symmetrical circuit results in a 
plate-voltage wave form that is approxi-
mately a square wave. The frequency of 
oscillation is affected only slightly by the 
addition of these resistors. 

Norman W. Mather, Multivibrator Circuits, Elec-

tronics, October, 1916, p. 136. 

Asymmetrical Twin-triode Multivibrator 

Tuts circuit is the sanie as that of the 
symmetrical multivibrator except that 
corresponding circuit elements used in 
conjunction with the two tubes are dis-
similar. One or both of the grid returns 
may be made to a positive voltage. The 
tubes used may be of different types. 
The frequency of oscillation can be 
estimated by calculating a pseudo fre-
quency for each tube as if the circuit were 

symmetrical. The approximate frequen-
cy of the asymmetrical multivibrator is 
then 2f if 2/ (fi +12) where fl and f2 are 
the pseudo frequencies. Oscillation can 
be obtained with widely different circuit 
components, giving considerable design 
leeway. 

Norman W. Mather, Multivibrator Circuits, Elec-
tronics, October, 1946, p. 136. 
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Synchronizing Arrangements for Symmetrical Multivibrators 

THREE methods of injecting synchro-
nizing signals into a free-running mu ti-
vibrator for control of its operating 
frequency are shown here. The left-
hand circuit provides synch input to one 
grid and tends to favor the odd sub-
multiples of the synchronizing frequency 
when a sine-wave synchronizing signal is 
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used. \Vhen pulses aie used, synchroni-
zation occurs more readily with negative 

pulses. The center circuit provides a 
synch input to both grids with the same 

phase. It tends to favor even submulti-
ples of the synchronizing frequency, and 
it should not be used when frequency ratio 
is 1:1. The right-hand circuit illustrates 
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a method of injecting the synchronizing 

signal so that it is out of phase on the 
cathodes. This circuit tends to favor odd 
submultiples of the synchronizing fre-
quency applied through the transformer. 

Norman W. Mather, h1ultivibrator Circuits, Elec-

tronics, October, 1946, p. 136. 
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Combination Multivibrator 

IN this circuit for keying the transmitter 
of cosmic-ray radiosonde equipment in 
response to impulses from Geiger counters, 
as well as transmitting barometric pres-
sure data at regular intervals during the 
flight of the free balloon, there is normally 
sufficient grid bias on the oscillator tube 
to prevent oscillation. When a cosmic-
ray impulse is received simultaneously on 
two Geiger counters and passed through 
amplifiers and the coincidence-selecting 
circuit composed of the 1B4 tubes, the 
positive impulse at the grid of the 1A5 
power tube will initiate a single cycle of 
oscillation in the multivibrator consisting 
of the 1B4 coincidence-selecting tubes 
and the 1A5. This automatically re-
moves the bias from the oscillator tube 
and a signal is radiated for the duration 
of the multivibrator pulse. 
The Geiger-counter amplifiers, not 

and Coincidence Selector for Triggering Radiosonde Oscillator 

shown in the diagrams, each have two 
stages ahead of the coincidence-selecting 
stage. In order to have the correct 
polarity of pulse at the coincidence-
selecting stage, the counter pulse is taken 
from the wire of the counter. Uniformity 
of pulse to the coincidence-selecting stage 
is secured by using multivibrator action 
around the two amplifier stages. 

Barometric and temperature signals are 
transmitted by contact of a clock-driven 
arm with the indicating arms of the 
barometer and thermometer, thus using 
the 01land cycle. During the contact, the 
bias is removed from the grid of the 1A5 
power tube. The multivibrator formed 
by this tube and the 1B4 coincidence-
selecting stages will oscillate at its natural 
frequency and transmit a high-frequency 
audio note. At the receiver the ba-
rometer and thermometer signals will 
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accordingly be easily distinguished from 
the cosmic-ray signals. For simplicity 
in the diagram, filament wiring has been 
omitted. 

W. II. Pickering, Cosmic Ray Radiosonde, Rev. Sci. 

Instruments, June, 1943, abstracted in Electronics, 

December, 1913, p. 212. 

Crystal-controlled Driven Multivibrator Chain for Time-base Calibration 

THE time-displacement linearity of 
cathode-ray oscilloscope sweeps can be 
measured at tenth-microsecond intervals 
by using this crystal-controlled driven 
multivibrator chain to provide a sweep 
triggering pulse and a constant-amplitude 
continuous sine-wave calibrating signal 
which is synchronized with the trigger 
signal which starts the time base. 
A 5-me crystal-controlled oscillator 

supplies the calibrating signal. Because 
the time interval between cycles is 0.2 
microsecond, calibrating intervals of 0.1 
microsecond are readily available. . 

Following the crystal oscillator is a 
series of multivibrators used as frequency 
dividers. Tite first, operating at 500 kc, 
is synchronized directly from the crystal 
oscillator. It in turn synchronizes a 50-ke 
stage, which in turn locks in a 5-ke 
multivibrator. The output of this multi-
vibrator synchronizes a fourth, whose 
frequency is variable in synchronized 
steps from 500 to 2,500 cycles. 
The output of the last multivibrator is 

fed through a pulse-shaping amplifier, a 
variable-delay network, and finally a 
cathode-loaded output stage. The func-
tion of the frequency dividers and pulse-
shaping stage is to produce a pulse that is 
synchronized with the calibration signal 
and suitable for use as a trigger pulse to 
trigger the sweep circuit in the oscilloscope. 
As previously pointed out, the time 

interval between successive peaks of the 
sanie polarity is 0.2 microsecond. If the 

sweep speed is adjusted until exactly five 
peaks coincide with 1 inch of deflection, 
the tinte base can be considered to have an 
accurate calibration of 1 microsecond 
per inch of deflection. If the sweep speed 
is adjusted for 10 peaks per inch, the 
calibration is equivalent to 2 microseconds 
per inch. 
The circuit is, with few exceptions, 

straightforward and requires little ex-
planation. The final multivibrator is 
made variable in frequency so that the 
oscilloscope sweep circuit can be triggered 
at the same repetition rate while being 
calibrated as when being used for measure-
ments. This multivibrator is also of the 
unbalanced variety, i.e., the circuit con-
stants of the two sections of the dual tube 
comprising the multivibrator are con-
siderably different. As a result, one 
half cycle of the signal is much shorter in 
duration than the other half. This per-
mits obtaining a pulse of comparatively 
short duration. 

Because the shorter part of the cycle 
appears as a negative pulse on the plate 
of the left-hand triode, the output of this 
section is applied to a zero-bias amplifier 
that permits the negative half cycle to be 
amplified while tending to clip the positive 
half cycle. The amplitude of the negative 
peak is sufficient to drive the amplifier 
grid to cutoff, thus squaring the peak. 
The combination of the 25,000-ohm 

rheostat and 15-14 capacitor produces 
a pitase shift that is capable of making 

the signal applied to the grid of the 
cathode-loaded stage lag the signal at the 
plate of the preceding tube by almost• 
1 microsecoml. 
The output signal is a positive pulse 

having an amplitude of approximately 20 
volts peak and a duration at SO per cent of 
peak of about 12 microseconds. The out-
put of the crystal oscillator is approxi-
mately 70 volts peak to peak. 
To ensure utmost accuracy of calibra-

tion and measurement, certain precau-
tions have to be observed. First, before 
the time base is calibrated, the sweep 
should be positioned by means of the 
position control so that the start of the 
sweep is at some definite reference point. 
Once this adjustment is made and the 
calibration performed for this setting, all 
measurements should be made with the 
sweep starting at the same reference 
poin t. 

Second, when calibrating the time base, 
the calibration should be made for a 
certain definite portion of the sweep (usu-
ally the one inch nearest the center of 
the oscilloscope). All future measure-
ments should then be made on the same 
portion of the sweep. These two pre-
cautions eliminate possible error due to 
nonlinearity of the sweep or nonlinearity 
of the c-r tube deflection. 

Also, it is advantageous to use the peaks 
of the calibration signal that are nearest 
the vertical portion of the c-r tube face 
used in making measurements. Thus if 
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negative pulses are to be measured on 
the oscilloscope, the negative peaks of the 
calibrating signal would be nearest to 
the portion of the tube face on which the 
measurement is to be made. If measure-
ments are made at the vertical center of 
the screen, it may be an advantage to use 
the zero crossover portion of the sine 
wave. 
The equipment described has certain 

desirable features not found in calibrators 
using such methods as triggered shock-
excited oscillators. First of all, because 
the calibration signal is crystal-controlled 
and operates continuously, the calibration 
signal covers the entire duration of the 
sweep and has a constant amplitude over 
the whole sweep. 
The use of a 5-mc calibrating signal 
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enables the calibration of the sweep to be 
done with high accuracy at points of 1 
microsecond ami M microsecond per 
inch of sweep. The unit can also be easily 
adapted to the calibration of slower speed 
sweeps by utilizing the output of the 
intermediate multivibrators for a cali-
brating signal. For example, the 500-kc 
multivibrator could be used for obtaining 
2-microsecond time intervals, 20-micro-
second points can be obtained from the 
5O-ke multivibrator, and 200-microsecond 
intervals from the 5-ke multivibrator. 
To make use of the intermediate fre-

quencies for calibrating purposes, it would 
be desirable to pass the output of the 
multivibrator through an amplifier that 
has a difTerentiating network in its grid 
circuit. This practice would provide 

25,000 

5,000 pp F 

20,000 

100pp F 

TRIGGER 
SIGNAL 

sharp, spikelike pulses that would permit 
sharper calibration. 

In setting up the unit and adjusting the 
multivibrators to synchronize on the 
proper frequencies, a single or multiple-
loop Lissajous: pattern can be produced on 
an oscilloscope by using the multivibrator 
output and a standard signal generator. 
The dual potentiometer in the grid cir-
cuit of the multivibrator is varied until 
the Lissajous pattern is synchronized and 
appears stationary. The final multivi-
brator can best be checked for frequency 
range by comparing its output to an 
a-f signal on the oscilloscope. 

Walter W. Ludman, Time-baso Calibration, Elec-

tronics, September, 1945, p. 117. 

Multivilwator Type of Sine-wave Audio Oscillator 

Tins simple multivibrator type of 
fixed-frequency audio oscillator employs a 
voltage-regulating transformer both as a 
regulating device and as a means 
of obtaining isolation from the line. 
Two type 1171317 tubes are used, with 
filaments supplied directly from the power 
line. The two rectifier diode sections are 
paralleled for half-wave rectification, with 

two 510-ohm resistors and three 20-gf 
electrolytic capacitors providing adequate 
filtering. 

This oscillator is capable of delivering a 
power output of plus 15 db, with a hum 
component 40 db below zero level. With 
a Sola type 30498 regulating transformer 

o o 
o 
o 
o 

500 

it has operated satisfactorily over a line-
voltage range of 92 to 130 volts. 
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Ernest A. Dahl, Train Position Indicator, Electronics, 

October, 1916, p. 122. 
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TnouGal similar to a conventional 
multivibrator, this Eccles-Jordan circuit 
has the grids and plates of the two triode 
sections interconnected by conductive 
coupling. It serves to divide input pulses 
by a factor of 2 and at the same time 
provides rectangular output waves suit-
able for controlling sweeps and pedestals 
in a loran receiver indicator or other elec-
tronic equipment. 

The circuit does not relax in the usual 
fashion of a multivibrator, but has two 
conditions of stable equilibrium until the 
synchronizing pulse is received, causing 
the two triodes to exchange polarities 
suddenly. The circuit remains in this 
condition until another pulse causes a 
reversal to the original condition. The 
sync pulses, as they arrive from the last 
counter, display negative as well as posi-

Stable Multivibrator for Comparing Broadcast Frequencies with WWV Signals 

Tuts circuit permits measuring or 
monitoring radio frequencies against the 
U.S. Bureau of Standards primary fre-
quency emissions from WWV without the 

use of an intervening standard. The 
method is particularly applicable to 
frequencies which are integral multiples of 
10 ke, such as standard broadcast-station 
frequencies, and it offers an unusually 
high degree of accuracy. 
The signal to be checked is taken from 

the oscillator or buffer stage in the 
transmitter and is used to synchronize 

multivibrator. One of the multivibra-
tor harmonics is compared with one of the 
emissions of WWV by means of an ordi-
nary radio receiver. The resulting beat 
frequency can be measured by any of 
several commonly used methods, such as 
an electronic frequency meter or a count-
ing mechanism. 

Consider a broadcast station with an 
assigned frequency of 1,230 ke and a 
multivibrator having a frequency of 10 kc 
and synchronized at a ratio N of 123/1. 
The 1,500th harmonic n of the multivi-
brator is then beat in the receiver against 
the standard frequency emission from 
WWV at 15 megacycles. Suppose the 
beat between the two latter signals is 18 
cps. The deviation of the transmitter 
from its assigned frequency is then 18 
X N/n, or 1.476 cycles. Raising or 
lowering the transmitter frequency a 
cycle or so and noting whether the beat 
frequency increases or decreases will tell 
the direction of the deviation. 
The multivibrator frequency was chosen 
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at 10 ke as this value contains harmonic 
components which fall on all standard 
emissions from WWV as well as those of 
broadcast stations. While for the major-
ity of frequencies involved in the band, 
synchronization of the multivibrator could 
be accomplished in two or more steps with 
reasonably low synchronization ratios, 
there are 19 frequency channels that are 
prime multiples of 10 ke. In these latter 
cases, synchronizing the 10-ke multi-
vibrator must be done in one step—in-
volving synchronization ratios of from 
59/1 to as high as 149/1. This calls for a 
high degree of inherent frequency stability 
in the multivibrator, achieved by using 
high-quality resistors of ample rating 
and an extremely stable voltage regulator. 
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To obtain sufficient output on high 
harmonics, it ‚vas necessary to tune the 
plate circuit of the output amplifier over 
the range from 5 to 15 mc. Below 5 Inc, 
the circuit is untuned. 

Synchronization of the unit at a 
particular ratio is achieved with various 
combinations of natural uncontrolled mul-
tivibrator frequency and synchronizing 
voltage amplitude. The combination re-
sulting in the greatest stability is found by 
noting when the adjustment on the 
multivibrator frequency can be shifted 
the greatest amount without the loss of 
synchronism. 

Larry S. Cole, Measuring and Monitoring Broadcast 
Frequencies, Electronicx, July, 1916, 110. 

Eccles-Jordan Circuit Used as Rectangular-wave Generator 
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through a 6SN7 connected as a diode, 
which removes the negative pulses and 
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Jordan circuit to initiate the action. 

Loran Receiver-indicator, Elect ronico, Deuelober, 

1945, p. 110. 
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Free-running Multivibrator with Electron-coupled Output 

IN this triode-pentode arrangement, the 
cathode and first two grids of the pentode 
operate in the same manner as the second 
triode in a conventional multivibrator 
circuit, the screen grid taking the place 
of the plate. The output wave form of 
this circuit has a large amplitude and is 
almost square. Due to the characteristics 
of pentodes, the plate voltage has little 

effect on the operation of the multivi-
brator portion of the circuit, and the fre-
quency of oscillation may be estimated 
in the same way as for conventional 
multivibmtors. 

Norman W. Mather, Multivibrator Circuits, Elec-
tronics, October, 1946, p. 136. 

Biased Multivibrator Circuit for Timing Applications 

AN impulse received by tube Ts in 
this circuit stops conduction in Tg for a 
time dependent on the time constant of 
R17 — Cs, during which a positive bias is 
available at terminal .1. for any desired 
purpose, such as determining the number of 
current pulses in a welder control circuit. 

In the stand-by condition, the control 
grid of Ts (a pentode connected as a 
trio(le) is 55 volts negative with respect to 
its cathode, resulting in plate-current 
cutoff and placing point a at its full volt-
age of 430 volts. At this same time the 
control grid of tube Tg is a few volts 
positive with respect to its cathode and is 
drawing grid current to produce a voltage 
drop across R17 of about 410 volts. The 
screen grid of Tg is about plus 55 volts 
with respect to its cathode, and the plate 
is about 12 volts more positive than the 
cathode. The resulting plate current 
of about 8 ma through R16 makes point 
J approximately plus 135 volts. 
A positive impulse coming in at P makes 

Te conduct, dropping the potential of 

DIRECT coupling from the second triode 
to the first distinguishes this special one-

shot multivibrator, also known as a one-
kick trigger circuit. Feedback and the 

plate-supply voltage are adjusted so that 
177'i is cut off when V7'2 is conducting. 

This stable condition can be interrupted 
by a positive trigger signal on the grid of 
VT1. After a short period č the circuit 
automatically returns to the stable con-
dition. Somewhat more accurate timing 

point a by an amount equal to the plate-
current drop in R13. This takes place 
quickly, so that point b momentarily 
drops in potential the same amount, 
driving the control grid of T, to cutoff. 
The positive pulse at P also boosts the 
potential of point c, but the flow of elec-
trons from the cathode of 7'8 to the grid 
holds c practically constant while capaci-
tor Cg is charging. The potential of čl 
follows the instantaneous jump of c and 
then gradually rises at a rate determined 
mainly by the product RIX,. This 
time constant, about 0.2 second for the 
values shown, should be not less than half 
the maximum time T, is required to be 
nonconducting. For timing periods of 10 
half cycles or less, R12 may be as low as 
60,000 ohms, but for longer periods a 
value of 560,000 ohms is needed. 
At the end of the timing period, con-

duction starts suddenly in Tg, with the 
result that the grid of T8 is driven negative 
and stand-by conditions are restored. 
Before 7'8 can respond again to a starting 

Basic One-shot Multivibrator Circuit 

can be obtained by making the grid return 
of VT2 to +120 volts instead of to the 
cathode. The period t is approximately 
half the period of a symmetrical multivi-
brator having circuit elements corre-
sponding to those used with V7'2 in this 
one-shot multivibrator circuit. 

Norman W. Mather, Multivibrator Circuite, Elec-

tronics, October, 1946, p. 136. 

SCREEN GRID VOLTAGE 
OF VT, 

+430 V 

90,000 

tz,000 

+125V 

R16 
15,000 

impulse at P, the grid potential of 79 
must return very near to zero. The time 
required for this depends on the product 
RI2C, and on the length of time of the 
previous operation of the circuit. Also, 
with R12 at 560,000 ohms not more than 
3 seconds must be allowed between suc-
cessive utilizations of this timing circuit. 
Sometimes these restrictions are advan-
tageous and sometimes not, in which case 
circuit changes can be introduced to 
overcome the difficulty. 

Wayne B. Nottingham, An Electronic Circuit to 
Control Intensity and Timing of Power for Spot 
Welding, Rev. Sei. Instruments, June, 1943, p. 161. 
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Biased Multivibrator for High-voltage Pulse-generating Circuit 
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Trus circuit illustrates the use of a one-
shot, or biased multivibrator, circuit for 
generating a negative rectangular pulse 
with 2-microsecond duration in response 
to short, sharp 15-volt trigger input 
pulses. The rectangular pulse is then 
fed to a 6L6G inverter stage that reverses 
the polarity and applies the pulse, in 
positive polarity, to the first driver stage 
(type 3E29). 
The first driver is coupled by a pulse 
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transformer (capable of passing short 
pulses) that reverses the polarity, feeding 
positive pulses to the second driver stage. 
The negative pulse appearing in the 
output of the second driver stage (two 
type 3E29) is fed back to the grid of the 
first driver through a low-pass filter 
network that serves as an artificial trans-
mission line. The constants of this 
line arc so chosen that the pulse requires 
exactly 0.8 microsecond to pass through 
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3,5 o.ov 46213p-SEG 
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the line. Consequently, 0.8 microsecond 

after the pulse is applied in positive 
polarity to the first driver, a large negative 
pulse is fed back to it, thus cutting off the 
first driver and forming the trailing edge 
of the pulse. The resulting pulse appears 
across the output pulse transformer, with 
an amplitude of 3,500 volts, positive 
against ground. 

The SCR-584 Radar, l'art I, Electronics, November, 
1945, p. 104. 

Multivibrator and Frequency-splitting Trigger Circuits 

THis unique application of multivi-
brator circuits was developed to simulate 
in a bombing trainer the motor noise 
present in an actual airplane. A con-
ventional twin-triode symmetrical multi-
vibrator produces the fundamental 
exhaust note, the frequency of which can 
be varied over a range of from 20 to 
300 cycles with the dual 0.1-megohm 
potentiometer. 
Each triode plate is coupled to the grid 

of the opposite triode plate through a 
0.1-yf capacitor. So connected, the twin-
triodes act like a seesaw, with first one 
tube conducting and then the other. To 
follow through the operation very briefly, 
assume that the triode section on the left 
starts to conduct. As it starts to conduct, 
its plate voltage will drop nearly to 
cathode potential. This sudden shift 
downward in potential is transmitted to 
the right-hand grid through the 0.1-pf 
coupling capacitor, making the right-hand 
triode nonconductive. The right-hand 
grid will immediately start to rise back to 
cathode potential as the charge leaks off 
the coupling capacitor through the vari-
able grid resistor. When a potential of 10 
volts negative to cathode is reached, the 
right-hand triode will start to conduct and 
in a similar manner bias off the left-hand 

triode. When this newly created bias on 
the left-hand triode leaks off, it will again 
conduct and bias off the right-hand 
section. 
The rate at which this transfer, seesaw, 

or oscillation occurs is determined by the 
discharge rate of the coupling capacitors 
through the grid-return resistors. By 
making the latter variable, it is possible to 
vary the frequency over a very wide range. 

For signal output, one plate resistor is 
tapped at the mid-point and coupled to 
the common amplifier feed through a 
1-megohm decoupling resistor. A di-
rect plate connection is used to furnish 
the signal for driving the first subharmonic 
generator. 
The first subharmonic consists of a 

trigger circuit of the Eccles-Jordan type, 
but with the component values so chosen 
that it responds only to negative pulses 
and can thus be used as a frequency 
divider without additional tubes. It 
consists of the two triode elements of a 
a 6SN7 twin-triode tube, with the plate 
of each triode coupled to the grid of the 
opposite triode in such a manner that if 
either triode is conducting it will hold the 
grid of the other triode well below cutoff. 
Thus either triode may conduct, but only 
one can conduct at a time. 

A negative impulse applied simultane-
ously to both grids through the O.00045--
coupling capacitors will momentarily bias 
off the conducting triode and the other 
triode will become the conducting one. A 
second negative pulse will cause the first 
triode to conduct again, etc. Thus two 
negative pulses will produce one complete 
alternation, seesaw, or oscillation. 

Within reasonable limits, a positive 
pulse will not effect this trigger. When 
the 0.004:5-µf capacitors are coupled to 
the right-hand plate of the multivibrator, 
the trigger grids will receive one negative 
impulse for every cycle of the multivi-
brator and will make one complete 
alternation or cycle for every two cycles 
of the multivibrator. Thus whatever 
the multivibrator frequency, the first 
subharmonic generator will oscillate at 
half its frequency. 

Likewise, the second subharmonic gen-
erator, coupled to the output of the 
first subharmonic generator, will oscillate 
at half the frequency of the first subhar-
monic generator or one-quarter the 
frequency of the multivibrator. The 
third subharmonic generator will oscillate 
at one-eighth the multivibrator frequency. 
The output of each subharmonic 

generator is controlled by a 0.5-megohm. 
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MULTIVIBRATOR OSCILLATOR 
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potentiometer and is coupled to the 
common amplifier input through a 1-
megohm decoupling resistor. 

Multivibrator oscillators as used in this 
device are very sensitive to voltage 
variations and tend to lock in with each 
other if any appreciable coupling exists. 

Any tendency to lock in would defeat the 
main purpose of the dual units, that is, to 
produce the characteristic low-frequency 
beat of multimotored planes with motors 
not in exact synchronism. Therefore 
the units were isolated physically and 
electrically as completely as possible. 

 2.. TO A-F 
AMPLIFIER 

. Separate power supplies were used for the 
saine reason. 

Byron E. Phelps, Motor Noise Unit for Aircraft 

Trainer, Electronics, August, 1945, p. 96. 

Cathode-coupled One-shot Multiyibrator Circuit 

IN this variation of the one-kick circuit, 
values of components are adjusted so that 
VT1 is cut off when V7'2 is conducting. 
The trigger signal interrupts this stable 
condition, but after the period t the cir-
cuit automatically returns to the stable 
condition. If the grid return of VT2 is 
made to cathode instead of to +180 volts, 

a somewhat longer period is obtained. 
This circuit has the advantage that 
the triggering circuit is isolated from the 
multivibrator circuit by VTi. 

Norman W. Mather, 3,1ultivibrator Circuits, Elec-

tronics, October, 1946, p. 136. 

Multiyibrator Circuits Employing Cathode Coupling 

USE of cathode coupling between the 
two triodes of a multivibrator in the 
manner illustrated by the upper circuit 
results in performance that is particularly 
adapted to synchronization. The output 
voltage can be used without disturbing 
the operation of the circuit. As a free-
running multivibrator, however, this 
cathode-coupled arrangement tends to be 
erratic in frequency of operation. 

The lower circuit, illustrating the use of 
cathode-coupled output, is useful because 
it has a low-impedance output and a steep 
wave front on the output signal. The 
addition of cathode resistor RK affects 
the free-running frequency only slightly. 

Norman W. Mather, hlultivibrator Circuits, Elec-

tronics, October, 1946, p. 136. 
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Multivibrator Giving Wide Frequency Range with Constant Output Amplitude 

THE free-running frequency of this 
simple double-triode multivibrator may be 
varied over a range as great as 120 to 1 
without appreciable change in output 
amplitude and without changing the 
symmetry of the generated oscillation. 
The frequency can be controlled by vary-
ing any one or all of the four resistors 

designated by R. Reducing the value of 
the plate-to-plate resistance increases the 
frequency. Cathode resistor values de-
pend upon the triodes used and hence are 
not given. 

A. A. Macdonald and J. L. Johnson, U.S. patent 

2,356,071, Electronic Industries, January, 1945, p. 
134. 

Pentode Multivibrator Acting as Pulse Equalizer and Pulse Sharpener 

AT high altitudes, the counting rates 
encountered by cosmic-ray radiosondes 
are so high that individual counts cannot 
be recorded directly but must be scaled 
down electrically until a slow enough 
rate is obtained for a mechanical recorder. 
The multivibrator circuit shown here is 
then necessary between the superheter-
odyne receiver output and the scale-of-64 

scaling circuit at the ground station to 
equalize the amplitudes of the received 
pulses and sharpen the pulses. The 
pulses are of the order of 0.0001 second 
long at the input. 

W. H. Pickering, Cosmic Ray Radiosonde, Rev. Sei. 
Instruments, June, 1943, abstracted in Electronics, 
December, 1943, p. 121. 

Controlled Multivibrator for Producing Flat-top Square Waves 

PERFECTLY flat-top square waves can 
be obtained from this 30-cycle multivi-
brator circuit, which must be supplied 
with both positive and negative trigger 
pulses for one full cycle of operation. The 
stage is fed by a negative supply so that 
the plate returns may be grounded, and 
the output is taken from a tap on one of 
the plate load resistors, ensuring perfect 

fidelity and freedom from a-c coupling 
troubles that would be encountered in 
passing the low-speed square waves. 
The required input pulses can be obtained 
from a conventional 30-cycle 6SJ7 phase-
shi ft type of timing oscillator followed by 
a 05 phase-control stage and a 6SN7GT 
clipper stage. 

Clement Moritz, Transient Video Analyzer, Elec-

tronics, June, 1946, p. 130. 
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Frequency-modulated Relaxation Oscillator for Detection of Vacuum 

'Fuis circuit, which was originally used 
as an accessory to an ion gage used to 
detect leaks when gas is sprayed over the 
outside of a vacmun system, produces a 
variation in audible tone or ceases pro-
ducing a tone when a leak is detected. 

The circuit for producing a frequency-
modulated tone with change of input 
voltage is illustrated. The 2050 thyra-
tron constitutes a relaxation oscillator, 
the frequency of which may be changed by 
varying the control-grid voltage. The 
6A3 is an audio amplifier, for converting 
the voltage variations into an audible 

loudspeaker sound. 
The 6SN7 is a d-c amplifier for in-

creasing the output frequency change 
with a given ion current change. In 
operation, the sensitivity control potenti-
ometer is put in parallel with the input to 
the ion-gage electronic microammeter. 

This input voltage is amplified by the 
6SN7, and is fed from the plate of that 
tube to the control grid of the 2050 
thyratron. The net control-grid voltage 
is the difference between the variable 
6SN7 plate voltage and the relatively 

constant neon-tube drop. As the 6SN7 

plate voltage decreases, the oscillator fre-

quency drops. A positive signal input 

to the grid of the 6SN7 will result in 

lowered oscillator frequency. 

With the circuit constants given, 

satisfactory operation is obtained by 
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400,000 
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setting the steady-state frequency control 
to produce a 30-cycle output. With this 
setting, an increase of ion-gage current 
corresponding to an increase in howler 
input voltage of Y1 0 volt stops howler 
oscillations. This input-voltage change 

of ¡I o volt corresponded in one instance 
to a pressure change of less than 10-7mm,' 
or 10-4 micron on the most sensitive scale 
of the ion gage. A distinct change in 
howler pitch can be heard before a shift in 

ion-gage meter reading can be seen. 

Leaks 
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10,000 

1 8 DECOUPLING 
FILTER 
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The circuit can produce greater sensitiv-
ity by using a higher gain tube in the d-c 
amplifier, possibly a 6J7. The increased 
frequency drift that might result would 
not be objectionable, since the drift would 
still be slow in comparison with the sudden 
change in pitch resulting from a leak being 
encountered. A stabilized B supply will 
reduce drift considerably. 

Victor Wouk, Audio Aid for Vacuum-leak Hunting, 

Electronics, February, 1946, p. 138. 

Very-high-frequency Hartley Oscillator Using Subminiature Type 6K4 Tube 

THE subminiature 6K4 tube performs 
efficiently as an oscillator and has good 

output power at low plate voltages, of the 
order of 100 volts, without it being neces-
sary to use excessively low grid resistances. 

Because of the small size of the tube 

elements and the possibility of making 
short, direct connections to the circuit 
components, the 6K4 will oscillate in a 
lumped-constant circuit in the 2-meter 
amateur band as well as in the frequency-
modulation and lower television bands. 
By using the simple Hartley oscillator 

circuit shown, stable oscillations of nearly 
constant amplitude are obtained from 80 

to 130 mc. The grounded-cathode hart-
icy circuit proves more efficient than the 
cathode-tap Hartley because, although 
the tank capacitor in it is hot on both 
sides, it does not require r-f chokes in the 
heater leads. If a superregenerative 
oscillator is required, a grid resistor 
considerably larger than the one shown 
here is used. The coil contains 5 turns of 
No. 16 wire on a % 6-inch diameter form 

inch long. 
The tank tap and loading were adjusted 

for optimum output at 100 megacycles. 
The plate supply was adjusted to produce 
the maximum rated cathode current of 20 
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4.700 

50por 

6.3V 

1- 600 44F ¡I. 

115 V 

milliamperes. These adjustments were 
then fixed while the oscillator was tuned 
through its range. 

Circuits for Sub-miniature Tube, Electronics, May, 

1946, p. 154. 
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Relaxation Oscillator and VHF Oscillator in Modern Radiosonde 

THE complete circuit of the U.S. 
Weather Bureau radiosonde type 506 WB 
is shown. It contains a single type 3A5 
miniature duotriode vacuum tube. Tri-
ode section V7'i is employed as a 1-
megacycle tuned-plate tuned-grid r-f 
oscillator having a variable relaxation 
frequency in the audio range, and triode 
section VT2 serves as a 72-megacycle 
modulated r-f oscillator. 
Advantage is taken of the mechanical 

movement of the aneroid pressure-meas-
uring unit to perform the various circuit-
' switching functions in conjunction with 
the relay, in order that the temperature 
and humidity-sensitive resistors and refer-
ence resistors may be sequentially in-
serted into the grid circuit of VT1 to give 
various relaxation (oscillator blocking or 
quenching) frequencies in the range from 
10 to 200 cycles. 
There is a period when the 72-mc r-f 

oscillator is operating and the audio 
relaxation oscillator is blocked, followed 

by a period during which the relaxation 
oscillator is functioning and the 72-1nc 
oscillator is blocked. This transfer of the 
relaxation rate from the 1-mc oscillator 
to the 72-Inc oscillator results in a 
transmitted carrier having a pulsed or 
keyed characteristic, the frequency of 
which is determined by the resistance 
of the meteorological elements or reference 

resistors. 
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During the period when the audio 
relaxation oscillator is blocked, the nega-
tive charge on CI leaks to ground through 
R5 and R3 and then either through 
humidity-sensitive resistor R1 and shunt 
R2, through temperature-sensitive re-
sistor R4, or through the contact arm of 
the barometric switch. As C1 discharges 
and the grid voltage of V7'1 increases in a 
positive direction, a condition finally 
is obtained where VT1 begins to conduct 
and oscillate at about I. megacycle, caus-
ing a voltage drop across R6 that is applied 
by means of C2 to the grid of triode section 
V7'2, stopping it from oscillating. Capa-
citor C2 thereupon discharges through 
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R7, causing the r-f oscillator section V7'2 to 
remain off. Tlie current through R7 does 
not become small enough to allow the 
transmitting oscillator to start oscillating 

again until the relaxation oscillator 
blocks itself by the accumulation of a 
negative charge on CI. At this time C2 
and C3 change toward +90 volts, reducing 
the current through R7 and thus reestab-
lishing conditions for oscillation of trans-
mitting oscillator VT2. This brings the 
cycle back to its starting point. 

V. D. Hauck, J. R. Cosby, and A. B. Dember, Radio-
sonde Telemetering Systems, Electronics, May, 19-16, 
p. 12(1. 

Thyratron-type Relaxation Oscillator with Plate-supply Keying 

TnIs thyratron-type oscillator provides 
0.3 to 30,000-cps pulses; it has widespread 
use in many fields of biological research, 
clinical medicine, and surgery where a 
voltage of variable amplitude and fre-
quency is used to stimulate nerve tissue or 
affect organs. 
The thyratron-type relaxation oscil-

lator using a high negative grid bias to 
key oscillations is quite popular, but since 
the capacitor charges up to the full plate-
supply voltage when the grid is held 
negative, the initial pulse is extremely 
high in respect to those that follow. 
Keying the plate-supply voltage elimi-
nates this fault in the stimulator circuit 
shown. 
A type 885 argon-filled thyratron is used 

as a relaxation oscillator. Capacitor C5 

charges through resistors R3 and R4 
until the voltage across it is equal to 
the firing potential of the thyratron. At 
this point the tube breaks down, and the 

capacitor discharges through it and 

through the primary winding of 7'2. 
The secondary voltage of T2 is not the 
usual saw-tooth wave shape associated 
with thyratron relaxation oscillators, but 
rather it is a pulsed wave made up of 
damped oscillations which are of such 
high frequency and which decay so rapidly 
that only a single pulse appears on a 
cathode-ray screen, even when the time 
axis is expanded. 
The pulse repetition rate is controlled 

roughly by switching of capacitors for 
Cs, With R4 providing vernier control as in 
the standard saw-tooth circuit. The 
range covered is from one pulse every 3 
seconds to 30,000 pulses per second. The 
magnitude of the output voltage is con-
trolled by R5 (coarse) and R6 (fine). 
A cathode control changes the grid 

bias and, hence, the firing potential of the 
thyratron, which in turn changes both the 
magnitude and the frequency of the out-
put pulse. Thus making the grid more 
negative increases the firing potential of 
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the tube, increasing the magnitude of the 
output pulse and decreasing the fre-
quency of oscillation. 

Conventional damped oscillations may 
be obtained by shunting the secondary 

of 7'2 with a 1-pf capacitor. A saw-tooth 
voltage that can serve as a linear time 
base for an oscilloscope is available across 
C6, 

Walter Ira Weiss, Nerve Stimulator, Electronics, 
February, 1916 p. 155. 

• 
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Push-pull 6K4 Oscillator Providing 1.5 Watts Output at 150 Megacycles 

WHEN using the subminiature 6K4 as 
an oscillator at high frequencies, a bal-
anced circuit will provide a wider tuning 
range than a single-tube unbalanced cir-
cuit. For example, the push-pull circuit 
shown can be continuously tuned from 
approximately 90 to 150 megacycles with a 
constant strength of oscillation wider 
than that of the single-tube circuit. 
About 1.5 watts output can be relied 
upon over the entire range. 

At a fixed frequency, at which the 
circuit can be adjusted for optimum oper-
ation, 1.75 watts can be obtained. Volt-
ages fed back to the grids from taps on 
the tank inductor counteract those volt-
ages fed back by interelectrode capaci-
tances within the tube, thereby giving 
good high-frequency performance. 

Circuits for Sub-miniature Tube, Electronics, Slay, 

1946, p. 154. 
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Dynatron Oscillator for A-F and R-F Measuring and Comparing Applications 

A DYNATRON oscillator circuit, arranged 
for convenience in doing experimental 
work, is shown. Useful accessories are 
a calibrated wavemeter, preferably a 
nonabsorption type, a variety of coils, 
and a capacitor calibrated over the 
desired frequency ranges, and a large 
slide-type dial. The 24A tube should be 
mounted horizontally so that the lead 
between the plate and external connection 
is short. The basis for dynatron measure-
ment applications are the dynamic resist-
ance of a tuned circuit and the resonant 
frequency or change in frequency. 
The dynamic resistance is determined 

by the most negative control-grid voltage 
that will still maintain oscillation. This 
voltage may be controlled by a wire-
wound potentiometer, the scale of which 
may be calibrated to read the negative 
resistance, or a voltmeter may be used to 
measure the bias voltage and a chart made 
to read the negative resistance. The 
value of negative resistance may be 
computed from the 41, curve at various 
bias voltages or, if approximations are 
sufficient, standard coils whose dynamic 
resistance is known may be used. The 
negative resistance is equal to the dynamic 
resistance of tue circuit when the bias con-
trol is set just at the point of oscillation. 
The frequency, or change of frequency, 

is determined by the loosely coupled wave-

meter or a near-by receiver. The wave-
meter is also necessary to determine the 
point at which oscillations begin. 
A parallel-resonant circuit may be 

tested directly by connecting it to the 
terminals shown. The dynamic resist-
ance will be indicated by the potentiom-
eter setting at which oscillation begins, 
and the frequency of the circuit will be 
shown by the wavemeter. 

Perhaps the more useful is the substitu-
tion test. In this case, a tuned circuit of 
known values is caused to oscillate. The 
component to be tested is then clipped 
across this circuit. Oscillation will proba-
bly cease, but it may be reestablished by 
decreasing the control-grid bias. This 
decrease in bias will correspond to the 
effective resistance of the component 
under test. If the component contains 
reactance, the frequency will be altered. 
The tuning capacitor may be adjusted to 
restore the original frequency. This 
adjustment may be calibrated to read 
capacitance in one direction and induct-
ance in the other. This will not indicate 
true inductance or capacitance but the 
effective value at that frequency. 

Additional uses to which a dynatron 
may be put include application as an a-f, 
r-f, or modulated r-f oscillator. The r-f 
and a-f tuned circuits are merely con-
nected in series as shown. 

246 

The instrument may also be used for 
matching coils using a fixed standard 

capacitor and for comparing properties of 
insulating materials. 
With the circuit shown, the plate volt-

age may be between 25 and 75 volts. 
Maximum efficiency is obtained by in-
creasing the negative grid bias until 
oscillation just ceases, and then oscillation 
is reestablished by varying the plate 
voltage. This operation should be re-
peated until an optimum condition is 
found. 

Wayne M. Roas, Measurement Applications of the 
Dynatron, Electronics, December, 1945, p. 320. 
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Generator Circuit for 

Tills two-tube r-f generator circuit 
Jperating from a 1,500-volt d-c power 
source is useful for workbench use in r-f 
soldering of metal-to-glass seals and in 
soldering feed-through terminals to cases 
of hermetically sealed components. 
The generator is a simple push-pull 

oscillator using type 805 tubes operated 
somewhat below their maximum rating to 
ensure stability. In most applications 
the generator is tuned to about 30 mc. 
The output circuits are designed to 
resonate the work coil and to keep the r-f 
voltage on the coil at a minimum. 

Circuit design is such that a number of 
low-power r-f generators can be plugged 
into high-voltage d-c outlets scattered 
throughout a plant and fed from the 
master d-c power supply shown at the 
left on the diagram. This uses 12 type 
866 mercury-vapor rectifier tubes to 
supply 1,500 volts direct current over 
six separate lines to as many as 10 gener-
ators. No filtering is required. Gener-
ators with light loads may be paralleled 
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on one line. 
By shunting work coils with 

voltage mica capacitors that bring 
all to the same resonant frequency 
the load is in place, all fixtures can 

high-
them 
when 

1- 1,500 V 

be interchanged without disturbing the 
generator or affecting tuning. 

R. A. Ammon, R-1, Soldering of Metal-to-glass Seals, 

E/ertronics, March, 1946, p. 120. 

Transitron Oscillator Using RC Constants to Give Saw-tooth R-F Output 

Timu transitron has the advantages of 
the dynatron without the attendant 
disadvantages. Stability of the circuit is 
excellent because only the RC values 
determine frequency, the electrode volt-
ages consequently having practically 
no effect whatever. Such a circuit is 
comparable to the crystal oscillator in 
stability, since Eb variations of 25 per 
cent only change the frequency a few 
parts in a million. 
The oscillator can be used throughout 

the audio range and also considerably 
above it, using RC circuits alone. The 
upper practical limit with RC constants is 
approximately 0.5 me. Transition cir-
cuits employing inductance can be oper-
ated with reliability to 20 mc and even 
to 60 mc if careful design is observed. 
Operation above 20 nic is somewhat diffi-
cult as regards efficiency and reliability. 

In the transition circuit shown, the 
suppressor goes negative with respect to 
the cathode due to applied voltages. 
Electrons are attracted by the positive 
screen and arc repelled by the negative 
suppressor. A negative voltage change 
on the screen grid is transmitted from this 
grid to the suppressor through CI, causing 
the suppressor to repel more electrons 
and resulting in a net increase in screen 
current. Such an increase with a nega-

tive increment in voltage is effectively 
negative resistance between the screen 
and suppressor grids. 
The circuit operates in the range of 7 

to 26 kc and delivers a saw-tooth wave-
form output. This wave form may be 
kept isosceles in shape over the range by 
making the cathode resistor variable. 
With the transitron, any feedback adjust-
ment or other wave-form control will 
cause a frequency shift, and the frequency 
control will, through its range, cause a 
wave-form change. Thus a reference to 
wave form, or frequency control, refers 
only to the major effect of the control 
upon the circuit. 
An alternative method for feedback 

control consists of making the screen 
resistance a voltage divider, the center 
arm of which is connected through a 
capacitor to the control grid. This 
system is useful in direct sine-wave pro-
duction when using proper bias on control 
and suppressor grids. 
The transitron circuit may be made to 

perform over a great frequency range, its 
upper practical limit using RC circuits 
being 0.5 mc and its lower practical limit 
being in the vicinity of a few cycles per 
second. In a given circuit design for 
operation over a wide frequency range, 
circuit control becomes complex when 

0001 

-z- • 150V 

constancy in output voltage and wave 
form is desired. If these latter factors are 
unimportant, wide-range operation may 
be obtained with a single circuit control. 
It is possible, however, to retain constant 
wave form and output voltage with a 
single circuit control if it is designed to 
operate near a specific frequency or within 
a limited range. 
The wave form in the screen circuit is 

square wave or its derivative type. The 
wave form in the plate circuit is saw-tooth 
due to the large capacitance. To produce 
an isosceles-shaped saw-tooth wave, the 
capacitance must be large enough to 
employ only the linear portion of its 
charge characteristic. 

J. H. Newitt, RC Oscillator Performance, Electronics, 
March, 1944, p. 126. 
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Tuning-fork Oscillator Using Multivibrator with Feedback 

IF an ordinary amplifier circuit is used 
to drive a tuning fork, any slight change 
in the amplification constants of the cir-
cuits or any increase in the pickup voltage 
will cause a reactive build-up of the 

amplitude of the oscillations of the cir-
cuits and of the mechanical amplitude of 
vibration of the tuning fork. This build-
up will continue until the increased losses 
in the circuits and particularly the in-
creased mechanical losses in the fork 
balance the cause for the change of 
amplification. 
The circuit shown prevents this re-

active build-up. The capacitance of A 
and the voltage to which it is charged are 
the only factors that have any appreciable 
influence on the driving power delivered to 
the drive coil B. 

Capacitor A should be properly dis-
charged during part of the time that the 
grid of the 6C5 swings in a positive 
direction. Resistor B should have a very 
large resistance value compared with the 
impedance of the 6C5 and the drive coil. 
The 6C5 should be biased to, or near, 
plate-current cutoff. 

When the tuning fork is in vibration, a 
voltage is generated in the pickup coil. 
This voltage, amplified by the 6J7, 
swings the grid of the 6C5. When the 
grid of this tube is positive, A discharges 

through the tube and through the drive 
coil. Thus the fork receives a drive 

1 .11.1 
a 

TUNING FORK 

8+ 

impulse. The power of the drive impulse 
is dependent only on the capacitance 
value and the voltage to which it is 
charged. As the grid voltage of the 
6C5 falls back in a negative direction, the 
capacitor charges through resistor B. 
In this way a constant quantity of energy 
is delivered to the drive coil during each 
half cycle of vibration. 
The action of the amplifier is such that 

the 6C5 acts as a trigger for the capacitor 
charge. It would operate as well if a 
gaseous discharge tube, such as the 884, 
were substituted for the 6C5. 

This circuit is much less affected by 
varying line voltages than is an ordinary 
amplifier circuit, because the line voltage 
influences the driving power only in such 
a way that it increases the charging 
voltage of A. 

A line-voltage change of lo per cent 

caused a change of the frequency of the 
fork of about one part per million. By 
using a neon-lamp voltage regulator, the 
plate-voltage variations and the frequency 
changes are considerably decreased. 

To determine whether temperature 
would influence the frequency of the 
generator, several fork units (including 
the amplifiers) were placed in a tem-
perature-controlled chamber and the 

frequencies of the various units were meas-
ured at different temperatures from 15 to 
55°C. The change of frequency for this 
entire temperature range was less than 
one part per million in most of the tests 
and never as high as two parts per 
million. 

Ernst Norman, Tuning-fork Stabilizer, Electronics, 

January, 1940, p. 15. 

Twin-oscillator Circuit for Plotting Tracking-error Curves of Receiver Coils 

THrs circuit for plotting tracking error 
is valuable when it becomes necessary, 
in the design of superheterodyne coils, to 
make the small inductance changes 
necessary for perfect tracking. The coils 
under test are used with their correct gang 

tuning capacitor and trimmers. 
One section of the tuning gang tunes an 

oscillator at the signal frequency, and 
another section tunes the usual local 
oscillator. If these two are combined in 
the normal mixer circuit, we llave a beat 
frequency in the plate circuit equal to the 
normal i-f value. By beating this i-f 
signal with a signal of the saine frequency 
from a signal generator, in a tube such 
as a 6L7, it is possible to listen with head-
phones in the 61,7 plate circuit to the 
tracking error. 
The antenna coil is wired in a Franklin 

oscillator circuit and the output of this 
signal-frequency oscillator is coupled to 

the signal grid of the 6K8. The i-f signal 
appearing at the plate is coupled to the 
injection grid of a 6L7 detector. The out-
put of a signal generator, tuned to the i-f 
frequency, is fed into the other input grid 
of the 6L7, and headphones are connected 
in its plate circuit. 
Although the signal in the 6K8 plate 

circuit contains beats equal to the sum 
and difference of the signal and oscillator 
frequencies, as well as traces of both their 
fundamentals and their harmonics, in 
practice the amplitude of the difference 
frequency (normally used as the inter-
me(liate frequency) is so large compared 
with the beats from other harmonics that 
the latter may be almost disregarded. A 
bypass capacitor in the 6K8 plate cir-
cuit removes some of the higher order 
harmonics. 
A gain control in the 6K8 cathode cir-

cuit enables the operator to compensate 

for high signal oscillator output driving 
the 6K8 signal grid positive. 

Constants required for loading the 
antenna winding are shown. The free 
primary in most cases shows selfresonance 
at some point within the tuning range of 
the secondary. If there is selfresonance 
and the coupling coefficient is of normal 
value, the coupled reactance of the pri-
mary may shift the resonant frequency of 
the secondary appreciably. 

In the loading circuit for the primary 
of an r-f coil, the 10-14 capacitor has been 
included as being a reasonably close 
approximation to the output capacitance 
of most of the r-f pentode tubes in normal 
use. 

In taking a tracking-error curve, the 
antenna and oscillator coils are checked 
first. The signal generator is tuned to 

the correct i-f frequency and is connected 
to feed the 6L7. As in normal alignment, 
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the trimmer capacitors are adjusted at 

1,400 kc and the padder at 600 ke, and 
the 1,400-ke point is rechecked. The 
proper adjustment is indicated by zero 

beat in the headphones. 
When the gang is tuned from the Full-in 

to Full-out position, if the oscillator 
inductance is correct there should be three 

points of zero beat, at 600, 1,000, and 
1,400 ke. At other than these points the 
beat note in the phones will vary in pitch 
with the position of the tuning capacitor. 
The deviation from perfect tracking at 

any point may be measured by leaving the 

gang set at that point and retuning the 
signal generator for zero beat. It is 
possible to determine exactly the devia-

tion in kilocycles from perfect tracking 

and to tell if the oscillator signal is high 

or low in frequency. It is then a matter 

of minutes to plot a curve. With an 

intermediate frequency of 465 ke, a 

deviation of about 5 ke appears in order, 

particularly with a standard gang that 
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would be almost certain to show some 

inaccuracy in itself. 
The procedure in the case of an r-f 

coil is to remove the antenna coil, substi-
tute the r-f coil, and leave all trimmers set 

as they are. When the r-f coil primary is 

2_01 pAF 

618 

250mpF 

5.000 

.SIG GEN 

_L-a2 

400pp F 

T200pp F 

ANTE NNA COIL 
PRIMARY LOADING 

B 

loaded correctly, rotation of the gang 
should produce a similar curve, with little 
or no alteration of the antenna trimmer. 

E. 13. Menzies, Method of Plotting Tracking Error, 
Electronics, January, 1947, p. 128. 

Tuning-fork Frequency Standard for A-F Measurements by Comparison 

Tills unit is a self-contained battery-
operated audio oscillator with one stage 
of audio amplification. The frequency 
of oscillation is controlled by a tuning 
fork that acts as a mechanical link through 
which energy is fed back from the oscil-
lator anode to the grid. A 1,582-cycle 
tuning fork is employed, but forks of other 
frequencies can easily be accommodated. 
The plate load of the 1DSGT tube 

consists of a coil wound on a U-shaped 
laminated core. The ends of the U core 
are placed in close proximity to one tine of 
the steel tuning fork. The other tine of 
the fork is similarly placed with respect to 
the ends of another U-shaped core made 
of hardened steel that has been magnet-
ized. The coil wound around this mag-
netized-steel core furnishes the excitation 
potential for the oscillator grid. 
When the switch is first turned on, a 

pulse of plate current flowing through the 
oscillator plate load coil magnetizes the 
associated plate-circuit core and produces 
a minute deflection of the tuning fork tine 
near it. This movement is mechanically 
transmitted through the tuning fork and 
causes a corresponding deflection of the 
other tine. The movement of the second 
tine changes the air gap of the grid-coil 
magnet and induces a voltage in the grid 
coil. By proper phasing of the grid coil, 
the conditions for self-sustained oscilla-
tion are fulfilled. 
The coupling between plate and grid of 

the tube is through the mechanical 

movement of the tuning-fork tines an I not 
through any direct magnetic con )ling 
between plate and grid coils. Stopping 
the mechanical vibration of the fork 
causes the tube to cease oscillation. 
To minimize the effects of changes in 

loading on the frequency of the oscillator, 
the output of the 1D8GT tube is fed into 
an audio amplifier, operating into all 

output transformer. The 4-ohm winding 
is used to energize a 2-inch permanent-
magnet speaker for aural comparison of 
the frequency of the signal oscillator being 
tested with that of the standard. By 
listening for the beats when the two 
frequencies are close together, a difference 
of M cycle may easily be detected. A 
rectifier-type a-c voltmeter is also fur-
nished to allow visual comparison of the 
test and standard frequencies. 
The frequency being tested may be fed 

through a double patch cord to the 500-
ohm winding of the output transformer. 

The voltage appearing acioss the 4-ohm 
winding of the output transformer will 
then be the vector stun of the voltages 
induced in the winding by the standard 
and test frequencies. If the two fre-
quencies are not exactly alike, there will 
be a relative shift in phase relation of the 
two voltages. When the two voltages are 
in phase, the meter across the output 
winding will indicate the sum of the two 
voltages, while when the voltages have 
shifted to ISO degrees out of phase the 
meter will indicate the difference between 
the two voltages. By adjusting the two 
voltages to the same scalar magnitude, 
the meter fluctuations will become maxi-
mum, going from 0 to twice the voltage. 
By the use of the visual method in 

comparing frequencies, a difference of one 
cycle in 30 seconds between standard and 
test frequencies may be detected. 

William Payer, Portable Audio-frequency Standard, 

Electronics, July, 1944, p. 100. 



OSCILLATOR CIRCUITS 163 

Stabilized Tuning-fork Oscillator Using Three Amplifier Stages 

THIS tuning-fork oscillator circuit is 
that of a conventional multivibrator with 
a feedback network including the elements 
of the tuning-fork coils and capacitances. 
The frequency of the oscillator is deter-
mined by the vibrating tuning fork. 
The multivibrator oscillates at the 

injected frequency and minute variations 
of a fraction of a cycle are possible with 
the adjustment of RI. Greater drive will 
cause the fork to vibrate at a greater 
amplitude, thus slowing its speed. Sta-
bility for the amplitude of the drive is 
maintained by a regulated B supply. 
Either a Vit105 tube or an electronic 
regulator may be used. 
The fork is constructed of bimetallic 

100 KC OSCILLATOR 

ment for the frequency control in electric 
drive systems. 

materials to stabilize against temperature 
variations. Frequency stability of one 
part in 5 million is common. This 
system serves as an excellent arrange-

Daniel Schulman, Facsimile Synchronizing Methods, 
Electronics, March, 1916, p. 131. 

Secondary Frequency Standard Having 10-kc Intervals 
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FREQUENCIES from 100 kilocycles to 60 
megacycles are provided by the circuit 
shown. Throughout this range, har-
monies are provided at every 100,-50,-
or 10-kc interval. 
A 100-ke crystal oscillator is employed, 

and it is adjusted to exact frequency by 
means of the double 365-µ,uf capacitor. A 
range of about 16 cycles can be covered. 
For 100-ke intervals, the oscillator is 
coupled to a 65E7 amplifier that in turn 
feeds an 1852 final amplifier. 

For 50-ke and 10-ke intervals a 6N7 
multivibrator is switched into the circuit. 
The 1852 second amplifier is used in all 
cases and serves to isolate the multivi-
brator from the output circuit. The first 
amplifier serves to isolate the oscillator 
from the multivibrator. The output cir-
cuit is coupled to the receiver antenna post 
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through a built-in attenuator to effect a 
balance between the harmonic used and 
the signal observed. Otherwise the out-
put of the unit would swamp the signal 
observed and observation of the beat note 
would be difficult. 
To check the 100-kc crystal bar, the 

operator should first find WWV or select 
any station, broadcast or commercial, 
whose frequency is known. Nearly all 
broadcast stations keep their frequency 
deviation within a few cycles per second 
and many keep to within a single cycle 
per second. In any case broadcast 
stations are required to keep within 20 
cycles. 
The station selected is tuned in on the 

receiver. Next turn on the secondary 
frequency standard and switch to the 10-
kc multivibrator. This assumes the fie-
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quency of the station to be divisible by 10 
ke.. If the frequency is divisible by 50 or 
100 ke, these multivibrators can be used as 
well. A beat note will be heard between 
the station observed and the multivi-
brator output. By adjustment of the 
output a balance can be secured. The 
correction dial is moved until the beats 
can be counted and brought to zero beat. 
If the receiver has an S meter, the beats 
can actually be seen. The actual number 
of swings a second is the precision to 
which the correction is set. From a 
practical standpoint, once the correction is 
made, good measurements can be made 
without the necessity of the correction. 

D. Reginald Tibbetts, Direct Reading Interpolation 

Oscillator, Electronics, October, 1941, p. 35. 
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Wide-range Signal Generator with Automatic Amplitude Control 

ONE method of obtaining control of the 
amplitude of an LC oscillator is to control 
the applied plate voltage to set the oscil-
lator output to the desired amplitude. 

In the circuit illustrated, the output of 
the oscillator V-1 is rectified by the diode, 
and the positive voltage resulting is fed to 
the grid of V-4. This tube is operated at 
low current, the variable cathode resistor 
R providing sufficient bias despite the 
positive voltage at the grid due to oscil-
lator output. Variations in oscillator 
output are amplified by V-4 to control 
the bias on V-5 and hence the oscillator 

plate voltage. 
The signal voltage at V-4 grid can be 

applied to a vtvm to read oscillator (and 
signal generator) output. Since the con-
trol depends upon change of amplitude, 

regardless of the level, it will be advisable 
to operate the oscillator at a relatively 
high level. In practice, 12 to 15 volts 
peak was found most satisfactory. With 

a fairly high-Q variable capacitor (such 
that amplitude does not fall below this 
value at the low-frequency end of a band) 
the output of the generator can be kept 
constant plus or minus 2 per cent from 

50 kc to 50 mc. 
The oscillator plate and V-4 screen 

supply should be regulated, although it is 
not entirely necessary. The control cir-

cuit is essentially degenerative so that the 
output will not vary much with change in 
the line voltage. The screen potential 
on V-4 will affect the gain of that stage, 
though the plate voltage need not be 
regulated. Tube V-4 and its associated 
bleeder draw about 5 ma, and this is the 
only additional plate-current drain intro-
duced by this control circuit. 
The output can be adjusted by R; in 

practice this should be set and locked, 
although a vernier control of compara-
tively low resistance may be placed in 
series with it and brought to a knob on the 
panel to make a correction for residual 
amplitude changes of 1 and 2 per cent if 
desired. With distortion, 100 per cent 
modulation of V-3 is possible, but 50 per 
cent modulation is very clean and requires 
about 15 volts peak of audio. 
The line termination at the generator 

consists of the cathode impedance of the 
tube and the 500- and 150-ohm resistors 
in parallel. Twelve volts radio frequency 
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to the grid of V-3 will result in 2.5 
volts output with a termination of 73 
ohms at the far end of the line. 

'Howard T. Sterling, Wide-range Signal Generator 

with Automatic -Amplitude Control, Electronic, 

May, 1945, p. 210. 

Thermistor-regulated Audio-frequency Oscillator 

Tins phase-shift oscillator, with four 
cathode-follower stages and a thermistor, 
maintains output level within 10 per cent 
over the entire range of 0.9 to 10,000 
cycles. The same dial engraving serves 
for all four ranges, and accuracy of fre-
quency setting is within 5 per cent. 
The regulating action of the thermistor 

amplitude control keeps the distortion 
close to i  per cent at all frequencies 
where it can be measured. The regu-
lating action is well damped, so that there 
are no amplitude variations in response 
to power-line surges or frequency-dial 
manipulations. 
A W-E thermistor, type 1A, connected 

as the lower half of a voltage divider that 
includes resistor RT in the feedback cir-
cuit, is employed to regulate the ampli-
tude of oscillation. If the amplitude of 
oscillation increases, the current through 
the thermistor rises. As its temperature-
rises, its a-c resistance goes down, re-
ducing the percentage of signal fed back. 
The frequency-control dial rotates a 

three-gang potentiometer Pi, which with 
capacitors C1 to Ca forms the controlling 
network of the phase-shift oscillator. 
The scale shape was improved by using 

special inverse-square-law tapered three-
gang potentiometers. Sets of capacitors 
are selected by a three-circuit four-posi-
tion range switch to provide the four 
frequency ranges. To compensate for 
the effect of stray capacitance on the 
highest frequency range, part of one of the 
capacitive legs of the network (C6) is 
made adjustable. 

V, operates as a phase-shift oscillator, 
voltage being fed back from plate to grid 
through half of V3 and the phase-shifting 

network in the grid circuit of V. 
Cathode follower V2, direct-coupled to 

the plate of VI, is employed to drive the 
thermistor without loading down tube V,. 
The thermistor is returned to the cathode 
of one section of the double-triode V3. 
The series combination of RT and the 
thermistor thus extends between the 
cathode of V2 and the cathode of one 
section of Va. These two cathodes are 
maintained at the same d-c potential by a 
path through 3-megohm resistor R2, 
through which the grids of the two 
triodes are kept at the same potential. 
Signal voltage is kept from the grid of the 
ground-return section of triode V3 by 
filter combination R2 — C7. 

The a-c impedance to ground of the 
cathode of the section of V3 being dis-
cussed is about 1,000 ohms, since the tube 
is essentially a cathode follower. This 
special ground-return arrangement is 
necessary because of practical considera-
tions of leakage in the large capacitor, 
which would otherwise have been neces-
sary. The leakage causes the operating 
point of the thermistor, and hence the 
signal level, to drift about. 
The junction of RT and the thermistor 

is connected to the grid of the second 

triode section of Va, whose cathode acts as 

a low-impedance source for feeding 

the phase-shifting network. Thus tube 

characteristics have little effect on the 

frequency of oscillation. 

All the above tubes receive their plate 

voltage from a pair of voltage-regulator 

tubes. This reduction of coupling in the 

common impedance of the power supply is 

very necessary to avoid degeneration 

at low frequencies. 

The output stage uses a 6V6 tube (V4) 

that is operated as a cathode follower, 

giving isolation and low output imped-

ance. A step attenuator is provided in 
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the output of V 4 for convenience in ob-
taining small output voltages. 
Tubes V Q, V 3, and V4, whose cathodes 

operate at high d-c potentials above 
ground, are heated from a separate fila-
ment winding whose center tap is con-

nected to the cathode of V2. 
Capacitor C8 is connected across RT to 

compensate for phase shifts at high fre-
quencies due to the plate-ground capaci-
tance of pentode V I. Such phase shifts 
make the oscillation amplitude drop and 
make the frequency too low at dial set-
tings of Pi above 3 kc on the highest 
frequency range. Capacitor Cg has the 
opposite effect. It can be chosen to give 
proper amplitude and dial scale tracking 
up to 10 ke. If Cs is too large, the fre-
quency and amplitude will be too high 
for the dial setting. 

Lawrence Fleming, Thermistor-regulated Low-fre-
quency Oscillator, Electronics, October, 1946, p. 97. 
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Relaxation Oscillator Provides Two Synchronized Voltages 

Tins circuit generates simultaneously a 
sweep voltage for a cathode-ray oscillo-
scope and another synchronized voltage 
that is used to induce a reaction to be 
observed on the cathode-ray-tube screen. 
It has been used in bioelectric research 
in recording action potential-time curves 
from active muscle, such as the heart. 
The two action potentials are amplified 

by two identical d-c amplifiers and 
impressed on two cathode-ray tubes 
mounted side by side. The arrangement 
can be extended for use with three 
channels and a three-trace cathode-
ray tube for recording three events 
simultaneously. 
The sweep-voltage generator is of the 

usual type, which employs a type 884 gas 
triode using a capacitor charge through a 
type 38 pentode for linear sweep and a 
variable resistor for logarithmic sweep. 
Coarse control of sweep speed is provided 
by a capacitor bank. Fine control of 
linear sweep speed is effected by bias 
change on the pentode through Pi. P2 
allows fine control of logarithmic sweep 
speed. Si allows changeover from one 
mode to the other. 
The circuits involving tubes 884-4 and 

884-2, with their attendant switching 
arrangements, allow single sweeps, multi-
ple sweeps automatically controlled, and 
periodic sweep. 
Tube 884-1 is biased to a continuously 

nonconducting state as long as 884-2 
is nonconducting. Breakdown of 884-2 

puts 884-1 into operating state for 
periodic sweep. With 54 open and 
541) in the non-P position, 884-2 is non-
conducting, and closure of S3 sweeps the 
spot across the screen and keeps it there. 
Return of 53 to Open position returns the 
spot to the initial starting point. This 
is the single-sweep operation. Periodic 
sweep is initiated by closing Sa with 54 
open and S4P in the P position. Opening 
S3 stops periodic sweep. If multiple 

sweep is desired (periodic sweep that 
comes on and then automatically ceases 
after any predetermined period of time), 

S4 is closed and OES4P thrown to the non-P 
position. Closure of S3 now provides 
periodic sweep that terminates according 
to the time constant of the discharge 
circuit of P 3 and the 3-µf capacitor. 
Opening 53 resets the device. By proper 
adjustment of the time constant, the 
sweep can be made to occur any predeter-
mined number of times and then auto-
matically stop. 
Both sections of the 6C8G-1 are oper-

ated as unity amplifiers. The sweep 
voltage is coupled directly to the grids of 
both sections, which are biased to cutoff. 
The entire sweep voltage may be im-
pressed without driving the grids positive. 
The amplifier, which is in reality a nega-
tive feedback amplifier using 100 per cent 
feedback, has an output which is in phase 
with the input and an amplification which 
is very nearly unity. The entire load is in 

the cathode circuit in this application. 
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The sweep-voltage output of one sec-
tion is taken off by means of the two 
sweep amplitude controls P 10 and Pn. 
Each provides independent control of the 
sweep-out-voltage amplitude of its corre-
sponding amplifier. Two sweep-voltage 
amplifiers (there may be more if desired) 
are provided, one for each cathode-ray 
tube, using twin-triodes (6C8G-3 and 
6C80-4). Each is a d-c phase-inverting 
push-pull amplifier. Starting position 
of the spot is controlled by P 6 and P 7, 

which supply a variable bias to one grid 
of each amplifier. Therefore both start-
ing position and amplitude of sweep may 
be independently controlled on each tube. 
This allows the sweep-voltage supply to 
each cathode-ray tube to be adjusted 
with the aid of a ruled transparent screen 
so that the spot passes the saine relative 
positions on the two tubes at the saine 
instant of time. The adjustment is 
independent of sweep speed or frequency 
and thus allows direct time comparisons 
between events in two action potentials 
recorded simultaneously. 
The stimulator portion of the circuit 

involves the second section of 6C8G-1, 
884-3, 6C8G-2, and T 1. The stimulating 
voltage delivered is a modified capacitor 
discharge voltage variable as to ampli-
tude, duration, and time of occurrence 
during the sweep. 
With no input from P12, 884-3 is non-

conducting. If Pi2 is adjusted so that 
some fraction of the sweep voltage is 
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impressed on the grid of 884-3, this gas 
triode will break down at some instant 

during the sweep. A larger input will 
cause breakdown to occur sooner. The 
tube remains in the conducting state until 
return of the spot. Thus variation of P12 
will cause breakdown to occur at any 
desired point in the sweep. 
Both breakdown and return to the 

nonconducting state give rise to capacitor 
discharge voltages across Pg. The dura-
tions of these are determined by the time 
constant of the discharge, or coupling, 

circuit and are made some suitable value. 
The voltage due to the breakdown, 
modified in some detail, is used as the 
stimulating voltage; the other voltage, 
(lue to the return to nonconduction, is in 
the opposite direction and is suppressed. 
The voltage pulse due to breakdown 

may be made to occur at any position of 
the spot during its sweep, and that posi-
tion is independent of sweep speed. 
Partial suppression of the undesired pulse 
and phase inversion of both pulses is 
accomplished by feeding the voltage from 
Pg into one section of 6C8G-2, which has 
zero bias on its grid. Partial suppression 
results for the undesired pulse, since it 
drives the grid positive; the desired pulse 
drives it negative. If desired, the peak 
of the desired pulse may be clipped by 
adjusting P, to drive the grid beyond cut-
off on the peak. 
The final modification is performed by 

the second section of 6C8G-2, which is 
operated at any desired point beyond 
cutoff by means of P5. The undesired 
pulse is now negative and is completely 
suppressed, because it only serves to drive 
the tube still farther beyond cutoff. The 
only portion of the desired pulse that is 
amplified is that driving the grid posi-
tive from cutoff. This accomplishes 
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the abolition of the exponential discharge 
beyond the desired point. Increase in 
the negative bias causes cutoff of the pulse 
at an earlier time and shortens the dura-
tion of the pulse. The output is fed 
through T1, a matching transformer, and 
the amplitude is controlled by Pg. It is 
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essential that T1 be well shielded electro-
statically between primary and secondary, 
so that the capacitive coupling between 
them is reduced to a minimum. 

Harold Goldberg, Synchronized Voltages for Bio-
electric Research, Electronics, August, 1941, p. 30. 

Crystal-controlled R-F Generator for Diathermy or Industrial Heating 

Tma is a prototype r-f heating unit that 
complies with FCC requirements by 
means of crystal control. The basic 
diathermy circuit described can be modi-
fied for lower poiver or industrial heating 
applications. 
The crystal oscillator tube is a 6AG7 

operated in a circuit in which the grid-
screen section is used as a triode Pierce 
oscillator. The plate circuit of the 6AG7 
is tuned to the second harmonic of the 
crystal frequency, where sufficient out-
put is obtained to excite the following 
6L6 doubler stage. 
A frequency multiplication of two is 

obtained in the 6L6 stage, with sufficient 
output to drive the final amplifier. 
The output stage operates as an ampli-

fier at 27.32 mc, and is capable of deliver-
ing a power output in the neighborhood 
of 500 watts, which is more than is 
normally required for therapeutic pur-
poses. Adjustment of the power output 
is made by means of a continuously 
variable autotransformer controlling the 
primary voltage delivered to the high-
voltage power supply. Plate voltage for 
the 4-250A is supplied via a shunt-feed 
r-f choke, to allow (1-c grounding of the 
plate tank circuit. Screen voltage for 

the 4-250A is taken from the plate supply 
via a dropping resistor, so that plate and 
screen voltages vary together when the 
supply voltage is varied. 

Coupling between the amplifier plate 
tank circuit and the applicator leads is by 
means of st balanced T network connected 
to a single-turn loop placed near the tank 
coil. With the inductance values indi-
cated, the matching network is capable of 
providing adequate loading for the ampli-
fier for all normal applications, using 
applicator pads with 4-foot leads. The 
pickup loop is fixed in position approxi-
mately 3 inch from the grounded end of 
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the plate plate coil. The variable capacitor in 
the coupling network is tuned for maxi-

mum current at the generator end of the 
applicator leads, as indicated by a single-
turn loop and panel lamp loosely coupled 
to the output leads. The output indi-

cator lamp is located on the panel between 
the output jacks. 

TIME DELAY 
RELAY 

.1 

Two parallel l 00-if per section split-
stator capacitors are provided in the 
matching network. However, one of 
these is used for padding purposes, and 
it need not be adjustable from the panel. 
It has been found unnecessary in practice 
to retune the final amplifier capacitor if 
the load-matching circuit is simply tuned 

6,000V 
300MA 

411 

866 A 

C.-

6664 

HIGH-VOLTAGE 
RECTIFIER 

for maximum output in each application. 
All tuned circuits preceding the power 

amplifier plate are located under the 
chassis, to prevent coupling around the 
4-250A. The 6L6 must have a metal 
envelope. 

R. L. Norton, Crystal-controlled Diathermy, Elec-

tronics, October, 1946, p. 113. 

Ten-kilowatt R-F Heating Generator Using Grid-controlled Rectifiers 

Fon power outputs in the range from 5 
to 100 kw, this thyratron rectifier arrange-
ment offers a saving in space and cost over 
other methods of achieving smooth, 
continuously variable control of power 
output, and in addition has the advantage 
of being adaptable to automatic process 
control and rapid on-off cycling. 
By making the bias sufficiently negative 

to prevent conduction and by then 
momentarily lowering the bias below the 
critical value, conduction may be started 
at any time during the positive half cycle 

of plate voltages. Once started, con-
duction continues until the a-c plate 
voltage goes to zero. Because of this, a 
short pulse, or even a sine wave, may be 
superimposed on the bias to initiate 

conduction. The phase of this pulse 
with respect to the plate voltage is shifted 
to start conduction at any point in the 
positive half cycle, giving full control of 
the average rectifier output voltage. 
A small wound-rotor motor makes an 

ideal manual phase shifter. Resistance-
reactance networks may also be used. 
Substitution of a vacuum tube for one of 
the resistance elements of such a network 
permits automatic control by phototubes, 
thermocouples, or similar heat indicators 
for process control. Keying the low.. 
power grid-voltage supply allows rapid 
cycling of the full power output for 
automatic repetitive operations. 
A three-phase full-wave grid-controlled 

rectifier in the circuit shown supplies 

9,500 volts at 2 amperes for a 10-kw r-f 
generator. Three type 872A diodes are 
used in the negative position and three 
WL678 tubes serve as controlled thyra-
trons in the positive position. Since the 
cathodes of the three thyratrons are all at 
the same potential, a single bias rectifier 
may be used. This rectifier is assembled 
on a small chassis insulated from the 
grounded metal frame. Power to operate 
the bias rectifier is supplied through an 
insulating transformer. Insulation be-
tween the high d-c voltage and the a-c 
grid-voltage supply is also obtained 
through an insulating transformer. A 
small wound-rotor motor is used as a 
manual power control and gives a continu-
ous adjustment of plate voltage from zero 
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to maximum. A small relay may be con-
nected between the phase shifter and the 
grid transformers for rapid on-off cycling. 
At this point in the circuit the relay con-
tacts have to handle only 15 milliamperes 
at 115 volts. 

Aside from the fact that thyratron 
tubes are more expensive than phanotrons 

630 

1 
2 20,000 

1,600 

PLATE 
CHOKE 

STABILIZING 
COIL 

889-R 
OR 

WL-492-R 

0.01 

3.200 

0-500 MA 

GRID 
OVERLOAD 
RELAY 

of comparable rating and that a bias 
supply and grid-control voltage must be 
provided, the chief disadvantage is the 
wave form produced with phased-back 
operation. This wave form is difficult to 
filter and, if not filtered, it has a peak 
voltage output much higher than the 
average voltage. 

10.075 

TANK 
COIL 

0.01 

0.0085 

10 

0.00011 

0.01 -r 

0.01 

/OE 

R-F 
OUTPUT 

When the wave-form effect can be 
tolerated, and it usually can be, a number 
of real advantages are available from the 
use of thyratron rectifiers for r-f heating 
oscillators. 

Bruce Boyd, Grid-controlleOEI Rectifiers for 
Heating, Electronics, October, 1946, p. 125. 

Versatile RC Oscillator with Output up to 180 Kilocycles 

Tins circuit is an all-purpose RC 
oscillator and amplifier for medical and 
other research, providing a frequency 
range from 1.8 to 180,000 cycles with 
provisions for varying the wave form, 
for obtaining exponentially rising cur-
rents, and for obtaining surging direct 
currents. Although the instruinent was 
developed for electromedical purposes, its 
application is by no means restricted to 
the medical field and useful industrial 
applications may be found. 
The unit was designed primarily for 

studying the electrical excitability of 
normal and paralyzed muscle and to 
determine optimum current forms of 
stimulation of such muscle. It consists 
essentially of two main units, an oscillator 
and an amplifier, served by two power-
pack circuits. 

The two-tube RC oscillator employs a 
circuit that is conventional, except that 
frequency adjustment is accomplished by 
variation of the resistance branches of the 
frequency-determining RC bridge to cover 
a relatively wide range of frequencies on a 
single scale. Lower frequencies down to a 
fraction of a cycle per second can be 
obtained with the equipment. 
Frequency multiplication is obtained 

by changing the values of the fixed 
capacitors in both capacitance arms of 
the frequency-determining bridge. Four 
scales in decimal multiples cover the 
entire frequency range. In each range 
the ratio of the maximum to minimum 
frequency is 100 to 1 (1.8-180, 18-1,800, 
180-18,000, 1,800-180,000). A wide fre-
quency band can be explored in each 
range. 

A variable feedback control is provided 
between the first and second tubes to 
secure stable oscillation over extreme 
frequency ranges and to change the wave 
form. Variable feedback allows the arbi-
trary setting of any wave form between a 
squam wave and a sinusoidal wave. The 
change in amplitude that necessarily 
must accompany change of feedback in 
certain regions can be compensated 
for by the use of the volume control 
between oscillator and amplifier. 
A switching arrangement in connection 

with a terminal block between oscillator 
and amplifier allows a choice between 
oscillator input and that from an outside 
source. 
The amplifier input stage contains two 

type 76 tubes, one serving as a phase 
inverter and the other as a voltage ampli-
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parallel. The phase-inverting stage and 

the output stages are so balanced that 
for zero voltage across tue input terminals 
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components in the output stage are zero. 
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is the differential current of the two push-
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output currents in which a d-c component 
is superitnposed upon the alternating 
current. 

The output leads of the final amplifier 
are in series with a d-c milliammeter 
and a thermocouple-type a-c instrument. 
When impressing symmetrical voltages on 

the amplifier input, the d-c instrument 
will show zero reading for any value of 
alternating current indicated by the 
thermocouple instrument. Similarly, any 

d-c component that is imposed upon the 

6L6 6L6 

100,000 

6L6 

100,000 

output by means of the rheostat R1 is 
indicated both as to amplitude and 
polarity by the zero-center instrument. 
This instrument also indicates the degree 
of asymmetry of wave forms. The 
meters thus provide a quick check of wave 
forms, to supplement the oscilloscope 
ordinarily across the output. 

Eugene Mittelman, Fred S. Grodins, and A. C. Ivy, 
Wide-range Electronic Generator, Electronics, De-
cember, 1943, p. 132. 

Stable Beat-frequency Oscillator with Audio Output Range of 1 to 1,000 Cycles 

THIS beat-frequency oscillator has an 
almost constant output voltage and a 
multiple range of voltage and impedance 
output. It exhibits no locking-in tend-
encies, has an excellent wave form, and 
gives appreciable output at 1 cycle per 
second. It makes use of inherently stable 
electron-coupled oscillators, symmetry in 
the physical layout with respect to inter-
nal heat, and electrical symmetry of the 
oscillator inductances. 
Another element used to stabilize the 

oscillators electrically is a highly capaci-
tive LC circuit. The additional capaci-
tance, which may be either a mica 
dielectric or an air dielectric capacitor, is of 
value for another reason—the fact that a 
trimmer capacitor on the fixed-frequency 
oscillator will not produce a large per-
centage of change in capacitance of the 
resonant LC circuit. 
The bandspread feature of this beat-

frequency oscillator depends upon the 
trimmer capacitor. It varies the fre-
quency of the fixed-frequency oscillator 
from 169 to 170 ke, which gives a change 
in the audio output of 1,000 cycles re-
gardless of the difference frequency 
already produced. 

The trimmer saves the expense of a 

tapered variable capacitor on the variable 
oscillator. The output of the fixed-
frequency oscillator is fed into a resonant 
circuit that filters out the harmonics and 
gives a sine-wave output over the 169-
to 170-ke range. The resonant circuit 
is necessary to prevent superflous beat 
notes that would otherwise be produced. 
The variable-frequency oscillator con-

tains a 500-Auf variable capacitor. The 
inductance coils of the oscillators may be 
designed for the a-f range desired, the 
only limitation being the fact that both 
oscillator inductances must be identical, 
physically and electrically. To obtain 
good wave form, the fixed-frequency 
oscillator signal is strong and of constant 
output while the variable-oscillator signal 
is rather weak. This results in favorable 
wave form as well as constant voltage out-
put over the entire frequency range. The 
tubes used in the oscillator are metal; 
hence the only shielding necessary is that 
directly over the oscillator inductances. 
The transformer (7') is an i-f three-

winding type whose adjustment is not 
critical so long as the primary resonates at 
169 to 170 ke. Balanced detection is 

especially adaptable because there is no 
tendency to lock-in at low audio fre-
quencies. This detector affords an ap-
preciable output, approximately 1 volt 
at intermediate frequencies. 
The plate resistance of the detector is 

used as the terminating input resistance 
in the filter design, and the filter is termi-
nated into the plate load resistors. 
Coupling capacitors C4 are 0.5 µf each, 
and even though they ofTer a high resist-
ance at low frequencies, 5 volts may be 
obtained at one cycle with an infinite 
terminating impedance. 
The filter design is of the usual pi-

section type, and is necessarily in both 
halves of the audio amplifier. When this 
filter is properly designed and terminated, 
it will remove all radio frequencies and will 
help to suppress superfluous beat notes. 
Some designers find it necessary to in-
clude two sections, but this is not 
necessary if the design and terminating 
resistors are correct. 
A dual volume control is in the input 

of the first amplifier stage. The output 
of this amplifier may complete the oscil-
lator, as 10 or more volts may be obtained 
between 100 and 12,000 cycles. 
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voltage output and a choice of imped-
ances. The 6F6 is normally used as a 
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relatively high, and hence it was con-
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put impedances. 
In place of automatic volume control, 

a simple vacuum-tube voltmeter using 
a 6E5 tuning-eye tube ensures a constant 
output independent of frequency. The 
output is adjusted to the desired level 

by the calibrated control on the vacuum-
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tube voltmeter, and the eye is closed by 

the volume control on the beat-frequency 
oscillator. Adjustment is normally re-
quired only over the low-frequency 
range. 

C. W. Caldwell and C. W. Harrison, A Modern išeat 

Oscillator, Electronics, November, 1939, v. 50. 

Wide-range R-F Signal Generator for Visual Alignment of Receivers 

IN this f-m signal generator for r-f and 
i-f alignment using an oscilloscope, the 
center frequency is continuously variable 
from zero to 60 nic, and the total fre-
quency sweep from zero to 1.1 me. There 
are no moving parts in the frequency 
modulator, and by plugging in audio 
frequency, the oscillator may be fre-

quency-modulated with sine-wave signal, 
or program, for testing frequency-modula-

tion receivers. A pyramid wave of 130-
cycle voltage may be taken off from a jack 
for testing other equipment. 
A 6SC7 relaxation oscillator in the first 

circuit generates a square wave, which is 
clipped and integrated in the 6J7 stage to 
form a pyramid wave. This wave is ap-
plied through a 6C5 buffer amplifier to 
the electronic reactance-tube circuit in the 
second diagram, which is similar to those 
used to control the oscillator frequency in 
a utomatic-f requency-control circuits. 
The type 1353 control tube gives a 

pyramidal undistorted frequency modu-
lation of 550 kc peak to peak on the 30-inc 
oscillator frequency. The oscillator out-
put passes through a frequency doubler, 

the output of which is 60 inc modulated 

1.1 mc total. This signal is then mixed 
with a signal whose frequency is manually 

variable from 60 to 120 me, resulting in 
an output frequency variable from 0 to 60 
mc without affecting the modulation. 
The output wave of the relaxation oscil-

lator is actually far from square, but 
sufficient voltage is applied to the clipper 
tube to cause a square wave of plate 
current to flow in the plate circuit. This 
square wave of current, flowing through 
the parallel combination of a resistance 
and a capacitance that has small imped-
ance at the fundamental frequency, results 
in a pyramid wave of voltage. A type 
6C5 tube, with its load in the cathode cir-
cuit in order to obtain low impedance and 
low distortion, supplies the pyramid wave 
to the control tube. When audio volt-
age is plugged into the external modula-
tion jack, it goes to the grid of the 6C5, 
automatically disconnecting the pyramid-
wave input. 

Synchronizing voltage to lock the 
cathode-ray oscilloscope sweep in with 
the frequency sweep, in the proper phase, 
is obtained from resistor RI through 
In the double-trace system of alignment, 

which is most generally used, the cathode-
ray sweep frequency is twice the pyramid-
wave frequency. This gives a pattern 
consisting of two superimposed selectivity 
curves, one of which goes from low to high 
frequency and the other from high to low, 
as the spot inoves from left to right. This 
necessitates a synchronizing pulse every 
half cycle. Since R1 is common to the 
plate circuits of both triodes in the relaxa-
tion oscillator, the voltage across it will 
have the necessary double frequency. 
Fortunately the pulse of current in R1 as 
one triode fires and the other cuts off is 
quite adequate to synchronize the oscillo-
scope. Since this pulse occurs exactly 
at the end of a half cycle, the phase is also 
correct. 
No capacitance other than that con-

tributed by the tubes and wiring is used 
across the tank-circuit inductance L2 

that serves as the secondary for LI. 
This high L/C ratio is necessary in order 
to obtain the large frequency variation, 
since the number of mieromicrofarads that 
the control tube can simulate is limited. 
The components C1, RI, and L1 serve to 
shift the phase of the tank-circuit voltage 
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so that the voltage at the grid of the control 
tube is 90 degrees ahead of the tank volt-
age. This causes the plate current of the 
control tube also to be 90 degrees ahead 
of the tank voltage, and the tube there-
fore looks like a capacitor and changes the 
frequency accordingly. The pyramid-
wave voltage being also applied to the 
grid of the control tube, there is a varia-
tion of mutual conductance in accordance 
with the pyramid wave so that the effec-
tive capacitance varies in a like manner. 

After frequency-doubling and amplify-
ing, the f-in signal is mixed with the man-
ually variable signal in a 611 mixer to 
provide the output signal. 
The tuning dial is directly calibrated in 

mean output frequency, but since it is 

impractical to make this highly accurate, 
it is necessary when aligning circuits to 
a particular desired frequency to use an 
auxiliary accurately calibrated oscillator 
or signal generator. If its output is 
connected in parallel with the output 
of the visual-aligmnent equipment, 
the pattern will contain a zone in which 
the two signals are of nearly enough 
the same frequency to produce a visible 
beat. At the center of this zone will 
appear a point of zero beat, at which point 
the modulated frequency is equal to the 
fixed frequency. If the fixed frequency is 
set to the desired value and the tuning of 
the visual-alignment equipment varied 
until the zero-beat points on the two 
traces coincide, then the circuit will be 
aligned at the desired frequency when the 
traces coincide. 

H. F. Mayer, A Visual Alignment Generator, Elec-
tronics, April, 1940, p. 39. 
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Stabilized Oscillator Using Automatic-frequency-control Circuit 

NEGATIVE feedback can be applied to 
the self-stabilization of an oscillator as 

shown in the diagram. The oscillator 
feeds a frequency discriminator, thus 
applying a voltage varying with frequency 
to a frequency control that in turn changes 

the oscillator frequency. The discrimina-
tor control operates in such a direction as 
to oppose any change in the frequency of 

the oscillator. 
It is possible for the discriminator to 

operate on a multiple, or submultiple, of 
the oscillator frequency, or the dis-
criminator can be operated on some inter-
mediate frequency by means of a stable 
heterodyne oscillator. 
The oscillator is an electron-coupled 

arrangement and operates on a frequency 
in the neighborhood of 470 kilocycles. 
The control tube acts in such a manner 
as to vary the inductance in the LC cir-
cuit, thus tending to vary the oscillator 
frequency. The effective inductance is 
approximately L(1 g.li) where g,„ is 
the mutual conductance of the control 
tube. R is small, of the order of 150 
ohms. 
The discriminator operates on the 

oscillator frequency and is of a type used 
in the afc circuits of some broadcast re-
ceivers. C is a small phasing capacitor. 
A measure of the stability is obtained 

by noting the effect of applied voltage 
variation and the drift during warm-up. 

In this arrangement, with maximum 
feedback a 10 per cent variation in the B 
supply or the filament voltage produced a 
maximum change in frequency of 25 parts 
per million. During warm-up, at the 
end of 1 minute the frequency was within 
50 parts per million of the final frequency 
and at the end of 12 minutes was within 1 
part per million of the final frequency. 
Using the oscillator alone, a 10 per cent 
change in the applied voltages changed the 
frequency about 400 parts per million, 
with the changes during warm-up having 
approximately the same proportionate 
increase. The effect of negative feed-
back in this case decreased any oscillator 
frequency instability by a factor of 16. 
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A disadvantage of the described ar-
rangement is that the frequency range 
over which stabilization takes place is less 
than a kilocycle. It is possible, by 
appropriate design, to vary the feedback 
parameters and oscillator frequency simul-
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modulating signal to the frequency con-
trol, thus tending to vary the oscillator 
frequency. 

Samuel Sabaron, Negative Feedback Applied to 

Oscillators, Electronic; May, 1940, p. 32. 

Square-wave Generator for Classroom Demonstration 
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Tuts square-wave generator circuit 

facilitates study of the method of pro-
duction of square waves, and is arranged 
for convenience in studying the distortions 
of square waves that are produced by 
typical networks. 
The apparatus consists of a multivi-

brator section, a clipping section, an 
amplifier, and an output cathode follower. 
The amplifier triode increases the 

amplitude of the voltages fed to it at E. 
Thus the oscilloscope amplifiers, which 
usually have an inadequate range of 
response for such purposes, need not be 
employed. Second, the amplifier's grid 
is never driven to cutoff voltage and it 
presents a resistance to the test network 
that (loes not vary throughout the cycle, 
and which may therefore be included in 

TEST 1 CATHODE 
NETWORKS FOLLOWER 

GND 
o 

6SN7   

100,000 

INTEGRATING NETWORK 

the network computations if desired. 
The test networks are rigidly mounted 

on Bakelite slabs and plugged in to make 
connection at F, G, and II. The output of 
the test network is fed to a cathode fol-
lower, which has the property that its 
output resistance is only a few hundred 
ohms. 
The frequency of the square waves may 

be varied from about 150 to 2,000 cycles 
by means of ganged resistors R1 and R2. 
A calibrated dial gives the approximate 
values of the frequency directly. Various 
test points are provided at A, B, C, D, 
E, or F by bringing leads from these points 
to outlets on the top of the chassis. The 
output cathode follower may then have its 
input terminal II connected to any of 
these test points, and the output voltage 

0.01,uF OR 
200,upF 

100,000 

DIFFERENTIATING NETWORKS 

from the cathode follower can be studied 
with a cathode-ray oscilloscope. 
The student observes the multivibrator 

voltage wave form at the grid A and at the 
plate B. An observation at the common 
cathode connection C shows the double 
frequency of this voltage. Connecting 
to the points I) and E shows the clipping 
actions produced in these two stages. A 
synchronizing terminal is provided so 
that a synchronizing voltage can be in-
jected into the grid circuit of the multi-
vibrator section. The locking-in process 
may then be studied by adding a fraction 
of the synchronizing voltage to the square-

wave output. 

E. H. Green and W. 11. Mais, Rev. Sei. Instruments, 

1947. 
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Pulse-generating Circuit Using V Portion of Full-wave Rectified Wave 
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Tills circuit generates sharp impulses at 
power-line frequency for use in television 
sweep circuits, in grid control of industrial 
thyratrons, and in pulse-transmission 
experiments. 
A 350-0-350 volt power transformer and 

a type 80 rectifier are connected in a con-
ventional full-wave rectifier circuit feeding 
into a 5,000-ohm load. The V-shaped 
portion of the resulting rectified wave is 
utilized as the desired sharp pulse by 
first shifting the rectified voltage wave to 
a new zero axis by means of an 8-µf 
coupling capacitor, which is large enough 
to have negligible impedance. The 
zero-shifted voltage across the 1-megohm 
bleeder is applied to the type 76 triode, 
which acts as a rectifier and alternate 
peak suppressor. Since the voltage on 
the plate of this tube is alternating, the 
tube will conduct only during the portions 
of the cycle when the plate is positive with 
respect to cathode. Furthermore, since 

2500 

100,000 

0.01 

)1-

25,000 
+ 300V 

PULSE 
OUTPUT 

an alternating potential is used on the 
grid, some positive peaks will be passed 
freely while others will be suppressed if 
they arrive at the instant when the grid 
potential is very negative. With this 
arrangement, alternate peaks of the plate 
voltage are suppressed while the remain-
ing ones are passed. This is done by 
shifting the grid a-c voltage 90 electrical 
degrees with respect to the line voltage. 
The grid of the 76 receives a voltage 
sufficient to wipe off alternate peaks. 
The phase shift is accomplished by 

placing network CA in series across a 
6.3-volt winding of the power transformer, 
giving a phase-shifting circuit having 
constant output voltage over a range of 
from 15 to 165 electrical degrees. The 
alternating voltage is applied to the grid 
of the type 76 triode, resulting in a peaked 
output voltage across resistor R2. This 
voltage is next applied to the 6C6 pentode 
biased beyond cutoff. By properly ad-
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VOLTAGE 
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VOLTAGE 

ACROSS R2 

OUTPUT 
PULSES 

YYY 

justing the bias on the pentode, sharply 
peaked output voltage pulses having an 
amplitude of about 100 volts are obtained. 
The (l-c potentials required for the 

plate, screen, and control grid of the pen-
tode are readily obtained from the high 
side of the power transformer by means of 
a separate rectifier. Since the total cl-c 
power required is small, a simple filter cir-
cuit may be used. 
The generated pulses can be applied to 

the controlled circuit at the proper 
instant if the imput to the pulses is 
obtained from the power line through a 
phase-shifting device. A small wound-
rotor induction motor, or a standard RC 
phase-shifting circuit with a 4-µf capaci-
tor and a variable resistor across the trans-
former secondary, may be used for this 
purpose. 

S. P. Sashoff and W. K. Roberts, Simple Pulse 
Generating Circuits, Electronics, September, 1940, 

p. 40. 

Oscillator Acts as Electronic Switch for Life Tests of Relays 

Tins electronic circuit for life tests of 
relays eliminates problems of mechanical 
contactors, such as the speed of inter-
ruptions, the chatter of interrupter con-
tact, and the electrical noises that the 
contacts set up in the a-c line. 
The 6SJ7 tube oscillates at the fre-

quency at which it is desired to operate 
the test set. This oscillating frequency is 
determined by the RC tank circuit that 
serves as a modified long line, or phase, 
rotator. Each RC section of the tank 
produces a phase rotation of somewhat 
less than 45 degrees, and therefore the 
four sections included in the tank rotate 
the phase at the particular frequency 
of oscillation somewhat less than 180 
degrees. 
The impulse coming from the plate and 

rotated in phase by the filter is fed to the 

grid of the same 6SJ7, thereby producing 
the condition necessary for oscillation. 
With an oscillating circuit of this type 

little difficulty is experienced in producing 
oscillations as low as 1 cycle per minute. 
The oscillating signal produced by the 

6SJ7 feeds a 6N6 output tube with a peak 
plate current at zero bias in the order of 
80 milliamperes. This plate current 
saturates the cores of two step-up trans-
formers, the primaries of which are 
connected in series with the 110-volt a-c 
line and the relay test panel. The 
secondaries, in the plate circuit of the 
6N6, are so connected that whatever volt-
ages are induced because of the voltage 
across the primary cancel each other. 
The use of these saturated chokes to key 
the a-c line proved very satisfactory. 
Fifteen watts of direct current dissipated 
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in a properly designed choke system of 
this type can key well over a kilowatt of 
alternating current. 

S. Bagno, An Electronic Relay Tester, Electronics, 
September, 1940, p. 44. 
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Crystal Frequency Comparator Using Two Oscillator Circuits 

WITH this circuit, the frequency of 
quartz crystals is continuously moni-
tored while they are being plated with 
gold to lower their resonant frequency. 
It consists of an oscillator circuit, for 
the crystal under test, a standard crystal 
oscillator, a mixer, and an audio amplifier. 
The crystal unit is ground to a frequency 

roughly up to 300 cycles too high. lt is 
then placed in a small evaporator housing 
and evacuated while connected to the 
comparator circuit. A filament switch is 
then turned on, causing gold to be 
evaporated and deposited onto the crystal 
unit. The filament button is held down 
as the beat frequency gradually lowers to a 
growl and finally stops at zero beat. The 
evacuation time is a matter of seconds, 

as also is the actual plating time. 

Quartz Crystals, Section of Report on IRE Winter 

Meeting, E/ectronics, March, 1946, p. los. 
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Pulse-modulated Oscillator and Clamping Circuit for Amplifier Testing 

A CIRCUIT for generating a train of sine 
waves in which the first cycle is identical 
with the following cycles is shown. The 
train may be initiated from an outside 
trigger and may therefore operate over a 
wide range of pulse-repetition frequency. 
Large peak-to-peak amplitudes are avail-
able, which require but small power 
input. 

Frequency of waves in the train can be 
20 mc and higher and still have a sufficient 
amplitude for direct deflection of a 5-
inch cathode-ray-tube beam or for direct 
intensity modulation. 

Three tubes are employed, a shock 
tube VI, a clamp tube V2, and an oscil-
lator tube V3. The shock tube V1 has 
th characteristic of being able to pass 
large surges of current (in excess of 5 
amperes) for a short interval and then 
remain in the ready state with the passage 
of a small current (in the order of micro-
amperes). Clamp tube V2 has the 
characteristic that its resistive impedance 
from cathode to ground, which is in 
parallel with the tuning coil of the 
oscillator, is very high when the tube is 
nonconducting (control grid biased nega-
tive) and very low (about 300 ohms or 
less) when the tube is conducting. Oscil-
lator tube V3 is permitted to oscillate or 
prevented from oscillating by the clamp 
tube by virtue of the tube resistance that 
shunts the tuned circuit. 

In operation the circuit is in the ready 
state when C2 is fully charged through 
R3 to the supply potential. Tube V2 is 
conducting, and tube V3 is therefore in 
the nonoscillating condition. 
When it is desired to set off a train of 

oscillations each of the same amplitude, 
a sharp positive pulse is applied to the 
thyratron grid through RIC], causing the 
gas to ionize and C2 to discharge through 
the interelectrode space and the pri-
mary of the high-frequency transformer. 
Simultaneously with the positive pulse on 
the thyratron grid, a negative gate is 
applied to the grid of the clamp tube 
through C3R4, causing the clamp tube to 
become nonconducting and permitting 
oscillations to build up. 

Oscillations will therefore not have to 

build from low amplitude gradually, but 
can be equal or even larger than succeed-
ing oscillations. 

When the positive pulse that was 
impressed on the thyratron grid decays, 
the gas tube deionizes by virtue of R3C2 in 
the plate circuit, and the tube disconnects 

itself from the circuit except for the 
cathode-to-ground capacitance across the 
tuned circuit. Oscillations will continue 
until the negative gate on the clamp-tube 
grid is removed, permitting the clamp 
tube to become conducting and thereby 
quickly damping the oscillations. 

Rate of decay is determined by the 

IG6 

10.025 
MEG 

+90V 

magnitude of the resistance the clamp 
tube shunts across the tuned circuit. 
Type 64, which has a very high value of 
transconductance, will damp the oscilla-
tions faster than will type 6C4. (In all 
cases decay time may be longer than rise 
time.) Meanwhile C2 will be recharging 
through R3 preparatory for the next 
cycle of operation. With a positive plate-
voltage supply of 150 volts, it is possible 
to obtain as much as SO volts peak to peak 
at 20 mc. 
The circuit as shown is capable of 

operation at pulse-repetition frequencies 
ranging from less than 1 cycle per second 

to slightfy over 5,000 cycles. Total 
average plate-current consumption of the 
three tubes does not exceed 10 milli-
amperes at the highest frequency of 
operation. 
Some necessary precautions for ob-

taining optimum performance are the 
following: 
The positive trigger that actuates the 

thyratron grid should have a steep rise, 
preferably in the order of 1,000 volts per 
microsecond. 
The negative gate which actuates the 

clamp tube must rise quickly enough so 
that the clamp-tube current is cut off at 
the same time that the gas tube fires. 
The transformer primary must be con-

nected to the cathode of the shock tube 
by short leads. The primary must be 
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closely coupled to the secondary, with the 
primary turns numbering one-half of the 
secondary turns, approximately. 

R7 is adjusted for flattest topped wave 
trains. 

R2 should be of sufficient resistance to 
limit peak current in the thyratron to a 
safe value as specified by the manu-
facturer. R2 may be used to determine 
the initial amplitude of the generated 
sine-wave train. 

Allan Easton, Pulse Modulated Oscillator, Electronics, 

March, 1917, p. 124. 
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Sine-wave Oscillator Using Gas Discharge Tube 

Tills oscillator circuit is simple and 
convenient and overcomes to a large ex-
tent some difficulties experienced with 
vacuum-tube and tuning-fork generators. 
It consists of the intermittent glow dis-
charge circuit with an inductance inserted 
in the capacitor arm. Oscillations take 
place due to the difference between the 
striking and extinction potentials of the 
glow discharge tube. The cl-e voltage 
supply charges capacitor C through 
resistance R until the voltage across 
the tube reaches the ignition, or strik-
ing, potential. The glow discharge then 
takes place, and the capacitor discharges 
through the tube until the voltage across 
the tube drops to the extinction potential 
and the glow discharge ceases. The cycle 
then repeats itself at a frequency deter-
mined by the constants of the circuit. 

Capacitor C2 blocks out the d-c compo-
nent and its size depends upon the 
frequency range desired. For large values 

of C2, R2 should be made large (2 to 5 
megohms) to prevent C from affecting 
the frequency. Rectified alternating cur-
rent may be used for the d-c voltage 
supply when maximum constancy of fre-
quency is not essential. Even then, 
however, ordinary 2 to 5 per cent line-
voltage variations will not seriously affect 
the frequency. 
For commercial glow lamps of the 110-

volt type, the extinction and striking 
potentials lie about 10 volts apart. 
Although this value is reduced when dis-
charges take place in rapid succession, 
there is still a considerable voltage swing 
on the capacitor due to series resonance, 
so that the effective voltage across R2 is 
roughly W to 12 volts or more. 
To ensure maximum purity of the out-

put wave, it is best to shield the amplifier 
tube from the oscillator. Due to the high 
harmonic content of the current in the 
outer branch circuit of the oscillator, the 

1-80V  

F=20MC 

amount of pickup, even at audio frequen-
cies, may otherwise become objectionable. 
By making either the inductance or the 

capacitance variable, a constant-fre-
quency generator of large frequency range 
is obtained. However, for large changes 
in capacitance or inductance, it becomes. 
necessary to readjust the value of the 
applied voltage to ensure that the oscil-
lator is operating on the flat portion of the 
frequency-voltage curve. 

Winston E. Kock, Generating Sine Waves with a 

Gas Discharge Tube, Electronics, March, 1935, p. 92. 

Switch-tube Control Circuit for Hartley Oscillator 

ABRUPT starting and stopping of a 15-
mc Hartley oscillator for the production of 
microsecond pulses is achieved here by a 
switch tube VT1 whose cathode circuit is 
completed through the slug-tuned oscil-
lator coil. 

In effect, VT1 functions as a variable-
impedance load that shunts the tank coil 
of the oscillator. When the switch tube is 
conducting, the low effective shunt value 
will prevent sustained oscillations. If 
this effective value is of such magnitude 
that it will critically damp the tank coil, 
oscillations will die out very rapidly as 
V7'1 begins to conduct. 
In operation, a negative pulse is applied 

to the control grid of the switch tube. At 
the beginning of the pulse, the sudden 
decrease in cathode current will shock-
excite the oscillator and ensure a rapid 
build-up of oscillation. As the pulse 

passes, VT1 begins conducting and quickly 
damps all oscillation. This circuit is 
capable of responding not only to a 
square negative pulse but also will follow 
the shape of any negative pulse impressed 
on the grid of the switch tube. 
An alternate explanation of the switch-

tube action can be based on magnetic 

fields. When the switch tube is conduct-
ing, a steady magnetic field around the 
oscillator coil will prevent oscillation; 
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when the switch tube is cut off, the collapse 
of the magnetic field will initiate oscilla-

tion of VT. 

Finn J. Larsen, Ultrasonic Trainer Circuits, Elec-

tronics, June, 1946, p. 120. 
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Automatic Amplitude Control for Variable-frequency Oscillators 

ADJUSTMENT of the frequency of oscil-
lators by varying the capacitance or 
inductance of the tuned circuit is common 
practice, but without some stabilizing 
means the amplitude of the oscillation 
usually varies, sometimes considerably, 
as the frequency is changed. 
A practical circuit used to hold the out-

put voltage constant of a multirange 
oscillator covering frequencies from 30 kc 
to 9 inc is shown. The grid-cathode 
portion of VT-1 is used as a diode. Only 
a small fraction of the oscillating voltage 
is transmitted to the grid of V7'-2 by 
means of the capacitive voltage divider 
CiC2. Tube VT-3 is used also as an 
electronic voltmeter, and the oscillating 
voltage across C2 is indicated on meter MA. 
The bias of the cathode of VT-3 should 

be adjusted until maximum stabilization 
is obtained. If the cathode should be 
given a positive potential greater than the 
maximum oscillating peak voltage, there 
will be no control at all, as the tube will 
always have an infinite impedance. By 

making the cathode progressively more 
negative, the control increases until 
some point is reached at which the load on 
the tuned circuit, at the peaks, becomes 
so great that the control is maximum and 
the amplitude of the oscillating voltage 
starts to decrease rapidly. The best 
operating point will be just before this 
occurs. 
With the circuit as described and ad-

justed in the manner just explained, it is 
possible to maintain the oscillating volt-

age constant within a )out 1 per cent, 
whereas it would vary by perhaps 200 
per cent without any control. 
The circuit has been tried with five 

different coils in order to cover the 
frequency band from 30 kc to 9 mc, and 
for each coil the stabilization was found 
perfect. 

M. M. Levy, J. Brit. Inst. Radio Eng., March—May 

1944, abstracted as Automatic Amplitude Control for 

Variable-frequency Oscillators, Electronics, Septem-

ber, 1944, p. 252. 

Three-tone Audio Oscillator for Use with Electronic Gage 

THE simple circuit shown provides 
audible signals to supplement indications 
of lamps of an electronic gaging system 
for such objects as ball bearings and other 
precision parts. The oscillator circuit is 
controlled by relays connected to the 
red, green, and orange indicator lights. 
For objects within acceptable limits, the 
normal frequency of the oscillator is heard. 
For oversize parts, a relay adds a 0.01-µf 

capacitor to the oscillator to provide a 
second frequency, while for an undersize 
part another relay adds a 0.005-12f capaci-
tor for the third tone. The arrangement 
was originally developed to permit use 
of blind workers for precision gaging 
operations. 

Precision Gaging by Blind Workers, Electronics, 

October, 19.15, p. 156. 
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Simple Battery-operated Pulse-generating Circuit Using Cold-cathode 

Tins circuit provides an economical 
source of pulses when battery operation is 
necessary. 
When the circuit is placed in opera-

tion, the battery voltage charges capaci-
tor CI through resistor R5. As the 
capacitor charges, the voltage drop pro-
duced by current flow through R5 de-
creases, and the grid of the cold-cathode 
gaseous triode tube becomes more positive 
with respect to its cathode, eventually 
firing the tube. When the tube fires, 
anode current flows through the primary 

of the output transformer until the anode 
circuit is opened by the interrupter 
(operated by magnetic flux generated in 
the primary of the transformer). Voltage 
pulses thus appear across the secondary 
of the transformer, and then may, for 
example, be used to energize an electric 
fence. The rate at which the pulses are 
produced may be varied by adjusting 
the value of Rr and thus changing the time 
required to charge C1 and to discharge it 
through the grid-cathode path when the 
tube fires. Capacitor C2 ensures proper 

Tube 

INTERRUPTER 

saturation of the output transformer. 

Lyman E. Greenlee, Simple Pulse-Generating Cir-
cuits, Electronics, January, 1943, p. 118. 
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Rectangular Pulse Generator with Frequency, Amplitude, and Length Controls 

ALTHOUGH designed specifically for 
shocking rats in studies of anoxia, this 
pulse-generating circuit has many appli-
cations. It supplies a unidirectional 
rectangular current pulse of variable 
frequency, amplitude, and length. Each 
of these variables is independent of the 
others, and the amplitude is independent 
of load resistance. 

Direct coupling permits operation at 
very low frequencies. Separate heater 
transformers must be used for each tube. 
Because of the small power requirements 
of the circuit, a voltage-doubler power 
supply is used. If electrolytic capacitors 
are used for C2, C3, C4, and C5, they 
should have working potentials of 600 
volts and be shunted by 0.25-megohm 
resistors to equalize their leakages. 

Voltage-regulator tubes maintain all 
voltages sensibly constant for the direct 
coupling and ensure independence of the 
controls. Tubes 7'4 and 72, together 
with their associated circuits, constitute 
a saw-tooth generator that can be used to 
supply the sweep voltage for cathode-
ray tubes. A large capacitor of good 
quality for C 1 will permit frequencies as 
low as one cycle in several minutes to be 
generated. The circuit will operate as 
high as 20,000 cps. 
The 6FSG duotriode constitutes a 

cathode-coupling stage from the saw-
tooth generator and an amplifier that 
triggers the 8S4 switching tube. The 
rectangular output of this tube is amplified 
by the 6L7G pentode, which, because of its 
high plate resistance, provides a constant-
current output for the pulse generator. 
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The pulse is controlled by variable re-
sistors. 50,000-ohm Rs controls length of 
the nonconducting portion of the cycle by 
varying both the bias and signal applied to 
the second 854. By varying Rs, the 
amplitude of the stimulus applied to the 
subject can be varied from zero up. 

Pulse frequency is controlled by Ri; 
several values of C 1 can be used to change 
the range. Because cathode coupling is 
used from the saw-tooth generator, the fre-
quency control can be reliably calibrated. 

Because the circuit is direct-coupled, all 
constants are critical. The cathode-
coupler amplifier must first be adjusted. 
With an oscilloscope across R5, controls 
Rs and R4, are varied simultaneously 
until a saw-tooth wave of maximum 
undistorted amplitude is seen. 
The setting of R5 depends upon the 

required range of pulse length. The 
shortest pulse length obtainable with this 
circuit seems to be M o cycle; there is no 
limit to maximum length. 
The frequency control may be cali-

brated using a low-frequency oscillator 
and an oscilloscope. The amplitude 
control is calibrated by putting a d-c 

VR105 V+R381005V-4 +465VP (l72,000) 0 W 

milliammeter in series with a fixed re-
sistor of the approximate impedance of 
a subject across the output. The cathode 
lead of T5 is opened. Output current 
now flows continuously and Rs can be 
calibrated directly from the milliammeter 
reading. The series resistor is used to 
duplicate operating conditions. The pen-
tode can be considered a constant-current 
source so long as its plate potential is 

greater than 100 volts. 
The pulse-length control is calibrated 

after RS has been calibrated. With 
the pulse-generator operating normally 
and the milliammeter across the output 
as before, R5 is varied. If, for example, 
Rs is set at 2 ma and the meter reads 0.2 
ma, then current is flowing for M o cycle. 
In this manner R5 is calibrated. 

Because R4, R5, and Rs carry several 
milliamperes of current, it is advisable to 
use wire-wound potentiometers. 
higher frequencies the pulse 
slightly at the corners because 
deionization time of the thyratron. 

At the 
rounds 
of the 

Rollin E. McCombs and Frank C. Walz, Rectangular. 
pulse Generator, Electronics, March, 1946, p. 222. 

Overdriven Resistance-coupled Amplifier Produces 60-cycle Square Waves 

THE circuit diagram of a 
cycle square-wave generator 
It consists of a two-stage 
coupled amplifier. A 60-cycle sine wave 
is applied to the input of the amplifier. 
The positive and negative peaks of the 
sine wave are clipped off by the amplifier. 
The output of the square-wave generator 
can be obtained from either the cathode 
or plate circuit of the second stage. Both 
stages are grid-leak biased. The second 
stage has degenerative cathode bias as 
well. 
The 60-cycle sinusoidal signal applied 

to the grid of the first tube has an ampli-

simple 60-
is shown. 
resistance-

tilde of approximately 150 volts rms. 
This voltage is obtained from the heater 
supply by means of a step-up transformer. 
The transformer is a plate-to-voice coil 
coupling transformer and has a turns ratio 
of approximately 50 to 1. 
The output of the second stage can be 

obtained from either the plate circuit or 
the cathode circuit. The cathode circuit 
provides a low-impedance source of low 
output while the plate circuit provides a 
high-impedance source of high output. 

This simple method cannot be used to 
convert high-frequency audio sine waves 
into square waves because the series grid 
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resistor to the first stage, in conjunction 
with the input capacitance of the first 
tube, forms a lo\v-pass filter. This filter 
causes frequency and phase distortion 

over the range of frequencies included in 
higher frequency square waves. 

Karl H. Martin, A Simple 60-cycle Square Wave 
Generator, Electronics, July, 1941, p. 46. 
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Utilizing Square-wave Principle to Generate Sharp Pulses at Power-line Frequency 

HERE is a simple circuit for supplying 
synchronizing, or keying, pulses at power-
line frequency, having a sharp wave front 
and of short duration, for such applica-
tions as synchronization in television, 
control of industrial grid-controlled gas-
filled tubes, and radio transmissions for 
ionosphere research. 
The circuit operates on the principle 

that simple transients are set up in an 
RC series network when a square wave of 

voltage is applied to its terminals. 
Line voltage is applied to a 6116 double 

diode used as a half-wave rectifier. The 

rectified output across a 50,000-ohm 
resistor is then fed directly to the grid of a 
6SJ7 pentode operating at zero bias. 
The polarity of the signal applied to the 
grid is such that it always drives the grid 

in a negative direction. The 6SJ7 is 
thus very rapidly driven to cutoff and a 
square-wave voltage appears across its 

plate resistor R3. This voltage is applied 
across R2 in series with C1. The resultant 
transient across R2 consists of two sets 
of output pulses, one sharper than the 
other. The circuit thus offers a choice 
between two pulses, which can be sepa-
rated by a diode or biased triode. 
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The presence of the second pulse 
usually is of little importance, since it 
occurs in a direction for which the con-
trolled device may be made inoperative. 
The general pulses are approximately 

triangular in shape. If a flat-topped 
pulse is desired, it can be readily obtained 
by applying the voltage across R2 to the 

grid of a second amplifier in a posi-
tive direction and driving this tube to 
saturation. 

+300V 

VOLTAGE 
ACROSS 

R2 

The width of the desired pulse can be 
controlled by selecting appropriate values 
for C1 and R2. The width of the narrower 
pulse generated for C1 = 0.001 ,uf and 
R2 = 10,000 ohms is of the order of 100 
microseconds. The peak is about 100 
volts. 

S. P. SashoiT and W. K. Roberts, Simple Pulse 

Generating Circuits, Electronics, September, 1940, 

p. 40. 

Microsecond Pulse Generator Using a Thyratron to Discharge a Capacitor 

Tins simple circuit provides sharp 
pulse-type signals of variable duration at 

high repetition rates. It uses a thyratron 
to discharge a capacitor that is recharged 
from a d-c source through a limiting 

resistor. 
For an FG57 thyratron the duration of 

the pulse is determined solely by the 
capacitance of the discharging capacitor. 

After the capacitor value has been 
lowered to a point where the capacitor 
can charge to the applied direct volt-

age, the amplitude of the pulse is pro-
portional to the size of the capacitor. 

Repetition rates between 60 and 900 
per second were found practical with 
smaller tubes such as the 884. Adequate 

shielding from stray fields and from light is 
recommended for the gas tubes, especially 
the more sensitive types, such as the 

2050, 2051, and 2D21. 
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tronics, September, 1944, p. 141 
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Unmodulatecl Test Oscillator for A-M, F-M, and Television 

EIGHT coils arranged for band switching 
in this continuously variable test oscillator 
circuit provide complete coverage from 
100 kc for broadcast i-f alignment up to 
150 mc for f-m and television servicing. 
The first section of the 6.16 double triode, 
connected as a Hartley oscillator, feeds the 
second section operating as a grounded-
grid amplifier, with the plate circuit being 
purely resistive and 500 ohms. The 
oscillator output voltage is thus fed into 
the amplifier triode through a common-
cathode connection in such a way that 

only a very small load is reflected back 
to the oscillator circuit through the 
amplifier triode while the instrument is in 
use, making for excellent stability. 
At 150 mc and 15 per cent feedback, an 

output voltage of 10 volts rms can easily 
be developed across the 500-ohm plate 
load, with slightly higher output voltage 
at lower frequencies. For the six lower 
frequency bands the two tuning capacitors 
are operated in parallel, while for the 
45- to 75-mc and 75- to 150-mc bands the 
larger tuning capacitor is switched out. 

Frequencies 

OSC.COIL 
AND BAND 
SWITCH SOAOEµF 

A rotary coil system is recommended for 
maximum operating efficiency. 

Werner Muller, Test Oscillator for New AM-FM-Tele 
Needs, Electronic Industries, February, 1946, p. 86. 

Single-stage F-M Detector Using Heptode Tube 

THIS circuit uses a special heptode tube 
arranged as an oscillator and phase 
detector, giving a single-stage detector for 
f-m receivers. Output at full deviation 
is 20 volts peak to peak, and response to 
amplitude variation is 50 db less than to 
frequency change. 

The output of the i-f amplifier is applied 
to one of the two control grids of the 
heptode, shown as grid 3, and audio is de-
rived from the plate current of the tube. 

One of the two tuned circuits is con-
nected to the first grid of the heptode, 
while the other is connected to the heptode 
plate. Both tuned circuits are tuned 
approximately to the intermediate fre-
quency, and the plate-tuned circuit is 
damped so as to have a bandwidth ap-
proximately six times that of the useful 
deviation band. 

Because of feedback of energy from the 
electron stream to the input grid, it is 

desirable to drive the detector from a 
source having fairly low impedance. 
Thus a stepdown transformer (having 
an effective turns ratio of about 3 to 1) 
is used at the input. 

The first three elements of the tube, 
together with the tuned circuit B, com-
prise an oscillator. Since the screen is 
bypassed to ground, oscillator voltage 
appears on grid 1 and the cathode. The 
oscillator operates class C, so that the 
space current through the heptode con-
sists of a series of pulses. 

Application of the f-m signal to grid 3 
affects the amplitude of the oscillator 

plate-current pulses, depending on the 
relative phases of signal voltage and 

oscillator current. The plate of the tube 

is coupled through a reactive circuit to 

the oscillator tank circuit. Owing to the 
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resulting phase shift, the plate-current 
pulses constitute a reactive loading on the 
oscillator tank; the oscillator frequency 
will vary with the plate-current pulse 
amplitude and, under proper conditions, 
tim variation will be linear. 
The phase of the incoming signal with 

respect to the oscillator, by affecting the 
plate-current magnitude, affects the oscil-
lator frequency. This causes the phase 
relation to change, tending toward an 
equilibrium phase relation. It follows 
that the oscillator locks into a nearly 
fixed phase relation with the incoming 
signal. The oscillator frequency is con-
sequently the saine as that of the signal. 
But the oscillator frequency is directly 
proportional to the pulse amplitude, which 
alone governs it, so that this plate-current 

component must vary linearly with signal-
frequency deviation. 

Finally, from the fact that the mean 
plate current is proportional to the pulse 
amplitude, it can be concluded that the 
mean plate current (and audio output) 
varies linearly with the signal frequency. 

OUTPUT 

IIE 

El+ 

The width of the pulses is controlled 
by the loading reflected into the oscillator 
circuit by the phasing circuit. No more 
coupling to the phasing circuit should be 
used than enough to give the required 
deviation sensitivity, as excessive coupling 
causes wide pulses. An extremely small 
response to amplitude modulation may 
remain owing to the presence of stray 
coupling between the input signal and the 
oscillator. 
The neutralizing circuit (shown dotted) 

consists of a blocking capacitor in series 
with a nearly self-resonant choke and can 
effectively remove the residual response 
to amplitude modulation when it is un-
economical further to reduce stray capac-
itance. This has not been found to be 
noticeably better under field conditions, 
however, since the unneutralized cir-
cuit has negligible amplitude-modulation 
response. 

William E. Bradley, Single-stage F-M Detector, 

Electronics, October, 1046, p. 88. 
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Single-tube Reactor Oscillator for Remote Frequency Control 

IN remote control of radio receivers it is 
usually necessary to control an oscillator 
over a small tuning range. This is the 
case when adjusting a beat-frequency 
oscillator to obtain the desired a-f output 
or when an adjustment of the frequency 
of the heterodyning oscillator associated 
with the first detector is necessary to 
compensate a frequency drift in the re-
ceiver or transmitter. Compact design 
such as is necessary in mobile equipment 
makes it desirable to use a single tube for 
this purpose. 
The circuit shown is an oscillator and 

reactance-tube control system using a 

single pentode tube. The frequency 
range of the oscillator can be made con-
trollable over a range of at least 2 per cent 
by means of a variation in the d-c poten-
tial applied to one electrode of this tube. 
The absence of any r-f voltage on the con-
trolled circuit makes it possible to use 
unshielded wires within a power cable for 
the control leads. 
The cathode, grid, and screen grid of the 

tube are connected as a conventional 
triode grounded-plate Hartley oscillator. 
The screen is bypassed to ground for r-f 
and direct voltages applied through 
resistor R2 to give the proper screen 

voltage. 
Resistor R3 in the plate circuit of the 

type 9001 tube gives the maximum 
available r-f output voltage at the plate 
of the tube when the frequency control 
R4 is set at the maximum direct voltage 
position. Too large a load resistor will 
cause low output voltage because of the 

low direct plate voltage present at the 
tube, while too small a resistor will cause 
low output voltage because of the low r-f 
impedance of the plate load. 
The frequency of this oscillator may be 

changed by altering the effective in-
ductance or capacitance of the parallel 
resonant circuit, L,C1. Output voltage is 
taken from L1 through a small capacitor, 
a tap on the winding, or an auxiliary 
winding. 

Capacitor C3 is of such a value that a 
maximum reactive component of the plate 
voltage is fed back to the resonant circuit. 
Two conditions govern the value of C3. 
It should be made small enough to obtain 
maximum phase shift, and yet it should be 
sufficiently large to obtain minimum 
attenuation. The degree of control will 
vary somewhat with the transconductance 
of the tube, since this value determines the 
r-f voltage available at the plate. The 
oscillator output voltage varied between 
25 and 35 volts for one particular tube as 
the plate voltage was varied between 0 
and +200 volts. Screen current changed 
from 0.45 to 0.35 ma, and the plate cur-
rent changed from 0 to 0.3 ma. 
Frequency stability of this oscillator is 

such that when the supply voltage to the 
complete receiver is dropped 25 per cent, 
the oscillator frequency varies 0.005 per 
cent at one extreme of the frequency 
control and 0.067 per cent at the other ex-
treme. It is possible to design the oscil-
lator in such a way that the frequency 
shift is slightly negative with a change in 
battery voltage at one extreme of the con-

trollable range and slightly positive at the 
other extreme, giving a minimum fre-
quency change for a change in battery 
voltage for all settings of the frequency 
control. The choice of values for screen-
dropping resistor R2, grid resistor RI, grid-
coupling capacitor C2, and the position of 
the tap on oscillator coil LI, as well as the 
L/C ratio of the resonant circuit, will 
determine the stability of the oscillator. 
The oscillator shown operates at 200 ke. 

It has a controllable frequency range of 
4,000 cycles when operated from a 200-
volt B supply. 
The output voltage of the oscillator may 

be maintained within closer limits by re-
(hieing the range over which the plate 
voltage of VI may be varied. It is sug-
gested that this range always start at 
zero volts on the plate, since this value is 
the condition for minimum effect of 
battery voltage due to change in trans-
conductance of the tube upon the fre-
quency of the oscillator. 

Howard C. Lawrence, An Oscillator for Remote 
Frequency Control, Electronics, September, 1942, p. 
42. 

Frequency-modulated Encephalophone for Listening to Brain-wave Potentials 

Tins electronic instrument converts 
brain potentials of the order of 10 micro-
volts to audio tones for practical clinic 
use in making surveys. 
The audio method makes it possible to 

watch a noncooperative patient and thus 
identify extraneous potentials arising 
from friction, body movements, muscle 
activity, or eyelid movements. In visual 
methods it is not always easy to do this 
and at the same time watch the voltage 
pattern on the screen or paper. The 
frequency of the audio tone varies in 
accordance with brain potential changes, 
and the resulting slow changes in musical 
pitch are easily interpreted by the ob-
server in terms of potential changes. 

Brain potentials vary so slowly that the 

frequencies involved are far below the 
range of audibility and can be amplified 
directly only with special a-f circuits. 
For this reason, a frequency-modulation 
method was used. Two r-f oscillators, 
operating at about 5,000,000 and 5,000,500 
cycles, respectively, normally produce a 
500-cycle beat frequency in a converter 
stage. If, for example, the brain poten-
tial is made to vary the frequency of one 
oscillator by 50 cycles, the beat note will 
also change 50 cycles, and the resulting 
change in audio tone will be easily 
recognized. 
The circuit diagram of the instrument is 

shown. The r-f signals are produced by 
triodes VT1 and VT2, each in a Hartley 
oscillator circuit. The outputs of these 

oscillators, of the order of 5 me, are 
electronically mixed in converter tube 
VT3, and the difference frequency in the 
plate circuit is transferred to the head-
phones through audio transformer T. 
Frequency modulation is achieved with 

variable-mu pentode VT4, which is in 
effect connected in parallel with the 
second r-f oscillator circuit. A change in 
the control-grid voltage of this tube varies 
the plate impedance of the tube, thereby 
varying the frequency of the oscillator 
circuit across which it is connected. 

It was found that a voltage of 0.1 volt 
applied to the grid of VT4 produced a 
change in tone easily recognized by any-
one. Brain potentials being of the order 
of only 10 microvolts, considerable ampli-
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fication was necessary. A separate two-
stage preamplifier unit was used to feed 
the two resistance-capacitance-coupled 

amplifier stages using tetrodes VT6 and 

VT6, respectively. 

Because of the high value of the time 

constant of the amplifier, it takes about 

1 minute for normal conditions to be 

reestablished after the instrument is 

switched on or after the electrodes are 
handled. During this period the pitch of 
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the tone changes, finally becoming steady. 
A charged insulator, such as a fountain 
pen, waved in the air 2 feet away from the 

ungrounded electrode transforms the 

steady tone to a trill. 

Disturbances due to near-by a-c lines 

cause a roughness of tone that makes per-

ception of small changes in tone difficult; 

hence the apparatus should be kept as 

far as possible from a-c lines, and near-by 

lines should be shielded. 

Reactance-tube 

THE reactance-tube circuit given here 
can be used to vary the frequency of a 
Hartley oscillator in accordance with d-c 
input voltage variations. The reactance 
tube is shunted across the tank coil of the 

oscillator, and a d-c amplifier is used to 
convert the various d-c input voltages to a 
uniform oltage range for control of the 
reactance tube. The d-c amplifier con-
verts the center of a voltage swing from 
—120 to —180 volts to a swing of approxi-

mately 0 to —19 volts. 
The variable-reactance tube VT2 is 

connected in parallel with the tank coil of 
the Hartley oscillator. The reactance 
tube and its associated circuit behave as a 
variable capacitor whose capacitance is 
determined by the mutual conductance of 
the tube. Since the mutual conductance 
of a variable-mu tube can be controlled 
by varying its grid bias, it is possible to 
change the frequency of the oscillator 
tank. In practice this oscillator can be 
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If a more accurate indication of the 
magnitude of a brain potential is desired, 
an artificial source of very small potential 
changes can be incorporated in the instru-
ment and made to produce the same 
changes in pitch as are observed. The 
voltage involved can then be read directly 
on a calibrated potentiometer. 

C. A. Beevers and F. Futh, Electronic Engineering, 

March, 1943; abstracted as Encephalophone Con-

verts Brain Potentials into Sounds, Electronics, May 

1943, p. 144. 

Frequency Control for Hartley Oscillator 
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easily varied in frequency from approxi-
mately 42 Inc to 48 mc. 

The frequency change which can be 
obtained by the use of a reactance tube is 
limited by the resistive load which the 
variable-reactance tube presents in par-
allel with the oscillator coil. As the grid 
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voltage of the reactance tube changes, the 
effective resistive load also changes, and if 
it becomes too low the oscillator may stop 
functioning. 

Finn J. Larsen, Ultrasonic Trainer Circuits, Elec-

tronics, June, 1946, p. 126. 
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Pulse-generating Circuit for Testing 

A METHOD of testing germanium and 
silicon crystals for burnout consists of 

exposing the crystal to a (l-c pulse of about 
microsecond width, obtained by dis-

charging an artificial line through a 
thyratron into the crystal with the cir-

cuit shown. For reliable testing of 
crystal quality and ability to withstand 
overloading, the pulsing circuit should be 
matched to the crystal. The thyratron 
employed requires an external positive-

pulse trigger source delivering 800 to 1,000 
pulses per second, to trigger the thyratron 
grid and to initiate discharge of the 
capacitors in the 1-microsecond artificial 
line. The line is charged between pulses 
by a conventional full-wave rectifier circuit. 
A noninductive potentiometer in the 
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discharge circuit permits matching to 
different types of crystals. 
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W. E. Stephens, Crystal Rectifiers, Electronics, July, 

1946, p. 112. 

Frequency-modulated Oscillator for Panoramic Receiver 

TIIE reactance-tube modulator shown 
has been used for electronically sweeping 
the tuning of a panoramic adapter over a 
desired band, but the circuit is basically 
the same as those used in f-m trans-
mitters and in afc circuits of receivers. 
At the output of an early stage in a 

receiver, as at the mixer output of a 
superheterodyne, signals have a usable 
amplitude which is as much as 100 ke on 

either side of the frequency to which the 
receiver is set, with amplification at the 
limits of this 200-ke band usually at least 

20 per cent of that at reSOMUICC. A single 
r-f amplifier stage peaked near the edges 
of the band will more or less even out the 
selectivity characteristic of the receiver, 
giving a suitable output for feeding into 
the mixer stage shown. 
The local oscillator for the mixer stage 

is varied linearly in frequency with time 
by a reactance-tube modulator, which in 
turn is controlled by a 30-cycle saw-tooth 
voltage. As a result, the output of this 
circuit is frequency-modulated in the 
manner required for panoramic receivers, 
wherein the frequency starts at the lower 
end of the 200-ke band and increases 
linearly until it reaches the upper limit, 
then snaps back to the lower limit to re-
peat the process, at a rate of 30 times per 
second. In a panoramic receiver this 
action provides on a cathode-ray-tube 
screen a pip for each station on the air in 
the 200-ke band being monitored. 
The 500-ohm variable resistor in the 

cathode circuit of the 6AC7 regulates the 
point on the characteristic curve at which 
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the tube is to operate in order to give 
symmetrical frequency deviations. 

This frequency-scanning circuit lends 
itself to many industrial uses. Where a 
number of measured quantities can be 
converted into a voltage whose frequency 
at any instant is proportional to the 

magnitude of the quantity being measured 
at that instant, this circuit may be utilized 
for simultaneous observation of all the 
quantities on a cathode-ray-tube screen. 

W. E. Moulic, Panoramic Principles, Electronic In-

dustries, July, 1944, p. 86. 
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Two-stage A-C-operated Photoelectric Control Circuit 

Tms simple two-stage photoelectric 
amplifier-relay circuit operates directly 
from the a-c line. A high-impedance 
phototube feeds through a voltage ampli-
fier, or buffer stage, into a power output 
stage. The filament voltage of the buffer 
stage is lowered to reduce the tempera-
ture of the grid and, hence to reduce elec-
tron emission from the grid. The plate 
current of the buffer stage is kept at a 
minimum in order to reduce the electron 
bombardment of the gas molecules within 
the tube and, hence, reduce gas current 
to the grid. The bias on the grid of the 
buffer stage is obtained by rectifying 
action of the grid itself. This method 

keeps the effective bias and the plate cur-
rent constant regardless of large fluctua-
tions in contact potential between the 
grid and the cathode. 
The impedance of C1 acts as a load im-

pedance for the phototube. This capac-
itor is charged to a definite negative 
potential on half of the a-c cycle and is 
allowed to discharge through the photo-
tube on the other half of the cycle. The 
amount that is discharged by the photo-
tube depends on illumination and deter-
mines the working potential on the grid 
of the buffer stage. The value of C1 
determines the sensitivity range of the 
circuit. A relay operating on less than 30 
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ma can be connected to the output 
terminals. 

P. II. Slwpard, Jr., Seine Unconventional Vacuum 

Tube Applications, RCA Res" October, 1937, 1.. 149. 

Photoelectric Control System for Automatically Aiming Solar Corona graph 

Trims twin-phototube amplifier circuit 
actuates relays that operate a reversible 
capacitor-type a-c motor to keep the 
phototubes positioned so that they receive 
equal light at all times. A reversible 
synchronous motor that serves uniquely 
as an antihunt arrangement is between 
the relays and the drive motor. The 
circuit was developed to keep a solar 
coronagraphic telescope aimed automati-
cally at the sun. For this application, 
two identical phototube systems are 
required, one for control of declination 
and the other for control of hour angle of 
the telescope. The goal is to aim the 
telescope so that its internal eclipsing disk 
exactly masks out the sun, allowing only 
solar prominences to show. The photo-
tubes receive light from the sun only when 
the disk is off center, and they actuate 
the chive motors in such a way as to 
restore centering. 

Operation is from standard 115-volt 60-
cycle power mains, with good stability 
at all ambient temperatures and with 
convenient control of sensitivity. A 6116 
voltage-doubler rectifier supplies direct 
current for the phototubes. The photo-

tubes act as loads for each other, and to-
gether drive the type 38 amplifier tube, 
which has high input impedance. Gas 
current to the pentode grid is kept to a 
minimum by keeping potentials very low. 
The heater of the type 38 is operated at 
reduced voltage to increase input resist-

ance, and is maintained positive with 
respect to the grid to reduce emission 
from heater to grid. The phototubes 
and the type 38 tube were carefully 
cleaned at installation and were then 
coated with white ceresin wax. The 
leads from the top caps of the 917, 919, 
and 38 tubes \vem kept to a minimum 
length, and were supported only by the 
tube caps themselves. 
When the unit is in balance, the bias on 

the 6.15 triodes is such that the current 
flowing through the associated relays is 
sufficient to close the more sensitive 5,000-
ohm relay, but not the less sensitive 2,000-
ohm relay. In this condition the relays 
send no impulses to the antihunt units, 
and the telescope correction motors re-
main at rest. 
When the light increases on the 917 

phototube, and tue light decreases on the 
919 phototube, the bias on the 615 tubes 
changes so that the current through the 
relays increases until both arc closed. 
If the light to the 919 increases and that 
to the 917 decreases, both relays open. 
The relays are shown in the condition 
produced by excess light to the 917 tube 
so that both relays are closed. An im-
pulse is thus sent to antihunt units, 
which send suitable impulses to the 
correction motors of the telescope to 
decrease the hour angle (or the declina-
tion) until the 919 once again receives as 
much light as the 917. 

183 

The antihunt units afford additional 
desirable features to the control of the 
telescope. These units were designed for 
the purpose of preventing rapid correc-
tion-motor response to alternating im-
pulses from the two relays, while at the 
same time retaining rapid response to 
repeated impulses from one of the relays. 
The units have nearly instantaneous 
response to a consistent telescope error 
that shows the repeated need for correc-
tion of the same direction. But they 
have very slow response (8 seconds) to the 
irregularly distributed aiming errou-s, 
generally caused by such factors as 
fluctuations in atmospheric seeing, which 
cause the sun's image to dance unsteadily 
on the disk in front of the phototubes. 
The antihunt units are changeover 

switches driven by reversible synchronous 
motors that have a rotational speed of one 
revolution per 10 seconds. A cam is 
fastened to their shafts so that it engages 
limit switches after operation over ad-
justable limits (usually set at 8 seconds). 
When a synchronous motor reaches one 

limit, it contacts the limit switch and dis-
engages itself, at the same time changing 
over the relay circuit to feed directly into 
the telescope correction motor and to 
operate this motor in the correct manner. 
If correction impulses are alternating, but 
with pulses of one relay sustained longer 
than pulses of the other, the synchron-
ously driven cam gradually drifts toward 
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the limit of the impulse that is sustained 
the longer, and eventually it produces a 
suitable impulse to the correction motor 
itself. 
As the apparatus is usually adjusted, its 

over-all sensitivity is about 1 second of 
arc. Because of the antihunt units the 
telescope will not hunt after errors larger 
than 1 second of arc unless they persist for 
8 seconds of time, or unless on the average 
the fluctuations are greater in magnitude 
in one direction than in the other and 
unless this greater average persists for 
considerably longer than 8 seconds. 
The correction motors themselves are 

standard small a-c motors. The hour-
angle motor drives a differential gearing 
unit in the telescope mechanism to add or 
subtract slightly from the main tele-

scope drive which consists of a synchron-
ously driven worm gear which has been 
calculated to provide a telescope rate 
equal to the average rate of apparent 
motion of the sun through the sky. The 
correction rate is approximately one-
twentieth the constant solar rate. The 
declination motor drives directly into a 
micrometer screw at a rate of 0.7 rpm to 
produce a rate of correction of the tele-
scope aiming of about 2 seconds of arc in 1 
second of time. 
When this automatic guider is in opera-

tion, the telescope can be adjusted by 
positioning the guiding telescope lens 
properly; this is done at the start of a 
full-day run and the lens is left untended 
thereafter so far as aiming is concerned. 
The coronagraph is designed to take rapid-

sequence pictures, at 10-second intervals, 
of the prominences of the sun. With the 
guider in operation, the aiming of the 
telescope is uniform from picture to 
picture, so that the films so obtained can 
be projected in a motion-picture appara-
tus with good steadiness. 

Photoelectric control of a solar tele-
scope eliminates the need for highly 
accurate constant-drive mechanisms or for 
costly rate-correction apparatus. Highly 
precise telescope aiming is possible with-
out resort to highly precise equatorial 
mounting of the telescope. It would be 
entirely possible to provide a portable 
telescope mounted on a tripod with aiming 
of this same order of precision. 

Walter Orr Roberts, Photoelectric Sight for Solar 

Telescope, Electronics, June, 1946, p. 100. 

Quick-acting A-C-operated Photoelectric Control Circuit 

A PULSE of light as short as J 0 second 
is sufficient to operate this circuit, which 
operates in a positive direction on re-
ceived light so that the relay pulls in 
when phototube illumination increases. 
If the light pulse is properly phased with 
respect to the power-supply voltage, even 

ji2() second pulse of light is sufficient 
for actuation. 
On the negative half of the power-

supply cycle, and with no light on the 
phototube, the cathode of the 6F5 goes 
negative with respect to the grid, passes 
current to the grid, and over a period of 
several cycles charges C1 to the peak value 
of the a-c grid-cathode voltage. This 
voltage added to the instantaneous a-c 

voltage applied between the grid and 
cathode is sufficient to reduce the plate 
current of the output tube to zero. 
When light is received by the photo-

tube, the phototube current has two 
effects: (1) An instantaneous drop appears 
across RI, and (2) the phototube current 
into C1 opposes the current fed into C1 
from the grid of the amplifier. This 
action causes the potential across C1 to 
balance at some negative value between 
zero and a value equal to the peak of the 
a-c grid-cathode voltage. The potential 
across C2 is fixed in like manner by a 
balance between the charging grid current 
and the discharging buffer-tube current. 
An instantaneous flash of light occur-

ring on the positive half of the cycle will 
cause an instantaneous drop across RI, an 
instantaneous change in the plate current 
of the buffer stage, and an instantaneous 
change in grid voltage of the output tube. 

F. II. Shepard, Jr., Some Unconventional Vacuum 

Tube Applications, RCA Rev., October, 1937, p. 149. 
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Photoelectric Timer for Automatic Control of X-ray Film Exposure 

AN electron multiplier phototube, thy-
ratron, and several ignitrons in this 
simple electronic circuit make correct 
exposure of X-ray film an entirely auto-

matic process. A fluorescent screen and 
the phototube are mounted behind the 
X-ray film cassette, so that when the X-
ray machine is turned on a roentgen beam 

passes through the patient, exposes the 
film, and excites the fluorescent screen. 
The resulting light, proportional to the 
intensity of the radiation passing through 
the film, is picked up by the phototube 
and is converted into a voltage that 
charges a capacitor. When the capacitor 
voltage reaches a predetermined level, it 
triggers off a thyratron, which in turn 
energizes ignitrons and relays which turn 
off the X-ray machine, thus terminating 
the exposure. 
The type 931 multiplier phototube con-

tains nine dynodes in addition to the 
conventional photocathode and anode. 
The No. 9 dynode is employed as the 
control electrode of the circuit in place of 
the anode, because the charge delivered to 
capacitor C by the anode would be of the 
wrong polarity to activate the thyratron. 
Although the potential of this dynode with 
respect to the photocathode increases as 
the capacitor becomes charged, this does 
not appreciably change the sensitivity of 
the phototube over the normal operating 
range. 

Operating potentials for the phototube 

and for the grid of the thyratron are 
provided by a voltage-doubling circuit 
that uses two 5W4 tubes fed by the 400-
volt secondary of the power transformer. 
It is desirable to connect the primary of 
this transformer to a stabilized 115-volt 
a-c source, such as the primary filament 
circuit of the X-ray machine. The same 
source may also provide plate voltage for 
the thyratron, which is self-rectifying. 
The timing mechanism controls the X-

ray machine through the two relays 1 
and 2. After a film has been inserted in 
the film tray and the patient has been 
properly positioned, the machine is ad-
justed to any reasonable voltage for the 
anatomical structure under examination, 
potentiometer R, is set to the speed 
number of the film to be exposed, and 
starting switch Sw1 is closed. This 
energizes the main relays, or ignitrons, of 
the X-ray machine and begins the ex-
posure. When exposure is completed, as 
determined by charging of C to the value 
required for triggering the thyratron, the 
resulting thyratron plate current energizes 
relay 2 opening its contacts and thereby 
breaking the circuit to the X-ray machine. 
At any convenient time thereafter, switch 
St/4 is opened manually, deenergizing 
relay 1. C then discharges through the 
closed contacts of this relay and the 
thyratron deionizes, preparing the timing 
mechanism automatically for the next 
exposure. 

931 
MULTIPLIER 
PHOTOTUBE 

R. 
05 MEG 

TO X-RAY RELAY 

The initial voltage on the cont .ol grid 
of the thyratron is governed by the setting 
of the tapped voltage divider. This 
adjustment permits compensation for 
changes in the response of the phototube 
and its fluorescent screen when the voltage 
of the X-ray tube is altered and a Potter-
Bucky grid, or an intensifying screen, is 

used. 

Russell H. Morgan, Studies in Roentgenographic 

Exposure Meter Design, Am. J. Roentgenology and 
Radium Therapy, July, 1942, p. 88, abstracted in 

Electronics, July, 1943, p. 178. 

Photoelectric Shutter-opening Circuit for Flash Bombs 

HERE is a photoelectric control circuit 
that responds to a high-intensity flash 
that is fast enough to actuate a relay with-
in a few microseconds. It was used 
originally in nighttime aerial photog-
raphy to trip the shutter of an aerial 
camera exactly at the peak of the light 
intensity of a flash bomb exploded far 
below the airplane, and it lends itself 
nicely to any control application requiring 
fast response to a flash of light. 
The circuit provides a positive pulse at 

the grid of a 12SJ7 pentode when the 
type 930 phototube is illuminated. Phase 
reversal of the pulse by the 12SJ7 places a 
negative pulse on the grid of the 6AG7 
power-amplifier tube, causing the plate 
current of this tube to drop in response to 
a flash of light. 
The plate load for the output stage in 

the original application was a trip magnet 

that held the camera shutter inoperative 
during darkness but allowed a spring to 
trip the shutter when the plate current 
dropped. The warm-up relay prevents 
operation of the shutter, during the 
interval when tube heaters are reaching 
operating temperature after the circuit is 
turned on, by shunting the trip magnet 

TO TRIP 
MAGNET 

WARM-UP0 
RELAY 

Cr3 

=50,000 

coil to ground through a 2,500-ohm 
resistor to keep the coil energized until 
the 6AG7 begins drawing enough plate 
current to pull in the relay and hold the 
trip coil by itself. 

Photoelectric Flash-camera, Electronic Industries, 
July, 1944, p. 95. 
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Multiplier Phototube Circuit Replaces Film in X-ray Inspection 

AUTOMATIC X-ray inspection of parts 
for internal defects is made possible in the 
accompanying circuit by placing a type 
931 multiplier phototube in the position 
normally occupied by film during inspec-
tion by the X-ray absorption method and 
by using an appropriate phosphor to 
convert the incident X radiation into 
radiation of longer wavelength that can 
be measured by the phototube. 

Negative pulses from the 931 anode are 
resistance-capacitance coupled to one grid 
of the 6SN7 tube. The amplified positive 
pulses are then coupled to the other 
triode section, which is operated as a 

cathode-follower impedance converter to 
supply a comparatively low-impedance 
network. The output of the cathode 
follower is rectified by a 6H6 diode, and 
the d-c output is used to trip a 2051 
thyratron and relay to operate a marker 
and warning light when output reaches a 
certain value. The d-c current also 
operates a photoelectric recorder of the 
X-ray intensity. 

In one application of the circuit, de-
fective fuzes had part of their powder 
charge missing, and therefore allowed 
greater X-ray penetration than good 
fuzes would have allowed. The 2051 
thyratron bias was so adjusted that 
sufficient signal would be obtained to trip 
it and to operate the relay whenever a 
defective fuze passed through the X-ray 
beam. Since the X-ray beam ‚vas masked 
off between fuzes, no X rays reached the 
detector circuit except through the fuze 
under inspection. 

To provide a check on the proper func-
tioning of the inspection equipment, every 
fourth fuze passing through the test posi-
tion was known to be defective. (These 
known defective fuzes were left in their 
positions on the conveyer during the entire 
test run.) If the equipment failed to 
reject any of them, the test was immedi-
ately stopped and the cause of the failure 
eliminated. 

H. M. Smith, Phototube Sees X-rays, Electronics, 
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November, 1946, p. 180; X-ray Inspection with 
Phosphors and Photoelectric Tubes, Gen. Elec. Rev., 
March, 1945, p. 13. 

Microdensitometer Circuit for Measuring Turbidity of Chemical Solutions 

PHOTOTUBES, used in conjunction with a 
d-c amplifier in a null circuit where read-
ings are obtained from a calibrated light 
wedge, comprise this electronic micro-
densitometer circuit that provides a rapid 
method of measuring the turbidity of tiny 
amounts of solutions and requires samples 
of only 1 cc in standard 75 by 10 mm 
chemical test tubes for any determination. 
Two phototubes are employed in a 

balanced bridge circuit and readings are 
obtained by adjusting a light wedge, cali-
brated in percentages of illumination, 

transmission from 100 to zero, to balance 
the quantity of light absorbed by the 
unknown over the control specimen. The 
electronic circuit functions on the null-
reading principle and is employed to show 
the balance point. 
The two phototubes have maximum 

sensitivity in the red and infrared region. 
Both function through one light source; 
changes of intensity in illumination have 
the same effect on both tubes but no 
influence on the null reading. Voltage to 
the amplifier circuit and the phototubes is 
stabilized by a VR105 voltage-regulator 
tube. The instrument functions on the 
principle that a very minute change in 

light intensity falling on one phototube 
against that falling upon the other, after 
they have been adjusted previously for the 
null point, causes a change in electronic 
emission of one phototube. Accordingly, 
the grid of the electronic amplifier be-
comes either more or less negative than 
when at the null point, and the tube in 
turn causes the microammeter in the 
plate circuit to indicate a deflection. 
A light wedge (decreasing the size of the 

light-transmitting window) is then manip-
ulated to cause the microammeter to 
register the null reading again, returning 
the phototubes back to the same degrees 
of illumination and electron bombardment 
as in the first place. The amount of 
movement of the light wedge, which is 
necessary to return the instrument to the 
null point, is an exact measure of the 
quantity of light absorbed by the un-
known sample. 
Graphs are plotted, on semilogarithmic 

paper, of the light-wedge observations to 
be had froni solutions of known density, 
and the unknown sample concentration 
is obtained by referring to the known 
graphic determination. With a calibra-
tion curve for any substance, it can be 

employed for computing the unk row-mm 
sample. The light wedge cannot alter its 
calibration, but this is possible when 
using direct readings from phototube-
meter instruments. 
The degree of sensitivity can be con-

trolled by varying the voltage impressed 
upon the phototubes, or on the plate and 
screen of the amplifier tube. Different 
ranges of sensitivity can be provided 
by varying the screen voltage from a 
tapped voltage divider with a multipole 
switch. The apparatus may be also 
used as a turbidimeter and abridged 
spectrophotometer. 

S. It. Winters, Microdensitometer with D-C Ampli-
fier, Electronics, July, 1944, p. 224. 
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Basic Thyratron Circuit for Single-unit Phototube Relay 

Tins circuit illustrates the extreme 
simplicity made possible by use of the gas 
tetrode, or thyratron, in a photoelectric 
relay system. Tlie unit is assembled in a 
single case with light source and lens, and it 
uses a mirror to reflect the light beam back 
to the phototube. By using a projector 
lamp, a sufficiently concentrated light 
source is secured. The phototube and 
resistor R shunt the heater, the drop in 
which provides the necessary bias, and 

lamp B operates in series with the heater 
as the dropping resistor. Resistor AT 
serves as a bypass for the inductive dis-
charge of the relay coil during the 
nonconducting half cycle. This unit 
is so simple that practically nothing can 
go wrong, a distinct advantage in in-
dustrial applications. 

Gilbert Smiley, Control Circuits for Industry, Elec-

tronics, January, 1941, p. 29. 

Photoelectric Comparison Circuit for Calibrating Watt-hour Meters 

Tins electronic method of calibrating 
watt-hour meters employs a phototube 
and amplifying circuit for making com-
parisons between the meter under test 
and a precision instrument. 
A network of resistors and capacitors is 

connected between the junction of the 
phototubes and the grid of tube VI. The 
current flowing through this circuit sets 

up a potential difference that operates the 
remainder of the device. 
Tube V1 and the parts following it in 

the circuit produce a correction compo-

nent for the variation in the load on the 
meters, the correction being proportional 
to the change in grid voltage of the tube 
from its normal value. 

Since the meter illustrated is a watt-
meter, the correction can be applied either 
to the voltage or to the current circuit. 
In practical use the voltage is kept rela-
tively constant while the current is the 

variable element. By applying the cor-
rection in the current circuit, the correct-
ing torque on the moving element can be 
made proportional to the correction. 
This means that the torque resulting from 

a correcting current will be dependent 
upon the product of the correcting cur-
rent and the voltage and thus will be 
proportional to correcting current but 
independent of the load current value. 
This simplifies the operation considerably, 
as the gain of the amplifier does not need 
to be readjusted for every load change. 
Tube V1 is part of a bridge circuit made 

up of its cathode resistor R3 and resistors 
R1 and R2. Normally the cathode is at 
about the saine potential as the junction of 
RI and R2, and the grid bias is at a value 
corresponding to a plate resistance of 
20,000 ohms. 
Any change in grid bias causes a direct 

current to flow from the center tap of the 
2.5-volt winding of transformer 7'1 to the 
primary center tap of T2. This current 

RELAY Vial' 
115 V A-C 
COIL 

6L7 
10,000 
R1 

RECTOX 
BRIDGE 
1.25V 

C2 
R 

922 

R3 

20,000 

922 

5V 

 anonoted000  
OE-Mer T 

II5V 
A-C 

10,000 
R2 

o 
53 

Va 

6L6 

T3 

  V3 
6L6 

II5V 
A- C 

STANDARD 
WATTHOUR 
METER g (au 

o 
o 

METER 
UNDER 
TEST 

LOAD 

unbalances the Rectox bridge through 
which it flows, and the a-c voltage is 
applied to T2 primary. When the d-c 
input on the Rectox bridge reverses, this 
bridge (which has nonlinear resistance 
characteristics) becomes unbalanced in 
the opposite direction. The output of 
amplifying tubes 172 and Tr3 is made pro-
portional to the grid voltage of -VI by a 
choice of operating conditions, and output 
transformer T3 steps up the alternating 
voltage to a value suitable to apply to the 
meter coils. The secondary side of this 
transformer is connected across the cur-
rent coils of both the standard and the 
test meters, where an electromotive force 
of only a few volts is required. With this 
connection most of the correction-current 
component flows through the meter coils 
and but little through the load impedance. 
The capacitor across the secondary 

winding of '1'2 corrects the phase-angle 
error and improves the wave form. The 
cathode resistors for tubes V2 and V3 are 

not bypassed. This is to provide current 
feedback to ensure a good wave form in 

their current output under all conditions. 
A change of current acts through C1 to 

cause an overcorrection to be applied, 
and this is reduced as C1 becomes charged. 
C2 has comparatively high capacitance 
and accumulates the photoelectric cur-
rent, building up a voltage which will 
correct for any slow drift of load current 
and also which will hold the average value 
constant while correcting the instan-
taneous swings in values as well. These 
values of Ci, C2, and RI are critical and 
dependent 111)011 the mechanical con-
stants, spring strength, damping, and 

moment of inertia and the amplifier gain. 
After an instrument is set to maintain a 

required load, the observer may concen-
trate his attention upon the test instru-

ment. The use of two observers (one 
to read each meter) is eliminated. 

B. E. Lenahan, Electronic Load Regulator for Meter 

Testing, Electronics, July, 1943, p. 116. 
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Photoelectric Circuit for Automatic Operation of Fiber-testing Balance 

AN automatic electronic balance cir-
cuit is used here to attain a continuous 
load-elongation record of single fibers of 
textiles at a constant rate of elongation, 
as well as a point-by-point record at a 
constant rate of loading. Phototubes 
provide sensitive automatic operation, 
and a kymograph makes possible auto-
graphic recording of the results of tests 
in rectangular coordinates. 
One end of the fiber is attached to a 

platform that moves a dial gage to indi-
cate the amount of elongation, and the 
other end of the fiber is attached to the left 
arm of a magnetically damped analytical 
balance equipped with a Chainomatic 
column by which a chain is lowered to one 
side of the balance at a constant rate to 

provide a constant rate of loading. The 
platform can be moved automatically by 
a constant-speed motor 
A 21-cl) lamp is housed in a box so that 

two beams are reflected by two metal 
mirrors downward, through two condens-
ing lenses to additional mirrors placed 
symmetrically in front of the target to 
send the beams past the target to the 
phototubes. Automatic control over the 
position of the balance pointer is obtained 
with the help of the target, which when 
the system is in balance interrupts ap-
proximately half of each light beam. 
The phototube control circuit consists 

of a conventional direct-coupled electronic 
amplifier circuit, and contains two thyra-
tron tubes for control of the motor used to 

115 V 
A-C 

CONTROLLED 
MOTOR 

maintain continuous balance. Use of 
two phototubes makes the circuit inde-

pendent of fluctuations of the light source. 

To protect the thyratron tubes from pos-

sible damages a time-delay circuit is 

included (not shown in the diagram). 

The controlled motor, used to restore 

balance, is a series-wound universal type 

and contains split field windings to allow 

reversing action. Stopping of the motor 

is provided by limit switches, to prevent 
(lainage to the instrument. 

A. M. Sookne and II. A. Rutherford, J. Research 

Nall. Bur. ‚Standards, July, 1943, abstracted as 
Elongation Recorder for Single Textile Fibers, Elec-

tronics, October, 1943, p. 192. 

Pentode Photoelectric Safety-control Circuit for Protection of Workers 

T1IE simple photoelectric relay circuit 
shown, operating directly from an a-c 
line, closes the relay when the light beam 
is interrupted. For protection of opera-
tors of dangerous equipment, such as 
punch presses or sewing machines, the 
light beam is directed across the danger 
zone and the relay is connected either 

directly or through additional relays to the 
machine being controlled. The stepdown 
transformer provides filament voltage for 
the pentode 6K6 amplifier tube used, as 
well as operating voltage for the lamp in 
the light source. 

J. 0. Kleber, Photoelectric Safety Control for Electric 
Sewing Machines, Electronics, August, 1943, p. 130. 
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Multiplier Phototube and Voltage-regulated Power Supply for Measuring Dust 
A MULTIPLIER phototube connected to 

this a-c amplifier and voltage-regulated 
115 V power supply can be used to measure A- C 

continuously the quantity of light re-
flected by dust particles passing through 
an illuminated air duct in an air-condition-
ing system, as required for testing and 
rating air cleaners. 
A mu-bridge type of regulator is used to 

I 1 ensure constancy of the phototube elec- A- 5 cV 

trode voltages. The noise level in this 
type of phototube is proportional to its 
d-c output. This permits the use of an 
a-c amplifier in the measuring system, 
which is desirable because of its simplicity 
compared with an equally stable d-c 
amplifier. 
The resistance-capacitance network as-

sociated with the microammeter has a 
sufficiently long time constant to allow the 
meter reading to be an average indication 
of the response of the phototube. 

Guy F. Bennett and A. L. Free, Photoelectric Dust 

Meter, Electronics, December, 1946, p. 116. 
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Quick-acting, Slow-releasing A-C-operated Photoelectric Control Circuit 

Tms circuit converts a short-duration 
pulse of light into an output current pulse 
having sufficient duration to operate a 
sluggish mechanical relay. With the 
connection shown, an instantaneous flash 
results in a rapid loss of potential across 
C2 because of the current taken by the 
buffer stage. This loss of potential is 

in Air 
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10 

gradually restored through Rs over a 
period of several cycles, thereby prolong-
ing the output current pulse in the de-
sired manner. The circuit functions in a 
positive direction on received light. 

F. H. Shepard, Jr., Some Unconventional Vacuum 

Tube Applications, RCA Rev., October, 1937, p. 149. 

Comparator Type of Photoelectric Densitometer 

Tms simple photoelectric densitometer 
circuit employs a type 927 phototube and 
a 6F5G triode amplifier to compare the 
density of a photographic negative with 
known densities of the various portions 
of a calibrated step wedge, to determine 
negative density by comparison rather 
than by a direct reading of a meter. Such 
variable factors as lamp blackening, 
amplifier-tube changes, and voltage varia-
tions over periods of time cannot intro-
duce errors when this simple and quick 
comparison method is employed. 
The light source consists of a small 

lamp having a condensing lens cast 
integral with the glass envelope, mounted 
directly above the measuring aperture 
over which the negative is placed, with the 
phototube immediately below the aper-
ture. The lamp is operated from a 
battery to obtain constant illumination 
during measurement, with a separate 

switch to conserve battery life while 
keeping the amplifier tube at operating 
temperature. This is desirable because 
there is always some drift in a d-c amplifier 
until operating temperature is reached. 
The voltage doubler type of power supply 
is well regulated by the VR150 tube 
connected across a portion of the power-
supply voltage divider. The milliam-
meter in the plate circuit of the amplifier 
tube gives readings inversely proportional 
to the amount of light reaching the 
phototube. 

After a 5-minute warm-up, the potenti-
ometer is adjusted to give a full-scale 
meter reading with the lamp off. This 
reading drops to about 5 per cent of the 
full-scale value when the lamp is turned 
on. The portion of the negative to be 
measured is placed over the aperture and 
the meter reading noted, after which a 
photographic step wedge of the desired 

222 (Enh 
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range is inserted in place of the negative 
and is moved until the same meter reading 
is obtained. The density is then read 
directly on the portion of the step wedge 
that is over the aperture. 

Carl C. Smith, A Photoelectric Densitometer, Elec-
tronics, December, 1942, p. 79. 
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Photoelectric Exposure Control Circuit for Photographic Use 

Tms circuit will actuate a solenoid, or 
relay, when the phototube has received a 
predetermined amount of light after 
switch b2 has been closed. This action is 
independent of the time over which the 
light is received, provided that the time is 
greater than about half a second. For 
photographic applications the light can 
be reflected from or transmitted through a 
part or all of the plate, film, or paper 
whose exposure is being monitored. 
When switch 82 is open, the plate and 

screen voltages of the output tube are 
zero and the relay is deenergized. The 
cathode of the buffer stage is connected to 
one side of the a-c line, while the grid is 
connected to the other side of the line 
through one of the timing capacitors and 
a resistance of between 5,000 and 10,000 
ohms. Due to the rectifying action 
between the grid and cathode of the buffer 
stage, the capacitor assumes a charge, 
the direct potential of which reaches a 
value approaching the peak of the a-c 
line voltage. 
On closing switch 82 the d-c voltage, 

or the major portion of this voltage, is 
removed from between the grid and 
cathode of the buffer stage, thus allowing 
the above-mentioned d-c potential on the 
grid to cut off the plate current. This in 
turn allows the voltage drop across the 
plate load of the buffer stage to drop to 
zero. As this drop across the buffer-stage 
plate load is both signal and bias for the 
output stage, and as the plate and screen 
voltages of the output tube are applied by 
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closing switch ĺ'2, the plate current of the 
output tube will rise to operate the output 
relay, or solenoid. This in turn lights 
the exposure lamp or opens the camera 
shutter. 

After the charge across the timing 
capacitor is dissipated through the photo-
tube to a low enough value so that the 
grid of the buffer stage permits the buffer 
stage to conduct plate current, a voltage 
will be developed across the buffer-stage 
plate load resistor of sufficient value to 
cut off the plate current of the output 
tube. This action releases the relay, or 
solenoid, and thereby turns off the expo-
sum lamp or closes the camera shutter. 
The current passed by a vacuum-type 

phototube is directly proportional to the 
intensity of the light received by the 
phototube, and is practically independent 
of the voltage across the tube. The 
quantity of light received is the product of 
intensity and time, and is in general a 
measure of the proper exposure. The 

— 

LAMP OR 
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SHUTTER 

2516, 
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OR 43 
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quantity of electricity j. assed by the 
phototube is proportional to the product 
of its current and time; hence the quantity 
of electricity passed is a measure of the 
quantity of light received. As it takes a 
definite quantity of electricity to dis-
charge a capacitor from one potential to 
another, the size of the capacitor and the 
voltage through which it has to be dis-
charged can be used as a measure of the 
desired exposure. Judgment of the op-
erator is still necessary to determine the 
setting of PI, which compensates for the 
percentages of light and dark areas in 
the picture. 

This circuit finds applications in all 
types of copy and picture work where 
time exposures are used, such as exposure 
of zinc plates in newspaper work, exposure 
in making microphotographs, in portrait 
work, in photostat work, and in printing. 

F. II. Shepard, Jr., Some Unconventional Vacuum 
Tube Application8, RCA Rev., October, 1937, p. 149. 

Photoelectric Illumination Control Circuit for Street Lights 

PREDETERMINED foot-candle levels of 
light near twilight and dawn actuate this 
combination photoelectric amplifier cir-
cuit and time-delay network to switch 
secondary circuits on and off. The 
operating point can be set at any light 
level between 1 and 10 foot-candles by 
varying the bias voltage on the first 
triode amplifier. Long tube life is ensured 
by keeping heater-cathode potentials be-
low 100 volts. Time delay is provided to 
prevent intermittent operation of the 
lighting circuit by momentary changes in 
light, the delay being 20 seconds or more 
when the daylight level is high compared 
with the sensitivity setting of the control. 
When decreasing daylight level ap-
proaches this setting, however, the time 
delay diminishes. Just before the critical 

level at which operation takes place, any 
momentary interruption of light on the 
phototube will cause the relay to operate. 
Due to the differential between the 

turn-on and the turn-off level, the light 
controlled by the switch will remain on 
after the interruption has passed. The 
reverse of this is true when the level of 
daylight increases and again approaches 
the critical sensitivity setting of the con-
trol, but from the opposite direction. 
The phototube and amplifiers are actu-

ally half-wave rectifiers, conducting only 
when their anodes are positive. The 
inherent characteristics of uncompen-
sated direct-coupled amplifiers, such as 
drift and instability, are of minor im-
portance in this application. The operat-
ing period, when the control ‚viii respond 

to a certain light level, will occupy only 
several minutes out of any one day. At 
all other times when the light level is high, 
or below the operating point, the ampli-
fiers are operating either at zero bias or 
well beyond cutoff. 
The circuit has exceptional sensitivity. 

With the sensitivity control set at maxi-
mum, it requires a power input of only 2 
microwatts at the grid of the 6S.17 for 
operation. That is sufficient to control 
500 milliwatts in the plate circuit of V3, 
and represents a gain of 53.9 rib. 
On the assumption that incident light 

striking the phototube cathode is greater 
than 1 foot-candle (4 millilumens on 
cathode area), sufficient current will flow 
through R, to reduce the grid voltage of 
V1 to zero. The 6SJ7 will now conduct 
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on every half cycle when the plate is 
positive. The voltage developed across 
load resistor R2 will charge capacitor C4 
through R3. When CI is charged to its 
maximum value (140 volts), V1 needs only 
supply current, necessary to make up the 
losses, on a small portion of its conducting 
cycle. Grid current of the succeeding 
triode, flowing through R2 and R3, supplies 
the rest. 

Variations of plate current due to 
changes of light at the phototube have no 
immediate effect on V2 unless those 

changes are of a greater time constant 
than C1 and R2-R3. The grid of V2 is 
biased negative beyond cutoff under 
this condition. No voltage is developed 
across plate load resistor R4. 
The combination of C2, R4, and R5 is 

another timing network, similar to that 
in the plate circuit of Vi. Capacitor C2 
in this timing network will be discharged 
when there is more than 1 foot-candle of 
light on the phototube. The grid of V3, 
the last amplifier, is under this condition 
at zero bias. With 200 volts on the 
anode, it draws 10 milliamperes of plate 
current, which energizes the 5,000-ohm 
coil of relay CR1. Capacitor C3, across 
the relay coil, smooths out pulsating 
current. 

Relay CR1 acting as a pilot relay, 

CR2 

1.5 AMP 

LOAD LINE COMMON 

controls the load indirectly by switching 
relay CR2. Because this relay is ener-
gized when there is light on the phototube, 
failure of the tubes or the transformer will 
be indicated by the lamp load burning 
continually during daylight hours. 
When the light level falls below a pre-

determined value, the voltage drop across 
phototube load resistor R1 is reduced and 
the fixed bias voltage takes control of the 
V1 grid. Exactly the opposite of what 

was explained above now takes place. 
With the flow of 6SJ7 plate current cut off, 
the timing network begins to discharge. 

The potential across C1 must decay below 
15 volts before V2 will start conducting. 
When the power in the relay coil of CRI 
drops below 45 milliwatts, the contacts 

close and energize CR2. 

Charles E. Marshall, Photoelectric Street Lighting 
Control, Electronics, September, 1946, p. 134. 

Linear Densitometer Employing Bridge-type Photoelectric Amplifier Circuit 

Tins bridge-type photoelectric amplifier 
circuit, for stable indication of light flux 
in a linear photographic densitometer, 
uses two 6C6 pentodes as the arms of a 
Wheatstone bridge, with a microamineter 
connected from plate to plate of these 
tubes. This meter is shunted by a 
variable resistance that permits adjust-
ment of the meter to read full scale for any 
density desired. A resistance in the 
fourth arm of the bridge can be varied to 
produce zero current for zero density and 
linear indication. 
The phototube is illuminated by the 

light of a 32-candlepower 6- to 8-volt 
automobile headlight bulb through an 
aperture 0.125 inch in diameter. A 
resistance of 2 megohms is in series with 
the anode and is connected to the plate 
of the 77 tube, which is connected to the 
grid of amplifier tube A. The three grids 
of the 77 tube are connected to a potential 
of 10 to 45 volts, the exact voltage de-
pending on the peculiarities of the partic-
ular 77 used. 
The cathode of the 77 is connected to a 

potentiometer PI (50,000 ohms) that is 

used to adjust the bias of tube A. This 
potentiometer is set so that operation is 
on the linear part of the characteristic 
of this tube. After this is once adjusted, 
it need not be changed again. Potenti-
ometer P2 (also 50,000 ohms) serves as a 
rough adjustment to equalize the plate 
currents. P4 can be used as a fine ad-
justment. Tube B serves the function of 
balancing the current of tube A. 
To adjust the instrument, insert an 

ammeter in series with the plate of A. 
Adjust P1 so that full light produces a 
plate current so high that it is almost at 
the top of the characteristic curve of A. 
(This operation is facilitated by removing 
the 77 and inserting a wire shorting plate 
to cathode.) Replace the 77 and adjust 
the bias for the selected value of plate 
current. The voltage drop across the 77 
is between 1 and 3 volts. 
When operating the instrument, P4 

should first be made equal to R2. Adjust 
P2 to give approximately zero current 

(P3 set to give maximum sensitivity). 
Readjust P2 and P4 until the meter is 
exactly zero. Decrease the light until 

it is the same as it would be if it passed 
through an area whose density is the 
greatest to be measured. Adjust shunt 
P3 until the meter reads full scale for this 

light value. 
Care must be taken to light the fila-

ment of the 77 tube before the grids of 
this tube are connected to a potential 
source. Failure to do this may result in 

erratic action. 

John A. Tied man, A Linear Densitometer, Electronics, 
March, 1941, p. 48. 
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Infrared-sensitive Photoelectric Relay for Automatic Water-spray Control 

WHEN hot ore on a conveyer passes 
under the three infrared-sensitive photo-
tubes of this photoelectric-relay circuit, 
the relay system operates a 115-volt 
solenoid water valve to turn on a spray of 
cooling water. The spray head is located 
far enough behind the phototube assembly 
to compensate for the time lag in the 
relay circuit. The sensitive relay in the 
tube circuit has a drop out at SO per cent 
of its takeup value, which provides 
satisfactory spray regulation. The equip-
ment may be adjusted to operate at any 
desired radiant heat by adjustment of the 

grid-bias control on the vacuum tube. 

Three phototubes sensitive to infrared 

rays, connected in parallel and spaced 

inside a length of 23-inch pipe cut away 

on the underside to allow entry of radia-
tion, constitute the heat-sensitive element. 

The tubes should be enclosed in a Pyrex 

glass cylinder and a current of air should 

be blown past' them to prevent over-

heating by the hot material directly 
beneath. 
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assembly, the grid bias is reduced to the 
point where the spray shuts off. 

Philip Ewald, Photoelectric Cooling Control, Elec-

tronics, November, 1941, p. 5.5. 

Photoelectric Exposure-timing Circuit for Printing from Color Transparencies 

A PHOTOTUBE in combination with an 
electronic tuning circuit here determines 
electronically during exposure itself the 
correct time required to print any given 
color transparency. A small part of the 
light passing through the transparency is 
directed onto a type 929 phototube by 
means of a prism and focusing lens, and 
the integrated phototube current dissi-
pates a voltage charge across capacitor 
CI in series with the phototube. The time 
interval for dissipating this charge de-
pends upon the average density of the 
transparency and upon the value of the 
charging voltage applied to the capacitor 
prior to the start of the timing cycle. 
The correct charging voltage for each 
transparency is determined electronically 
beforehand in an electronic coder that 
measures the ratio of the density of the 
most important portion of the trans-
parency to the average over-all density. 

In the circuit, all relays are shown 
deenergized, as they are when the line 
switch is open. Closing this switch 
energizes the full-wave power pack and 
the heater circuits of the 2050 thyratron 
and the MG tube in the phototube 
system, but no plate voltages are applied 
because the delay relay is still open. 
After a delay of about 20 seconds the 

thermal delay switch closes and operates 
the delay relay, thereby completing the 
plate-supply circuit. This relay also has 
its own holding contacts, and an addi-
tional pair of contacts to disconnect the 
thermal switch. 
On standby (in between exposures), 

the starting switch is closed and the 2050 
thyratron is conducting, so that relays P1 
and P2 are energized, the shutter is closed, 
and capacitor C1 is being charged through 
the series resistance determined by the 
coder to give the correct charging voltage 
for the next transparency. 
When an exposure is to be made, the 

starting switch is opened momentarily. 
This opens the two relays, thereby 
opening the shutter and isolating the 
phototube circuit from the charging 
source, and at the same time altering the 
2050 bias so that it becomes noncon-
ducting and the relays cannot reclose 
when the starting switch drops back to its 
closed position. Capacitor C1 now dis-
charges through the phototube at a rate 
proportional to illumination and the 
initial charging voltage until CI has 
discharged to the point where the 2050 
again becomes conducting. Now the 
relays pull in, closing the shutter to termi-
nate the exposure, advancing the paper 

one step, and recharging C1 in readiness 
for the next exposure. 
The 6F5G tube in the timing circuit is 

merely a resistance transformer, since it 
transfers its signal from the high-resistance 
load of the phototube to the compara-
tively low-resistance grid circuit of the 
2050 tube. Grid emission is reduced by 
inserting 15 ohms in the heater circuit of 
the 6F5G, and instead of operating the 
anode at a low potential, which is com-
monly done in buffer stages, the anodes of 
both the 6F5G and 929 tubes are operated 
at 250 volts to acquire the necessary 
sensitivity. Over long test periods it lias 
been found that stable characteristics 
can be maintained even though the anode 
voltage of the 929 is made as high as 250 
volts, provided that the 6F5G anode is 
operated at the same potential as the 929. 
A VE.150 tube regulates only that portion 
of the circuit involved in the charging 
voltage operation. 

It is necessary to be able to change the 
time integral of the circuit for a given 
amount of light received by the phototube 
to compensate for variations in emulsion 
speeds and processing variables. This is 
accomplished by a selector switch that is 
used to vary the level of the charging 
voltages applied on C1. For example 
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when a new emulsion is to be adopted, a 
short test roll is exposed, using a standard 
transparency, at all 11 positions of the 
selector switch. Upon development, the 
proper exposure can be selected, and 
the printer set at that particular tap. If, 
during continued use of the emulsion, 
there is a tendency for prints to be lighter 
or darker than normal, the switch is 
moved to a new position according to 

requirements. The effective change in 
print density in changing from one switch 

position to the next is made very gradual 
to permit delicate adjustments. 
The value of CI is chosen to give an 

exposure time for an average normal 
transparency that is considered conven-
ient for operation. Different rheostats 
are switched into the B — lead to adjust 
exposure times on the minus or plus side 
of normal. The spread in effective 
exposure change from normal is estab-
lished by adjusting the rheostats. A Vi 
change in capacitor charging time for each 

2050 

step has been found very satisfactory. 
The timing cycle is started by opening a 

switch because the circuit is designed for 
d-c operation and normal changes in grid 
bias cannot cause a thyratron to stop 
conducting in a d-c circuit. Therefore 
the only satisfactory method of opening 
the relays to start an exposure is by 
opening the anode circuit with the starting 
switch. 

J. Robins and L. E. Varden, Photoelectric Controls 

for Color Printing, Electronics, June, 1046, p. 110. 

Spectrograph Exposure Control Circuit Using Phototube and Grid-glow Tube 

USE of this photoelectric control cir-
cuit with a grating spectrograph ensures 
uniform duplicate exposure of filin de-
spite variations in the arc source. The 
phototube unit is located near the slit of 
the spectrograph and within the spectro-
graph enclosure. Light from the arc 
source passes through the slit to the 
mirror and then to the grating, forming 
spectrum lines on the plate holder and 
giving a central image. 

Incident light received by the photo-
tube is reflected from the surface of a 
polished aluminum rotating sector located 
between the slit and the mirror within the 
spectrograph enclosure. The sector is 
adjustable for long or short exposures, 
depending upon the nature of the analysis. 
Thus the light received by the phototube 
will be actually only a cross section of that 
exposing the photographic plate. If the 

sector is rotated at a reasonable speed 

(about 900 rpm), the light received by the 
phototube will be representative of that 
received by the spectrograph plate. 

In operation, the phototube converts 
the incident light into electric energy and 
charges a capacitor Ca, at a rate propor-
tional to the intensity of the incident 
radiation, at the same time discharging 
CA. Capacitors CA and CB, are the partial 
capacitances of VT1 and 177'2. At a 
particular grid potential predetermined by 
the voltage on the plate of 177'2, the grid-
glow tube fires, registering one integrated 
interval, and reestablishes the system to 
its initial conditions. This process is 
repeated many times for a complete 
exposure, thus giving an integrated 
result. The accuracy is partly dependent 
upon the size of the increments. The dial 
setting determines the number of these 
increments. A ratchet wheel having 
many teeth is employed to position the 

dial ; it sums up the increments and thus 
becomes the integrator. 

'Uhe over-all unit contains a rectifier to 
supply the necessary cl-c voltages for the 
phototube and the grid-glow tube. 
The sample to be analyzed is placed in the 
cavity of the lower arc electrode (pure 
carbon), and an are is established between 
the two electrodes. This causes relay 
/M I to operate, completing the circuit to 
the grid-glow tube. Relay RLI ensures 
that the indicator would not operate 
should the arc fail. Reestablishment of 
the arc restores operation. This provi-
sion also permits the exposure to be 
interrupted if desired without appreciable 
error because of slight leakages that may 
exist. 

After each successive charge-up of 
capacitance CB, VT2 fires, causing the 
relay /?/.2 to operate and actuating sole-
noid RL3, which ratchets the dial one 
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increment and resets the grid-glow tube 
by opening its plate circuit for an instant 
by means of the switch located near the 
solenoid arm. After many such cycles of 
operation are completed, a cam switch 
opens and releases the arc cutoff relay RL4, 
thus interrupting the arc circuit. This 

arc cutoff relay extinguishes the arc when 
the desired exposure or end point is 

A-C 

obtained. The desired length of exposure 
is determined by the position of the cam 
switch, which is preset by moving the 
indicator arm about the indicator scale. 
Once the arc is established for any setting 
of the dial, the operation is automatic. 

Certain precautions must be taken to 
eliminate as far as possible any leak-
age paths present across the photo-

tube leads. Removal of the base 
from the phototube and the grid-glow 
tube is recommended. The photo unit 
must be mounted on a base of good dielec-
tric material. 

J. R. Cosby, Spectrograph Exposure Control, Elec-

tronics, April, 1946, p. 123. 

Photoelectric Circuit for Checking Timing of Photoflash Synchronizers on Cameras 

Tins circuit was designed to indicate 
.quickly variations in the timing of photo-
flash synchronizers, i.e., the interval be-

tween closure of the synchronizer switch 
(with consequent rapid attainment of 
peak flashlamp brilliancy) and opening 

of the camera shutter. 
Flashlamps in synchronizers under test 

appeared to require the shutter to open in 
20 milliseconds. The range covered by 
the photoflash synchronizer tester is 
therefore from 10 to 45 milliseconds. 

Operation is accomplished by two gas 
tetrodes that control the charging of a 
capacitor in accordance with the time 
interval to be measured. The photoflash 
synchronizer under test is connected 
across R1 in such fashion that the voltage 
of the battery within the synchronizer 
appears across this resistor as soon as the 
synchronizer switch is closed, ionizing 
the 2051 at the left of the diagram and 
starting the capacitor charge cycle. 
(This connection is facilitated by the fact 
that most commercial synchronizers have 
extra socket š for attachment of additional 
photoflash lamps. One of these may be 
conveniently connected across RI.) 
A light source, such as a 6 to 8-volt 21-

candlepower automobile-headlight lamp 
contained within a case, is mounted so 
that illumination from it impinges upon 
the 917 phototube through a magnifier. 

The camera shutter, with synchronizer-
shutter actuator attached, is interposed 
between light source and phototube. 
When the shutter opens, permitting light 
to fall on the phototube, current flows 
through R2 and the voltage developed 
across this resistor trips the second 2051, 
extinguishing the first 2051 by virtue of 
the virtual short circuit across R3 and 
stopping the capacitor charge cycle. 
The voltage across C4 is immediately 

read by rotating switch SW one step 
clockwise, which connects it to the input 
of a degenerative vacuum-tube volt-
meter calibrated directly in milliseconds. 
After reading the time interval, switch S1V 
is moved one more step clockwise to dis-
charge C1 and is then returned to the 
original, or charge, position after pausing 
for an instant in the central, or read, posi-
tion to note whether the meter returns 
fully to the index mark denoting a com-
pletely discharged capacitor. The push-
button is then depressed, opening the 
anode circuit of the second gas tetrode and 
permitting its grid to regain control. 
The device is now ready for another time-
interval measurement. 
Two initial adjustments are required. 

The first of these affects the grid bias on 
the first tetrode, actuated by battery 
voltage from the synchronizer. At the 
plate voltage employed, this tube will 

trip when its grid voltage drops below 
—1.35 volts. A normal grid bias of —1.8 
volts gives reliable operation. With such 

bias 0.5 volt is required from the syn-
chronizer battery and any value greater 
than this will serve equally well. Bias is 
readily adjusted by connecting a 1,000-
ohm per volt meter between a sync 
terminal and ground and adjusting po-
tentimeter R4. 
The second adjustment pertains to the 

bias on the gas tube controlled by the 
phototube. A satisfactory setting is one 
that causes the tube to trip when the 
camera shutter is three-quarters open. 
To effect this adjustment, the testing 
device, light source, and shutter are 
arranged in the respective positions that 
they are to occupy during subsequent 
tests. The shutter is set at time and 
opened. The iris diaphragm is then 
stopped down I stops from the fully 
open position; i.e., an f/4.5 lens is ad-
justed midway between f/5.6 and f/8. 
The pushbutton is momentarily depressed 
and then, viewing the gas tetrode con-
trolled by the phototube through the 
case grille, is advanced slowly until 
ionization occurs. The device is then 
ready for use. 
The degenerative type of vacuum-tube 

voltmeter is unaffected by normal vari-
ations between 6C5G tubes. There is 
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little danger of damaging the instrument 
in its cathode circuit through improper 
manipulation, for the maximum current 
that can flow through it is limited to 1.2 

If good regulation is to be obtained, the 
instantaneous current required from the 
power pack should never exceed a value 
that will reduce the V11105 current below 
5 ma. The various loads have been 
worked out accordingly. It is desirable 
to have the capacitance of C1 large, so that 
the effects of leakage do not reduce its 
voltage rapidly (the capacitor selected 
should, of course, embody lowest possible 
leakage in its design). On the other hand, 
if the capacitance is excessive, it will be 

necessary to use a lower value of resistance 
at R3 to arrive at the same charging volt-
age in the same time interval. There is 
then danger, because of the increased 
current required from the power pack, of 
the voltage-regulator tube dropping out. 
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The maximum voltage to which the 
capacitor is charged is kept low with 
respect to the applied voltage in order to 
operate on the steep portion of the 
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normal capacitor charging curve. 

P. A. Marsal, Photoflash Synchronizer Tester, 

Electronics, January, 1942, p. 34. 

Sensitive Photoelectric Light-balance Indicator 

FOlt an accurate indication of balance 

between two amounts of light, the circuit 
given here is of value. With phototube 
illumination as low as 0.0001 lumen it is 
capable of indicating a light unbalance of 
less than 0.25 per cent, and for more 
illumination the accuracy of balance. is 
still better. This performance is all the 
more remarkable considering that it is 
done by using the unregulated a-c power 
line directly for a power supply. 
The circuit uses a 6E5 electron-ray tube 

as the balance indicator, a 38 as an a-c-
operated buffer stage and electrometer, 
and a 6H6 as a rectifier to supply direct 
current to the 917 and 919 phototubes. 
One phototube acts as the high-impedance 
load for the other, so that relatively high 
voltage outputs are available, even for 
very small percentage variations of light. 
The high-impedance output of the photo-
tube bridge circuit is fed directly to the 
grid of the 38. Because the cathode of 
the 919, the anode of the 917, and the grid 
of the 38 come out of the tops of the tubes, 
the connecting wires touch nothing but 
tube caps, and the tubes can be coated 
with a suitable nonhygroscopic wax, such 
as white ceresin wax, to reduce to a 
minimum all external leakages. Low 
leakage is essential when measuring small 
amounts of light. 
The type 38 acts on the alternating 

voltage supplied to its plate and screen in 
such a manner that the average direct 
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potential built up on its plate is negative, 
and it is of such magnitude that it can be 
used as bias and signal to the grid of the 
6E5 indicator tube. As a means of in-
creasing the input resistance of the type 
38, the heater is operated at reduced 
voltage, the screen at about 10 volts, and 

the plate at about 18 volts. To avoid the 
effects of emission from the heater to the 
grid, the heater is operated at a potential 
that is at all times positive with respect 
to the control grid. 

In actual use a system of mirrors, or 
reflecting surfaces, is arranged to take the 
light from a common source and to pass it 

through or reflect it from the surface of the 
sample under test. A calibrated shutter, 
a pair of rotatable calibrated polarized 
disks, or a calibrated runway for the 

light source can be used to determine 
accurately the change in balance intensity 
as various samples are placed between the 
light source and one of the phototubes. 
With a suitable light source, this circuit 

can be used for color matching, turbidity 
measurements, reflectance measurements, 
and absorption analysis of solutions. 
With a source of monochromatic light of 
the desired wavelength, the circuit has 
been successfully used for accurately 
determining the sugar concentration in 
beverages, the concentration of various 
sirups and flavorings, and the vitamin 
concentrations of vitamin-bearing oils. 

F. H. Shepard, Jr., Some Unconventional Vacuum 

Tube Applications, RCA Rev. October, 1937, p. 149. 
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Ultraviolet Photometer for Gas Detection, Analysis, and Measurement 

Tills automatic, recording ultraviolet 
photometer circuit, based on the property 
of certain gases to absorb ultraviolet light 
strongly, can be used to detect two or three 
parts per million of the gas and to 
measure accurately greater concentra-
tions. Measurement is accomplished by 
introducing a balanced double-phototube 
arrangement with null-point measuring 
circuit. Provision is made for making 
an absolute measurement of the intensity 
of the ultraviolet radiation from a 5-
watt germicidal lamp that gives 95 per 
cent of its radiation at 2537A. 
The principle of operation of the instru-

ment is to balance by means of camera 
diaphragms the light being received by 
the two phototubes P1 and P2, until the 
emf drop across the resistance RI is zero, 
and then to allow the air containing the 
toxic gas to flow through an absorption 
cell. Absorption of some of the ultra-

violet light by the toxic gas upsets the 
balance, producing an emf drop across R1 
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that can be measured. Calibration of the 
instrument with known gas concentrations 
provides an accurate quantitative founda-
tion for the work. The recorder is a 
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photoelectric recording microammeter. 

Irving M. Klotz and Malcolm Dole, Automatic 
Recording Ultraviolet Photometer, Electronics, 

February, 1947, I. 140. 

Logarithmic Photometer Circuit Using Multiplier Phototube 

THIS multiplier phototube circuit pro-
vides logarithmic response to light in-
tensity, as required for measuring film 
density in a direct-reading densitometer, 
or for measuring concentration of chemi-
cals by monochromatic optical methods. 
Characteristics of this electronic photom-
eter include high sensitivity, good sta-
bility, direct-reading operation as distinct 
from manual or automatically actuated 
null-balance types, and logarithmic re-
sponse over an intensity range of at least 
1,000 to 1. 

Theoretically, sensitivity of electron 
multiplier tubes depends on applied 
dynode voltage. The circuit automati-
cally and instantly maintains constant 
phototube anode current in the presence 
of variations in incident light intensity 
in order to achieve the logarithmic 
relationship between light intensity and 
voltage. As the light intensity falling 
on the photosurface is increased, the anode 
current tends to increase also. However, 
as the anode current increases, the grid 
of the control tube is driven to a more 
negative potential. Consequently the 
bleeder current is reduced, the dynode 
voltage is reduced in proportion, and 
the sensitivity of the tube as a whole 
decreases. 

In the limiting case wherein the con-

trol tube has a high amplification factor 
(virtually infinite), the control-grid volt-
age (and therefore the anode current 
through the grid resistor) is essentially 
constant. Under ideal conditions, anode 
impedance of multiplier' tubes is relatively 
high so that ordinary variations in anode-
dynode No. 9 voltage have small effect on 
the light intensity versus bleeder current 
relationship. 
Use of two corrective shunts, each 

comprising a selenium rectifier in series 
with a resistor, gives linearity that is 
accurate within 0.02 log F over a log F 
range of 0 to 3. 
The power supply consists of a con-

ventional power transformer whose high-
voltage secondary winding energizes two 
type 816 hot-cathode high-voltage gaseous 
rectifiers in a full-wave voltage-doubler 
circuit. Necessary voltage isolation of 
the heaters is obtained by using the 5-
volt winding plus a voltage-dropping 
resistor as a source for one of the filaments 
and the 2.5-volt winding directly for the 
other. 
The 100,000-ohm bleeder resistors and 

double-section 3-µf filter capacitors pro-
vide a d-c source of 1,200 volts with a 
ripple component of less than 5 per cent. 
A relay in the rectifier circuit for the 
screen-voltage supply closes the high-

voltage a-c circuit to the 816 tubes only 
after all the filaments arc heated. 
A stabilized d-c supply isolated from 

the plate-cathode circuit of the 807 
provides screen and control-grid-bias 
voltages and voltage for the compensating 
circuit. This additional supply was con-
veniently obtained by rectifying the 117-
volt a-c power supply. By using a 
vacuum-type rectifier and a relay in the 
bleeder circuit, automatic time delay was 
obtained for closing the 816 high-voltage 
plate-supply circuit. A VB,150 gas sta-
bilizer tube maintains (in combination 
with the NE32 tube) the constant screen 
and control-grid supply voltages. 
A bucking current for the output meter 

is derived from the positive portion of the 
screen-voltage supply. The purpose of 
the bucking circuit, which gives a result 
equivalent to that of a suppressed-zero 
meter, is to permit the entire scale of the 
meter to be used for only those dynode 
voltage values of interest. Zero meter 
current corresponds to about 30 volts per 
stage on the multiplier tube. 
The response of the circuit to changes in 

illumination is instantaneous. There is 
no tendency to oscillate, because of the 
high percentage of negative feedback, and 
no shunt capacitor is needed in the 807 
grid circuit. The instrument is eminently 
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suited for use in conjunction with spark-
recording instruments because of its 
insensitivity to intense high-frequency 
radiation fields. The stability to changes 

in supply voltage is such that over a 
voltage range of 100 to 130 volts there is 
negligible variation in meter reading 
except at the highest bleeder currents 

High-sensitivity Phototube Circuit for Illumination 

BY using a pentode as the high-resist-
ance load for a phototube, the percentage 
change in voltage across the phototube is 
made greater than the percentage change 
in light. The sensitivity of the circuit is 
thereby made considerably greater than 
that of the conventional circuit, without 
requiring unusual precautions against 
leakage. 
A phototube of the vacuum type is 

connected in series with the plate of the 
pentode, the grid of which is negatively 
biased but not to the point of cutoff. 
With the phototube dark, plate current is 
zero. If the phototube is illuminated 
with light of unvarying intensity, a steady 
current will be established in the circuit. 
An increase in light intensity will cause 

an increase in current, reducing the 
voltage drop across the phototube, A 
comparatively small percentage change in 
light intensity will produce a large per-
ccntage change in the value of this drop, 

which changes the grid potential of the 
triode amplifier tube. By so doing, a 
small percentage change in light intensity 
may be macle to produce a large percent-
age change in the plate current of the 
amplifier. 

It is desirable to apply the phototube 
voltage drop to the grid circuit of the 
6C5 in such a way that an increase in light 
will cause an increase in its plate current. 
In so doing it will usually be found that 
a positive biasing battery E will be needed 
to produce partial neutralization of the 
phototube drop and to prevent the 6C5 
from being biased too far beyond cutoff 
when the phototube is dark. It is then 
possible to adjust the bias so that, for an 
initial light intensity, the biasing voltage 
is just right to produce cutoff. 

This circuit will prove valuable for 
many phototube relay and measurement 
applications that have heretofore re-
quired multistage amplification, with its 

which occur at highest densities. 

Monroe H. Sweet, Logarithmic Photometer, Elec-

tronics, November, 1946, p. 105. 
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attendant difficulties, to obtain suitable 
sensitivity. Satisfactory half-wave oper-
ation may be expected from 60-cycle 
voltages on the various supply terminals 
if careful attention is paid to instanta-
neous polarities. This circuit does not 
work well for initial light intensities below 
about 1 foot-candle. 

H. S. Bull and J. M. Lafferty, A High-sensitivity 

Phototube Circuit, Electronics, November, 1940, 

p. 31. 
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Balanced Phototube Circuit for Precise Comparisons of Illumination Intensity 

Tins circuit makes it possible to com-
pare light intensities to an accuracy of 

3ío per cent without the use of special 
tubes or other apparatus. 
Two phototubes are connected in series 

in such a way that they strike a balance 
between two sources of light. This 
balance position is reached regardless of 
the light level, and is in effect a null 
point; the use of this null method has the 

same advantage for precise work that the 
potentiometer has over the voltmeter. 
Two vacuum-type phototubes are used, 

one of which receives light from a stand-
ard source while the other receives light 
from the source whose intensity is to be 

compared with the standard. The photo-
tubes are connected in series, with a 
constant voltage supply obtained from 
the voltage-regulator stage. This stage 

uses a 53 tube, with the two sets of ele-
ments connected in parallel. 

The phototubes are operated at satura-
tion voltage, about 100 volts per tube, 
and as a result the upper part of the 
characteristic of each is used. 

If the light falling on phototube 1 is 
equal to that falling on phototube 2, 
equal currents will flow in each, and the 
voltage applied across the two will divide 
equally. That is, the voltage between 
points B and C will have a definite value, 
very near 100 volts. Now if the light 
falling on 1 becomes greater than that 
falling on 2, an additional current will 
tend to flow in 1. This greater current 
will also have to flow in 2 because of the 

SOH 

series connection, but 2. is not receiving 
sufficient light to cause this greater cur-
rent to flow. The only way in which the 
additional current can flow in 2 is when 
the voltage across cell 2 increases. As it 

does so, the voltage across 1 must de-
crease, and the current decreases also. 
The net result when more light falls upon 
1 is only a small increase in current ac-
companied by a large change in the 

voltage distribution between the two 
phototubes. The change in voltage dis-
tribution, which can be measured by 
measuring the voltage across points B and 
C, is thus a direct indication of the division 
of light between the two phototubes. 
To measure the ratio of the lights falling 

on the two, therefore, it is necessary 
simply to measure the voltage between 
points B and C. 
The vacuum-tube voltmeter used for 

this purpose uses a standard 38 tube, 
with the heater voltage reduced to one-
half its normal value; the voltage of the 
screen is 10 volts. When the input volt-

LIGHT FROIA 
STANDARD 

NO.1 

LIGHT FROM SOURCE 
TO SE CALIEIRATED 

NO.2 

age is minus 1 volt, this tube, operating 
under these conditions, will offer an 
impedance of a million megohms. In this 
way the condition of high input impedance 
is met; actually a value of 100 megohms is 
sufficiently high to permit very sensitive 
determinations of the voltage. The plate 
current is very small, not more than 50 
microamperes. The current is a direct 
measure of the voltage between points 
B and C, and hence of the division of light 
between the two phototubes. 
Even a small amount of light falling on 

the 38 tube is sufficient to set up photo-
electric effects within it of sufficient 
magnitude to unbalance the circuit 
completely. Hence, in addition to the 
usual electric shielding, optical shielding is 
necessary. When these precautions are 
taken, the circuit is remarkably stable. 
It will operate for hours without deviating 
from the balance position by a tenth of a 
microampere in the plate circuit. 

Donald G. Fink, Precise Light Measurement, Elec-

tronics, June, 1934, p. 190. 

Phototube-thyratron Circuit for Controlling Color Temperature of Lamps 

Two phototubes here control type 2050 
thyratrons having plate-circuit relays 
which initiate and control the direction 
of rotation of an a-c motor which drives 
a rheostat in series with the tungsten lamp 
whose color temperature is to be main-
tained constant for production of direct 
color prints from positive color trans-
parencies. Accuracy of control is equiv-
alent to brightness changes arising from 

3-volt line variations. 
The color temperature of a tungsten 

lamp varies in practice because of voltage 
changes and accumulated tungsten de-
posits on the inside wall of the bulb. It is 
relatively simple to control the lamp volt-
age, but it is more involved to maintain 
uniform color temperature during lamp 
darkening. It so happens that as the 
lamp darkens, its brightness falls as well 
as its color temperature. By increasing 

the voltage on the lamp the brightness and 
color temperature will increase, approxi-
mately restoring its normal characteristics. 
Two phototubes are focused on the 

portion of the printing lamp that is 
directed toward the printing material. 
The phototube of system A is a 930 that 
has an SI surface. The phototube of 
system B is a 929 that has an 54 surface. 
In system A a drop in illumination will 

cause the 2050 tube to be conductive, 
since the decrease in phototube current 
makes the 2050 less negative. Relay 
P3 is thereby energized. The contacts of 
P3 am connected to one side of a reversible 
a-c fractional-horsepower motor 21/, which 
turns rheostat R1 ill the required direction 
to increase the illumination of the lamp to 
the original value, as set by R2. 

In phototube system B an increase in 
illumination causes its 2050 tube to be 

conductive, closing relay P4, which oper-
ates motor M in the direction required to 
decrease the lamp voltage; therefore its 
brightness is restored to the value origin-
ally set by R3. 
A description of the circuit function 

will make the color-temperature control 
more understandable. A positive voltage 
is applied to the 2050 anodes and photo-
tube anodes during every other half cycle, 
when the upper side of the a-c line is 
positive. During these half cycles, nega-
tive bias voltage is supplied to the 2050 
grid from R3. The potential of the grid 
is made less negative by the IR drop 
across R4, which reduces the negative 
grid potential, causing the 2050 to con-
duct and the relay to close. 

Excellent stability of both systems is 
accomplished by use of the 1.0-ohm 
resistors in series with the heaters to re-
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duce slightly the heater voltage and by 7-
megohm resistors in the screen-grid leads 
of the thyratrons. Apparently the gas 
currents within the tube are reduced by 
operating the screen and heater below the 
rated values. 

Plate relays P3 and P4 have a 1,500-ohm 
resistance to hold the relay current at a 
safe value. 

The anode voltage of the 930 phototube 
in system A should never exceed 90 volts. 
Therefore it is necessary to include a 
3,000-ohm resistance Rfi to limit the cur-
rent through the 2050 to a value which is 
such that the IR drop across R2 will not 
permit the peak voltage of the phototube 
to exceed 90 volts. Additional limitation 

is provided by the use of a 1,500-ohm 

plate relay P3. Motor M is a gear-reduc-

tion motor whose secondary shaft rotates 

at 1 rpm and is coupled to rheostat Rt. 

The purpose of the Variac is to set the 

voltage to meet the color-balance require-

ments of the printing material. The 

permissible tolerances in color tempera-
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ture for maintaining uniform color I al-
ance in finished prints are determined 
experimentally. These data are then 
used for the monitoring range of the 
printing lamp, which is set by positioning 
the contacts of R2 and R3 of systems A and 
B. 

•  

TO VOLTAGE 
REGULATOR 
AND II5V A-C 

Systems A and B must be isolated from 

each other to prevent one system from 
influencing the other. For this reason 
isolation transformers are used. 

J. Robins and L. E. Varden, Photoelectric Controls. 

for Color Printing, Electronics, June, 1946, p. 110. 

Photoelectric Amplifier with Cathode Follower for High-speed Response 

THE amplifier to be described contains 
no coupling capacitors between stages 
and therefore only the inertia of the re-
lay limits the speed of operation. In 
addition, it is positive in its action, 
being unaffected by normal power-supply 
changes and parameter changes over a 
wide range. 
Assume the phototube to be removed 

from the circuit. Under this condition, 
the grid of the first 6SN7 section (the 
cathode follower) is at ground potential. 
Plate current of both sections of the 6SN7 
flows through the 2,200-ohm cathode 
resistor, so that the cathode follower is 
biased almost to cutoff. 
The second section (control amplifier) 

of the 6SN7 has a positive 9 volts on the 
control grid, so that it conducts suffi-
ciently for the plate voltage to drop to 
about 50 volts. The combined plate 
currents furnish a positive voltage of 
about 10 volts on the two cathodes. The 
plate of the control amplifier is connected 
to the power-amplifier screen, which then 
has a potential of 50 volts. The grid of 
the 6V6 is grounded, and bias for the stage 
is furnished by the voltage divider consist-
ing of R, and Rio, plus whatever voltage 
is developed across Rio by plate current. 
With 50 volts on the screen grid, 250 volts 

on the plate, and about 10 volts on the 
cathode, the tube is very nearly cut off, 
and the relay ill the plate circuit remains 
unenergized. 
When the phototube is inserted in the 

circuit and illuminated by an outside 
source, current through the phototube 
makes the grid of the cathode follower 
more positive. The increase of cathode-
follower current results in a higher 
cathode voltage of 22 volts for the stage. 
This rise also is applied to the cathode of 
the control amplifier. Since the grid 
voltage of the control amplifier is held 
constant by divider R6 and R7 at 9 -volts, 
the tube is cut off. 
The result of the drop in plate current is 

to raise the plate voltage, and hence the 
screen voltage of the power amplifier, to 
170 volts. This increased screen voltage 
permits the GVG to conduct heavily 
enough to close the relay in the plate 
circuit. This relay then serves to control 
whatever device may be used with the 
amplifier. 
The actual voltages for the nonopera-

tive condition are between those given 
in the two cases above, since under normal 
conditions the phototube conducts to 
some extent but not enough to operate the 
relay. 

If desired, the device can be kept nor-
mally energized by a light source on the 
phototube, in which case any interruption 

of the beam would deenergize the relay 
and operate the controlled device. 

Resistors R2 and R3 are the coarse and 
fine sensitivity controls, respectively. 
One control may be used, but if both are 
used, adjustment of the amplifier is 
simplified. If the plate of the photo. 
tube is connected to the arm of R2 and if 
R3 is not used, R1 should be replaced by a 
750,000-ohm resistor. 

Maintain moderate tension on the 
relay spring, with as small a travel dis-
tance as necessary to prevent sparking 

from being maintained when the con-
tacts are opened. A suppressor capacitor 
should be used across the relay contacts. 
Adjust R3 to the maximum-sensitivity 
position (all 5,000 ohms in the circuit). 
'Adjust R2 to the maximum-sensitivity 
position. If the relay is properly ad-
justed, it will now operate regardless of the 
light on the phototube. If it does not, 
change the spring adjustment or the 
contact gap. 

With the phototube under excitation 
from the light source with which it will 
be used, back off R2 until the relay is 

deenergi zed . Rotate R2 about one-eighth 
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of a turn in the reverse direction. The 
relay will again be energized. Rotate R3 
until the relay is deenergized, and reverse 
the adjustment just past the point at 
which the relay energizes again. This 
last step completes the adjustment. 
Cutting off the light source will deenergize 
the relay, and applying it will give positive 
closing of the relay. It is recommended 

that the leads to the phototube be 

shielded, as the cathode follower acts as a 

rectifier in the presence of 60-cycle pick-
up, changing the voltage levels in the 

amplifier. With proper placement of the 

leads, however, this causes no trouble 
even without the shielding. 

No bypass capacitor can be used at the 

input grid, because the 10-megohm resistor 

in conjunction with a sufficiently large 
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capacitor to bypass 60 cycles would cause 
intolerable delay in circuit reaction time. 

CONTROL 
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R 

John F. Scully, A Phototube Amplifier, Electronics, 
October, 19.15, p. 168. 

Variable-range Variable-sensitivity Photoelectric Light-variation Indicator 

TIIE sensitivity of a light-intensity-
meter indicator for small percentage 
changes of light can be reduced to any 
desired degree by varying the plate 
characteristics of a type 954 tube between 
those of a pentode and those of a triode. 
This variation is produced in the circuit 
shown by properly adjusting potentiom-
eters P2 and P3 to control the relative 
potentials on the control grid and the 
screen grid. When the No. 2 grid 
of the 954 is positive with respect to the 
cathode, the 954 has a high-impedance 
pentode characteristic. Changing the 
No. 1 grid bias changes the height of the 
flat top of the e, — i, characteristic. As 
the potential of the No. 2 grid is made 
more negative, the characteristic curve 
rises again soon after reaching the 

saturation plateau. With zero bias on 
the No. 1 and No. 2 grids, the character-
istic curve rises almost exponentially 
from zero. When a negative bias is 
placed on the No. 2 grid, the exponential 
shape of the characteristic is unchanged, 
but it is shifted along the voltage axis. 
If the No. 1 grid is biased properly, the 
slope of the characteristic is increased. 
The 954 phototube load can thus be 

adjusted to give practically any desired 
positive impedance load at any desired 
current and at any desired voltage across 
the tube. This means that the full-scale 
reading of the output meter can be made 
to cover a fraction of a per cent of light 
variation, or any desired amount of 
variation between these two extremes. 

This circuit finds application as a den-

sitometer for use in connection with the 
analysis of photographically recorded 
spectra, for use in connection with a 
suitable monochrometer, or light filter, 
as a means of measuring the absorption 
lines or the concentration of certain 
chemicals in solution, and in a large 
number of other applictions. 

F. H. Shepard, Jr., Some Unconventional Vacuum 
Tube Applications, RCA Rev., October, 1937, p. 149. 

Phototube Relay Circuit Using Thyratron Amplifier for Small Light Differentials 

WHERE relatively great sensitivity to 
small changes in illumination is required, 
the gas tetrode can be used as an amplifier 
coupled to the phototube, as in this 
marginal limit photo-relay circuit that will 
control the gas-tetrode relay tube within 
specified limits of incident light. 

Applications include the counting of 
textile threads by a modified sound-on-
film optical setup and the control of the 
articulated rails of textile-finishing tenter 
frames by photoelectric means. In both 
instances a small light differential is 
involved, making action more positive 
when amplification is employed. 
A diode rectifier is connected backwgrds 

to produce an output of the polarity indi-

GAS TETRODE 

RECTIFIER 10,000 PHOTOTIJBE 

cated. This output is applied to the 
phototube circuit and the amplifier tube 
in such a way that any increase in ampli-
fier plate current will increase the drop in 
resistor R, increasing the negative bias 
in the gas-tetrode grid-cathode circuit. 
By adjusting the potentiometer the bias 

AMPLIFIER 1,000 

II 5 V 
A-C 

on the amplifier can be adjusted so that 
the firing point of the gas tetrode will 
coincide with a desired light value on the 
phototube. 

Gilbert Smiley, Control Circuits for Industry, Elec-

tronics, January, 1941, p. 29. 
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Battery-operated Circuit for Measuring Ultraviolet Radiation 

THE metering circuit shown was devel-
oped to provide a portable rapid-reading 
instrument for snaking surveys of radia-
tion intensities where the predominant 
wavelength is 2537A, at which there is a 
high percentage of the radiant energy 
from low-pressure mercury-vapor lamps 
used for germicidal purposes. Use of a 
type WL775 phototube with a pure 
tantalum cathode gives insignificant re-
sponse to wavelengtlis above about 3000A, 
which permits reliable measurements in 
the presence of considerable daylight. 

Use of a null instrument makes accu-
racy independent of vacuum-tube sta-
bility and linearity. A 1G6G double 
triode serves as an impedance changer to 
match the high impedance in the photo-
tube circuit to the low resistance of the 
Weston model 440 (l-c microammeter used 
to indicate balance of the grid voltage 
of the left-hand triode (in the phototube 
circuit) with the fixed grid voltage of the 
other triode. Balance is obtained by a 
voltage picked up in a calibrated 10,000-

ohm potentiometer in an auxiliary cir-
cuit. A switch permits shunting either a 
100-or 1,000-ohm fixed resistor across the 
potentiometer to provide a choice of three 
ranges. 
For operation, switch S is placed in the 

Calibrate position, and R1 is adjusted to 
make the meter read a predetermined 
standard current through R3. Switch S 
is then thrown to the Operate position, 
the movable contact of R3 is set at zero, 
and R5 is adjusted (no ultraviolet on 
phototube) to bring plate currents into 
balance. The phototube is now ex-
posed to the radiation to be measured, 
thereby lowering the phototube resistance 
and unbalancing the plate currents. 
Adjusting calibrated potentiometer R3 

to buck out the voltage on the grid in the 
phototube circuit brings the meter back 
to zero, and ultraviolet intensity can be 
read directly from the setting of R3 

(which of course must be previously 
calibrated) against a standard instru-
ment. All resistors except the 100-meg-
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ohm grid resistors should be wire wound. 
For maximum sensitivity, the two plate 
resistors (shown as 75 ohms) should be 
half the resistance of the meter. Rheo-
stat R10 is a Ayrton shunt, used to protect 
the meter at large unbalances of plate 
current. 

Howard L. Andrews, An Ultraviolet Intensity Meter 

for Field Use, Rev. Sci. Instrumenta, September, 

1945, p. 253. 

Phototube-operated Trigger Circuit Actuating a Counter for Power Measurements 

Tins electronic power-measuring cir-
cuit, developed to measure power contin-
uously and accurately, consists essentially 
of a G-E type 130A watt-hour meter 
having a 2.5-ampere current coil used 
directly to give the low watt-hour meter 
constant of 0.3 watt-hour per revolution, 
used with a photoelectric counting ar-
rangement to obtain much higher accu-
racy than is possible with the watt-hour 
meter alone. 
The register dials were removed, and a 

small plane mirror was glued to the ro-
tating shaft of the meter. In the place 
occupied by the register dials, a small light 
source and a phototube were mounted. 
The light source is a 2.2-volt Penlite or 
Lenslite flashlight bulb that has a fairly 
concentrated beam. 
The phototube was an RCA 923 with 

the base removed, although the type 924 
might be preferable due to its smaller 
size. Both the light source and the 
phototube were mounted within the glass 
case of the meter, which was painted on 
its inner surface with black paint. The 
phototube ‚vas connected to the electronic 
amplifier and counting circuit, which 
counted the revolutions of the watt-hour 

0.75 
MEG 

0.1 
MEG 

0.15 
MEG 

0.5 
MEG 

meter as detected by the rotating mirror. 
The main features of the counting cir-

cuit include a General Radio type 631P1 
Strobotron tube, which is of the cold-
cathode trigger type, and a Cenco No. 
73511 high-speed high-resistance counter. 
For every revolution of the meter disk and 
mirror, the phototube initiates an im-
pulse that triggers the Strobotron and 
registers on the counter. 
An adjustment is necessary and is 

provided in the circuit to adapt the 

counting circuit for measurements of 
small powers (25 watts or less) where the 
disk rotates very slowly and of larger 
powers (300 watts) where the meter 
rotates much more rapidly. Tliis gives a 
relatively inexpensive and rugged power-
measuring instrument which may be 
easily calibrated against the snore expen-
sive rotating watt-hour meter standard 
which would be necessary in its place. 

Robert V. Brown, Electronics Applied to Heat Trans-

fer Tests, Eleetronirs, July, 1913, p. 113. 
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Precision Photoelectric Color-matching Circuit for Inks or Dyed Papers 

CoLon matches are designated by this 
two-phototube circuit with high precision 
as required for duplication of colors of 
printing inks or dyed papers on topent 
orders in the paper industry. Either 
reflection or transmission methods of 
matching may be used. 
The phototubes are connected into a 

sensitive bridge circuit, with a voltage 
divider across the charging voltage of the 
phototubes to balance the system. By 
adjusting the divider, the pointer of the 
microammeter can be brought to midscale 
with no light on the phototubes. 
The phototubes have top-cap connec-

tions, the anode being brought out to the 
cap on one tube, the cathode on the other. 
The grid cap of the amplifier tube connects 
only to the top caps of the two photo-
tubes. Short top-cap connections to the 
three tubes result in an extremely high 
resistance-leakage path. Leakage may be 
further decreased by coating the three 

tubes with a nonhygroscopic wax. The 
windows of the phototubes should be 
free from wax. 
A bias voltage divider on the pentode 

compensates for differences in phototube 
sensitivity by allowing shift of the grid-
plate characteristics of the amplifier tube. 
With all switches off, the main power 

switch is snapped on and the machine is 
given several minutes to condition. The 
balancing circuit knob is turned on and 
the meter needle centered on the midscale. 
A reflector is placed in the back window 
trap. One of the color filters is placed 
in the slide and the standard color is 
placed in the front window trap. The 
light source is next snapped on and, with 
the calibrated . light valve set at zero 
midscale, the shadow vane in the lamp 
house is adjusted to bring the meter needle 
back to zero. The standard is now re-
placed with the sample to be matched 
against it. If the meter needle deviates 

0-200 - 
0.5MEG -,22.5V 

from zero, it indicates a mismatch, plus or 
minus. 

Again the meter needle is brought to 
zero by an adjustment of the calibrated 
light valve, or iris diaphragm. When this 
condition obtains, the reading on the 
light-valve scale is indicative of the 
percentage of difference in the tonal range 
of the sample and standard as far as that 
particular band of the spectrum is con-
cerned. The other necessary filters are 
now placed consecutively, and the above 
operations are repeated. Bed, blue, and 
green Wratten filters are used. 

E. L. Deeter, Color Matching in the Paper Industry, 
Electronics, September, 1938, p. 18. 

Photoelectric Amplifier for Mirror Galvanometer 

A THREE-STAGE amplifier and photo-
tube used with a mirror galvanometer 
in the manner shown here provide suffi-
cient power to actuate the stylus of a 
recording galvanometer, with a total 
magnification adjustable in the range of 
500 to 1,500 times. In the original appli-

cation for recording earthquakes, the 
output of a seismometer was fed to the 
mirror galvanometer. 
The optical system is adjusted so that 

the at-rest position of the seismometer 
provides 50 per cent illumination of the 

phototube cathode. The output of the 
phototube is stepped up by a single 
pentode stage operating from its own 
VR150 regulator tube, and then fed into a 

6SC7 twin-triode used as an amplifier and 
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self-balancing phase inverter 
the 6E6 twin-triode power amplifier that 
feeds the push-pull coils of the recording 
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for exciting galvanometer to actuate the stylus. 

Earthquake Recorder, Electronic Industries, October, 

1941, p. 93. 

Phototube-controlled Electronic Timing Circuit for Contact Printers 

ONCE correct exposure has been deter-
mined for a given negative, this photo-
tube-thyratron control circuit automati-
cally ensures that all contact prints made 
from that negative will have uniform 
density regardless of variations in lamp 

intensity due to changes in lamp-filament 
temperature. 

Variations in density due to thermal 
inertia in the lamp filaments can be over-
come by exposure through a shutter rather 
than by increasing and decreasing the 
brilliancy of the lamps. If the exposure is 

actually measured by using a phototube 
to discharge a timing capacitor, the device 
will be self-compensating for line-voltage 
changes, darkening of the lamp envelopes, 
or any other change that varies the light 
intensity. An Eastman No. 12 studio 
printer is easily modified to incorporate 
such a timing device. 
A thin aluminum-vane shutter is placed 

between the light and the shield. It is 
operated electromagnetically by a coil in 
the anode circuit of a miniature thyra-
tron (type 2050). 

The time cycle is determined by the 
time required to discharge a capacitor in 
the grid circuit of the thyratron from one 
fixed voltage to another. A phototube 
is used to discharge the capacitor, and the 
rate of discharge is determined by the 
intensity of the light falling on the tube. 
The phototube, placed so as to receive 

light directly from the lamp when the 
shutter is opened, is housed in a light-
tight box with a small window that is 
covered with a photographic film step 
wedge. The wedge, which varies the 
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time of exposure, can be moved one step 
at a time in front of the window by means 
of a drum having a detent (levice which 
accurately locates each step in front of the 
window. The control knob is mounted on 
the front of the printer, where it is readily 
accessible to the operator. 
The resistor required as a grid return 

for the thyratron determines the maxi-
mum time of operation. Its resistance is 
made as high as possible (consistent with 
stable operation) in order that the dark 
time be so long that it has a negligible 
influence on the actual operating time. 
The snap-action switch actuating the 

timer is set to close just after the mercury 
switch that turns the light on. They 
are both automatically operated by 

closing the platen. When the snap-action 
switch disconnects the timing capacitor 
from the charging source and connects it 
to the cathode of the phototube and grid 
of the thyratron, the thyratron is ex-
tinguished. This deenergizes the solenoid 
and allows the shutter to expose the 
aperture. The current flow caused by 
the light thus allowed to fall on the photo-
tube discharges the capacitor at a rate 
dependent on the light intensity. When 
the capacitor has discharged to a definite 
voltage established by the other electrode 
potentials, the thyratron again fires and 
closes the shutter. The light is extin-
guished, and the capacitor is recharged 
for the next timing cycle when the platen 
is lifted. 
The grid lead of the thyratron and the 

cathode lead of the phototube must be 
well insulated and well shielded. The 
2-uf timing capacitor must be a high-
quality paper-insulated type. 
A time-delay relay is essential to protect 

the cathode of the thyratron from ion 
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bombardment by delaying application of 
anode potential until the cathode has 
heated. The delay system, which resets 

itself after operating, is improvised from 
an inexpensive thermostatic sign flasher 

ALLIED CONTROL CO. RELAY NO. PC 4 

and an a-c relay. Other components are 
standard radio parts. 

C. J. Feather and C. Welsh°, Photoelectric Contact 
Printer Control, Electronics, September, 1913, p. 114. 

Self-compensating Voltage Supply for Multiplier nototubes 

IN the self-compensating circuit used in 
connection with the multiplier phototube 
shown, a part of the voltage divider con-

sists of two VI1150 tubes. With a 
fluctuating line voltage the variations in 
the voltage of dynode 7 are, therefore, 

larger than those in the voltage of the 

other dynodes and can be used to counter-

balance any changes in the latter. 

The anode current call be measured 

with a galvanometer without further 

amplification, using 75 volts between 

adjacent dynodes, or 900 volts over all. 

With the maximum voltage of 120 volts 

per step, the anode output could have 
been increased more than tenfold. A 

similar high output could be obtained 
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with the new 931A tube at the normal 

100 volts per step. 

Peter Pringsheim, Microunalytic Measurement of 

Oxygen Production, Electronics, December, 1915, 

P. 340. 
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Sensitive Photoelectric Light-intensity Indicator 

• Wun this sensitive photoelectric am-
plifier circuit, it is possible to indicate 
easily light differences or changes that 
may be small parts of 1 per cent, as re-
quired for accurately matching the in-
tensities of amounts of light. 
The high-impedance type 954 pen-

tode acts as a load impedance for the 
type 919 high-impedance vacuum photo-
tube. The potential of the common 
connection between the 919 and the 954 is 
determined by the intersection of the 
e, — i characteristics of the tubes, and a 
small change of light on the phototube will 
result in an output of several volts. This 
output voltage is applied to the grid of a 
type 38 output tube, the plate current of 
which is indicated on a 100-microampere 
meter. 

Because the phototube with the 954 
load has an extremely high output im-
pedance, it is necessary to operate the 38 
so that its grid-input impedance is 

extremely high. To reduce the grid 
emission to a minimum, the voltage to the 
heaters of the 38 and the 954 is reduced to 
4 volts. The possibility of emission from 
the heaters to the grid is eliminated by 
operating the heaters at a potential 
positive with respect to the plate of the 
954 and the grid of the 38. Gas current 
to the grid of the 38 is kept at a minimum 
by keeping the potentials within the 38 
low so as to minimize the ionization of any 
gas that may be in the tube. 

Because all the high-impedance exter-
nal connections are made to electrodes 

brought out from the tops of the tubes, 
external leakages are reduced to a mini-
mum. External leakage can be greatly 
reduced by carefully cleaning the tubes, 
dipping them in hot ceresin wax, and 
holding them under the surface of the 
wax until the greater part of the moisture 
on the glass is boiled off. 

This circuit can be used to indicate the 
absorption of light by a fluid, as well as to 
indicate or control the concentration of 
certain chemicals in suspension or solu-
tion. Monochromatic light can be used 
to advantage when it is desired to isolate 
a particular constituent. The circuit 
also finds application for color matchers. 
When measuring small changes in light, 
a change of light intensity of the order of 
two millionths of a lumen is sufficient to 
swing the output meter over its full scale. 

F. II. Shepard, Jr., Some Unconventional Vacuum 

Tube Applications, RCA Rev., October, 1937, p. 149. 
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Radio-frequency 30,000-volt Power Supply for Projection Cathode-ray Tubes 

TUNED step-up transformers in a self-
excited oscillator circuit serve here as a 
high-voltage source for kinescopes and 
projection cathode-ray tubes. The use of 
i•-f power of the order of 300 kc permits 
a substantial reduction in transformer 
inductance and simplifies transformer 
construction. 
The input power is generated by a 

vacuum-tube oscillator, which automati-
cally limits the possible power output of 
the unit. Output voltage is 30,000 volts 
for the second anode of the cathode-ray 
tube, with approximately 50 watts of 
power. A separate oscillator for the 
focusing voltage is used. The focusing 
voltage can be varied from 4 to 7 kilo-
volts by tuning the primary of its oscil-
lator circuit. The main second-anode 
supply employs a voltage-doubling cir-
cuit energized by three parallel 6Y6G 
oscillator tubes. Both supplies are oper-
ated in series to maintain a desired volt-
age ratio under varying load conditions. 

Voltage stability and focus regulation 
under actual operating conditions are 
quite satisfactory. Little difficulty was 
experienced in preventing oscillator inter-
ference with television equipment, but 
isolating resistors or chokes may be re-
quired when a single source of filament or 
B supply is used. 
The obtainable power output is limited 

by the oscillator power. This method 
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permits the construction of safe supplies 
where the current requirements are not 
too high. This low-power reserve also 
protects the kinescope and rectifier in 
case of sparkover or accidental short 
circuits because of the small short-cir-
cuiting current. It must be remembered, 
however, that currents of dangerous 
magnitude are obtainable, depending on 
the voltage step-up and the oscillator 
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power. For such conditions, due pre-
cautions for safety must be taken. 
The cost of high-frequency-operated 

supplies compares favorably with 60-
cycle supplies when the oscillator power 
is moderate and when, consequently, 
small oscillator tubes can be used. 

O. II. Schade, Radio-frequency-operated High-volt-
age Supplies for Cathode-ray Tubes, Proc. Inst. 
Radio Eng., April, 1943, p. 158 

Shunt Diode for Economical Bias Supply in Power Amplifiers 

IN the conventional bias supply for 
amplifier tubes, a diode is connected in 
reverse and is used as a half-wave rectifier 
for negative output. This requires a 
separate heater winding or extra filament 
transformer because the heater-cathode 
rating is usually exceeded. Then, if the 
voltage to the input capacitor of the bias 
filter is exceeded, an input resistor is 
necessary. For less than 100 volts of 
bias, an additional resistor is needed 
and power is wasted and a lot of heat 
dissipated. 
The circuit shown uses a shunt diode 

with the cathode grounded so there is no 
problem of breakdown from cathode to 
heater. The load is tied directly across 
the output filter capacitor and the drop-

ping resistor is eliminated. The capaci-
tors work at low voltage so their rating 

need not be high. The entire voltage 
drop is accomplished in the input capaci-
tor C with no loss of power and no heat. 
For an output of 100 volts at about 

milliamperes (to 2A3 grid-voltage control 
potentiometers or other load), C will be of 
the order of 0.1 µf. It will vary with line 
frequency and load requirements. 

If separate bias voltages are not re-
quired, the load resistor (which is merely 
a grid return to ground) may be removed 
from the output capacitor and placed 
across the diode from anode to ground. 
The grid returns are connected to the filter 
output. Since the filter is then unloaded, 
this will provide even better filtering. 

205 

3 

The circuit shown delivers 100 volts 
across four 5,000-ohm potentiometers con-
nected in parallel to supply the grids of 
push-pull parallel 2A3's. The ripple level 
is 0.01 volt. 

Howard T. Sterling, Use of Shunt Diode for Supplying 

Bias Voltage, Electronics, September, 1945, p. 218. 
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Radio-frequency Oscillator as Power Supply for Photoelectric Light Source 
MANY applications of phototubes and 

photocells require that the exciting lamp 
used as a light source be supplied with 
current that produces no audible modu-
lation of the light beam. The oscillator 
circuit shown operates in the 100-ke 
region and has been used to light a 6-
watt lamp in a 16-min sound projector. 

In addition to the grid-leak bias there is 
shown a self-biasing resistor. Should 
the exciter lamp burn out, the tube might 
cease to oscillate and the cathode resistor 
would then bias the grid and hold the 
plate current down to a normal value. 
The variable rheostat in the plate cir-

cuit varies the brilliance of the lamp. 
Inductor L1 is of the air-core type, 

wound on 3-inch tubing with i!i-inch 
inner diameter. There are three wind-
ings: a primary coil of four layers, 130 
turns each of No. 28 wire; a feedback coil 
of 130 turns of No. 28 wire; and a lamp 
winding of 25 turns of No. 18 enamel wire. 
One, side of the lamp winding may be 
grounded. 
With this type of oscillator, a high-

quality sound amplifier may be employed, 
since no attenuation of the low-frequency 
response is necessary. An objectionable 
feature of this circuit is that the brilliance 
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of the lamp changes with line-voltage 
variations. 

Daniel Schulman, Power Supplies for Photoelectric 

Controls, Electronics, February, 1945, p. 177. 

Self-excited Inverter Circuit Using Grid-controlled Gaseous Tubes 

Tins inverter circuit is a variation of the 
so-called separately excited parallel-type 
inverter using grid-controlled gaseous 
tubes, with certain additions for ease in 
starting. It provides a-c power up to 
about 1,000 watts at varying frequency 
from 40 to 110 cps from a d-c source. 
The grid of each tube is connected to a 

circuit consisting of a capacitor, an in-
ductance, and a variable resistance. The 
capacitor is charged when the tube to 
whose anode it is connected is not con-
ducting, since it is then in effect across the 
whole primary winding of the transformer 
less the voltage drop in the other tube. 
The capacitor discharges through the 
R-L circuit and the tube to which it is 
connected, when this tube fires. The 
constants of the components of the 
R-L-C circuit to which each grid is con-
nected are so chosen that the discharge is 
oscillatory, the frequency being adjustable 
by the value of the variable resistance. 
That this discharge be of oscillatory 
nature is required in order to have a sharp 
approach of the grid voltage to the zero 
line, which will give a definite firing time 
for each tube, and also by the fact that 
under certain conditions of operation, 
such as low values of anode voltage, 
positive voltage is required for firing the 
tube. 
Assume that the circuit is in operation 

and that tube T2 has just fired. Capaci-
tor C2, which has been charged to nearly 
the full potential of the transformer 
primary and which has its positive termi-
nal conected to the anode of 7'2, now starts 
to discharge through this tube and the 
associated R-L circuit at a rate deter-
mined by the constants of this circuit. 
This discharge holds the grid of T1 nega-
tive, thus preventing its firing, although 

its anode voltage rapidly becomes posi-
tive after the negative commutating im-
pulse from the commutating capacitor, 
which stopped it from further conduction. 
As the discharge of C2 progresses, the 

voltage applied to the grid of OET1 decreases 
until the critical grid firing potential is 
reached and this tube fires. The com-
mutating capacitor C then discharges 
and stops T2 from further conduction. 
While all the above action has been tak-
ing place, C1 has been charging, and it 
now repeats the performance of C2, this 
time preventing the firing of T2 until the 
proper time is reached. 
The recurrent action of the dis-

charges in the two grid circuits causes 
the tubes to fire alternately, thus giving 
an alternating current in the secondary of 
the transformer. The variable resist-
ances in the grid circuits control the fre-
quency of the output current. They are 
adjusted together when the frequency is 
changed and are in such relation to each 
other that the current taken by each tube 
is the sanie. Tisis latter feature of oper-
ation is of considerable convenience, since 
gas-filled arc tubes seldom have exactly 
the same characteristics and some type of 
balancing circuit must be used. 
The grid transformer and switch S allow 

the circuit to be started as a separately 
excited inverter if inverter action is at 
times difficult to start. To use tisis 
method of starting, R should be adjusted 
to give the inverter the saine approximate 
frequency as is supplied to the grids. 
Switch S is closed and low-voltage direct 
current applied to tlie input. As soon as 
the inverter starts, S is opened and the 
ti-c voltage brought up to the operating 
value. 
The higher the frequency, the smaller 
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may be the commitating capacitor C. 
For best results it is often advisable to 
reduce the value of C as frequency is 
increased. In common with many other 
inverters, the output wave form of this 
circuit is by no means perfectly sinusoidal 
and is affected considerably by the charac-
ter of the load. However, this inverter 
is quite stable, operating much like a small 
alternator. With sudden application of 
additional load both the voltage and 
frequency drop until the load is picked 
up, then both rise to normal. 
The regulation of this inverter is poor, 

which is one of the reasons why electronic 
inverters llave not been more numerous. 
Tisis poor regulation requires some means 
of adjusting the ti-c input voltage and it 
usually requires some power-consuming 
device in this circuit unless the inverter is 
operated directly from a d-c generator 
whose field may be adjusted, or from a 
grid-controlled rectifier. 

Frederick N. Tompkins, Operation of a Self-excited 
Inverter, Electronics, September, 1940, p. 36. 
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Bias 

ONE source of bias voltage that is 
seldom utilized by design engineers is the 
heater voltage applied to the tubes. 
Use of a shunt diode for this purpose 
permits saving of cathode bypass capaci-
tors and resistor and the space they 
occupy. In the circuit shown, diode A 
operates as a shunt diode fed with 
alternating current from the heater line. 
Three volts can be supplied to the delayed 
ave line and a-f bias using the values 
given. Increasing the values of capaci-
tance C and resistance R permits ob-
taining as much as 9 volts. 

and AVC Delay Voltage from Shunt Diode 

6J5 

The ave diode B is also wired in shunt 
and is fed from the plate of the last i-f 
stage so that the flywheel effect of the trans-
former secondary will smooth the peak 
shunting due to the diode, and hence will 
eliminate distohion from this source. 
The detector is an infinite-impedance 
type so as not to load the secondary of the 
i-f transformer and reduce the Q. Cath-
odes of the tubes supplied with bias volt-
age may be grounded. 

Howard T. Sterling, Use of Shunt Diode for Supplying, 

Bias Voltage, Electronics, September, 1945, p. 218. 

Series-parallel Operation of Thyratrons for Production of High-power Pulses 

THE power-handling capabilities of 
thyratrons as pulse generators are greatly 
increased by operating the tubes in series-
parallel as shown here. The technique 
is the same as that used with thyratron 
line-type modulators for pulsed radar 
sets. 

In multiple operation of thyratrons, the 
load should be divided equally between 
the tubes. The time delay of firing a 
thyratron varies from tube to tube and 
varies during its life. The time interval 
between the initiation of grid voltage and 
the beginning of anode current is called 
time delay. It is necessary to ensille that 
each tube starts conducting anode pulse 
current at the same instant. If one tube 
starts conducting appreciably before the 
second tube, the output wave form will 
be distorted. 
The operation of thyratrons in series 

automatically ensures that both tubes will 
conduct anode current during the same 
period of time, and hence the output pulse 
shape will not suffer. It also ensures that 
the tubes will conduct equal currents. 
By means of a resistance voltage divider, 
the circuit voltages may be adjusted so 
that each tube is subjected to half of the 
peak network voltage. 

Parallel operation of thyratrons may be 
achieved simply by using separate pulse 
networks for each tube, provided that the 
variation in firing time normally en-
countered does not adversely affect the 
output pulse shape. On very wide pulses, 
the effect of one tube starting conduction 
a fraction of a microsecond before the 
other is not a serious disadvantage. 
However, on narrow pulses (about 5 
microsecon(ls), the variation in firing 
time of a few tenths of a microsecond 
must be considered. Under these con-

ditions it is necessary to provide some 
method of preventing power pulse current 
from flowing until all tubes have been 
ionized. 
The grids of series-connected tubes 1 

and 2 are fired by a conventional thyra-
tron trigger. Point X on the circuit drops 
to practically ground potential. For a 
small period of time (0.1 to 0.25 gsec 
for 5C22 tubes), tubes 1 and 2 are ionized 
and are capable of passing the power 
pulse. However, the secondary of trans-
former 'I' sees an open circuit (because 
tubes 3 and 4 have not fired), and hence 
prevents the power pulse from flowing 
through tubes 1 and 2. Transformer T is 
a 1 to 1 phase-reversing pulse transformer. 
A negative pulse appears at terminals 

XZ of the transformer because of the 
firing of tubes 1 and 2. This negative 
pulse is reversed by the transformer, and 
the anode potentials of tubes 3 and 4 start 
increasing. 
The increase in anode potential of 

tubes 3 and 4 causes their grids to become 
positive because of the grid-anode capaci-
tance, and firing of tubes 3 and 4 is 
accomplished. 
When all tubes are conductive, the 

transformer equalizes the currents in 
the tubes by virtue of the unity turns 
ratio. The impedance it offers to the 
main pulse energy is presented only by its 
leakage inductance. The actual added 
circuit inductance is equal to one-fourth 
the sum of the primary and secondary 
leakage. 
Measurements on Sylvania 5C22 tubes 

showed that in the parallel circuit the 
maximum delay time (time between the 
instants of firing of the two tubes) for 
tube 2 was 0.25 microsecond. The 
transformer used for the tests consisted of 

20 
MEG 

20 
MEG 

two coils of 15 turns wound on a 0.002-
inch Hipersil core of 3 square inches area. 
This transformer satisfactorily passed 
main anode pulses of 1.5 gsec and 5 µsec at 
19 ohms impedance. 
Because of the extremely rapid rate of 

rise of voltage applied to the grids, the 
increase in jitter introduced by the addi-
tion of the second tube is reduced to a 
minimum. Measured values of jitter ‚vele 
always less than 0.04 psec. 
Combining the series and parallel cir-

cuits permits operation at extremely 
high power levels. It is only necessary 
to trigger one of the four tubes. When 
tube 1 is triggered, tube 2 becomes 
ionized in a manner similar to that of 
series operation. Then after tubes 1 and 
2 are ionized, transformer 7' operates as 
before and triggers tubes 3 and 4. Which 
of these becomes ionized first will probably 
depend on the individual tube character-
istics. A modulator using this circuit 
and four 5C22 tubes has been constructed 
and will handle 30,000 volts, 2 micro-
seconds, with 200 pulses per second. It 
has been operated satisfactorily at about 
10 megawatts. 

Irving Sager, Multiple Thyratron Circuits, Elec-

tronice, December, 1946, p. 158. 
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Variable-gain Amplifier as Power Source for Constant Light 

CONSTANT intensity of light from a 
lamp used as a light source in photo-
electric equipment can be obtained by 
using an automatic gain-control system. 
The circuit shown employs this principle. 
The lainp is excited from a low-voltage 

secondary winding of the output trans-
former An audio signal is fed into 
the input of the first audio amplifier tube. 
This is resistance-coupled into a driver 
tube. Since efficiency is desirable and 
only a single frequency is amplified, 
class B amplification is employed in the 
following stage. The circuit constants 
are designed for amplification and peak 
band pass at the one frequency. 

Regulation is accomplished by a cir-
cuit that provides bias for the third grid 
of the input 6J7. The reference voltage 
is the drop across a M-watt neon bulb N. 
Voltage from the output transformer is 
properly matched to an exciter lamp and 
the differentiating circuit. For an 18-
watt lamp, a 4-ohm secondary will 
properly match the impedance and is 
shown as L3. Winding L2 is a high-

voltage secondary that supplies 300 volts 
to the output rectifier tube V5. Inductor 
L4 with C1 and C2 filter the d-c potential 
that appears across R1 and R2. 
A negative potential is placed on the 

cathode of the 6L7 tube through the X-
watt neon bulb N. Any change in plate 
current of the 6L7 appears as a voltage 
of negative polarity across R3. This 
potential is applied through an RC 
filter with a time constant of 0.1 second 
to bias the third grid of the input to 

6J7 6N7 605 

6J7 to maintain a regulated output. 
The voltage at which the circuit will 

hunt is dependent upon the setting of R2. 
If there is 300 volts across R1 and R2, then 
across R6 there will be 240 volts, since the 
neon bulb drops approximately 60 volts 
and maintains that fixed drop. If R2 
is set at negative 250 volts to ground, 
there will then exist tube potentials of 240 
volts plate and screen supply and —10 
volts on the control grid. 
When a rise in line voltage or signal 

voltage occurs, there is greater power 
output. Suppose a 310-volt potential 
instead of 300 exists across R1 and R2. 
Since the drop across the neon bulb is 
constant at 60 volts, there will exist 250 
volts between cathode and ground. The 
setting of R2 places the divider network 
in a 5-to-1 ratio of resistance and the 
potential existing from grid to ground will 
equal % of 310, or 258.3 volts. This is 1.7 

CI 
0.002  4  

OEJ 000 

- R2 
- 250,000 

AGG LINE 

RI 
15,000 

R7 Ce 

0.04 

volts more positive on the grid than the 
original circuit potential. The 6L7 will 
then draw more current and cause a 
greater voltage drop across R3, which 
will in turn place a more negative bias on 
the 6J7. Reduction and stabilization 
of the amplifier output are then accom-
plished and the output is restored to 300 

volts across R1 and R2. Maintaining 
this output constant will regulate the 
exciter lamp voltage since the two cir-
cuits arc coupled to the same primary. 

This circuit will regulate within M o volt 
on signal variations of 3 to 10 volts and 
line-voltage variations between 90 and 
130 volts. The frequency may range 
from 300 to 3,000 cycles per second on 
the signal grid. 

Daniel Schulman, Power Supplies for Photoelectric 
Controls, Electronics, February, 1945, p. 177. 

Half-wave Rectifier Circuit for Reclaiming Dry Batteries 

Tins simple half-wave rectifier circuit 
for reclaiming flashlight cells and other 
dry batteries sends 150 milliamperes of 

direct current through a number of the 
cells in series for 4 hours or longer. The 
rejuvenation period varies with individual 
cells, with most cells returning to above 
normal voltage in 4 to 8 hours. 
A voltage-stabilizing period of about 6 

hours should be observed following the 
charging period, as a final check on the 
cell before returning it to service. This 
shelf period will also permit the cell 
to return to normal voltage and prevent 
the burning out of flashlight bulbs often 
experienced with freshly charged batteries. 

It has been found possible to repeat the 
rejuvenation process and corresponding 
life cycle of the better grades of dry cells 
about four times. A few cells have been 
depolarized and reused more than 30 times 
in actual practice. Best results were from 
fresh new cells, expended over periods 
of about 2 \veeks, reclaiined before they 
were entirely dead, and reused under 
similar conditions. Cells that are per-
mitted to stand in a totally discharged 
condition for long periods can seldom be 
reclaimed. 

Maurice E. Kennedy, Reclaiming Used Flashlight 
Batteries, Electronics, October, 1943, p. 148. 
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Variable B Voltage Supply Using a Tube as a Variable Resistance 

A LTHOUGH variable transformers and 
resistance dividers can be used to provide 
a variety of output voltages from a power 
supply, certain applications dealing with 
vacuum tubes benefit from the use of the 
stepless variable source of voltage pro-
vided by an electronic tube. 

Briefly, the principle involved is to 
employ a tube having a low plate resist-
ance as a variable resistor, its value being 
varied by means of the grid bias to effect 
the desired control. In the diagram, a 
6A5G is used as the resistance, which is 
varied from an equivalent value of 900 
ohms to practically infinity by a change 
of bias from zero to —100 volts. The 
2A3, 6A3, or 6B4G could be used in lieu 
of the 6A5G. 
The cathode of the tube is above ground 

by the amount of the output voltage; 
hence a separate heater winding is re-
quired, which can be allowed to assume 
this potential. One tube of the type 
suggested is good for an output of 60 to 
70 ma. Two or more tubes may be con-
nected in parallel to handle more current. 
When tubes are paralleled, suppressor 
resistors must be placed in series with their 
grid leads to prevent parasitic oscillations. 
Anywhere from 50 to 500 ohms is satis-
factory, but the resistors should be con-
nected directly to the socket pins. 
The bias for the control tube, or tubes, 

is provided by separate rectification with 
a type 6H6 tube. The cathode of diode 
T1, being connected to one end of the 
main transformer, rectifies the peak 

Cold-cathode Tubes 

H ERE is an electronic ignition system 
designed for an engine having a single 
ignition coil and a single distributor. A 
300-volt source is connected across the 
reservoir capacitor Co and bridged by the 
series-connected capacitors C 1 and C2. 
The junction point of the two impulse-

generating capacitors C 1 and C2 connects 
through the primary of the ignition coil to 
the interconnected cathode and anode of a 
pair of 631P1 tubes connected in series 
across the supply line. Interrupters Ii 
and /2, actuated by the cam in the dis-
tributor housing, successively place a 
positive bias on one of the grids in the two 
gas tubes, causing a primary discharge 
through T first in one direction and then 

negative swings. This rectified current 
charges capacitor C 1, and, passing through 
potentiometer RI, provides the required 
bias. RI and C 1 act as a filter to smooth 
out the bias voltage. Ripple in this bias 
affects the plate current of the control 
tube and introduces ripple in the output 
voltage. 
The values of R1 and CI that are given 

introduce a 60-cycle ripple of 5 volts 
rms. At very light loads this ripple 
persists down to low d-c terminal voltages. 
If less ripple is required, a larger value of 
C1 may be used, or the control tube may 
be placed between sections of the main 
filter. The peak voltage on the capacitor 
for the circuit shown is only 109 volts. 
For potentiometer R1 a linear taper is 

satisfactory. Some nominally linear po-
tentiometers have considerable taper 
effect at both ends of the scale. These 
are particularly unsatisfactory for this 
application. The dissipation in this po-
tentiometer will not exceed 1 watt if 
other quantities are approximately as 
shown; hence an ordinary receiver-type 
volume-control potentiometer can be 
used.. 
The current through potentiometer R1 

must return either through the control 
tube or the load. This current is in the 
reverse direction to the principal load 
current and tends to develop a small 
reverse voltage across the load when the 
control is turned down. This is remedied 
by finding a balance between R1 and R2 
Wilk11 is such that the control tube is never 

completely cut off. It will then pass 
enough current just to offset the bias 
current and bring the terminal voltage 
down to zero at the extreme setting of the 
control potentiometer. 
Where a supply with this type of con-

trol is used for vacuum-tube characteristic 
tests, it is convenient to provide a con-
stant screen supply. This can be done by 
adding a voltage-regulator tube (VR105 
or VR150) and connecting it with a 
suitable series resistor to a point ahead 
of the control tube. A separate output 
terminal must then be provided for con-
necting the screen circuit across the VR 
tube. 

A. H. Brolly and J. L. Lahey, Variable B Voltage 
Supply for Lab or Classroom, Electronics, October, 

1943, p. 150. 

in Electronic Ignition Circuit for Single Coil and Distributor 

the other as required by the circuit. 
The 1-megohm resistor across C 1 en-

sures that C2 svill be charged to the full 
line potential when the apparatus is 
turned on after a period of inactivity, in 
which case the operation is as follows: As 
the cam rotates clockwise, contacts Ii 
first separate, after which contacts / 2 close, 
placing a positive bias on the control 
element of V2. This triggers off the dis-
charge of capacitor C2 through the pri-
mary, to which there is added the charge 
current of capacitor C 1 being readied for 
action on the next cycle. Upon the 
continuing rotation of the breaker earn, 
the contacts at /2 are opened and those of 
./1 close, firing VI and restoring the im-

+300V 631-PI 

TO ENGINE 
DISTRIBUTOR 

pulse . capacitors to their original 
ready to continue the operation. 

state 

O. V. Eltgroth, Electronic Ignition Systems, Elec-

tronics, April, 1945, p. 106. 
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Ten-cycle Power Supply Using Tuning-fork Control of Impulse Frequency 

To obtain uniform drum speed for 
several drums in a seismograph, 10-
cycle impulse power from storage batteries 
has been kept at constant frequency by 
tuning-fork control. The impulse-gener-
ating circuit makes use of W-E type 

247A tubes as amplifiers. 
Cylindrical iron lugs on the arms of the 

tuning fork project partly into the hollow 
centers of the coils and thus serve as cores. 
When tuning-fork vibrations cause the 
lugs to move relative to coils LI, residual 

magnetism in the lugs induces a voltage 
in these two coils. This voltage will act 
on the grid of the first tube and be ampli-
fied, and the resulting plate current at the 
fork frequency will flow through coils L 
and keep the fork vibrating. 

After further amplification, the plate 
current is used also to control two W-E 
type 209A polarized relay switches SW's. 
These operate in quarter-phase time 

sequence, changing the storage battery 
current to 10-cycle quarter-phase impulse 

current suitable for operating a M-watt 

TUNING FORK 
COILS 
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synchronous impulse motor. This motor in an endless metal belt pulley system. 
in turn drives the recording drums 
through a train of gears terminating 

Film-recording Seismograph, Electronice, May, 1943, 

p. 89. 

Cold-cathode Tubes in Electronic Ignition Circuit for Two Coils and Distributors 

Trims electronic ignition system is 
designed for operation with two ignition 
coils working through two distributor 

heads. The two 631P1 tubes are sym-
metrically connected in the two supply 
lines leading to either end of the series-

connected ignition-coil primaries. The 
center tap from the two primaries goes to 

the tap between capacitors C1 and C2. 
An interrupter Ii closes, the positive 
potential on the control element fires VI, 
connecting ignition coil T1 across CI 
to discharge and charge C2. On the next 
cycle of operation V2 similarly fires, 
discharging C2 and recharging C1. The 
6311'1 is especially suited for this type types because of its very great surge-
of service as contrasted with hot-cathode current-carrying capacity. 
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Full-wave Voltage Doubler 

BOTH cycles of the a-c input from the 
line are rectified in this circuit. Greater 
output voltage and better regulation arc 

provided than by a half-wave doubler. 
During the first half cycle of the a-c 
input, capacitor C1 is charged to the peak 
value of the line through rectifier VI. On 
the second alternation, capacitor C2 is 

similarly charged through rectifier V2. 
Each capacitor then acts as a storage unit 
in discharging through the load circuit, 

12 

Ignition O. V. Eltgroth, Electronic 

tro nice, April, 1945, p. 106. 

for Transformerless Supply 
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and each need withstand only the peak 
value of the line voltage. Frequency of 

the output ripple is 120 cycles because of 
the full-wave action. Neither side of the 
load circuit can be connected to ground, 
but this may be overcome by use of an 

isolation transformer in the line. 

D. L. Waidelich, Voltage Multiplier Circuits, Elec-
tronics, May, 1941, p. 28. 
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Half-wave Voltage Doubler for Transformerless Supply 

A POWER-SUPPLY system that provides 
a d-c output of about twice its input 
voltage is shown in the diagram. Two 
separate rectifiers are shown, but these 
may be a double-rectifier type tube, such 
as a 25Z6, or selenium rectifiers. One 
rectifier operates on half an input cycle to 
charge capacitor CI. On the other half 
cycle, the capacitor discharges in series 
with the line voltage through the other 
(upper) rectifier to provide double the line 
voltage to the load. Rectified current 
flows to the load only on alternate cycles 
and the regulation of the system is not as 

good as with a full-wave voltage doubler. 
The main advantage of the circuit is that 
one side of the a-c line is common to 
the negative of the output circuit and hum 
difficulties are minimized. 
At low values of output current, the 

output voltage is almost equal to twice 
the peak value of the a-c input. How-
ever, at high load current values, the out-
put voltage is low. Capacitor CI must 
be rated to withstand the peak value of 
the line voltage, and capacitor C2 is sub-
jected to twice the line-voltage peak. 
The ripple voltage is 60 cycles. 

D. L. Waidelich, Voltage Multiplier Circuits, Elec-

tronics, May, 1941, p. 28. 

Voltage Tripler for Transformerless Supply 

COMBINATION of a half-wave doubler 
and an ordinary half-wave rectifier pro-
vides a voltage tripler that can be oper-
ated directly from the power line. As 
shown in the circuit, capacitor CI is 
charged to the peak value of the line 
voltage through rectifier V2 during the 
first alternation of the input voltage. 
At the saine time, capacitor C3 is charged 
through rectifier V3 to the same potential. 
On the second half cycle, the voltage across 
C1 adds to the line voltage to charge 
capacitor C2 through 171 to almost twice 

the maximum value of line voltage. The 
d-c output voltage is the sura of the volt-
ages of C2 and C3, about three times the 
peak line voltage. 
The ripple frequency is that of the 

line. Capacitors CI and C3 must be 
chosen to withstand a potential equal to 
the peak line voltage and capacitor C2 
must handle twice that potential without 
breakdown. 

D. L. Waidelich, Voltage Multiplier Circuits, Elec-
tronics, May, 1941, p. 28. 

Voltage Quadrupler for Transformerless Supply 

A VOLTAGE quadrupler can be formed 
from two half-wave doublers in series. 
During the first half cycle of alternating 
current, capacitor CI is charged to the 
line-voltage peak through V2. For the 
second half cycle, the voltage across CI 
adds to the line voltage in order to charge 
C2 through V1 to practically twice the 
maximum value of the applied a-c 
voltage. The action of the lower half of 
the circuit is exactly the same as that of 
the upper half except that tubes 171 and 
13 conduct during one half cycle while 

V2 and V4 conduct during the succeeding 
half cycle. The d-c output voltage will 
be the sum of the voltages across C2 and 
C4, and at light loads will be practically 
equal to four times the peak value of the 
line voltage. Capacitors CI and C3 must 
withstand the peak of the a-c voltage, 
while C2 and C4 must withstand twice 
that voltage. The output voltage has a 
ripple frequency of 120 cycles. 

D. L. Waidelich, Voltage Multiplier Circuits, Elec-
tronics, May, 1941, p. 28. 

Obtaining 18 Volts Direct Current for 

A SIMPLE built-in source of fixed bias 
voltage for audio pentodes and beam 
power tubes is shown. A double diode is 
connected as a half-wave voltage doubler 
and supplied with alternating current 
from the power-transformer heater wind-

ing that feeds other tubes in the amplifier. 
The . output voltage depends upon the 

Bias from 6.3-volt A-C Heater Supply 

values of capacitor C and resistor R. 
With sufficiently large capacitance and 
high values of resistance, 18 volts of 

direct current for bias purposes can be 
obtained. 

Howard T. Sterling, Use of Shunt Diode for Supply-

ing Bias Voltage, Electronics, September, 1945, p. 218. 
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Strobotron Circuit Controlling Spark Coil for Starting Argon Flash Lamp 

THE circuit shown has been used in an 
apparatus for recording data in an 
automatic wavelength comparator. A 
strobotron cold-cathode gas-filled control 
tube is turned on at the desired instant by 
an external contactor, or timer, acting 
through a simple d-c amplifier employing 
a type 27 triode. The strobotron in turn 
sends a surge of current through the 
primary of a spark coil, and the resulting 
high voltage across the secondary starts 
the argon stroboscope lamp. The result 
is a quick, intense flash of light as re-
quired for photographing a high-speed 
rotating counter that shows the wave-
length of the spectral line. The counter 
wheel rotates at 1,000 rpm. 
A negative surge at the grid of the type 

27 amplifier tube increases the positive 
bias on the outer grid of the strobotron 
and turns it on at the instant a spectral 
line centers on a slit as the plate moves 

80 350 V 20,000 

 F-4.ARGON 
FLASH LAMP 

along. Either the voltage or the pressure 
of gas in the argon lamp is adjusted until 
the lamp does not flash by itself but is 
always flashed by the spark coil. 

This circuit has also been applied to 
chronograph spark-recording apparatus. 
Here the output from the spark coil is 
connected directly to the marking elec-
trodes that direct the spark through 

the moving waxed paper. Instantaneous 
control of the starting of the spark is 
thereby obtained without requiring an 
appreciable amount of electric power in 
the control circuit. 

K. J. Germeshausen and If. E. Edgerton, The Strobo-
tron, Electronics, February, 1937, p. 12. 

Audio Amplifier Circuit for Stroboscopic Frequency Meter 

IN this amplifier circuit, the alternating 
quantity whose frequency is to be meas-
ured is converted into an audio signal by 
a microphone, vibration pickup, or other 
means, and is then amplified and fed to a 
special gaseous discharge tube that pro-
duces flashes of light at the audio rate 
involved. This light illuminates a series 
of 12 identical pattern disks, each rotating 
at a different determinable speed that is 
proportional to the frequency of a cali-
brated tuning fork in an electronic 
generator circuit which feeds a syn-
chronous motor geared to the pattern 
disks. Each disk is imprinted with a 
pattern consisting of seven rings of alter-
nate light and dark segments, with the 
inner ring having two segments and each 
other ring having twice as many as the 
preceding ring. The fork frequency is 
adjusted until one of the patterns on one 
of the wheels appears stationary due to 
stroboscopic effects. The frequency of 
the input signal can then be read on the 
dial. 
The pickup device may be a crystal 

microphone, vibration pickup, rotating 
contactor, or any other device capable of 
delivering a signal of at least 1.5 
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volts to the input of the amplifier circuit. 
This amplifies the input signal sufficiently 
to actuate a U-shaped discharge tube that 
produces flashes of light at a rate corre-
sponding to the frequency being measured. 

Other applications include the original 
use as a chromatic stroboscope for testing 
intonation of wind instruments, tuning 
of pianos and organs, and investigating 
musical pitch, and industrial uses in 
checking speed of rotating objects, cali-
brating or checking tachometers, meas-
uring natural frequencies of moving parts 
of engines, and calibrating oscillators, im-
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pulse generators, and similar equipment. 
The flashing amplifier and electronic 
generator circuits combined constitute 
essentially a logarithmic frequency meter 
of the stroboscopic type, capable of 
measuring the frequency of any sound, 
vibration, or a-f voltage directly in the 
logarithmic unit known as the semitone, 
or in cycles per second by referring to a 
suitable scale. The direct-reading range 
covers 32 to 4,000 cycles with 0.05 per 
cent accuracy. 

Earle L. Kent, Precision Stroboscopic Frequency 
Meter, Electronics, September, 1943, p. 120. 
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Saw-tooth Relaxation 

HERE is an inexpensive stroboscope 
using a conventional power pack which 
has a type 80 tube (not shown) and a 
relaxation oscillator which has a type 884 
gas triode for generating a saw-tooth 
wave. The circuit is similar to that used 
for the sweep in some oscilloscopes. 

In operation, one of capacitors C1, C2, 
etc., charges slowly from the B+ voltage 
through resistances A, B, and E to a 
voltage sufficiently high to cause the 884 
tube to conduct. At this point of the 
cycle, the capacitor discharges rapidly 
through the tube until the tube ceases to 
conduct, whereupon the cycle is repeated. 
The frequency of these oscillations 

depends on the value of the capacitor 
switched into the circuit by the switch 
and the charging resistance controlled by 
rheostats A and B. Rheostat A is the 
coarse control for setting the approximate 
frequency and B is the fine control for 
setting the frequency more precisely and 
also for shifting the phase. Potentiom-
eter C is used when required for syn-
chronizing the oscillator with an external 
control connected at D; such a control 
might be a circuit with a mechanical 
interrupter on a rotating machine or an 
a-c source used to drive a synchronous 
motor or machine under observation. 
A differentiating circuit is included, 

containing a 6K6 tube for converting 
the steep front of the saw-tooth wave into 
a sharp pulse of voltage for operating 
some form of gaseous tube that deionizes 

Oscillator and Neon Lamp for Studying Moving Machinery 

quickly. A small neon lamp, such as the 
GE type S14, is suitable, though other 
types of lamps may be brighter. It 
should be one that has no resistance in its 
base. To increase the brilliancy, the light 
may be concentrated by a condenser lens. 
The lamp is coupled to the 6K6 tube by 

a stepdown transformer, such as an 
interstage type of about 3:1 ratio. 
Since the operation of the circuit, with 

the neon lamp disconnected, generates a 
high voltage across the transformer, it is 
desirable to protect it by a small spark 
gap F. 
The stroboscope can be used as an 

electronic tachometer for measuring cyclic 
frequency, such as rotating or reciprocat-
ing speed. For this purpose, controls 
8, A, and B of the 884-tube oscillator 
circuit can be provided with dials and 
calibrated in frequency. The calibration 
can be made with the aid of an osculo-

6K6 

scope, using Lissajous patterns against 
a 60-cycle power line or other standard 
frequency. As the relaxation oscillator is 
rather unstable, such calibrations cannot 
be relied upon for great accuracy. For 
greater accuracy and stability, this strobo-
scope can be synchronized with an audio 
oscillator, using potentiometer C. The 
ranges of the controls are approximately 
as follows. 

Switch position Capacitance, ßf Frequency, cpa 

2 
3 
4 
5 
6 

7 

0.25 15- 30 
0.1 30- 60 
0.057 60- 120 
0.03 120- 240 
0.0145 180- 400 
0.01 350- 650 
0.0045 650-1,140 

Robert C. Paine, A Simple Stroboscope for Moving 
Machinery, Electronics, December, 1944, p. 154. 

Stroboscopic Test Circuit Employing Multivibrator and Type 1D21-631P1 Strobotron 

A MEDIUM-INTENSITY light source for 
stroboscopic applications is provided by 
this combination of a multivibrator, 
strobotron tube, and full-wave rectifier. 
The oscillation frequency is varied by 
changing the grid-bias voltage of the 6N7 
by means of potentiometer R. The out-
put signal of the multivibrator at the grid 
of the strobotron is in the form of a sharp 
negative pulse. This ensures that the 
time interval between strobotron flashes 
will be substantially independent of 
variations which may occur in circuit or 

tube constants. 

The 1D21/631P1 is essentially a double-
grid cold-cathode gaseous discharge tube 

capable of peak anode currents as high as 

300 to 400 amperes under favorable duty-

cycle conditions. 

A peak cathode current of approxi-
mately 5 amperes is necessary for forma-

I I5V 
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tion of the cathode spot and the resulting 
brilliant arc-type discharge. Best results 
for high-current operation are to be ex-
pected when the circuit constants are 
proportioned to give peak cathode cur-
rents of from 10 to 200 amperes, at an 
average anode current of 50 ma or less. 
The plate voltage should not exceed 350 

10 000 50,000 

0.02 

volts direct current. Repetit'on rates 
up to 250 pulses per second may be 
reached, with some deterioration in life at 
the higher values. 

R. C. Hilliard, Gaseous Discharge Tubes and Applica-

tions, Electronics, March, 1946, p. 122. 
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Stroboscope Circuit Using Cooper-Hewitt Lamp with Combination Timer and Power Pack 

Tins practical stroboscope circuit, use-
ful for industrial studies of high-speed 
motion, can be made to flash at fre-
quencies between 17 cycles and 18,000 
cycles per minute. 
The source of light is a Cooper-Hewitt 

mercury-vapor lamp. There is no need 
of securing a new one, since a tube that 
has been retired from regular illuminating 
service because of difficulty in starting 
will fire satisfactorily in this circuit. 
The power supply shown will deliver 

800 volts to the capacitors at about 170 
ma. This amount of power is sufficient 
for average work, and it can be increased 
as desired for more intense illumination. 
An independent power supply was used 

for the timing circuit to eliminate as much 
as possible the surge effects that result if 
the main power unit is used. The timing 
itself is accomplished with a relaxation 
oscillator similar to the saw-tooth genera-
tor of a cathode-ray oscilloscope. C4 in 
the grid circuit of T2 is charged through 
R14 from the voltage divider to a voltage 
determined by the grid bias of the 884 
tube (7'1) minus the drop across 
This drop is constant during conduction at 
approximately 16 volts. 
The voltage developed across Ra is 

applied to the grid of 7'2, a 6J7. When 
Ti is nonconducting during the charging 
cycle of C4, the only bias on '1'2 is produced 
by Rio. This is simply to limit the cur-
rent through the tube to a reasonable 
value. During the discharge of C4 

through 7'1, the grid of T2 is carried nega-
tive well beyond cutoff and conduction 
ceases. The voltage developed across 
is applied to the grid of T3 and will keep 
that tube nonconducting. 
As T2 goes beyond cutoff, the grid of 

T3 goes 25 volts positive with respect to 
its cathode. This allows T3 to ionize and 
to discharge Ca through the Ford coil. 
The sudden surge of current in the 
primary develops an extremely high 
voltage in the secondary. This appears 
as an electrostatic potential between the 
mercury and shield of the Cooper-
Hewitt tube. This high potential, in the 
neighborhood of 10,000 volts, ionizes the 
mercury vapor in its corner of the tube. 
As soon as free electrons are available, 
the power supply across the two ends of 
the tube causes further ionization and the 
bank discharges through the Cooper-
Hewitt, giving a brilliant light of ex-
tremely short duration. 
For the grid of Ta to regain control of 

the tube when C5 is discharged, it must 

115 
A-C 

LI 50,000 
.1  . 000 10 - V' -OE' \ 0.25 MEG 

-  

o BREAKER 
.9, 80 Ni POINTS 

306 
100MA 

o 
o 

5 V, 2 AMP 

R, 

201C3 

500 

V 

4 6J7 

250 R9 

2 R, 
C2 

R3 

2I5V 

R4 

5 

2,730 
KDOV 

R, 

2,930 

L090 

25W 

250V 

R4 0.25-4 MEG 

EIMAC 
KY2I OR FG -17 R1 

20,000 

13,2 

R II 50,000 

840 

330V 

o F-1 

63V.9 AMP 

cOE F - 2 
c•  

2.5V,10 AMP 

4Ce 

1,500V 

T3 120 

FORD 
MODEL T COIL 

00000000 -:- -'00000000C' 

COOPER HEWITT 
MERCURY TUBE 

0.25 
1000V 

tc5 • 1_ 

R16 L2 

 W ,AA'-' 000   
1,000 75W 

be negative soon after ionization is com-
plete. For this reason the discharge time 
of C4 must be held to a minimum, limited 
only by the ionization time of T3. In 
most tubes of the FG17 type ionization 
is complete in from 10 to 15 microseconds. 
The values shown will give a minimum 
discharge time for C4 of 20 microseconds. 

Potentiometer Ra can be put at the end 
of a three-wire cable, and is used to con-
trol the speed of flash over a range of 2 
to 1 for any setting of C4 and R14. The 
cable insist be shielded or the stroboscope 
will flash at multiples of 60 cps due to 
external fields. 

R7 is used as an external synchronizing 
device. The breaker points across one 
section of it may be made from an old 
automobile distributor and driven at the 
speed at which the flashing is desired. 
If the amount of synchronization is kept 
low by having the breaker points short 
out only a small portion of the resistance 
of R7, any multiple, or submultiple, rate 
may be used. 
The layout of the chassis should be such 

that as little as possible of the magnetic 
fields of the transformers cut the two 
thyratrons. If desired, magnetic shield-
ing may be employed. If T3 is exposed 
to a 60-cps field, the arc within the tube is 
blown back and forth as its timing passes 
in and out of phase when firing near 

a5H 
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200 MA 
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the natural fundamental frequency. 
R13 is used to limit the voltage in the 

secondary of the high-tension coil. At 
low frequencies it is apt to spark across the 
exposed portion of the tube. The cable 
leads from the power supply to the mer-
cury tube should be heavy. Any appreci-
able amount of resistance here will 
lengthen the duration of the flash and 
reduce its brilliancy. 

Rla and L2 are used to keep C6 from dis-
cliarging through the mercury tube, 
and allow its arc to be extinguished when 
the voltage of C7 has fallen below the tube 
drop of approximately 75 volts. 

If the high-tension transformer is to be 
cased, it should be done with a noncon-
ducting material, such as Bakelite or hard 
rubber, since a metallic case will repre-
sent a shorted turn and impair correct 
operation. 

Since the application of plate voltage 
to T3 before the cathode has reached its 
temperature impairs the life of the tube, a 
switch or time-delay relay should be 
incorporated in the plate switch. 
The power supply of this device is 

dangerous and can be fatal; hence all 
high-voltage wiring should be adequately 
insulated. 

C. C. Street, A Practical Stroboscope Circuit, Elec-

tronics, April, 19-10, p. 30. 
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Stroboscope Circuit Producing One Flash per Supply Voltage Cycle 

THE simple circuit shown will produce 
60 flashes per second when operated from 
a standard 60-cycle power line. During 
the half cycle that the rectifier charges the 
capacitor, the grid-bias voltages on the 
strobotron cold-cathode gas-filled control 
tube are such as to prevent starting. On 
the other half of the cycle, however, the 
inverse voltage across the rectifier is 

STROBOTRON 
applied to the outer grid and reaches the 
critical starting potential at a given 
part of the a-c voltage wave. Applica-
tions of this circuit include measuring the 
slip of induction motors and the power 
angle of synchronous motors. 

E. J. Certneshausen and H. E. Edgerton, The 

St robotron, Electronics, February, 1937, p. 12 

Stroboscopic Circuit for Visual Representation of Electrical Vectors 

Foil visual demonstrations of vectors 
representing electrical quantities, this 
circuit provides a light flashing 60 times a 
second for illumination of a 3,600-rpm 
disk on which an arrow vector is painted. 
The instant of flash is determined by the 
phase of the end of the negative half cycle 
of the electrical quantity fed to the input 
of the circuit. 
The input network is arranged to pro-

vide for two voltage ranges, 40 volts and 
500 volts. The resistor in the grid lead 
of the first tube protects the grid during 
positive pulses by limiting the current to 
a safe value. The first two tubes are con-
nected to provide trigger operation when 
acted upon by VI volt rms. The input 
sensitivity, including polarity sensitivity, 
is adjusted by the 24A cathode resistor. 
The output derived at the plate of the 

57 is nearly a perfect square-wave voltage 
swinging between —2 and —32 volts. 
When applied through C1 and R, the 
square wave produces steep positive and 
negative pulses of approximately 20 volts 
amplitude on the grid of the output tube. 
The output stage is a conventional a-f 

output circuit with an inductance com-
prising the load. It is advisable to con-
nect the plate to the outer terminal and to 
provide extra insulation of strip mica 
between the outside of coil and core. On 
the steep negative pulse to this stage, most 
of the plate current is cut off and the 
resultant surge across the reactor reaches 
a value approximating 2,500 volts. 

The light source consists of a neon tube 
whose diameter and pressure are standard 
for display purposes. The distance be-
tween electrodes is 12 inches; this will 
vary depending on the supply voltage, 25 
volts per inch being approximately opti-
mum. Magnet wire is coiled on the 
outside of the tube to act as a capacitive 
firing electrode. This tube can be made 
to order by local sign makers. Avoid the 
use of fluorescent-type tubing. 

Of importance in the circuit is the gap 
connected in shunt with the output 
reactor. Set at approximately ten thou-
sandths of an inch, it protects the tube 
elements, socket, wiring, and reactor 
insulation from flashover. 
The discharge capacitor C and resistor 

R must have an RC value that will 
provide for adequate charging between 
firing pulses. If a more intense flash is 
required, the capacitor may be doubled 
and the resistor halved. 
Adjustment of the circuit must not be 

attempted until at least 1 minute has 
elapsed to permit the tubes to warm up. 
The rheostat in the cathode circuit of the 
24A tube is first reduced to almost zero 
resistance, then slowly increased until a 
flash occurs in the neon tube. When 
set in this manner the circuit is cocked by 
the negative pulse and fired when this 
voltage returns to zero. 

This can be checked by applying volt-
age from a dry cell; positive polarity to 
the grid should llave no effect, while 
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negative polarity should cock the circuit 
and firing should occur when the voltage 
is withdrawn. Acting at the instant when 
the negative half cycle becomes zero, 
the circuit is independent of wave shape 
and voltage amplitude over a great range. 
This makes it adaptable for phase 
determination. 
Methods of applying various quantities 

to the input depend upon the problem 
at hand. For the application of currents, 
shunts must be used that will provide 
approximately 2 volts. Magnetic fields 
may be explored by means of air-core 
coils. 

Lawrence C. Betz, The Vectorscope, Electronic», 

February, 1941, p. 168. 

Glow-modulator-tube Circuit for Varying Light Output Linearly with Current 

PRACTICALLY any application requiring 
an essentially linear relationship between 
current and light output can be served by 
this simple circuit utilizing a crater-type 
1B59/1130B glow modulator tube. With 
an operating voltage of 140 volts maxi-
mum and operating current of 5 to 35 
amperes, a high ionization density is 
obtained which, viewed in depth, gives 

high-intensity light output. The modu-
lating frequency range is 15 to 15,000 
cycles, and the useful light range is 3,500 
to 6,500 angstrom units. Possible appli-
cations of the circuit include facsimile re-
cording, sound on film, oscillograph 
timing markers, photoelectric counters, 
seismograph recorders, and stroboscopic 

devices. 

6L6G 
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1 259/11308 
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B. C. Hilliard, Gaseous Discharge Tubes and Applica-

tions, Electronics, March, 1946, p. 122. 
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Voltage-doubler Power Supply for Electro flash Lamp 

Tins capacitor-charging circuit pro-
vides high-voltage energy to operate the 
Sylvania type R4330 and similar high-
speed flash lamps providing sufficient 
light intensity for use with ordinary 
cameras. The power supply consists of a 
relatively high-voltage transformer, two 
rectifier tubes connected as voltage 
doublers, and a large capacitor. The 
flash gun consists of the tube, a voltage-
divider unit, ignition coil, and switch. 
The 30-µf storage capacitor becomes 
charged to the operating voltage, approxi-
mately 2,500 volts, but this cannot 
discharge through the tube until the dis-
charge is initiated by the ignition coil. 
To start the discharge, the 10-µf 

capacitor is discharged through the pri-
mary of the coil to produce a sharp peak 
of about 15,000 volts that ionizes the 

gas and allows the 30-µf capacitor to 
discharge almost instantaneously, pro-
ducing a very intense blue-white light. 
The capacitor charges up quickly enough 
to allow a maximum flashing rate of 6 per 
minute. 
The safety switch shorts the capacitor 

when the unit is taken out of its case for 
any reason. Construction and use of 
apparatus call for observation of all 
common safety precautions since lethal 
voltages are present. The bleeder re-
sistors will completely discharge the ca-
pacitors in about an hour; therefore this 
much time should elapse before replacing 
a flash tube or otherwise working on the 
unit. 
The power transformer has one fila-

ment winding that is 2,500 volts above 
ground; hence this winding should be 

Adjustable-frequency Stroboscope Circuit Using Cold-cathode 

A SIMPLE stroboscope circuit that can 
be varied in frequency until synchronous 
with the moving parts to be inspected is 
given here. The flashing tube used as the 
source of illumination for stop-motion 
effects is a strobotron, which is basically 
a cold-cathode gas-filled control tube. A 
flash of light is produced each time the 
4-µf capacitor is discharged through the 
strobotron. Control of the flashing rate 
is effected by impulses from the relaxa-

tion oscillator. 
A negative potential is suddenly im-

pressed on the inner grid of the strobotron 

when the left tube in the oscillator begins 
to conduct current in the course of the 

oscillation cycle. The potential differ-
ence between the inner grid and the outer 

83 V 

1-300V 

grid at this moment exceeds the starting 
potential, and the strobotron flashes. 

The frequency of oscillation is controlled 

by the potentiometer. Changes of scale 
are achieved by changing the circuit 

constants in the grid circuits of the oscil-
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LAMP 
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SAFETY SHORTING -7. IGNITION 
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tested at 6,000 volts to ground for 1 
minute for a standard breakdown test. 
The ignition transformer is a special part 
also, similar to the 15,000-volt peak trans-
formers used in some electric fence units. 
Ignition coils of model airplane engines 
may prove suitable also. 

Circuit Data on Electroflash Unit, Sylvania News 
Tech. Section, July, 1946. 

Gas-filled Control Tube 

RELAXATION OSCILLATOR 

lator. With C5 as 0.02 µf, the range 
of frequency is approximately 10 to 60 
cycles per second; with C5 as 0.005 tif, 
the range is 40 to 240 cycles. 

K. J. Gertneshausen and H. E. Edgerton, The 

Strobotron, Electronics, February, 1937, p. 12. 

Push-pull Output Circuit for Driving Two Type R113013 Modulator Glow Lamps 

IN this elementary push-pull output cir-
cuit for driving crater-type modulator 
glow lamps, the degenerative action of the 
amplifier tubes provides a lamp current 

that varies linearly with signal voltage 
regardless of variations in lamp im-
pedance. Applications include facsimile 

recording, oscillograph timing markers, 
stroboscopic devices, seismic recorders, 
photoelectric counters, and other instru-
ments where a high-intensity modulated 
point source of light is required. 

R. C. Hilliard, Gaseous Discharge Tubes and Applica-

tions, Electronics, March, 1946, p. 122. 
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Stroboscopic Light Source for Demonstrations at Line Frequency or Subharmonics 

Tins simple stroboscopic light source, 
developed for demonstration of standing-
wave patterns of electrons in motion by 
viewing dot patterns on a rotating 
phonograph turntable, provides flashes at 
the 60-cycle power-line frequency or at 
20-and 30-cycle subharmonics thereof. 
The two 25-watt lamps serve merely as 

resistors, and should be covered to prevent 
their light from interfering with the 
demonstrations. The type 63111 cold-

230V 
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0.1 
MEG 
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cathode strobotron tube is the same as 
that used in the General Radio Strobotac. 
The strobotron tube emits the flashes of 

light. The frequency can be made 60, 
30, or 20 by adjusting the 10,000-ohm 
variable resistance. This arrangement 
has proved especially useful for obtaining 
subharmonics of the line frequency. 

J. F. Kline, Stroboscopic Depiction of Electron 
Motion on Transmiecion Lines, Eleclronica. June, 

1945, p. 258. 
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Electronically Powered Servo System for Measuring and Remotely Displaying Fuel Flow 

Tins electronic fuel-flow meter and 
integrator circuit, developed for accurate 
measurement of fuel consumption on large 
aircraft and remote indication thereof on 
the pilot's instrument panel, uses an 
electronic servo to transmit the position 
of an aircraft fuel-flow valve to a remote 
indicator. A mechanical integrator com-
bines this information with impulses 
from a 100-cycle time standard to totalize 
the liquid flow. The system is applicable 

also to many industrial telemetering 

problems. 
The mechanical motion of the fuel-flow 

transmitter is used to operate an induct-
ance element of a resistance-balanced 
inductance bridge. The electric output 

of the bridge excites an electronic am-
plifier which supplies power to a small 
two-phase induction motor which bal-
ances the bridge by varying the resistance 
elements. The indicating hands are 
geared to this resistance element, the 
position of which is a function of the 
inductance position and therefore of 
the flow of fuel through the transmitter. 
A stabilized 100-cycle oscillator is 

employed to power a small synchronous 

motor, which in turn acts as the constant-

speed drive for the mechanical integrator. 

The mechanical integrator is the con-

ventional picker type, wherein a ratchet 

pawl is driven at constant speed by the 

synchronous motor around a ratchet 

wheel that has a suitable number of teeth 

for the accuracy required. The number 

of teeth that the pawl picks up on each 

rotation is a function of the fuel flow, so 

that the resulting rotation of the ratchet 
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wheel may be geared to a suitable counter 

to indicate the total fuel consumed. 
Special care is taken to ensure that 

the bridge is balanced for the fundamental 
at all portions of the scale, to ensure 
freedom from errors due to fundamental 
phase shifts arising from temperature 
changes. The bridge permits three-wire 
connection to the transmitter mounted on 
the engines. It also uses as the balancing 
element a precision potentiometer which 
can be wound to any desired curve to 
provide the exactly linear scale which is 

Induction Receiver for Remote Control 

Tins long-wave receiver circuit employ-
ing a single cold-cathode type tube affords 
a cheap, simple, reliable, and rugged 
means for remote control of a motor-
operated garage door, gate, or similar 
device from a desirably limited control' 
radius of about 10 feet. The actuating 
signal can come from any simple low-
power transmitter (1. to 5 watts) in an 
automobile employing a frequency in the 
order of 10 to 100 kc and feeding a trans-
mitting loop mounted under the car. 
The low-impedance receiving loop may 

be buried in the approach driveway, and 
coupled through a 4- to S-ohm line and a 
conventional line-to-grid transformer to 
the starter anode of 11 type 1C21 or 
0A4G cold-cathode tube, as shown by the 
solid lines to the transformer. Alterna-
tively, a line-to-grid transformer having a 
500-ohm primary winding tapped at 4 to 
ohms may be used, with the timing ca-

pacitor shunting the primary as shown by 
dotted lines and the loop connected to the 
low-impedance section. Standby power 
consumption is only the quarter watt or so 

218 

required when a sweep pointer and 
integrator are used. 
The calibration accuracy of this instru-

ment is within 10 pounds of fuel flow per 
hour everywhere on the scale, all points of 
which are within one dial graduation. 
The totalizer performs well, being ad-
justed to compensate partly for the small 
errors of the meter itself. Over-all errors 
throughout the cruising range are thus 
much less than 1 per cent. 

David W. Moore, Jr., Fuel Consumption Indicator, 

Electronics, March, 19-16, p. 152. 
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dissipated by the voltage divider. 

R. C. Rowe, Radio Door Actuator, Electronic Indus-

tries, September. 1945, p. 96. 
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Transmitter Operates from A-C Line for Remote Control of Toy Trains 

Tills transmitter circuit develops 1 watt 
of power at any of 10 different frequencies 
in the range from 220 to 360 kc when 
operated directly from the 115-volt a-c 
line without a power transformer, as 
required for electronic remote control of 
model railroad systems. This power is 
ample to actuate simple receiver units on 
the cars of the toy trains, consisting 
merely of a single r-f series tuned circuit, 
two metallic rectifier buttons, and a 500-
ohm relay operating reliably on 6 milli-

watts. The r-f transmitter output is 
superimposed directly on the train power 
circuit to give a wired wireless system, as 
shown. The low-voltage winding of the 
toy-train transformer acts as an r-f choke, 
and it is effectively bypassed by a 0.1-1.(f 
capacitor. 

While oscillating circuits that are not 
crystal-controlled are ordinarily con-
sidered unstable, it was found that by 
proper selection of circuit constants fre-
quency is maintained within 0.1 per cent. 
To achieve this result the tank-circuit 
mica capacitors, selected within 3 per cent 
tolerance, are shunted by a trimmer for 
accurate setting under load of the final 
frequency value. These capacitors, as 
well as the receiver capacitor, receive class 
C BMA treatment to prevent drift due to 

TO TRANSFORMER 
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aging. The tapped oscillator tank coil is 
wound on a machine-threaded phenolic 
tube, the outside diameter of which is 
maintained within 0.2 per cent tolerance. 

These precautions have resulted in 
transmitter stability that is well within 
the required limits of accuracy. Varia-
tion of line voltage from 90 to 125 volts 
has a scarcely perceptible effect, causing a 
frequency drift of less than 30 cycles. 
Variations in transmitter load from open 
circuit up to maximum of 10 ohms shift 
the frequency not quite 400 cycles from 
its normal operating adjustment. Fre-
quency drift due to changes in normal 
ambient temperature is negligible. 

Transmitter output distribution is rel-

117L7 

atively flat over ti e entire transmitter 
range even under maximum track loading. 
Since the vacuum-tube plate voltage is 
applied only when the transmitter is in 
actual operation, the normal life of 500 
hours is extended considerably. Inter-
changing tubes has negligible effect upon 
the transmitter frequency because of the 
large circuit capacitances. 

Ten taps on the oscillator tank coil, each 
connected to a separate contact button on 
the control panel, provide 10 fixed oper-
ating frequencies in steps varying geo-
metrically from 11.3 to 18.7 ke. 

Joseph L. Bonanno, Electronic Toy-train Controls, 
Electronics, February, 1947, p. 94. 

Frequency-modulated Receiver and Control Circuits for Radio Control of Model Battleship 

THE accompanying full-page diagram 
gives the receiver circuit used with an 
f-m transmitter circuit for complete 
remote radio control of a model battleship. 
The control and voice signals are received 
on the model craft with a modified 
National FI37 receiver having a Foster-
Seeley discriminator in the output of the 
i-f amplifier. 

In the discriminator output the three 
types of control signals are separated from 
each other. The subcarrier and a-f com-
ponents of the discriminator output are 
amplified by a pair of pentode amplifiers 
with their grids connected in parallel. 
One of these tubes has a dynamic loud-
speaker connected in its plate circuit, and 
the other feeds a bank of five tuned cir-
cuits, each circuit tuned to one of the 
five subcarrier frequencies. Each of these 
tuned circuits feeds a triode biased beyond 
cutoff, functioning as an overbiased plate 
detector. Each triode has a sensitive 
relay connected in its output. The 
sensitive relays connected in the output of 
the 300- and 650-cycle channels operate a 

pair of mechanically interlocked relays 
that control the main drive motor. The 
mechanical interlock prevents the short 
circuit that would result if both the 
forward and reverse relays were accident-
ally turned on at the saine time. Simi-
larly the 1,390- and 3,000-cycle channels 
operate through a pair of mechanically 
interlocked relays to control turret rota-
tion. Maximum turret excursion is con-
trolled by limit switches. 
The sensitive relay in the output of the 

950-cycle channel is used to advance a 
stepping switch. The stepping switch 
consists of a magnetically operated pawl 
and ratchet mechanism that advances a 
pair of ganged but electrically isolated 
wiping contacts. Each contact is moved 
forward by the ratchet mechanism over a 
series of 10 contacts. The ratchet stop 
mechanism may be released, when de-
sired, by a second magnet, allowing a 
spring to return the wipers to a zero or 
homed position. In this case the relay 
controlling the homing action is actuated 
by interrupting the carrier. 

The actions controlled by the stepping 
switch and associated circuits are as 
follows: 

Switch 
Position, 
home 

o 
Action Controlled 

1 Disconnect subcarrier-controlled channels 
and connect loudspeaker 

2 Fire first secondary gun 
3 Fire second secondary gun 
4 Fire third secondary gun 

5 Fire fourth secondary gun 
(1 Fire forward turret 

7 Fire second turret 
8 Fire third turret 
9 Fire aft turret 
10 Turn on indicator light 

The two stepping switch wipers are 
fed independently. The feed of wiper A 
is directly from the battery, but wiper /3 
is fed from the battery through the back 
contact of a slow-release relay. The coil 
circuit of this slow-release relay is opened 
for the duration of each 950-cycle control 
signal by a pair of contacts held open by 
the pawl mechanism of the stepping 
switch. If the pawl is hehl down for more 
than half a second, the slow-release relay 
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feeds current through its back contacts to 
the B bank of wipers and, hence, on to the 
circuit of the contact on which the wipers 
are resting. Thus, to energize any one of 
the circuits controlled by bank B of 
the stepping switch requires not only that 
the wipers be moved to the appropriate 
position, but that the final impulse used to 
move the wiper actually into position 
be more than a half-second duration. 
For an example, suppose it is desired 

to move the wipers from the zero position 
to position 3. The operator sends two 
short impulses and then maintains the 
third for more than half a second. In 
practice the last impulse is maintained 
until the gun fires. 
The loudspeaker relay is operated by 

the No. 1 contact on bank B and is 
electrically locked in place by a feed from 
the No. 1 contact on bank A. If the 
stepping switch is in the Homed position, 
a long pulse will move the wipers to 
position and operate the loudspeaker 
relay first. The loudspeaker is then con-
nected, and the five tuned channels are 
disconnected. The loudspeaker is kept 
on by the electrical lock-in, despite the 
fact that the 950-cycle channel which 
controls selector advance is disconnected 
by the action of the loudspeaker relay. 
With the loudspeaker connected, the 

operator may transmit speech and other 
frequencies simulating shipboard sounds 
without tripping the subcarrier-controlled 
channels. When the stepping switch is 
homed, the electrical lock feed through 
No. 1 contact of bank A is broken, allow-
ing the loudspeaker relay to return to 
normal position. The loudspeaker is 
disconnected, and control of the sub-
carrier-operated channels is restored. 
The sensitive relay controlling the 

homing action is fed from a triode that is 
normally maintained beyond cutoff by a 
negative potential picked from one leg 
of the discriminator. When the carrier is 
cut, the negative potential is removed and 
plate current flows. The sensitive relay is 
closed by the plate current, and its con-
tacts operate the solenoid homing the step-
ping switch. A lamp connected to the 
contacts of this relay indicates when the 
carrier is off. The contacts of the sensi-
tive relay also energize the coil of the 
power relay whose contacts break the 
main drive-motor feed for the duration of 
carrier interruption. This action is not 
objectionable, since only a momentary 
break is needed to home the selector. 
The circuit supplies a simple automatic 
stop in the event of transmitter failure. 

Contact 10 on bank A turns on a small 

indicator light that is most used with 
loaded guns. So long as the operator can 
see the small indicator lamp burning at 
the masthead, he knows that the selector is 
at the end of its travel and that it is not 
resting on any of the gun circuits. When 
the operator is ready to fire the guns, the 
selector is homed and then advanced at 
once to the gun circuit to be fired. When 
the circuit operates, the selector is at once 
advanced again to position 10 to minimize 
the possibility of accidentally firing a gun, 
unless the operator wishes to fire another 
bank of guns immediately. 
The rudder-control circuit differs funda-

mentally from the other controls in that 
it permits precise positioning of a remote 
unit by the control operator. This pre-
cise positioning is accomplished by devi-
ating the mean carrier frequency of the 
transmitter and incorporating a motor-
driven frequency-control unit in the 
receiver, which automatically tunes the 
receiver to each new frequency selected by 
the operator of the transmitter. The 
same motor that retunes the receiver 
also drives the rudder. Therefore, with-
in limitations imposed by the sensitivity 
of the equipment, there is a discrete 
rudder position for each carrier frequency 
selected. 
The d-c component of the discriminator 

output provides the cues for the operation 
of the automatic-frequency-control unit. 
If the receiver is tuned precisely to the 
frequency emitted by the transmitter, the 
average output of the discriminator is 
zero. If the receiver is tuned to a higher 
frequency than the transmitter, then the 
average output of the discriminator is 
negative, and if the receiver is tuned to a 
lower frequency than the transmitter, the 
average discriminator output will be 
positive. 

This (l-c component of the discriminator 
output is separated from the subcarriers 
by a low-pass filter, and is then injected 
into a polarity-sensitive amplifying sys-
tem with a pair of sensitive relays in its 
output. One of these sensitive relays is 
tripped when a positive potential is 
applied by the discriminator, and the 
other is tripped by a negative potential. 
The sensitive relay operated by a nega-

tive potential operates a power relay that 
causes the steering motor to rotate in such 
a direction as to increase the capacitances 
in the receiving circuits. This action 
steadily reduces the frequency to which 
the receiver is tuned, until the receiver is 
once more in alignment with the trans-
mitter (until the discriminator output 
falls to zero). This rotation also turns the 

rudder to port. The sensitive relay con-
trolled by positive potentials from the 
discriminator causes motor rotation, which 
decreases the capacitances in the receiver 
circuits and conversely causes the rudder 
to turn to starboard. Thus the trans-
mitted frequency controls the position of 
the rudder and the frequency to which the 
receiver is tuned. 

Electrodynamic braking is used to 
prevent overtravel of the steering motor 
and to minimize the possibility of hunting. 

Sensitivities are so adjusted that a 
minimum change of approximately 300 
cycles is needed to produce a change in 
rudder position. This 300-cycle dead 
zone is adequate for the electrodynami-
cally braked motor to stop, makes it 
unnecessary to resort to more elaborate 
antihunt arrangements, and provides 
about 30 discrete rudder positions. 
The polarity-selective amplifier circuit 

mentioned in connection with the rud-
der system merits some special considera-
tion. Basically, it consists of a special 
balanced modulator input, single-stage 
amplifier, and double polarity-sensitive 
output stage, the whole so adjusted that 
plate current flows in one output tube 
when a positive signal is applied to the 
input grid and in the other output tube 
when a negative signal is applied to the 
input grid. 
The balanced modulator converts the 

d-c input signals into a proportionate a-c 
signal that is more conveniently amplified 
and, in addition, indicates the polarity of 
the input signal by the phase of the a-o 
output. The balanced modulator as used 
differs from the conventional balanced 
modulator circuit in that an input signal 
is injected into only one of the input grids, 
and only alternating current is applied to 
the modulator plate circuit to reduce the 
number of components necessary in the 
modulator stage. 
The grid not used for signal injection 

serves to balance the modulator. The 
modulator is balanced with zero input. 
The potentiometer connected to the 
balancing grid is adjusted to the point 
producing minimum modulator output. 
If the point of minimum output lies at 
either extreme of the potentiometer, the 
modulator tubes are reversed in their 
sockets and the potentiometer is again 
adjusted for minimum output. With 
the modulator thus properly adjusted, 
positive input to the modulator grid will 
cause an output signal of one phase, and 
a negative input will cause an output 
signal differing in phase by 180 degrees. 
The modulator output is amplified by 
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the second stage and is fed through the 
push-pull grid transformer into the phase-
sensitive output stage. The two tubes 
of the output stage are biased to cutoff 
by a negative grid supply. The plate 
circuit is supplied with alternating current 
from the same small inverter that supplies 
the plate potential for the balanced 
modulator. Normally, then, neither of 
the output tubes will draw current. 
When alternating current appears in the 
grid circuit of the output stage, the tube 
whose grid is going positive during the 
positive pulse of the inverter will draw 

current. The output grid that is going 
positive during the positive inverter 
pulse will, of course, depend upon the 
polarity of the balanced modulator input. 
Thus a positive input causes one output 
relay to operate, and a negative input 
causes the other output relay to operate. 
The small capacitances connected across 

the modulator plate transformer and 
across the grid transformer of the last 
stage serve two functions. They bring 
the normal peak of the transformer 
nearer to the 50-cycle frequency at which 
the inverter operates, thereby increasing 

the effective gain of the amplifier and 
causing it to discriminate against random 
noise created by the inverter brushes. 
More important, the capacitances are 
trimmed so as to compensate for phase 
shifts that would otherwise occur in the 
amplifier, thus making the signals at 
the grids of the output stage either in 
phase or 1S0 degrees out of phase with 
the potential applied to the plates of the 
output tubes. 

G. C. Fitzgerrell, Radio Control for Model Battleship, 
Electronics, January, 1917, p. 106. 

• Repeater Circuit of Telemetering System Utilizing Phase Angle as Transmission Means 
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TIlli repeater circuit shown, designed 
for an electronic telemetering system 
in which an instrument reading is trans-
lated into phase-angle change, converts 
the output of the radio receiver into 
currents suitable for driving an indicator 
which accurately repeats the readings of 
the instrument being telemetered. The 
output from the radio receiver energizes 
two filter systems starting with the first 
halves of 174 and V2 (both 12SL7GT). 
The output from the first half of VI is 
filtered by M I, which passes only the 500-
cycle component to the second half of 
V1 for energizing the zero-setting phase-
shifting device that excites power ampli-
fier Vfi (MGT). In turn, V5 feeds into 
phase one of the two-phase drag-cup 
motors driving the phase-meter indicator. 
The first half of V2 is connected to TR2, 

which passes only the 250-cycle reference 
component of the received signal. This 
250-cycle component is amplified by the 
second half of V3 and is then fed through 
TR3 for rectification by 174, producing a 
strong second harmonic component that 
is selected by TR4, producing a reference 

6V6GT 

signal of the same frequency as the intelli-
gence signal and therefore easily com-
pared with it by a phase-angle meter. 
This 500-cycle component is amplified by 
V2 and V7 and is fed into a phase trans-
former driven by the two-phase drag-cup 
motor. The output of this phase trans-
former is amplified again by amplifiers 
V3 and 176, and in turn excites phase two 
of the two-phase meter indicator. 
The two-phase motor will develop torque 

when there is any phase-angle difference 
between the currents in phase one and 
phase two of the motor. Phase one is 
excited by the amplified 500-cycle com-
ponent of the received signal. Phase 
two is excited by the comparison signal, 
doubled in frequency and shifted in phase 
by the phase transformer in the motor-
driven phase-angle meter. The phase-
transformer position for zero phase angle 
between the currents in phase one and 
phase two of the motor is then a function 
of the difference in phase between the 
intelligence and the comparison signal 
in the received wave, which is in turn a 
function of the altimeter reading. 

,  
0.05 0.0 

PHASE 1 

INDICATOR DIAL DR VEN 
BY TWO-PHASE DRAG-
CUP MOTOR 

The phase transformer operates the 
indicating pointer directly. Any dis-
crepancy between the position of this 
phase transformer and the sensitive altim-
eter shaft, which might be due to electrical 
phase shifts in the radio transmission 
equipment and in the transmitting and 
receiving electronic units, is compensated 
at the time of installation by adjusting 
the zero-setting phase shifter. This ad-
justment has to be made only once for 
each installation. 
A system of this type is also applicable 

to multichannel instrument transmission 
on one radio carrier. For this use one 
comparison signal is employed with a 
multiplicity of intelligence waves, per-
mitting a compact and accurate system for 
transmitting the entire flight group of 
instruments. 
For industrial telemetering, the radio 

link may be eliminated, providing accu-
rate and flexible multichannel, or single-
channel, telemetering adaptable to carrier 
current or wire service. 

David W. Moore, Jr., Plane-to-ground Radio Tele-

metering, Electronics, November, 1945, p. 125. 
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Narrow-deviation F-M Transmitter for Radio Control of Model Battleship 
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CONTINUOUS control of the drive motor, 

rudder, and guns on a battery-powered 
10-foot model of the battleship U.S.S. 
"California" is achieved by carrier 
interruption and use of five subcarrier 
frequencies in this narrow-deviation 1,800-
kc f-m transmitter circuit. Three types 
of signals are used: 

1. Random variations of the carrier 
frequency over a total range of approxi-
mately 10 kc by means of a trimmer 
capacitor in the oscillator circuit. The 
capacitor is geared to a wheel on the con-
trol box, and the frequency deviation 
produced by varying the capacitance is 
used to control the operation of the 
model's rudder. 

2. Audio-frequency modulation of the 
carrier by a reactance-tube modulator 
acting on the oscillator. The reactance-
tube modulator is driven through a mixer 
tube by a pair of a-f oscillators. The 
oscillators may be operated simultane-
ously or singly, as desired. The con-
stants of the first oscillator can be 
switched to permit it to generate a fre-
quency of either 300 or 650 cycles. These 
subcarrier frequencies are used to control 
the main drive motors. The constants 
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of the second oscillator can be switched 
to make the oscillator frequency 1,390, 
3,000, or 950 cycles. The 1,390 and 3,000-
cycle subcarriers control the direction of 
turret rotation, while the 950-cycle carrier 
is used to control the advance of an 11-
position stepping switch used to fire the 
guns, operate an indicator light, and con-
nect a loudspeaker into the audio system 
of the receiver for simulation of shipboard 
sounds. 

3. Momentary interruption of the car-
rier frequency by breaking the plate 
supply of the oscillator. This signal is 
used to home the stepping switch just 
mentioned. Breaking of the carrier also 
opens the power supply to the main drive 
motor for the duration of the break, 
reducing the probability of runaway 
should the transmitter fail or the model 
sail out of operational range. 
A microphone may be switched into 

the modulator system, thus permitting 
the operator to transmit speech and other 
sounds to the model. When a loud-
speaker is connected into the audio 
system of the receiver, the transmitted 
speech may be heard from the model, or 
the subcarriers may be heard and used in 
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simulation of shipboard sounds. 

If the loudspeaker is not connected in 
the receiver output, the operator may, 
as a stunt, operate any one of the five 
subcarrier-controlled channels by whis-
tling the appropriate frequency into the 
microphone. 
The reactance-tube modulator elements 

and the electron-coupled oscillator in the 
transmitter circuit are fed from a voltage-
stabilized source to minimize drift. The 
buffer stage and plate circuit of the elec-
tron-coupled oscillator are left untuned to 
simplify tuning procedures. The various 
a-f subcarriers are supplied by switching 
LC components in the grid circuits of 
simple negative resistance oscillators. 
Subcarrier modulation amplitudes are 
controlled by potentiometers in the 
oscillator outputs. 
An 8-foot aluminum rod may be 

coupled to the 6L6 final amplifier when 

an operating range of more than a few 
feet is desired. A loading whip and 
inductance are coupled to the top of the 
rod to increase its radiating efficiency. 

G. C. Fitzgerrell, Radio Control for Model Battleship, 

Electronics, January, 1947, p. 100. 

Transmitter Circuit of Telemetering System Utilizing as Transmission Means Phase-angle Telemetering 

THIS telemetering system permits read-
ing a standard aircraft instrument with 
very slight modification to the instrument 
itself, transmitting this reading to any 
desired remote position or positions, and 

reproducing faithfully the initial indica-
tion on a dial equivalent to that of 
the aircraft instrument. Electrical phase 
angle serves as the transmission means. 

An instrument indication pickup was 

designed which coupled magnetically 
to the sweep pointer of the sensitive 
altimeter, and which shifted the phase of 
its input signal degree for degree with the 

motion of the sweep pointer. 
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The pickup was designed to mount 
directly on the sensitive altimeter. No 
alterations were necessary to the altimeter 
other than the mounting of a small per-
manent magnet on the hub of the sweep 
pointer. This magnet enabled the use of 
magnetic coupling to the position pickup 
and the maintaining of the pressure seal 
of the instrument. 
The position-receiving instrument was 

an electrical phase-angle meter with its 
output connected to a pointer system 
similar to that in the original altimeter. 
To transmit intelligence by electrical 

phase angle, it is necessary to transmit a 
reference signal to be used as a time or 
phase standard, as well as the intelligence 
signal. The comparison signal and the 
intelligence signal are transmitted as two 
separate audio frequencies on one radio-
frequency carrier. V1 is a double triode 
(1 2SL7GT) acting as a 250-cps multivi-
brator oscillator. The 250-cycle wave 
passes through tuned transformer TR3 to 
one half of V2 (12SL7GT) acting as an 
amplifier for the frequency-doubling cir-
cuit including V3 (12}I6), and to one half 
of V6 that acts as a modulator for the radio 
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transmission system. Tube V3 rectifies 
the 250-cycle signal, producing a strong 
second harmonic component which is 
selected by tuned transformer TR4 which 
is tuned to 500 cycles. This second 
harmonic signal is then fed into the 
second half of V2, which amplifies it and 
feeds it into power amplifier V6. This 
power amplifier energizes the phase-
shifting pickup whose output is fed to 
modulator V, and combined with the 
original 250-cycle signal that is used as 
the reference signal. The phase angle 
between the input of the phase-shifting 

1,000 

POWER 
AMPLIFIER 

250 

STANDARD 
RADIO 

TRANSMITTER 

pickup and its output is a function of the 
position of the altimeter sweep hand. 
The output of the modulator tube is fed 

into a standard radio transmission system 
capable of being modulated by 250 and 
500 cycles and having a small fixed phase 
shift between the two signals. For 
testing, a frequency-modulation radio 
transmitting and receiving system was 
used. 

David W. Moore, ‚Jr., Plane-to-ground Radio Tele-
metering, Electronics, November, 1945, p. 125. 

Electronic Ammeter for Reading Transmitting Antenna Current at Remote Point 

WITH this simple telemetering circuit, 
the transmitting antenna current can be 
read conveniently from \vithin the station 
even though the antenna is several hun-
dred feet away. The circuit is entirely 
electronic, contains no thermocouples, 
and can withstand direct lightning strokes 
on the tower without putting the station 
off the air. 
The circuit uses a current transformer 

with a primary consisting of a heavy 
copper rod. An electrostatically shielded 
secondary feeds a 1V diode rectifier tube 
that actuates a d-c microammeter. The 
inicroammeter is calibrated in r-f amperes 

and provides an approximately linear 
calibration because the diode load resist-
ance is made large in comparison with 
the tube impedance. An instrument of 
this type is not absolute and must be 
adjusted to agree with the regular thermo-
couple ammeter. Federal Communica-
tions Commission regulations provide 
that this adjustment must be made once a 
week. When not in use for calibrating 
purposes, the thermocouple may be 
switched out of the circuit. 

C. R. Cox, Remote Indicating Antenna Ammeter, 

Electronics, January, 1946, p. 210. 

R-F / ELECTROSTATIC 
SHIELD 

Four-channel Superheterodyne Receiver Circuit for Control of Razon Guided Bombs 

Tins crystal-controlled tone-modulated 
remote-control receiver circuit is capable 
of operating at any one of 47 predeter-
mined frequencies with four control 
channels, and was used primarily during 
the war for azimuth and elevation control 

of Razon bombs. 
In operation, the tone-modulated r-f 

signal received by the antenna is amplified 
by the r-f amplifier circuit and then fed to 
the control grid of the mixer stage. The 
oscillator section employs a modified 
Pierce oscillator with an untuned grid 
circuit and with the plate circuit tuned to 
the third harmonic of the crystal fre-
quency, followed by a tripler amplifier 

stage that applies the ninth harmonic of 
the crystal frequency to the mixer tube 
inductively by cathode injection. The 
mixer filament is connected in such a 
manner that it is at the same r-f potential 
as the cathode, eliminating the loading 
effect of the filament-cathode capacitance. 
The mixer plate circuit is tuned to the 
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5-mc i-f value. The gain of the first i-f 
stage is controlled by ave, while that 
of the second i-f stage is controlled by 
three factors—avc, a fixed bias tapped 
from a bleeder resistance, and the bias 
voltage developed across the cathode 
resistor. 
One section of the duodiode is used for 

audio detection, and the other provides 
ave voltage for the r-f stage, the i-f 
stages, and the first audio stage. The 
output of the second i-f amplifier stage is 
also coupled through a capacitor to the 
plate of the ave section of the duodiode, 
making possible the desired ave voltage 
for the audio tube. Two stages of audio 
amplification follow the detector, with 
the output feeding a selective filter net-
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circuit prevents strong signals from caus-
ing excessive grid current. High grid 
current would load the filters, reducing 
the circuit Q and thus reducing filter 
selectivity on strong signals. 

Rheostats in the plate circuits of the 
triodes permit adjusting channel sensi-
tivity. Balanced relays are used, one for 
each twin-triode. As long as no signal 
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is applied, the relays will remain in a 
balanced condition. When a signal is 
received on a grid, the relay in that cir-
cuit will be unbalanced in one direction. 
If a signal appears on the other control 
grid of the same tube, the relay will be 
unbalanced in the opposite direction. 
In the balanced condition, relay contacts 
are set so that the mechanism controlled 
by the relay will return to a centered 
position. If the relay is unbalanced in 
one direction, the mechanism will be 
maneuvered off center position in a 
predetermined direction, and vice versa. 

Sam L. Ackerman and George Rappaport, Radio 

Control Systems for Guided Missiles, Electronics, 

December, 1946, p. 86. 

Remote Tuning of Receivers with Reactance-tube Circuits 

nits circuit portrays a simple and 
continuous electronic tuning and control 
arrangement whereby two different radio 
receivers may be turned on and tuned 
independently from a remote location by 
means of reactance-tube circuits actuated 
by direct voltages applied over the two 
pairs of telephone lines used for bringing 
the receiver outputs to the remote 
location. 
The two reactance-tube circuits shown 

have identical values. A change in d-c 
voltage on the control grid, through RI, 
produces a reactance change between 
points A and B. Capacitor C1 is a 
blocking capacitor, C2 is a phase-splitting 
capacitor, and C3, C4, and C5 are bypass 
capacitors. Resistor R2 merely drops 
screen voltage to a desirable value. 

Points A and B go to the oscillator tank 
circuit to be controlled. Inasmuch as the 
impedance presented at AB may have a 
resistive term, there will be some loading 
of the oscillator circuit by the control 
tube. The magnitude of the resistive 
term diminishes as the phase difference 
between the grid voltage and the im-
pressed voltage at AB approaches 90 
degrees. 
When tuning a voice receiver by 

means of the reactance-tube circuit, it is 
necessary to control the high-frequency 
oscillator, but for the reception of c-w 
telegraph signals the control may be 
applied to the beat-frequency oscillator 
and the high-frequency oscillator may be 
crystal-controlled. 
The range of frequency variation at 5 

mc when the high-frequency oscillator is 
controlled may be as high as 30 kc with a 
12-volt bias variation. When the control 
is applied to the beat-frequency oscil-
lator at 465 ke, the available variation in 
beat note is approximately 10 kc each 
side of zero beat for a total bias variation 
of 12 volts. The amount of variation, or 
control, is largely determined by the 
amount that the grid bias on the reactance 
tube is varied and the value of the 
coupling C1; the larger this capacitor, the 
greater the control. 

Closing the dpst power switch at the 
office turns on the office amplifier and 
also turns on the remote receivers. Clos-
ing the tuning switch at the office applies 
bias to the two remotely located reactance 
tubes. Variation of the tuning-control 
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potentiometers changes the output re-
actance of the two reactance tubes and 
accomplishes the desired tuning. Audio 
output of the two receivers is fed back to 
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11. B. Bard, Jr., Remote Tuning with Reactance 
Tubes, Electronics, August, 1915, p. 100. 
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Simple Temperature-control Circuit Using Thyratron with External Control Band 

Tuis simple temperature-control cir-
cuit provides sufficient accuracy of 
response for a variety of practical appli-
cations by using a thyratron to control 
electric-heater current directly. The con-
trol contacts may be the mercury column 
of a thermometer and an electrode em-
bedded therein, since the CR5 thyratron 
(made by Continental Electric Co.) uses 
an external control band and thus virtu-
ally eliminates grid current that would 
cause oxidation and sparking at mercury 
contacts. The tube may be used without 
special ventilation at 1 ampere plate cur-
rent, and will carry 5 amperes with a 
small fan blowing on it, allowing control 
of power up to 550 watts. The CR10, a 
tube twice as large, may be used in the 
same circuit. 
With switch 83 in the position shown, 

the control-band voltage is normally in 
phase with the plate voltage, and the tube 
fires early in each positive half cycle. 
When the control contacts are brought 
together, by a rising column of mercury 
or other means, the control band is 
brought to thepotential of point P, which 
is 180 degrees out of phase with the plate, 
so that the tube can no longer conduct. 

Provision has been made for the occa-
sional application where it is necessary 
to turn the power on rather than off when 
the controlling contacts are brought to-
gether. With 83 to the left the control-
band voltage is normally 180 degrees out 
of phase with the plate voltage, so that 
the tube does not break down. When the 
contacts are closed, the control band is 
connected to a point in phase with the 
plate, causing the tube to conduct. 

Oscillator Circuit Detuned by Mercury 

THE temperature of laboratory ovens 
may be automatically maintained within 

± 0.5°C by means of this electronic control 
circuit, the precise accuracy being depend-

ent upon the character of the thermom-
eter used to indicate oven temperature. 
The control may also be used as a 

safety device to cut off heater current in 
the event that standard controls supplied 
with stock ovens fail. In this case it is 

adjusted to operate at a temperature 
slightly higher than the critical value 
and takes over control of heater current 

at that point. 
The oscillator unit, which operates at a 

noncritical high frequency, is designed 
around a type 955 acorn triode. The ex-
posed end of the oven thermometer passes 
through the tank coil. Rise and fall of 
the column of mercury in the thermom-

eter tunes and detunes the oscillator, 
altering its plate current. 
The oscillator unit is oriented so that 

the mercury column is level with the plate 
end of the tank coil at the desired oven 
operating temperature. Oscillator plate 
voltage is then adjusted by means of the 
250,000-ohm potentiometer so that the 
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W. E. Gilson, Applications of Electronics to Physiol-
ogy, Electronics, January, 1943, p. 80. 
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10,000-ohm plate-circuit relay just barely 
closes. Voltage is reduced, and the relay 
opens. 

Increase in oven temperature above the 
desired value causes the mercury column 
in the thermometer to rise. Inasmuch 
as the mercury column rises inside the 
oscillator tank coil, the oscillator is de-
tuned, its plate current rises, and the 
plate-circuit relay closes. Closing of the 
plate-circuit relay energizes the ln-volt 
battery-operated relay, opening its con-
tacts. The 10-ampere power relay is 
deenergized and oven current is cut off. 
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0.0001 
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a 
Oven current remains cut off until the 
mercury column falls to the critical 
value, at which time inverse relay opera-
tion takes place and heater current is 
restored. 

Satisfactory action of the electronic 
control is largely dependent upon the 
adjustment of the 10,000-ohm relay. The 
limiting factors with respect to speed as 
well as accuracy are, however, the 
characteristics of the thermometer. 

W. B. Ritchie Agnew, Laboratory Oven Tempera-

ture Control, Electronics, October, 1914, p. 108. 
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Thyratron-controlled Thermostat for Precision Control of Liquid Temperature 

TEMPERATURE is maintained constant 
to within a few thousandths of it degree 
for periods of several hours by this thy-
ratron-controlled thermostat, which oper-
ates from the 115-volt a-c power line 
rather than from 1;atteries. 
A resistance-type thermometer in one 

arm of a modified Wheatstone bridge 
forms the essential controlling element. 
Two other arms of the bridge are fixed 
resistors, while the fourth arm is variable 
and may be adjusted manually. The 
source of voltage for the bridge is taken 
from the 115-volt line and the output is 
applied to an audio transformer of the 
double-button microphone-to-grid type 
having a ratio of 22 to 1. This voltage is 
then applied to the grid of a type 57 tube, 
where it is amplified and then applied to 
the grid of the type 45 tube for further 
amplification. The output of the 45 tube 
operates a type FG57 thyratron whose 
plate circuit contains the heating elements 
of the thermostat. 

It is advisable to shield the bridge and 
the amplifier thoroughly because suffi-
cient amplification is used so that pickup 
voltages may otherwise be troublesome. 
Shielded leads connecting transformer 

T1 to the amplifier are recommended. It 
is further suggested that the transformer 
T1 be situated so as to have no inductive 
coupling with other equipment in the 
thermostat. A suitable position for this 
transformer may be determined by short-
circuiting the primary winding and mov-
ing the transformer about until no voltage 
is observed at the grid of the thyratron. 
With the resistance thermometer in the 

bath and maintained at the desired 
temperature, the 5,000-ohm voltage di-
vider is adjusted so the circuit may be 

balanced to provide voltage at the grid 
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of the thyratron when the resistance of 
the variable bridge arm is suitably 
adjusted. This adjustinent serves to neu-
tralize various voltages arising from leak-
age or coupling effect. • 
The variation with signal amplitude of 

the phase shift in the amplifier is sufficient 
so that it is unnecessary to supply more 
than a very small component of voltage 
other than that arising from the off-bal-
ance of the bridge in order to secure 
continuous control. This component is 
obtained by a slight change in the setting 
of the voltage divider, the best setting 
being that which gives a maximum rate 
of gain with respect to bridge off-balance 
of the plate current passed by the thyra-
tron. Resistor R8 is adjusted so that the 
maximum current the thyratron will pass 
is about twice that needed to maintain 
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the constant temperature desired. 
If the resistance of the thermometer 

increases beyond the point of bridge 
balance by more than about 0.2 per cent, 
the thyratron abruptly starts to pass 
maximum current. This results in a 
complete loss of temperature control, 
so that the temperature of the bath must 
be within a few tenths of a degree of the 
desired point before the control is en-
trusted to the thyratron. 

In an operating period of 50 hours 
during which the room temperature 
changed from about 22°C to about 27.5°C, 
the temperature of the thermostat-con-
trolled bath did not vary more than about 
0.003°C from its mean or normal value. 

Julian M. Sturtevant, A Thyratron-controlled 

Thermostat, Rev. Sol. Instrumenta, August, 1937, 
abstracted in Electronics, November, 1938, p. 58. 

Phototube Relay Circuit for Maintaining Two Separate Chambers at Constant Temperature 

THIS temperature-control circuit was 
designed to hold the temperature of an 
inner box and the temperature of a sur-
rounding guard box at identical values, 
as required for heat-transfer tests and 
other applications. 
The detecting element is a Wheatstone 

bridge having four equal arms of approxi-
mately 100 ohms each, made up of enamel-
covered iron thermocouple wire. Two of 
the opposite elements, or arms, are wound 
on a light wooden frame and hung in the 
inner box, while the other two arms are 

similarly placed in the guard, or outer, 
box. A balancing resistor is also placed 

in the circuit to correct for slight inequali-
ties the resistance of the four arms of the 
bridge. This type of detecting element 
has a particular advantage in its low heat 
capacity, making it ideal for rapid and 
sensitive response to slight temperature 
changes. In addition, since the four 
arms may be wound with comparatively 
wide spacings, the elements fill a reason-
ably large volume of the boxes, ensuring 
a good average temperature for each of 
the boxes. 
The bridge is supplied from a single 

dry cell, while the unbalance across the 
bridge is detected by a Leeds and Northrup 

type 2420 lamp and scale galvanom-
eter. For control purposes this galva-
nometer has been fitted with an RCA 924 
phototube which has been mounted inside 
the galvanometer box in such a manner 
that it intercepts the light beam when 
the galvanometer deflects in one direction. 
The operating control circuit consists 

simply of an electronic phototube relay 
that, under control of the galvanometer 
light beam, operates or releases a sensi-
tive relay. This relay in turn controls 
another heavier duty relay used to supply 
or disconnect 115-volt power to the 
80-watt heater of the guard box. 
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The operating control circuit includes a 
voltage-doubler rectifier and power supply 
for the phototube and vacuum tubes, a 
6-volt transformer power supply for the 
galvanometer lamp, a battery and switch 
for the bridge circuit (not shown in the 
figure) and a rheostat for varying the 
galvanometer sensitivity (also not shown). 

In operation the control system is so 
connected to the hotbox bridge that if the 
guard box is warmer than the inner box, 
the power to the 80-watt heater in the 
guard box is cut off. If the reverse, heat 
is added to the guard box. 

Robert V. Brown, Electronics Applied to Heat Trans-
fer Tests, Electronice, July, 1943, p. 113. 

LAMP 

Precision Electronic Control Circuit for Constant-temperature Bath 

WITH the circuit arrangement shown, 
the temperature of a liquid bath can 
be maintained constant within a few 
thousandths of a degree Fahrenheit for 
unlimited periods of time at any tempera-
ture from zero to 240°F. 

A resistance thermometer forms one 
arm of a simple resistance bridge that is 
fed by a low-voltage source of alternating 
current. The output of the bridge is 
coupled to the first amplifier tube 
by an impedance-matching transformer. 
The first and second amplifier tubes are 
resistance-capacitance coupled, with the 
'second stage feeding a push-pull output 
transformer that drives a pair of type 
2A4G miniature thyratrons whose plate 
current serves to saturate the core of a 
saturable reactor. The secondary wind-
ings of this reactor are connected into the 
heater circuit for the constant-tempera-
ture bath. 

The circuit normally operates by means 
of a phase shift of the thyratron grid 
voltage, but a secondary shift occurs if the 
bridge continues to move off balance as 
the bath temperature increases and the 
amplifier output goes above about 50 
volts. This secondary phase shift is 
caused by the large current amplitudes 
in the off-balance conditions, overloading 

the tubes and transformers, and is pre-

vented here by using automatic gain con-
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trol. Automatic bias voltage is obtained 
from half of the output transformer and 
applied to the first amplifier stage. 
With this circuit, although a decrease 

of bath temperature of 0.02°F doubles 
the heat input, an increase of bath tem-
perature of any value from 0.1°F to 40°F 
reduces the heater current to a minimum. 
Thus there is no danger of losing control. 
The thyratron plate meter is calibrated 

in heater watts input for a given heater 
and line voltage. When the tempera-
ture has been set at the desired value and 
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the variable heater input established, a 
deviation of this meter in an upward 
direction indicates that the bath tempera-
ture is low by a few thousandths of a 
degree. The deviation can be roughly 
estimated from the reading, considering 
that a deviation of 0.02°F doubles the 
heat input. Temperature is held well 
within +0.01°F at 210°F. 

C. J. Penther and D. J. Pompeo, Electron Tubes in 
Petroleum Research, Electronics, April, 1941, p. 20. 

Bridge-type Vacuum-tube Voltmeter for Use with Radiation Pyrometer 

WITH this highly stable bridge-type 
battery-operated vacuum-tube voltmeter 
circuit connected to a radiation pyrometer 
for flame radiation measurements, the 
operating efficiency of an open-hearth 
steel furnace can be quickly checked. 

The required stability is achieved by 
using one vacuum tube as a fixed resist-
ance in one leg of the bridge and employ-
ing R, to provide degeneration. The 
type 1S4 button-base tube operated as a 
triode has a sufficiently low d-c plate 

resistance to compare favorably with the 
smaller power triodes for bridge use. 

Since a tube d-c plate resistance of a 
little over 10,000 ohms was expected at 
the operating point, a load of 2,250 ohms 
was assumed in this instance in order 
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to make the bridge resistance ratios 
equal to a value of approximately 0.2. 

By trial, 1,000 ohms was found to be the 
largest value that could be used to ap-
proximate the desired operating point. 
Using these values gave a sensitivity of 
23.8 microamperes for an input signal of 
50 millivolts, which is appreciably better 
than the minimum requirements. 
The bias cell and voltage divider were 

provided so that at any time a known 
potential could be switched into the in-
put to check calibration of the instrument. 
A wire-wound zero-adjust potentiometer 
was used at first but, later replaced with a 
carbon control in order to get a stable 
adjustment for mobile use in the mill. 
To take a reading the instrument is 

placed at a furnace door so that lugs on 
the heat screen engage the wicket hole. 
This centers the radiation pyrometer in 
the aperture and ensures an unobstructed 
view of the flame. Because of the rapid 
response of radiation pyrometers, a read-
ing is obtained in a few seconds. 
The readings are left in arbitrary scale 
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values, since it is not intended to find 
furnace temperature, but to obtain 
comparative data on the radiating power 
of the flames. The readings can be 
converted if desired into millivolts pyrom-
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eter output with a simple chart. 

Edward M. Yard, Flame Radiation Measuring In-
strument, Electronics, November, 1940, p. 102. 

Resistance Bridge Circuit for Temperature and Humidity Measurement and Control 

THIS electronically actuated tempera-
ture and humidity printing recorder cir-
cuit can also be used for control purposes, 
measurement being the first prerequisite 
for control. Temperature and humidity-
responsive elements from up to eight 
different stations can be switched in turn 
into the bridge circuit by conventional 
sequencing equipment, and many other 
uses can be found for this ingenious basic 
circuit. 
Temperature indications are obtained 

by means of a special ceramic resistor 
that has a negative temperature-resist-
ance characteristic. The resistance varies 
in the order of 4 per cent per degree 
centigrade. A suitable pair of such re-
sistors located in the measuring station 
permits temperature measurements to be 
made by the same method as that used in 
making the humidity measurements. 
The electronic unit utilizes nine vacuum 

tubes, including rectifiers and voltage 
regulators. The plate supply is regulated 
by a VR150 and a VR105, the latter being 
used to decouple the effects of the load 
produced by the clamping relay in the 
measuring station. 
The bridge circuit consisting of potenti-

ometers R1 (temperature) or R8 (humid-
ity) as two legs and resistors R4 and R5 
(temperature) or RI, R2, and R3 (humid-
ity) as the other two legs. Resistor R5 
is the temperature-responsive ceramic 
resistor, and R2 is the humidity-controlled 
resistor (connected as a potentiometer), 

both of which furnish appropriate voltages 
in the bridge circuit as functions of tem-
perature and humidity, whichever is 
under measurement. 
The bridge null detector circuit includes 

R6 and V1 (a 6116 diode) with a 0.5-volt 
60-cycle injected voltage in the cathode 
circuit. 
When potentiometer arm D4 rotates 

from point DI (the high-voltage end) to 
point D2 (the low-voltage end), balance is 
obtained at some point in the arc, de-
pending on the voltage that the measuring 
station happens to be transmitting. As 
the arm passes through voltage balance, 
the negative half cycles of the injected 
voltage pass through VI, producing a 
voltage drop across R6. The contact 
potential and initial velocity of emission 

of the VI, about 0.75 volt, is corrected for 
in the initial calibration. The voltage 
across the bridge is approximately 48 
volts direct current. 
At balance, the signal across R6 is 

amplified by V2. This amplified signal 
at the plate of the tube V2 is 180 degrees 
out of phase with the input signal, and 
therefore appears as positive half-cycle 
pulses at the grid of V4. This tube and 
V5 are type 2050 gas discharge tubes con-
nected in a modified Eccles-Jordan trigger 
circuit with the grids biased to cutoff so 
that only one tube is conducting at any 
time. Prior to passage of the bridge 
through voltage balance, tube V5 is in the 
conducting state, so that the amplified 

signal from R6 will cause tube V4 to con-
duct. When V4 becomes conducting, the 
drop across R6 triggers V6, which is a 
relaxation oscillator biased to cutoff. As 
V6 pulses, it closes relay K1, thereby 
energizing printing-bar relay K2 or K3, 
and thus the figure on the printing wheel 
corresponding with the position of the 
potentiometer arm D4 is printed on the 

record paper. 
After passing the balance point, the 

grid of V4 continues to receive signal 
voltage. Since this tube remains con-
ducting after the very first signals reach 
its grid, further signals have no effect un-
less they drive the grid too far negative, 
which might extinguish the tube. To 
prevent extinction, the diode V31 is 
connected across the grid to limit the 
negative signal peaks. 
When potentiometer arm D4 reaches 

position D), the end of the potentiometer 
winding, all switching, suds as selecting 
the next measuring station and changing 
from humidity to temperature circuits, 
is performed in the recorder. Since Va 
is still conducting, transients that might 
occur during switching are without effect, 
thus eliminating any possibility of spuri-
ous printing. 

After all switching has been completed, 
potentiometer arm D4 contacts point D3, 
which is at +150 volts, and current flows 
through V35, whose cathode is biased to 
+100 volts. Thus 50 volts appears 
across 1735 and its associated resistor R9. 
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This voltage change across the resistor 
appears at the grid of V5 and makes it 
conductive, and therefore tube V4 be-
comes nonconducting, resetting the trigger 
circuit for the next passage through 
balance. 

Amplifier V2 is used to produce a steep 

change in signal at balance so as to provide 
printing at the earliest possible time after 
the balance point is reached. A large 
rate of change of signal at balance is 
desirable, since it limits the errors that 
would otherwise occur because of the 
lifetime changes in striking potential of 

the gas discharge tube V4 and changes in 
gain of the amplifier. These design 

principles produce an electronic system 
the operation of which is substantially 

independent of tube characteristics. 

V. D. Hauck, R. E. Sturm, and R. B. Colt, Recorder-
controller for Temperature and humidity, Electronics, 
September, 1946, p. 96. 

BRIDGE CIRCUIT 

HUMIDITY 
CIRCUIT 
R. 

3,000 
R, 

20,000 
R, 

2,000 

TEMPERATURE 
CIRCUIT SHOWN 

R. 
35,000 

R, 

220,000 
R3 

7,000 TO 
-= 160,000 

0.05 

BRIDGE 
AMPLIFIER 

220.000 

220,000 

6SJ7 

• 8+ 
2 VOLTS 

60 CPS 
12,000 
ROEOR Re 
D, 

RESET 
DIODE 

TAPPER BAR 
MOTOR 
DRIVE 

220,000 

005 LIMITER 2050 

 ji 
 )1  

6H6 
V3 A 

J-0.05 
220,000 

RELAXATION 
OSCILLATOR 

0.1 
TRIGGER 
CIRCUIT 

R10 

V, 
2050 4 

Ki 

t} 

PRINTING 
WHEEL 

PAPER 

470,000 

Phototube Temperature Regulator Using Resistance Thermometer and Wheatstone Bridge 

ANY change in the voltage output of the 
resistance-thermometer Wheatstone bridge 
system of this thermostatic control due to 
deviations of temperature from a desired 

value results here in movement of a 
galvanometer mirror that reflects light 
onto one of two phototubes. Thyratron 
amplifiers and relays then turn the elec-
tric heater element on or off, depending on 
which of the two phototubes was activated. 
Overshooting a phototube does not cause 

loss of control; hence no mechanical stops 
are necessary on the galvanometer. 
To start heater 11, relay 83 is closed 

manually so that it locks through its own 
coil. As the temperature rises and re-

sistance thermometer RI increases in 
resistance, the bridge approaches balance. 
The galvanometer swings the light beam 
in a clockwise direction. While photo-
tube VT1 is activated, relay Si closes, 
which act would normally close 83. As 
the light beam swings from VT1 onto VT2, 
relay 82 is activated, breaking the circuit 
through the coil of 83; when 83 is open, 
the heater is turned off. The heat is off 
until the light beam returns to VT1. 
Coasting past a phototube or the presence 
of vibrations, causing multiple impulses 
to be sent to the phototubes, does not re-
sult in loss of control. 

Resistances R2, R3, and R4 should be 
of nichrome or other low-temperature-
coefficient material to avoid the neces-
sity of thermostating them at room 
temperature. 
The sensitivity of the Wheatstone-

bridge system described is greater than 
that of a thermocouple. For an iron-
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constantan couple the increment of 
voltage is only about 55 microvolts per 

degree at 400°C when no load is drawn. 
With applied emf of 1.5 volts, Wheat-

stone resistance of 25 ohms, and a tem-
perature change of 1 degree at 400°C, a 
galvanometer with coil resistance of 100 
ohms would have a current flow of about 
S microamperes or a voltage drop of 
about 800 microvolts (compared with 
55 microvolts for an iron-constantan 
couple). 

Galvanometers in the $25 price range 
have sensitivities of the order of 0.001 to 
0.01 microamperes, or about 1.5 micro-
volts per millimeter at 1 meter. One 
degree of temperature change would give 
deflections of the order of 500 to 1000 mm. 
If this were the limiting factor, tempera-
ture regulation of the order of ± 0.01 
degree would be possible with such galva-
nometers by using phototubes only 05. 
meter from the galvanometer mirror. 
The sensitivity of the system may be 
doubled by having two opposite arms of 
the bridge serve as resistance thermom-

eters in the bath (i.e., R4 as well as R1). 
If a more sensitive galvanometer is 

used, or even to protect a less sensitive 
one while approaching • the desired tem-
perature, shunts should be used across 
the galvanometer. The multiple-contact 
switch should be of the shorting rather 
than the nonshorting type; thus the full 
emf of unbalance will never be thrown 
across the galvanometer while switching 
from one shunt to another. 

Jack G. Roof, A Thermostatic Control System, Elec-
tronics, October, 1913, p. 166. 
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Electronic Timer for Photographic and Industrial Control Applications 

TIME intervals ranging from 0.1 second 
to 111 seconds for operation of photo-
graphic printing lamps and other control 
operations requiring uniform timing are 
provided by this simple circuit based on 
charging a capacitor through an adjust-
able resistance. 
The accuracy of the resistors is impor-

tant. The 43 tube has to be quite free 
from gas, and the grid-control capacitor 
must be free from leakage currents. 
The line-voltage regulator and meter 

may be omitted if a high degree of accu-
racy is not needed. A change in line 
voltage of 5 per cent changes timing about 
7 per cent, which is usually not noticed. 
The relay is chosen to stand the full 

plate current of the 43 tube and to open 
at about 2.5 ma. 
The principle of operation is based 

upon the change of plate current of the 
43 tube, which operates the relay. Bias 

is supplied from one side of a 25Z5 
rectifier tube, which passes through the 
time-control resistors to the grid of the 
43 tube. The capacitor, being in parallel 
with the bias circuit next to the 43 tube, 
will have a charging time of 1 second for a 

megohm of resistance. Other values of 
capacitance will change the time also, as 
may be desired in some cases. The other 
side of the 25%5 rectifier tube supplies the 
plate voltage. A simple filter circuit is 
all that is needed, as current requirements 
are small. The line ballast resistor is 
chosen for the two tubes used and the 
line voltage encountered. The cathode 
resistor is used to protect the control 
tube from excessive plate current. 

Switch S is the control switch for 
operating the relay. In the Off position 
the capacitor is discharged, and the grid 
goes to a high negative potential. This 
opens the relay. When this switch is 

ItuF 
IPAPER ) RELAY 

LINE VOLTAGE 
COMPENSATOR 

„5 V 
AG 

turned on, with one or more of the time-
control resistors in the circuit, the bias is 
low, causing the plate current to close the 
relay, while the capacitor charges and the 
plate current lessens. The relay will 
open when its current reaches 2.5 ma. 
The time interval switches may be used in 
combinations to produce steps of 0.1 
from 0.1 to 111. 

E. A. Milligan, An Electronic Time Control, Elet-
tronica, January, 1940, p. 50. 

Thermionic Time-delay Relay Circuit for Accelerated Life Tests of Components 

Tins simple, inexpensive, highly practi-
cable thermionic time-delay relay can 
serve for such applications as repeating or 
cycling life tests in developmental and 
production-checking work. An example 
is accelerated life tests on new types of 
resistors. The time-delay relay offers on 
and off timed intervals of from M o second 
to a full minute, and by adding proper 
resistors in series with controls RC 
(charging resistor control) and RD (dis-
charging resistor control) longer timed 
cycles can be obtained. With suitable 
paper capacitors and volume controls, the 
unit may be readily calibrated to read in 
time-delay seconds. 
The 25Z5 tube is operated as a voltage 

doubler and delivers pulsating d-c power 
of 250 volts (approximate). One half of 
the rectifier tube supplies the plate power 
for the type 43 tube, which operates 
the relay. The other half provides a 
negative bias voltage for charging C. 

Since the charging voltage affects the 
time-delay constant of the entire unit, a 
variable charging voltage is employed. 
This is obtained by means of the 10,000-
ohm wire-woun(l potentiometer. 
For time cycles greater than 1 minute, 

extra fixed carbon resistors (about 20 
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megoluns) may be connected in series 
with the charge and discharge potenti-
ometers RC and RD. With such an 
arrangement time cycles of more than 
30 minutes may be obtained. 

It is of prime importance that C be a 
good-quality paper capacitor with a very 
high leakage resistance. 
The relay must have at least two sets 

of moving contacts, one controlling the 
charge and discharge of C, and the other 

232 

acting as a power switch for the connected 
device or load under cycling test. Be-
cause of the relatively high impedance of 
the 43 tube's plate circuit, a high-re-
sistance relay winding is necessary for 
proper power transfer. The relay should 
operate on a current of between 5 and 30 
milliamperes. 

George Mucher, A Thermionic Time-delay Relay, • 

Elertronica, April, 1936, p. 38. 
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Basic A-C-operated Thyratron Timing Circuit for Industrial Applications 

A THYRATRON timing circuit for in-
dustrial use is here reduced to its simplest 
working components. With a source of 
alternating current connected to L1 and 
L2, the tube heater will be energized by 
transformer T and rectification will occur 
in the grid-cathode circuit. As a result, 
a charge of the indicated polarity will 
accumulate in C. When the switch is 
closed, the cathode is directly connected to 
L1 and the full line voltage is applied to the 
plate-cathode circuit. However, the grid 
is biased negative by the charge accumu-
lated in C, which charge effectively 
blocks space current until sufficient time 
has passed for the charge to be dissipated 
through R. 
The grid-cathode voltage at any instant 

is composed of an alternating voltage, 
the magnitude of which is a function of 
the position of the slider on V, and the 
voltage across C. T is connected so that 
when L2 is positive with respect to 
LI, point B is negative. Consequently, 
movement of the slider toward B in-
creases the negative component of grid 

alternating voltage when L2 is positive. 
Since the tube will fire or ionize only when 
L2 is positive, the adjustment of the slider 
on V permits a considerable reduction in 
the component of grid voltage supplied by 
C in order to prevent ionization of the 
tube. 

If a maximum time period of, say, 2 
minutes is required, approximate values 
of R and C are selected and the slider is 
set to yield 2 minutes with R at a maxi-
mum. R is then varied to secure time 
intervals between zero and the selected 
maximum. The phasing of the trans-
former to make B negative with L2 posi-
tive is used instead of the opposite phasing 
as it tends to reduce the magnitude of R 
and C. 
The tube fires at the expiration of the 

time period and supplies the load L (which 
may be a relay) with rectified alternating 
current within the limitations of the tube, 
if the constants of L are suitably selected. 
L remains energized until the switch dis-
connects K from LI, at which instant L is 
deenergized and C starts to be recharged. 
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By popely proportioning C, R, D, and 
F, recharging of C requires but a few 
cycles, after which the cycle may be re-
peated. Resistor D is included to limit 
grid current during the charge period and 
during firing. The screen serves a dual 
purpose as it increases the control factor 
(about 100 in the 2050-2051 as compared 
with 10 in the 884-885) and also takes 
the brunt of the ion discharge during fir-
ing, protecting the cathode and grid, 
whose functions are more electronic than 
ionic because of this construction. The 
resistor is simply to connect K to L2. 

Gilbert Smiley, Control Circuits for Industry, Elec-
tronics, January, 1941, p. 29. 

Electronic Time-interval Meter Circuit for Microsecond Intervals 

IN this time-interval meter circuit, a 
capacitor is charged for the exact dura-
tion of the interval, and the capacitor 
voltage is then measured with a vacuum-
tube voltmeter calibrated to read directly 
from 0 to 140 microseconds with an 
accuracy of more than 2 microseconds. 
Uses include measuring propagation ve-
locities, reaction rates, time lags of relays, 
projectile velocities, and fuse firing times. 
With appropriate circuit changes the 
time-scale range can be extended up to 
several milliseconds, and with some addi-
tional precautions even shorter micro-
second intervals can be measured. 
Two electrical impulses, representing 

the beginning and the end of the time 
interval to be measured, are each fed to a 
control tube. When control tube VT1 
receives the on pulse, it causes tube VT4 
to pass current and begin charging 
capacitor C. When control tube VT2 
receives the off pulse, it causes VT4 to 
block. Thus capacitor C is charged to a 
value depending on the time interval over 
which current passes into it. A vacuum-
tube voltmeter VT5 reads this voltage, 
and can be calibrated directly in units of 
time. 
The control tubes are type 2051 gas 

tetrodes. There is no appreciable delay 
in the firing action of such tubes, as the 
ionization time is less than 1 microsecond. 

In principle, when the type 9001 cur-
rent-controlling tube (VT4) is at rest, 
it has zero control-grid voltage and nega-
tive screen-grid voltage (with respect to 
cathode), resulting in zero plate current. 
The on pulse is responsible for immediate 
application of a positive voltage pulse to 
the screen grid of this tube, causing it to 
pass plate current. This positive pulse 
is made to last for a time longer than the 
time interval to be measured. 
The off pulse, arriving while the screen 

grid of VT4 is still positive, causes immedi-
ate application of a negative pulse to 
the control grid of this tube, thus cutting 
off its plate current. The negative 
voltage pulse on the control grid will last 
a longer time than the positive screen-
grid voltage swing, so that the control 
grid of V7'4 does not return to zero bias 
until the screen grid has first returned 
to its at-rest negative potential. Plate 
current therefore stays at zero after an 
off pulse. 
The on and off pulses must be of posi-

tive polarity at the input with respect to 
ground. They may be capacitively cou-

pled to the input, or direct-coupled if 
more convenient and not disturbing to the 
d-c grid voltages on the input tube. Gas 
tetrodes are preferable to gas triodes, in 
order to have a minimum of capacitive 
coupling from grid to plate and to avoid 
errors due to surges or pulses following 
the phenomenon to be measured. An 
input pulse fires its gas tube, which 
transmits a negative voltage pulse through 
capacitive coupling to the following tube. 
The gas tubes remain conducting once 
they have been fired, until their plate 
voltage is removed momentarily by oper-
ating a pushbutton switch. Neon bulbs 
N1 and N2 glow to indicate that the 
associated gas tubes have been fired. 
The polarity of the negative pulse from 

VTI (produced by the on pulse) is re-
versed by VT3, thus producing a positive 
pulse that is applied to the screen grid 
of VT4. The duration of this positive 
pulse depends on the time constant of 
RIC' or R3C3, whichever is smaller. 
Here RICI governs, and the pulse stays 
positive for a duration of approximately 
0.005 second. If no other pulse arrived, 
V7'4 would stay conducting for this 
interval. However, the negative pulse 
produced by VT2 upon arrival of the off 
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pulse is applied to the grid of 1/7'4 and 
immediately cuts off its plate current. 
This pulse on the grid will decay with a 
time constant determined by R2C25 
which is 0.05 second (10 times longer than 
for the screen-grid pulse). In this way 
VT4 cannot conduct at any time after 
the event to be measured has occurred. 

Capacitor C is charged by the plate 
current of VT4 during the pulse interval. 
A 1-pf capacitor should have a leakage 
resistance above 250 megohms; a 0.1-pf 
capacitor should be above 2,500 megohms. 
Such capacitors are now obtainable. 
The vacuum-tube voltmeter must have 

an input impedance that is larger than 
2.5 X 109 ohms for a 0.1-pf charging 
capacitor. The type 38 tube has good 
grid-impedance characteristics if used 
properly. Since the input impedance is 
determined by the grid current, the tube 
must be operated at a small cathode 
current. This current is about 0.4 ma in 
the circuit shown, and is obtained with a 
plate voltage of about 20 volts and a 
grid bias of about —4 volts. 
To avoid surface leakage, the top of the 

tube can be dipped in a molten nonhygro-
scopic wax. Another good precaution is 
painting the rest of the glass envelope 
with colloidal graphite (Aquadag); when 
connected electrically to the cold end of 
capacitor C, this serves as an electrostatic 
shield, as a guard ring for leakage, and as 
a light shield. (Illumination often pro-
duces a grid current clue to photoelec-
tric liberation of electrons on the grid 
electrode.) 

Leakage from the plate lead of VT4 is 
also important. A polystyrene socket is 
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or none at all recommended. 
Operation of the instrument is simple. 

Pushbutton switch 81 is pushed to break 
the discharge current through VT4 and 
VT2 if they were previously fired. Neon 
bulbs N1 and Ny must now be dark. Key 
82 is next closed to discharge capacitor C, 
and the output meter is adjusted to 
zero by means of the rheostat. The 
apparatus is now ready for the measure-
ment. After the on and off pulses arrive, 
the meter is read. 

Before each measurement, capacitor C 
must be fully discharged by a key ar-
ranged so that no additional dielectric 
problem is created. 
To provide greater sensitivity, the out-

put meter circuit is balanced using a 
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KEY 

VT5 VACUUM - TUBE 
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PUSHBUTTON SWITCH 
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0.1-ma instrument. It is most convenient 
to use a dry cell as the source for the 
balancing potential, since the drain is 
only a fraction of a milliampere. Voltage 
drop due to aging over a period as long as 
a year or more is immaterial since bal-
ancing current can be adjusted with the 
5,000-ohm rheostat. 

For calibration of the instrument, a 
source for the production of two transients 
(pulses) with variable and known time 

spacing is required. If so desired, such a 
calibrating circuit can be incorporated in 
th apparatus to provide a permanent 
means of rechecking. 

Paul B. Weisz, Electronic Timer for Microsecond 

Intervals, Electronics, April, 1914, p. 108. 

Transient-pair Generator for Calibrating Electronic Microsecond Timers 

A cowl= for the production of tran-
sient pairs used in the calibration of 
electronic microsecond timers, with vari-
able and known time spacing between 
the individual pulses of the pair, is easily 
constructed. Operation is based on the 
time it takes for a known capacitance C 
to charge from an initial voltage E0 to a 
known voltage Ey by application of a 
known voltage El through a known re-
sistance R. 
The circuit uses a gas discharge tube of 

known flashing potential Ey. The initial 
voltage, before operating the mercury-

Pool key, is E0 = 0 volts. When the key 
is pressed, a known voltage E1 is applied. 
With three different capacitances C and 
a variable resistance, three ranges are 
obtained for the time of delay between 
pulse 1 and pulse 2, the latter of which 

will occur as a result of the delayed 
ignition of the discharge tube. The volt-
age-regulator tube VR105 (lower tube) can 
be used as a discharge tube. Its flashing 
potential is accurately reproducible, and 
was found to be Ey = 138 volts +1 per 
cent for four different tubes tried. Such 
cold-cathode gas discharge tubes introduce 
an intrinsic time lag which has to be taken 
into account. Under normal conditions, 
this time lag would be random and 
unpredictable, rendering the tubes worth-
less for this purpose. However, sufficient 
illumination from a steady source of light 
produces sufficient photoionization in the 
tube to eliminate all randomness, and 
simply yields a consistent time lag which, 
for the VR105, was found to be approxi-
mately to = 2.5 X 10-5 second for four 
different tubes. 

The source of light is made a permanent 
part of the apparatus, in the form of a 
25-watt light bulb mounted so as to 
irradiate the vm 05 through its top. 

Paul B. Weisz, Electronic Timer for Microsecond 
IntervaLs, Electronics, April, 1944, p. 108. 
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Precision Timing Circuit for Intervals 

Wrrn this timing circuit, electrical 
equipment can be turned on and off 
automatically and precisely after a defi-
nite time interval that is adjustable from 

H second to 30 seconds, as required in 
such applications as controlling exposure 
time in a photographic printer or enlarger. 
Adjustment of the timing range is 
provided by a single low-resistance con-
trol. By setting this control at any 
desired point in this range, the required 
time interval may be obtained by simply 
pressing a button. 
The timing control is a 0.25-megolim 

variable resistor in the cathode circuit 
of a triode. Pressing the pushbutton 
charges the capacitor negatively, 
causing the relay to open. The discharge 
current from the capacitor flows through 
the triode and through the variable 
cathode resistor, which places a negative 

bias on the triode grid. This causes 
the triode plate resistance to increase, 
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depending upon the value of discharge 

current. The degenerative effect pro-
duced permits use of a low-resistance 
control to obtain a ‚vide range in the value 
of the plate resistance of the triode. 
As the capacitor' discharges, the nega-

tive voltage controlling the SOBS tube is 
reduced to the point where sufficient cur-
rent flows through the relay to cause it to 
close again. The degenerative action of 
the triode maintains a high rate of change 
of current through the relay, ensuring 
positive action. 
The variable resistance in the charging 

circuit provides a means of compensation 
for variation in tubes and in line-
voltage conditions. This control is in-
tended for initial adjustment of the 
instrument but may be employed at any 
time to correct the calibration. 

Donald G. Haines, Variable Timing up to Thirty 
Seconds, Electronics, July, 1946, p. 154. 

Thyratron Timing Circuit Providing Time Cycle Range of 0 to 

THE precision electronic timing circuit 
shown here provides accurate predeter-
mined delay intervals of up to 18 seconds 
between operation of a foot switch and 
actuation of a solenoid-operated valve 
that opens a die-casting machine. The 
control grid of the type G1,502 thyratron 
controls the flow of currant between cath-
ode and anode, and can be biased to 
cutoff without removing the plate voltage. 
A negative potential up to 200 volts 

may be applied to the control grid of the 
tube. This can be drained •off to ground 
—in this instance through a variable 
resistor to ground—until the voltage 
ranges from 3.75 to 0.9 volts at which 
point, depending upon the performance 
of the individual tube, the tube fires. To 
restore the tube to normal, high negative 
bias voltage is applied to the grid. 

In the cycle of operation, the operator 
closes the die-cast mohl, and pours 
molten metal from a ladle into the 
machine. Ile then steps on the foot pedal 
that rams the molten metal into the mold 
at high pressure and at the saine time 
closes the initiating relay on the electronic 
timer, starting the timing cycle. 
The contacts of the initiating relay Li 

normally apply the bias to the control 
grid of the tube and the tube is quiescent. 
Operation of the foot pedal actuates the 
220-volt relay coil LI, causing the bias 
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to be removed from the tube and allowing 
capacitor C to discharge slowly through 

variable resistor R. This resistor allows 
the timing cycle to be changed from 0 to 
18 seconds as required by the shop 
foreman. Up to 25 such timers, each 
for a different machine, may be operated 
in parallel from the power supply shown. 
When the negative potential at the 

grid decreases to the proper value, the 
tube fires. The firing of the tube causes 
plate-current flow to operate relay L2. 
This relay in turn operates a second and 
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heavier solenoid that actuates a solenoid 
hydraulic valve to open the die-casting 
machine. 
When the machine begins to open, the 

operator takes his foot off the pedal, 
pulling the ram back. This also removes 
the current from the coil of the initiating 
relay, allowing the contact arm to snap 

back and apply tire bias voltage to the 
control grid of the tube, causing the tube 
to cease firing and complete the cycle. 

Gerald DeLong, Timer for Diecasting Machine, 
Electronics, March, 1947, p. 110. 
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Sequence Timer for Micro flash Units 

THIS timer, which is in effect a high-
speed electronic commutator, is capable of 
firing from two to six microflash lamps in 
sequence. The time interval between the 
first and last flash may be adjusted from 
0.00035 to 0.57 second, with either equal 
spacing or any desired irregular spacing 
between flashes. Applications include 
taking successive photographs to deter-
mine projectile velocity before and after 
penetrating armor plate, photographing 
successive stages of bursting of a turbo-
supercharger rotor, and photographing 
any other high-speed mechanical action. 
Separate microflash units are required 
here because it takes 2 or 3 seconds for a 
unit to recharge and this is far in excess of 
the duration of the desired action being 
recorded. A single ordinary press camera 
is employed in a darkened room, with open 
shutter. 
The flash sequence can be initiated by a 

mechanical switch or by connecting to 
the starting switch a microphone arrange-
ment positioned to pick up the sound 
that initiates the action, such as the firing 
of a gun. The starting switch triggers, 
or fires, the type SN4 strobotron by 
making its grid positive. The resulting 
discharge of the 1.0 and 2.0-µf capacitors 
in the strobotron plate circuit swings the 
grid of the 884 gaseous triode positive 
enough to make it conducting, causing 
capacitor C to discharge through the 884. 
This capacitor was previously charged 

through the 6D6 pentode by energizing 
the timer before the microflash units were 

connected. 
The action so far has only served to 

introduce a time delay ahead of the first 
flash, the duration of which depends on 
how long it takes C to discharge to the 
point where the 884 extinguishes. Differ-
ent values of C can be switched in to 
change this delay as required for different 
distances, say, between gun and armor 
plate. Now the sequence timer action 
starts; C begins charging again through 
the pentode, with the voltage across C 
rising at a rate determined by the capaci-
tance of C and the resistance setting of R. 
This voltage swings the grids of all six 
amplifiers in a positive direction from 
initial negative bias values determined by 

TO 3 ADDITIONAL AMPLIFIERS 

the potentiometers in individual channels. 
The first amplifier channel to become 

conducting produces a pulse in the output 
circuit going to the thyratron control grid 
of its microflash unit, causing the unit to 
flash. In sequence each other channel 
triggers its flash as the voltage across 
capacitor C continues rising. 

Initial adjustments of the potenti-
ometers to the desired intervals between 
flashes can be made by photographing 
a motor-driven disk on which is painted an 
arrow. Each flash produces one arrow 
image on the negative, and time between 
flashes is proportional to angular spacing 
of arrows. 

Charles H. Coles, Electronic Timing of Sequence 
Photographs, Electronic Industries, February, 1946, 

p. 74. 

Thyratron Circuit for Controlling Electric Stop Watch 

THE thyratron-controlled relay circuit 
shown was originally developed for timing 
the passage of floats between fixed points 
in a model waterway. The float con-
tacts a wire as it passes the starting point, 
producing a momentary high-resistance 
contact sufficient to fire the thyratron 
tube and its associated relay. This 
operation starts the electric stop watch, 
locks out the relay circuit for a fraction of 
a second to prevent any effects from 
bouncing of the float on the initial con-
tact, and then sets up the relay circuit to 
drop out on the next contact. Passage 
of the float under the second cat-whisker 
wire insults in stopping of the stop watch, 
temporary locking out of the relay cir-
cuit, aml then restoration of the relay 
circuit to the starting condition. This 
circuit makes it necessary to use only one 
lead wire from the contacting frame to the 
thyratron circuit, which enables the 
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operator to make a very sensitive adjust-
ment of the operating point. 
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CLOCK 

Eugene H. Woodman, Electronics Aids Waterway 

Development, Electronics, September, 1945, p. 120. 



TIMING CIRCUITS 237 

Automatic Machine Time-cycling Control Circuit for 

Tins control circuit was developed to 
operate an automatic dishwasher from 
230 volts direct current. The operation 
may best be understood by a description 
of the operating cycle with reference to 
the circuit. 
At the start of the cycle the unit is 

connected to the d-c mains as shown. 
CI and C2 are charged to the full 230-volt 
potential of the indicated polarity. 
The start button is pressed, shunting 

the lower contacts of relay 1. This 
establishes a series circuit through the 
coil of relay 1, the two filaments, the pilot 
light, the stop button, and the contacts of 
relay 4, energizing the tube filaments, 
pilot lamp, and relay 1. This relay 
shunts the start button (lower contacts), 
applies 230 volts to the wash motor 
(center contacts), disconnects C1 from the 
230-volt minus, and connects R1 across 
CI to start the discharge cycle. 
The quick-heating type 30 tubes are 

ready to operate promptly, but some time 

(about 2; minutes) is required for C1 to 
discharge through RI to the point where 
the bias on the type 30 tube number 1 
permits relay 2 to operate. 

RELAY 1 
RI 5 MEG 115 V 

H  60 MA 
30 NO.1 

GOE-12 
115 V 60 MA 
PILOT 

D-C Operation 

RELAY 2  
1 5 5,000 OHMS (-)   

RELAY 3 

230V D-C 

C2 - 

30 
RELAY 4 

5,000 (-) OHMS (_.) 

WASH MOTOR 

230V D-C —0   START STOP 
Relay 2 operates, in turn energizing 

relay 3, which disconnects the wash motor 
and starts the rinse valve. At the same 
time C2 is connected to R2 for discharge. 

C2 discharges in about 10 seconds, at 
which time relay 4 operates, opening the 
holding circuit and turning everything off. 
Thus the device provides a complete 

automatic cycle, circulating the alkaline 

--
WZ1NSE  VALVE  

wash solution with a motor-driven pump 
for 21A minutes, shutting off the pump and 
turning on a hot water rinse for 10 
seconds, and then turning everything off, 
including itself. 

Gilbert Smiley, Control Circuits for In(Iustry, Elec-
tronics, January, 1941, p. 29. 

Combination Photoelectric Relay and Gas-triode Timing Circuit 

Tills combination photo-relay and 
time-delay circuit is used to control an 
air-doffer in a laundry, which is used to 
form neat piles of laundered articles. It 
was developed to stack hot towels, 
pillow slips, and other flat articles emerg-
ing from a laundry mangle on a conveyer. 
The conveyer belt consists of several 
parallel webs, and through one of the 
interstices the light source throws its 
beam up to a mirror and back into the 
phototube. 

Increased conductivity of the photo-
tube (from increased illumination) will 
make the grid of amplifier 1 more positive 
and that of amplifier 2 more negative, 
and vice versa. Thus increased illumi-
nation will cut off the plate current of 
amplifier 2, destroying the negative bias 
on gas tetrode 2 and energizing relay 2. 
Decreased light energizes relay 1. By 
proper adjustment of the potentiometers 
practically any desired range of illumina-
tion can be accommodated and the 
illumination levels for energization of the 
relays can be widely spaced, brought 
together, or even overlapped. 
The leading edge of the article to be 

AMPLIFIER I 
2051 

SENSITIVITY CONTROL 10 MEG 
868 OR EQUIV. 

0.1 MEG 

o 

 ) RELAY 1 
5 MEG 

0,000 
0.25 I ME   CONTROL 

AMPLIFIER 2 

• 

115 V 70W LAMP 

2051 
o 
o 
o 

(-)RELAY 2 
(—) 

TO VALVE 
115 V A-C 

doffed intercepts the light beam energizing 
relay 1, opening its contacts, and recycling 
gas tetrode 2 and relay 2. 
The article advances, its leading edge 

dropping down over the end roll of the 
conveyer, directly beneath which is a 
perforated pipe system and in front of 

which is a rack onto which the article is to 

be doffed. 
As the following end of the article is 

about to leave the conveyer, it restores 
the light beam, closing relay 1, which 

energizes the solenoid valve admitting 

air to the blower pipe, starting the article 
in its flight from conveyer to rack, and 
starting the timing period of gas tetrode 2. 
Gas tetrode 2 times out, opening the 

solenoid valve circuit, stopping the blast, 
and restoring the circuit to start a new 
cycle. 
By proper design of the pipe system 

and accurate regulation of air pressure 
and timing, articles can be stacked with 
amazing accuracy. 

Gilbert Smiley, Control Circuits for Industry, Elec-

tronics, January, 1941, p. 29. 
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Timing Circuit for A-C Electric-fence Controller 

THE circuit given here delivers half-
cycle impulses of power-line frequency 
at 1-second intervals as required for 
electric-fence controllers, intermittent life 
tests, and similar applications requiring 
timing impulses that have periods from a 
fraction of a second to several minutes, 
the timing being variable by adjustment 
of RC circuit constants. 

The timing periods that may be ob-
tained are multiples of the period of the 

power-line frequency, so that for 60-cycle 
power the period is n/60 seconds. The 
circuit may therefore be considered as a 
frequency divider. It operates directly 
from the a-c source without a (l-c power 
su p ply. 
When the circuit is first energized, 

there is no charge on capacitor C and 
therefore no bias on the first tube. This 
tube conducts during the first half cycle 
that makes its plate positive with respect 

to the filament, charging the capacitor to 
the peak of the supply voltage less the 
tube drop. The polarity of C is such as to 
make the grid negative with respect to 

the cathode, and conduction cannot occur 
during subsequent positive half cycles 
until the charge on C has been sufficiently 
reduced by discharge through resistor R. 
The time for this discharge may be ad-
justed over a wide range by suitable 
choice of values for R and C. The block-
ing voltage for the second tube is obtained 
across C. 
At certain critical values of RC there 

may be an indeterminacy of one cycle in 
the time period, due to slight random vari-
ations in operating conditions. Where 
precise timing is required, the time con-
stant should be carefully adjusted and the 
line voltage maintained constant. 
With the grids of both tubes tied to-

gether and with filaments similarly 

connected, the voltage across C controls 

conduction of the second thyratron, which 
in turn applies half-cycle impulses to the 
electric-fence transformer for the period 
during which C discharges. The fuse is 
included in the plate circuit as protection 
against continuous energizing of the 
fence in case the first thyratron fails to 

operate and provide a blocking voltage. 
Failure of the second thyratron decaer-
gizes the fence, causing no danger. 

Clifford E. I3erry, Low-frequency Timing Circuits, 

Electronics, October, 1912, p. 84. 

Circuit for Measuring Effective Shutter Speeds and Setting Flash-bulb Synchronizers 

THIS electronic circuit measures the 
effective speed, not the total open time, 
of a camera shutter easily and accurately 
in daylight on all types of cameras, as 
fast as the shutter can be operated. It 
can also be used to set flash-bulb syn-
chronizers by arranging the bulb to send 
its light through the lens and setting the 
synchronizer to obtain maximum deflec-
tion on the timer. The unit forms a 
simple compact device suitable for counter 
use in camera stores. 
A phototube is connected to produce a 

current that is proportional to the light 
intensity reaching it through the camera 

lens and shutter. The phototube is in 
series with a capacitor and a direct-volt-
age source so that the total charge accu-
mulated by the capacitor will be directly 
proportional to the actual exposure, 
regardless of the variation of intensity 
during the open period of the shutter. 
The voltage across the capacitor is 

measured with a vacuum-tube voltmeter 
which has a meter scale which is marked to 
read shutter speed directly in reciprocal 
seconds. Calibration is obtained by 
marking the scale in terms of the full-scale 
deflection obtained with constant light 
intensity. The meter reading then will 
be the ratio of the voltage built up in the 
capacitor during measurement, to the 
standardizing voltage during calibration. 
These voltages are e = Q/C and E = IR, 

respectively, from which the effective 
exposure time is found to be proportional 
to RC,/ E. 

The instrument is standardized by 
adjusting the intensity of the light source 
for full-scale deflection with the shutter 
held open. Next the shutter is closed, 
and C is completely discharged through R. 
The pushbutton is now depressed, dis-
connecting R, and the shutter is operated. 
The meter then reads the voltage to which 
C has been charged and directly indicates 
the shutter speed. Releasing the push-

button discharges C and restores the meter 
to zero reading for the next test. 

It is desirable to use a meter capable of 
full-scale deflection between 0.2 volt and 
4.0 volts for the negative charging voltage 

of 50 volts in this circuit, thereby con-
fining the useful operating characteristic 
of charge versus time to a practical region 
of linearity, excluding the true exponential 
portion of the capacitor charging charac-
teristic. The circuit shown will cover a 
range between 1/5,000 second and 2.0 

seconds. 
It is also possible to select ranges by 

switching different values of resistors 
instead of capacitors. Although this is 
advantageous in some cases, the latter 
case permits one calibration setting for 
all ranges. 
The input current to the voltmeter 

circuit is 10-12 ampere. With the circuit 

B÷ 

values shown, this will produce in 2.0 
seconds approximately a 0.1 per cent loss 
of charge from a 1/1,000-second exposure. 
The meter needle therefore holds its 
maximum position amply long for a 
reading. Careful balance, generous feed-
back, and a voltage-regulator tube afford 
stability in respect to line-voltage 
fluctuations. 
Normal 4 per cent 120-cycle modulation 

of light intensity obtained with a tungsten 
lamp on 60-cycle alternating current 
produced no appreciable error in respect 

to readings taken with direct current 
connected to the lamp. 

C. J. Penther, Speed Meter for Camera Shutters, 

Electronics, May, 1944, p. 164. 



TIMING CIRCUITS 239 

Ballistic Galvanometer Circuit for Measuring Speed of Automobiles 

A BALLIST galvanometer serves as the 
indicating and recording element in this 
circuit for measuring the speed of auto-
mobiles and other moving objects. A 
current is caused to pass through a 
thyratron and the galvanometer during 
the time that the moving object passes 
between two fixed points. Either photo-
tube relays or mechanical switches can be 
located at the fixed points to operate the 
circuit. The mass of the moving element 
in the galvanometer must be increased so 
that one-quarter of its natural period 
exceeds the longest time to be measured. 
With a moving mass of about pound 
and a spring tension such that the period 
is 2 seconds, the graph of time intervals 
versus deflection for a constant current 
corresponding to an automobile speed 

over a 15-foot interval at 20 miles per hour 
is approximately 0.61 second. 
The time required for a moving object 

to actuate switches at two fixed points a 
known distance apart is indicated directly 
in the desired units by the recording 
ballistic galvanometer in this thyratron 
circuit. The thyratron becomes con-
ductive when the object momentarily 
closes the first switch SI, and stops con-
ducting when the object reaches the 
second point and momentarily closes 
switch 52. Phototube relays may be 
used in place of mechanical switches 
where contact is not feasible, as in timing 
horse races. 
A heated recording stylus moving on 

waxed paper is neat and simple. Since 
the stylus travels over the paper at a 

s, FG65 

IQ000 

popoo 
BALLISTIC 
RECORDER 

45V 25V OE 

S2 

459_ 

5 vs° 

fairly high velocity, it is necessary that it 
ride lightly on a taut strip. Switch 53 is 
actuated by the moving element of the 
galvanometer to prevent acceptance of 
another indication until the stylus of the 
recorder is at rest. 

Herbert J. Reich and Hershel Toomin, A Ballistio 
Meter for Measuring Time and Speed, Rev. Sei. 

Instruments, February, 1941, p. 96. 

Twin-thyratron Chronoscope Circuit for Measuring Millisecond Intervals 

ORIGINALLY developed to measure the 
velocity, or time of flight, of a projectile 
between two fixed points, this combina-
tion of two thyratrons and a ballistic 
galvanometer measures intervals between 
1 and 200 milliseconds with an accuracy 
within 1 per cent of full scale. 
The operating principle involves passing 

a known current through a ballistic 
galvanometer during the time interval to 
be measured. The length of time re-
quired for the meter to swing up scale is 
long compared with the time interval 
being measured, and hence the maximum 
deflection is directly proportional to the 
time interval. The galvanometer used 
has a period of approximately 5 seconds. 
Galvanometer current is supplied by self-
contained batteries and the switching 
operation is performed electronically by 
the thyratrons. 

In the simplified circuit (top center), 
with no voltages applied to the inputs, no 
current flows through the gas-filled thy-
ratrons because of the negative voltage 
applied to the grids through R9 from E3. 
An impulse on No. 1 input at the begin-
ning of the interval breaks down thyra-
tron VI, allowing a known current I 
to flow from El through RA, galvanom-
eter G, and tube VI. The impulse on No. 
2 input at the end of the interval breaks 
down Vs, connecting E1 and E2 in series 
through RA and V2. The resulting in-
crease in voltage across RA lowers the 
potential of the anode of V, to the point 

where it extinguishes, thus cutting off the 
current through the galvanometer. 

This type of thyratron switching cir-
cuit lias been used instead of the conven-
tional plate-to-plate capacitance-coupled 
circuit for two reasons. (1) The current 
I that flows through the galvanometer 
during a time measurement can be set in 
steady state without regard to transient 
current. (2) The circuit locks out so that 
after the galvanometer current has been 
cut off, subsequent impulses on No. 1 
input cannot reignite VI until the circuit 
through V2 has been broken. Experience 
has indicated that when switches are used 
on the inputs, the chatter time is of such 
time as to cause V1 to reignite if this 
arrangement is not used. 

In order to provide a complete and 
convenient instrument, the basic circuit 
requires numerous additions and refine-
ments. Protection must be provided for 
the galvanometer in case of failure of the 
impulse on No. 2 input; otherwise a cur-
rent would continue to flow through the 
galvanometer many times that required 
for full-scale steady-state deflection and 
would result in the destruction of the 
meter. Internal means must be provided 
for checking the ballistic constant of the 
galvanometer. A milliammeter and re-
sistors must be included for adjusting the 
current to the proper values for the 
various scales. It also has been found 
desirable to provide the input circuits 
with an arrangement whereby they can be 

operated directly from either a make or a 
break circuit as well as from an amplifier. 
All these features are incorporated in the 
complete circuit shown. 

First, consider the circuit for checking 
the ballistic constant of the galvanometer. 
With the key in the position shown, the 
galvanometer is damped by RD. With 
522 on position A and Su closed, CD 
charges to the voltage E1, and the milliam-
meter is connected through Rv to read the 
voltage of El. When K1 is thrown to the 
left, Cc discharges through the galvanom-
eter and the ballistic constant k can be 
determined. 

In order to set the current I, the switch 
511-S 12 is thrown to the right, thereby 
disconnecting the calibrating capacitor 
and energizing the filament supply. With 
selector switch 521-S22-S23 on positions 1 
to 5 and with K1 to the right as shown, a. 
circuit is provided from the battery EI 
through RA, through V1 when it is broken 
down, through RG, and through the milli-
ammeter circuit. This makes it possible 
to set I by means of RA2 to the proper 
value for the desired multiplying factor. 
The circuit provided by 522, RM, and R1 
changes scales on the milliammeter in 
accordance with the time scale selected. 

In regard to the input circuits, consider 
input No. 1. The grid of V1 is always 
biased to cutoff from E3 in steady state. 
If 53 is open and a make circuit is closed 
across the input, current flows from +E3 
through the external circuit to charge C9 
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through R,. This voltage developed 
across Rg and applied to the grid is 
sufficient to cause 171 to ignite. The 
resistance R7 is extremely high and serves 
to discharge Cg slowly in order to reset it 
for the next operation. Also, with 83 

open, any voltage applied to the input from 
an external source will appear directly on 
the grid of V1 and will cause it to ignite. 
With 83 closed the input circuit operates 
directly on a break as follows: The input is 
normally closed, and when the break 
occurs the voltage Ea appears across 
the input terminals and through C9 to 
the grid of V1, causirig it to ignite. The 
operation of input No. 2 is identical with 
that of No. 1. 
The protective circuit consists of R, V3, 

C r, 823, and T,. The action is as follows: 
When V1 breaks down, a voltage appears 

C9 

SIMPLIFIED CIRCUIT 

C9 
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Ez+ El:35V 
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R, 
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across RA that is impressed on R„ and 
Ci, in series. C„ continues to charge until 
its voltage reaches the breakdown voltage 
of the gas-filled tube V3. The discharge 
of C„ through V3 through transformer 7'1 
produces a positive kick in the secondary 
and trips off V2 to turn off the galvanom-
eter current. The length of time re-
quired for C„ to charge to the breakdown 
voltage of V3 is selected by means of 823. 
These values are so adjusted that the 
protective circuit operates on any interval 
longer than that required for full-scale 
deflection regardless of range. 
Ganged switches 821, 822, and 823 select 

the five time ranges, 10, 20, 50, 100, and 
200 milliseconds, and also provide means of 
reading the battery voltage and checking 
the ballistic constant of the galvanometer. 

In making a series of measurements, the 
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condition of the main batteries can be 
checked by the internal means provided. 
The ballistic constant of the meter can 
then be checked by the capacitor dis-
charge method also provided. After the 
tube filaments arc energized and the 
range is selected, the galvanometer cur-
rent can be adjusted to the correct value 
in steady state. When these three points 
have been checked, full assurance can be 
had of the accuracy of the results obtained. 
The principle used in the device in 

combination with the operation of the 
circuit results in high speed in mak-
ing measurements. Furthermore, for the 
same two reasons, both tube life and 
battery life are extremely long. 

C. I. Bradford, The Chronoscope, Electronics, Novem-

ber, 1940, p. 28. 

Inductance Bridge and Electronic Timer for Protecting Machinery against Jamming 

Tins combination of an inductance-
bridge sensing circuit, a two-stage am-
plifier, and an electronic timer serves to 
shut off power to a punch press if the 
slugs are not cleared from the dies within 
4 seconds. In normal operation, slugs 
evacuated through sensing coils prevent 
the timer from starting. 

Properly ejected slugs pass into a funnel 
and through a coil as they are ejected 
from the die. Another coil, identical 
with the first, is mounted about 6 inches 
from the press near the first coil. These 
coils, marked L1 and L2, form the two 
reactance arms of a simple bridge circuit. 
A fixed resistance and a series fixed and 

variable resistance combination make up 
the other two arms of the bridge. 
The variable resistance in one arm is 

used to balance the bridge circuit. Now, 
with the primary of transformer 7'1 
energized and the bridge balanced, the 
presence of steel in the sensing coil 
causes a change in the inductance of this 

( 
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coil and thus unbalances the bridge. 
This unbalance voltage appears across 
the primary of transformer 7'2. 
A conventional two-stage amplifier 

using a 6SJ7, pentode connected, and a 
6C5 amplifies the bridge output. Since 
this is at line frequency, 0.1-µf coupling 
capacitors have been used. The plate 
circuit of each tube is bypassed to ground 
to prevent any high-frequency feedback 
or regeneration that might be introduced. 
A test jack is provided in the plate circuit 
of the 6C5 so that an a-c voltmeter can be 
inserted when it is desired to balance the 
bridge. 

Since compressed air is used to blow the 
metal slugs from the die, they pass 
through the sensing coil at a relatively 
high velocity. The bridge is unbalanced 
for only a fraction of a second, so that an 
ordinary relay cannot be made to operate 
satisfactorily on the amplified voltage. 
The relay is therefore connected in the 
plate circuit of a 2051 gas tetrode. In 

LOCKUP 

6C5 

50,000 

TIMER RESET 

this type of tube, when the plate is posi-
tive, the tube will fire once the negative 
grid voltage is reduced to a critical value. 
When the tube fires, the gas ionizes and 

the grid no longer has any control over 
the flow of plate current. Thus the 
amplified signal from T3 is applied to the 
grid . circuit of the 2051. When the 
instantaneous grid potential is reduced 
to the critical value, the tube fires and 
relay K1 is energized. Switch /1/82 is 
opened by the punch-press cycle, and the 
unit is again ready to detect the presence 
of the metal slugs in the sensing coil. 

It is necessary that the press be shut 
down if the die is not cleared after about 
three strokes. This is accomplished by 
the use of an electronic timer. The 
time delay is set for about 4 seconds 
(three strokes of the press), determined 
by the 4-µf capacitor and the 250,000-
ohm resistor. When the plate and 
cathode circuits of the type 6V6 tube are 
disconnected through relay K3, the cath-

Pulse Timing Circuit for Inductive 

Tuns electronic timing circuit uses a 
type 2050 gas tetrode, with a 170-ohm 
resistor in the plate circuit to limit the 
capacitor charging current to the rated 
maximum of 1 ampere peak plate current. 
A negative charge placed on the control 

grid of the tube leaks off at a rate deter-
mined by the RC combination ill the 
grid circuit. When sufficient bias voltage 
has been lost, the 2050 conducts, closing 
the relay and charging the 6-µf capacitor, 
after which the plate voltage is too low for 
conduction to continue. The charge on 
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ode is connected to the hot side of the 
15-volt line through the 10,000-ohm re-
sistor. The capacitor and resistor com-
bination connect from the control grid to 
the ground side of the line. The capacitor 
now charges because the grid and cathode 
constitute a half-wave rectifier. The 
charge leaves the grid negative with re-
spect to ground. When relay K3 is 
energized, the plate and cathode circuits 
are connected normally. No current 
flows through K2 in the plate circuit 
of the 6V6 tube because of the neg-
ative voltage on the grid. The 250,000-
ohm resistor discharges the capacitor so 
that the grid bias is decreased and plate 
current rises sufficiently to cause the relay 
to pull in. This relay remains energized 
until the plate and cathode circuits are 
again broken. 

John Isaacs, Punch Press Protector, Electronics, 

December, 1946, p. 101. 

Loads 

the capacitor leaks off through the relay, 
thus keeping it closed for an additional 
length of time. One pair of relay contacts 
is placed in the load circuit; the other pair 
serves to replace the negative charge on 
the 2050 grid. 
The pulse rate is determined by the 

setting of potentiometer RI, and the 
range of rates upon the values of RI, R2, 
and CI, making this circuit applicable to a 
large variety of timing applications. 

Electronic Timer for Inductive Load, Electronics, 
October, 1946, p. 170. 
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Thyratron Capacitor-discharge Circuit for Timing the Operation of a Motor 

THE electronic timing circuit shown has 
been used in connection with a portable 
metal-sorting instrument that sorts mixed-
up bar stock, transformer laminations, 
billets, or castings according to chemical 
composition by rubbing a known metal 
against the unknown for an interval 
determined by discharge of a capacitor. 
The resulting triboelectric voltage is 
measured with a mirror galvanometer. 
The circuit controls the total operating 
time for a test and provides a biasing 
potential to balance out any parasitic or 
thermoelectric currents. 

Capacitor C is normally charged from 
the 90-volt source to the indicated 
polarity by grid rectification of the 2050 
thyratron, the circuit being completed 
through the series motor and the contacts 
of the relay each half cycle. When the 
start switch is closed, 90 volts alternating 
current is applied to the series motor in 
the reciprocating tool and to the thyra-
tron timing circuit. Reciprocating action 
starts, but capacitor C holds the thyratron 
grid sufficiently negative to prevent the 
tube from firing. The start switch 
changes the grid voltage to a much lower 
value which is determined by the setting 
of the time-control potentiometer, so that 
C begins discharging through its 2-megohm 
shunt resistor the instant the switch 
is closed. When the capacitor voltage 
drops sufficiently, the thyratron fires and 
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its plate current pulls in the relay, open-
ing the motor circuit and terminating the 
test. A snubbing circuit across the relay 
coil (8 ¡if in series with 750 ohms) lceps the 
relay armature closed between rectified 
pulses. Releasing the start switch button 
allows the relay to drop out, reclosing the 
tool circuit and recharging C for the next 
cycle. 
The reading of the galvanometer used 

as a microvoltmeter is taken after the 
tool has been automatically stopped. If 
the reading is substantially zero, known 

Direct-indicating Timer for Testing Camera 

Tnis time-measuring circuit makes use 
of the constant-current characteristic of a 
pentode to charge a capacitor to a voltage 
proportional to time for measuring per-
centage of deviation of a camera shutter 
from rated speed. 
The OSF5 tube acts as a combination 

amplifier and limiter. It is run normally 
at some bias such that the drop through 
its plate load resistor keeps the 6SJ7 
beyond plate-current cutoff. A small 
negative signal then will drive the 6SF5 to 
cutoff and the 6SJ7 will become conduc-
tive and start charging the capacitor 
in its plate circuit at constant current. 
This charging current flowing in the 
cathode circuit and in the divider causes 
some regeneration due to R1 and R2, 

which effectively increases the gain of the 
circuit but is not sufficient to cause 
instability. The effect is somewhat coun-
teracted by the degeneration in R3, which 

is provided to keep the 6SJ7 grid in a 
region of greater current linearity. 
For iris shutters the input phototube-

amplifier arrangement (of conventional 
design and not shown) is such that the 
6SF5 is driven to cutoff by a shutter-
opening area equal to 1 per cent of total 
opening, remaining in that condition until 
the shutter is within 1 per cent of being 
closed. Thus the capacitor is being 
charged at constant current for the full 
open time of the shutter. With focal-
plane shutters, the trapezoidal pulse from 
the amplifier is of sufficient amplitude to 
drive the 6SF5 to cutoff and to charge the 
capacitor for its duration. 
One capacitor (CI, C2, or C3) is used for 

each shutter speed to be covered, and a 
switch is provided to select the proper 
one. The capacitor values are so chosen 
that each one when charged for its indi-
cated shutter speed will develop the sanie 
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and unknown metals are identical; if 
different, the polarity and magnitude of 
the reading are indicative of the degree 
and nature of the dissimilarity. 
The 6X5 tube, a slow-heating rectifier 

connected as a diode in the thyratron 
plate circuit, protects the thyratron 
against damage in the event that the 
start button is pressed before the thyra-
tron heater is up to temperature. 

N. F. Agnew, Sorting Alloys, Electronics, September, 

1046, P. 124. 

Shutters 

voltage. Switch 51 is a telephone-type 
switch that connects the 6SJ7 plate circuit 
to the capacitor selected by the speed 
selector switch. When the shutter is 
operated and the capacitor charged, Si is 
thrown to its other position. This dis-
connects the capacitor from the plate 
circuit and places it in series opposition 
with a standard source of voltage. 

If the shutter speed is exact, the two 
voltages will be equal and their resultant 
will be zero. If the shutter is in error, 
the voltages will differ and the resultant 
will indicate the direction and amount 
of error. 

Switch 53 is provided to discharge the 
capacitor completely before repeating the 
charging process. 

It was found impossible to select 
conveniently capacitor values that were 
close enough to give an exact voltage for a 
given charging time; therefore voltage 
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trimmers Ra, R5, and R6 were added. One 
of these is selected with each capacitor 
value and is adjusted to give the proper 
comparison voltage. This circuit is cali-
brated by applying electric pulses of 
known time duration from a commutator 

arrangement to the amplifier input. 
The resultant of the capacitor and 

comparison voltages is fed into an indi-
cator circuit through a 30-megohm re-
sistor. This value is made high so that 
the capacitor will discharge slowly enough 
to provide a reliable reading for conditions 
of shutter error. 
The 6.15 circuit is essentially a vacuum-

tube voltmeter with a zero-center indica-
tor. Shutter speeds higher than rated 
result in an upward deflection, low speeds 
in a downward deflection. As the volt-
ages being compared for any shutter speed 
are the same, the indicator can be cali-
brated in percentage deviation from rated 
speed. The slight variations due to 

R4, R5, and R6 do not introduce appreci-
able error. The full meter scale covers 
±15 per cent error. 

The circuit constants are such that 
large inputs cannot damage the 50-0-50 
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microampere meter, as the 61.5 reaches 
saturation slightly off scale on the upper 
end and reaches cutoff beyond the lower 
encl. The circuit was arranged for shutter 

30 MEG 

VRI50 

8,000 60 

25,000 

R4 R5 R6 

5,000 5,000 

20,000 

Tt. F. ReOE-lemske, Electronic Shutter-testers, Elec-

tronics, February, 1046, p. 128. 

Phantastron Voltage-controlled Time-delay Circuit 

TIIE phantastron circuit shown has the 
virtue of providing a time delay that is 
closely linear with control voltage. It is 
relatively insensitive to changes in supply 
voltages. In the steady-state condition, 
the control grid of the 6SA7 phantastron 
tube is helcl near zero bias by grid current 
since it is tied through a high resistance to 
+250 volts. The screen grid is positive 
with respect to the cathode. Grid No.3 is 
negative with respect to the cathode since 
its voltage is set at about +20 volts by 
the voltage divider and the current flowing 
through the cathode resistor sets the 
cathode at about +40 volts. Since the 
No. 3 grid is negative with respect to 
the cathode, it cuts off the current to the 
plate. The cathode current is essentially 
all screen current. Since the plate re-
sistor value is high, the plate voltage is 
held by conduction of the diode to a value 
equal to the voltage set on the diode 
cathode. 
When a negative trigger pulse is fed to 

the cathode of the diode, a negative pulse 
will be developed in the plate circuit. 
This negative pulse is applied to the con-
trol of the 6SA7 through the capacitor 
connected between these two points. 
This will decrease cathode current and 

decrease the voltage drop across the 
cathode resistor. Thus, the No. 3 grid 
becomes less negative with respect to the 
cathode and will allow plate current to 
flow. Plate-current flow causes the plate 
voltage to drop, stopping the diode (half 
of the 6SN7) from conducting and apply-
ing the drop at the plate to the control 
grid through the capacitor. 
The above action takes place so rapidly 

that the capacitor does not have time to 
change its initial charge appreciably. 
Since the grid is connected to +250 volts, 
the capacitor starts to discharge, raising 
the control-grid voltage. This increases 
the plate current, decreases the plate 
voltage, and tends to decrease the con-
trol-grid voltage. Since the two actions 
oppose each other, the result is a very slow 
decrease in plate voltage and increase in 
cathode voltage. 

This effect continues until the plate and 
screen voltages are so low that further 
increase in control-grid voltage does not 
increase plate current. This occurs at a 
plate potential of about 40 volts. The 
control grid .and consequently the cathode 
voltage continue to rise for a short time, 
with the screen taking the increase in 
cathode current. At this point grid No. 
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3 begins to cut the plate current off, 
with a consequent rise in plate voltage. 
This plate-voltage rise is fed back to the 
control grid, increasing the effect, and 
bringing the circuit back to normal. It 
is this sudden rise at the end of the cycle 
that can be amplified, differentiated, and 
used to trigger a blocking oscillator for 
various purposes. 
Thus the time interval between the 

initiating pulse and the end of the cycle is 
the time for the plate voltage to drop 
from its steady-state value, as set by the 
voltage applied to the diode cathode, to 
the minimum value (about 40 volts). 
The greater the diode-cathode bias volt-
age, the greater the delay. 

J. V. Holdam, S. McGrath, and A. D. Cole, nadar 

for Blind Bombing, Part I, Electronics, May, 1946., 

p. 138. 
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Phototube and Cathode Follower 

COMMERCIAL fluorescent lamp sizes as 
well as standard germicidal lamps can be 
measured for starting lag with the circuit 
shown. First the input voltage is ad-
justed to suit requirements of the lamp 
under test. Then the switch is closed, 
energizing the clock-clutch coil and the 
lamp ballast. When the test lamp does 
not light, no current will flow from the 917 
phototube through the grid resistor of the 
6SC7 cathode follower. Consequently, 
the cathode follower draws a maximum 
of plate current, and the 6A3 triode is 
thus made positive. Low plate-to-cath-
ode resistance of the 6A3 permits opera-
tion of the clock clutch. 
When the test lamp lights, current 

through the 917 causes the grid of the 
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6SC7 to become negative, reducing the 
plate current. Since the 100,000-ohm 
cathode resistor will then have less voltage 
drop, the 6SC7 cathode becomes negative 
with respect to ground. The grid of the 
6A3 connected to this cathode will be cut 
off and the clock clutch will drop. 
The operating current of the clock-

clutch coil ranges from 40 to 50 milli-
amperes and is easily handled by the 
6A3 tube. Use of the cathode-follower 
circuit permits the use of high series 
resistance in the phototube circuit for 
high sensitivity and convenient cable 
length between the phototube and the 
6A3. 

Trevor Temple, Fluorescent Lamp Delay Timer 
Electronics, March, 1947, p. 184. 

Thyratron Pulse Generator and Phase Inverter for Calibrating Electronic Timers 

USE of a gas tetrode in place of a cold-
cathode discharge tube in a transient-
pair generator for calibrating electronic 
microsecond timers is advantageous be-
cause the intrinsic lag of the gas tetrode is 
negligible and the grid-plate interelectrode 
capacitance is very small. The circuit 
shown is highly desirable for very short 
time intervals, since there would otherwise 
be danger of inducing a nondelayed pulse 
in the output circuit of pulse 2 by way of 
capacitive coupling. To make full use 
of this feature, the delayed pulse must be 
taken from the plate circuit, and, since 
this pulse has negative polarity, must be 
reversed in phase by a subsequent vacuum 
tube. If it were not for the relatively 
large grid-cathode capacitance, it could 
be taken off as a positive pulse on the 
cathode side without the need of an addi-

tional inverter stage. 
As with the cold-cathode discharge-tube 

circuit, the principle of operation is based 
on the time it takes for a known capaci-
tance C to charge from E0 to E2 by appli-
cation of a known voltage El through a 
known resistance R. The known voltage 
E1 is applied indirectly to the delay net-
work when switch S is operated, the 
voltage being between a' and h' and 
capacitively applied over CL. This does 
not introduce an error as long as CL is 
much greater than C. In this way, the 
necessary negative bias can be applied to 
the grid of the tube through RC, which, 
in order to introduce no error, must 
merely be large compared with R. 
The initial voltage E0 is not zero, but 

equal to the permanent negative bias 
(-45 volts). The voltage sources were 
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drawn as batteries merely for the sake of 
simplicity; a-c operation is naturally 
possible, and can be carried out in the 
customary ways. 

Paul 13. Weisz, Electronic Timer for Microsecond 
Intervals, Electronics, April, 1914, p. 108. 

Electronic Timing Circuit for Precision Control of Electric Shock Therapy 

THE extremely simple electronic timer 
shown here gives continuously variable 
shock durations between 0.15 and 0.5 
second as required for electric shock 
therapy, and maintains its timing adjust-
ment within a small percentage for line-
voltage changes as great as 20 per cent. 

Failure of a component results in total 
inoperation rather than wrong operation 
or excessive shock duration. A defective 

tube will prevent the passage of any 
shock current. Resistor or capacitor 
trouble will either prevent the relay from 
closing or make the shock of very short 
duration. 

In order to guard against the remote 
possibility of the relay sticking closed 
through mechanical failure, the switch 
for administering the shock is of the push-
button variety and the operator is in-

structed to hold it in the On position for a 
period not greatly exceeding that of the 
selected shock duration. 
One side of the pushbutton switch 

opens the patient circuit, while the oppo-
site side closes the circuit that keeps the 
relay closed. When the pushbutton is 
depressed, the patient circuit is closed 
through both the relay contacts and the 
pushbutton contacts, but the grid voltage 
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that holds the relay closed is simultane-
ously removed from the tube except for 
the charge on the capacitor. When the 
capacitor charge falls low enough, the 
relay opens; the shock duration will be 
the time the relay stays closed after the 
pushbutton is depressed, and depends 
upon the setting of variable resistor RI. 
The delay can be extended to several 
seconds if desired by increasing the value 
of R or C, provided that the capacitor 
has low leakage and that the tube is not 
gassy. 

The spring bias on the relay affects the 
timing, and the final timing adjustment 
must be made for one specific relay ad-
justment. The relay should have no 
inherent delay. The timing adjustment 
is usually made by counting the cycles 
in the shock inpulse on some kind of 
oscillograph; the direct-writing oscillo-
graphs are of course the simplest to use 
for this work. 

Paul Traugott, Medical Shock Machine, Electronics, 
November, 1943, p. 166. 

Precedence-indicating Circuit Using Thyratron-actuated Counters 

Tins precedence indicator tells which 
of two contacts opens first, as is required in 
certain physiological investigations. The 
use of thyratrons eliminates simultaneous 
readings. The 2A4G has an ionization 
time of about 10 microseconds, and 
biological variability and human asym-
metry being as great as they are, it is 
seldom that the two hands would be raised 
within 10 microseconds. 
The circuit shows the system used, 

except for the lighting connections. 
One of 10 combinations of lights is chosen 
by a 10-point rotary switch. The lights 
are turned on by the resetting switch, at 
the same time that plate voltage is applied 
to the 2A4G tubes. The weight of 
the subject's hands holds the telegraph 
keys closed, providing sufficient negative 

grid bias so that the thyratrons do not fire. 
The operator runs through several 

light combinations, finally turning on the 
two left lights, at which signal the subject 
raises his hands. If the right key has 
opened first, the removal of the grid bias 
on the right tube allows it to break down. 
The plate current operates both the right 
count and total count indicators, and 
produces a large voltage drop across the 
10,000-ohni resistor in the cathode cir-
cuit, which is effectively the same as grid 
bias on the other tube. Thus, when the 
other key opens, sufficient grid bias re-
mains to prevent it from breaking down. 
If the left key has opened first, the same 
events take place on the left side of the 
circuit. One hundred effective stimuli 
are given, as indicated on the total coun-

ter, and the percentage of rights and 
lefts is given on the respective counters. 

W. E. Gilson, Applications of Electronics to Physiol-

ogy, Electronics, January, 1943, p. 86. 

Time Interval and Speed-measuring Circuit Using VTVM to Measure Capacitor Charge 

IN this circuit for measuring time 
intervals and speeds of moving objects 
directly, the instantaneous closing of 
switches Si and S2, or the interruption of 
light falling upon phototubes inserted in 
series with R3 and 114, causes the transfer 
of current from V7'2 to VT1, and vice 
versa. The voltage across R2 produced 
by the plate current of VT2 serves as bias 
for VT3. Thus plate current starts flow-
ing in VT3 when Si is closed, and stops 
when S2 is closed. The resulting change 
of voltage of C, which is a measure of the 
elapsed time, is read by means of the 
voltmeter tube VT4 and milliammeter 
MA. 
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II. J. Reich, Trigger Circuits, Electronics, August, 

1939, p. 14. 
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Capacitor-discharge Driver Circuit for Supersonic Echo Depth Sounder 

THE driver circuit for shock-exciting 
the magnetostriction transmitting trans-
ducer of an echo depth sounder at a 21.5-
ke operating frequency, shown here, uses 
two diode rectifiers in a somewhat un-
conventional manner to charge two 

capacitors, C1 and C2. Discharge of CI 
by the motor-driven keying contacts of 
the depth sounder ionizes the trigger tube, 

allowing C2 to discharge through the 
magnetostriction unit and shock-excite 
it into vibration at its mechanical resonant 
frequency of 21.5 kc to produce the de-
sired supersonic signal. 

Capacitor C1 is normally charged to a 

medium-14h potential by a winding of 
the power transformer, the circuit being 

completed through the 84 rectifier, the 
primary of the ignition transformer, and 
current-limiting resistor RI. Simultane-
ously, capacitor C2 is normally charged 
to a very high potential (approximately 
1,500 volts) by another power-transformer 
winding through the 866A rectifier, the 
transmitting transducer, and current-
limiting resistor R2. Closing any set of 
keying contacts in the recorder unit 
permits C1 to discharge through the pri-
mary of the ignition transformer without 
benefit of a current-limiting resistor. 
The high surge of current through this 
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winding induces a very high potential 
between external plate A of the gaseous 
trigger tube and ground. As this tube 
has the potential of C2 across its terminals, 
it is instantly ionized, allowing C2 to 
discharge through the coils of the trans-
ducer without benefit of a series current-
limiting resistor. This pulse of current, 
with an instantaneous maximum value 
approaching 200 amperes, causes the 
magnetostriction elements to vibrate at 
their mechanical resonant frequency of 
21.5 kc and thus produce an acoustical 
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signal in the water having usable power. 
Opening of the keying contacts allows 

the two capacitors to recharge at low 
rates in preparation for the next cycle of 
the same operation. The special U-
shaped argon-filled trigger tube serves 
essentially as a relay between the keying 
contacts and the transducer, providing 
the necessary control of the large current 
required to excite the transducer. 

G. B. Shaw, Echo Depth Sounder for Shallow Water, 
Electronics, September, 19.18, p. 88. 

Circuit for Producing Sounds from Ultrasonic Frequencies 

THIS circuit consists of an audio 
heterodyne amplifier used to pick up 
inaudible sounds, amplify them, and 
produce a note of proportional loudness 
in the audible range. It is useful in the 
manufacture and distribution of coin-
operated beverage-vending machines, for 
the measurement of ultrasonic frequencies 
given off by the various coins when set 
into vibration, as a means of slug detec-
tion. A similar circuit arrangement is 
used in sonar underwater sounding 
equipment. 
When the frequency of vibration ex-

tends above the audible range, an in-
strument for making these sounds audible 
is required. This instrument consists of 
an amplifier which contains a local oscil-
lator that beats with the incoming sound 
frequency to produce a difference f re-
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quency in the audio range. This is 
similar to the superheterodyne principle 
used in communications. 
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Holey, A. Andrews, Supersonic Inspection Methods, 
Electronics, May, 1944, p. 122. 
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Amplifier-limiter-discriminator Circuit for Ultrasonic Door-opening System 
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Tiffs five-tube amplifier with limiter 
and discriminator will, when connected 

to a crystal microphone positioned above 
a garage door, pick up the 25,000-cycle 
ultrasonic wave produced by a vacuum-
tube ultrasonic whistle on an approaching 
automobile and cause operation of a 
relay in the circuit of the door-opening 
motor. 
The amplified and limited signal is 

fed into a discriminator circuit which 
selects the desired signal frequency, 
rectifies it, and places a negative d-c bias 
on the grid of the first triode section of the 
following relay circuit, so that the second 
triode section operates the relay whose 
contacts control the door-opening mech-
anism. The discriminator also protects 
the control system from operation by 
unwanted ultrasonic sources. 
A voltage amplifier is followed by a 

triode that serves as a limiter. Limiter 
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action takes place with input voltages of 
7 inv and over. The limiter is necessary 
because it is desirable to introduce into 
the discriminator tube circuit a constant 
voltage regardless of signal intensity 
variations. 
A second tuned coil, generally tuned to 

a higher frequency than the desired 
signal, is inserted in the discriminator 
circuit. Any signals received in this 
circuit are rectified and delivered as 
positive voltages to the relay circuit. If 
an undesired ultrasonic signal is received 
at the discriminator circuit, which con-
tains a multitude of frequencies, the 
resultant d-c output will be zero or 
predominantly positive, depending on 
the frequency distribution, and the relay 
will not operate. The relay tube circuit 
is thus operative only when a negative 
voltage of proper amplitude is applied to 
the grid. 

210V 

4,700 

The d-c voltage obtained from the dis-
criminator circuit is applied to the grid of 

a two-stage double-triode relay control 
tube. Contained within this circuit is a 
time-delay network that closes the relay 
contacts after approximately 3 seconds of 
steady signal reception. This time delay 
is necessary to prevent door operation by 
transient ultrasonic waves and sudden 
line-voltage surges. 
The relay used in the control has a low 

armature release point, being generally 50 
per cent of the pull-in value. This is 
required because in field installations a 
large drop in line voltage occurs when the 
motor operating the doors is running on 
the starter winding. This drop in some 
cases reduces the line voltage from 120 
volts to as low as 80 volts for a short 
instant. 

Boley A. Andrews, Ultrasonic Garage-door Opener, 

Electronic, March, 1917, p. 116. 

Automatic-frequency Control Circuit for Ultrasonic Generator 

AN electronic circuit for driving me-
chanically resonant vibrating sound gen-
erators, maintaining frequency very close 
to the resonant frequency of the vibrator, 
is shown in the accompanying diagram. 
The generator is used to flocculate and 

remove suspended particles in smoke, 
fumes, and fog, and contains a duralumin 
bar that is free to vibrate at its resonant 
frequency. An extruding ring acts as a 
one-turn coil which, when supplied with 
induced alternating current, drives the 
bar in much the same manner that a voice-
coil assembly drives the diaphragm in a 
dynamic loudspeaker. 
A metal plate is mounted near the bar 

to form an electrostatic pickup whose 
capacitance varies with the motion of the 
vibrating bar. This capacitance change 

produces an alternating voltage which is 
amplified and fed back to the ring which 
energizes the bar. In the amplifier the 
alternating voltage is fed to a discrimi-
nator and reactor tube circuit similar to 
that used for automatic-frequency con-
trol of pushbutton receivers. Change in 
phase of the vibrator motion relative to 
the driving force produces a direct voltage 
that is applied to a tube employed as a 
variable reactance to correct the fre-
quency of a vacuum-tube oscillator. 
Changes in either the oscillator frequency 
or the vibrator frequency, or both, of 
approximately 500 cps in 12 kc are fol-
lowed automatically so that the oscillator 
frequency does not deviate from the 
resonant frequency of the vibrating mem-
ber by more than 0.1 cps. 

Under heavy acoustial load conditions 
the motion of the vibrating bar may be so 
small that the amplifier gain may not be 
sufficient to maintain oscillations and the 
system ceases to function. Too, the vi-
brations are initiated at low amplitude 
and gradually build up to a maximum, 
so that in borderline cases where the gain 
in the system is barely sufficient to main-
tain oscillations it may be difficult to get 
it started. 
With the afc system the power from 

the oscillator is always available for driv-
ing the vibrating bar and, in most cases, 
the pickup capacitance changes are 
sufficient to provide automatic con-
trol over the oscillator frequency. With 
heavy acoustical loading the vibrating bar 
can still be driven and supply acoustical 
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power. In addition, the power available 
for driving the vibrator has an initial 
value equal to the maximum output of the 
power amplifier, and the vibrator motion 
will build up to maximum in the least 
possible time. 
These conditions are provided by the 

oscillator control circuit shown in the 
diagram. It consists of oscillator VT4, 
voltage amplifiers VT1 and VT5, dis-
criminator tube VT2, and reactor tube 
V7'3. The oscillator consists of tube VT4 
and coils L1 and L2, connected in a con-
ventional tuned-plate oscillator whose 
amplitude of output is controlled by the 
resistors connected to coil L2. Amplifier 
tube V7'5 isolates the oscillator from its 
load and, for this purpose, coupling 
Coil L4 is electrostatically shielded from 
LI and L2. Tube V7'5 is the reactor tube 
that, along with coil L1 and the tuning 
capacitor, determines the frequency of the 
oscillator. The control grid of this tube 
receives its bias from the direct voltage 
produced across the diode load resistors 
in the discriminator circuit. Tube V7'1 
amplifies the input voltage developed by a 
preceding amplifier. 
The preamplifier converts the capaci-

tance changes of the pickup into a voltage 
that, when amplified, furnishes the voltage 
for the discriminator. The actual motion 
of the vibrator bar and the resulting 

I MEG 1pF 

2,000 

capacitance changes in the pickup depend 
upon the acoustical load on the vibrating 
bar and vary considerably. The ampli-
fier must supply a constant output voltage 
to the discriminator, even though the 
voltage from the capacitance pickup 
varies from 5 to 200 millivolts. This is 
accomplished by incorporating an auto-
matic-gain-control circuit in the pre-
amplifier. A phase-shifting network is 
also included, so that the phase of the 
output voltage can be changed relative 
to the input voltage by substantially 360 
degrees to have the proper phase relation 
in the discriminator circuit. 

It was found that the reactor tube 
operated more effectively when the 

peak oscillator voltage was less than the 
direct voltage on the reactor tube plate. 
Using a pentode 6J7 tube, peak alter-
nating voltage could equal the plate 
potential, but with tetrodes the peak 
voltage could not exceed half the plate 
voltage. A 6J7 was used because the out-
put voltage could be readily controlled 
by the resistors connected to coil L2. 
These were adjusted so that the peak 
voltage from the oscillator was about 0.9 
of the direct plate potential applied to the 
reactor tube. 

Automatic Frequency Control for Mechanical 
Vibrators, Electronics, November, 1943, p. 194; E. V. 

Potter, Reu. Sei. Instruments, July, 1943; II. W. St. 
Clair, Rev. Sei. Instruments, May, 1941, p. 12, Else. 

ironies, September, 1941, p. 79. 

Two-tube Ultrasonic Oscillator and Amplifier for Driving Magnetostriction 

Two 3Q5GT tubes, one operating as a 
frequency-stabilized 24.5-ke oscillator and 
the other as the output amplifier stage, 
serve here to drive a magnetostriction 
transducer that can be used to transmit an 
almost nondirectional sound beam of 
moderate intensity into surrounding water 
or other liquid. The circuit was origi-
nally developed as a beeper to be installed 
in torpedoes for locating those lost during 
test runs. 
Both filament and plate currents are 

supplied from storage batteries of an 
electric torpedo (or from conventional 
radio batteries). With a supply voltage 
of 150 volts, an acoustic signal in excess of 
0.5 watt is transmitted to the water. A 
coil of several hundred turns surrounding 

magnetostrictive nickel tube mounted 
on a small metal diaphragm serves as 
the transducer. A small permanent-
magnet rod is placed inside and along 
the axis of the tube to provide magnetic 
polarization. Alternating current from 
the oscillator amplifier flows through the 
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coil and produces the driving force to set 
the magnetostrictive tube into oscillation. 
With a 10-volt signal at the resonant 

frequency impressed upon the coil of 
the transducer, the acoustic field at a 
distance of 1 meter in the direction of 
maximum intensity is from 30 to 35 db 
above 1 dyne per sq cm. 

1 0.1 

PRO-
JECTOR 

150V 

If an inverse square law of diminution 
of the field with distances is assumed and 
—20 db versus 1 dyne per sq cm is taken 
as a threshold signal strength, a maximum 
operating range is set at about 1,100 
yards. 

Eric A. Walker and Paul M. Kendig, Acoustic Local 
ing System, Electronics, February, 1947, p. 124. 
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Ultrasonic Generator for Underwater Sounding 

USED in model QCS/T sonar equip-
ment, this circuit delivers a 600-watt 
pulse to an underwater magnetostriction 
projector at some frequency in the 
ultrasonic range from 17 to 26 ke. 
The driver circuit consists of a self-

excited oscillator that generates a 24-kc 
supersonic frequency, a two-stage ampli-
fier that builds up the oscillator output to 
a maximum power of 600 watts, and a 
keying relay that clicks out the 0.1 to 0.2-
second duration pulses at intervals of 
several seconds. 
As shown, the driver employs a push-

pull Hartley oscillator whose frequency is 
variable from 17 to 26 ke, a push-pull 
buffer amplifier, and a class C operated 
push-pull-parallel power amplifier to 
excite the projector. Keying of the 
driver is accomplished by completing 
the cathode circuit of the oscillator (by 
grounding the center tap of the filament 
winding for the oscillator tubes) and by 
connecting the projector to the power-
amplifier stage of the driver through con-
tacts of the keying relay during keying. 
A small portion of the driver output is 
applied to the receiver through 5-megohm 
resistors to provide a visual indication 
of keying on the range indicator. Power 
for the driver comes from a three-phase 
full-wave rectifier employing mercury-
vapor rectifiers. 

If the frequency of the oscillator in the 
driver is varied over a band of frequencies 
during keying ((luring transmission of a 
pulse), the reverberations arriving at 

PUSH-PULL HARTLEY 
OSCILLATOR 
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AMPLIFIER 

POWER 
AMPLIFIER 

838 

SWEEP- FREQUENCY 
MODULATOR 

.540 V 

the projector simultaneously from differ-
ent distances will be of different fre-
quencies and will not reinforce each other. 
Sweep-frequency modulation of the *oscil-
lator thus reduces reverberations to a 
low level, while echoes from a target are 
heard as a clear chirp of varying fre-
quency. This modulation is generally 
used during search, but after a target has 
been picked up the sweep is usually dis-
connected to permit utilization of the 
Doppler effect for tracking an evasive 
moving target. 
The transmitted pulse begins at 800 

cycles above the frequency to which the 
oscillator is tuned and sweeps down to 800 
cycles below the oscillator frequency. 
This is achieved by shunting across the 
oscillator tank circuit a saturable reactor 
whose inductance is made to vary by 
charging a capacitor through a coil on the 

To 10 75 V O-C 
RECEIVER POLARIZING SOURCE 

0.07_ MAGNETOSTRICTiON 
PROJECTOR 

 TO RANGE 
INDICATOR 
-75V 

(OM 1,500 
1 I 5 V 
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center leg each time the keying relay is 
closed. An adjustable capacitor across 
the primary winding of the reactor permits 
adjusting the sweep-frequency range with 
relation to the natural frequency of the 

The values shown give a 0.1-second 
sweep. Provision is made in the equip-
ment for inserting a larger charging 
capacitor to give a 0.2-second sweep for 
use with the longer keying pulses em-
ployed when using echo ranging at longer 
range. A resistor in shunt with the 
charging capacitor provides a discharge 
path between keying and prevents the 
current through the d-c winding from 
decreasing to zero when the capacitor 
becomes fully charged. 

Richard J. Evans, Echo Ranging Sonar, Electronic'', 

August, 1946, p. 88. 

Three-stage Supersonic Amplifier for Echo Depth Recorder 

Tins supersonic echo amplifier circuit 
for an echo depth sounder is a conven-
tional three-stage single-channel unit 
with self-contained power supply, de-
livering 180-volt pulses capable of dis-
integrating black-bodied carbonized dry 
recording paper to make the desired rec-
ord. The pulse voltage is applied to 
opposite sides of the moving chart paper 
by stylus and platen electrodes. 
The first two stages are semifixed-tuned 

impedance-coupled stages at the signal 
frequency of 21.5 kc, and are resistance-
coupled to the third. The gain, or 
sensitivity, control varies the gain of the 
first stage by adjusting the control-grid-
bias voltage thereof, and it is essentially 
linear and continuous to 100 per cent gain. 

The input impedance is approximately 
15 ohms; the output impedance to the 
stylus is of the order of 100,000 ohms when 
no signal is being recorded and drops to a 
few ohms under marking conditions. A 
chart density control is provided as shown 
to permit optimum density of marking 
under all conditions and to prevent 
excessive burning under strong-signal 
conditions. 
The first stage (6AC7) is operated as a 

class A pentode amplifier with medium-
negative bias voltage; the second stage 
(6S117) is essentially a zero-bias amplifier, 
there being no fixed grid-bias voltage. 
The operating bias voltage is obtained 
from the preceding stage output signal, 
applied across the grid resistor and 

affording some limiting action. The 
third stage (6Y6G) is a power-type 
pentode operating at a point as close to 
cutoff at the cathode-resistor method of 
obtaining bias voltage will permit. On 
positive peaks of amplified signal voltage 
from the preceding 6SH7, large pulses of 
d-c plate current are caused to flow in the 
6Y6G. Such rapid changes in magnetic 
flux lines in the output transformer pro-
duce the relatively high voltage (180 volts) 
necessary to produce disintegration of the 
paper coating beneath the stylus. 
At the operating frequency of 21.5 ke 

an input voltage of 2 microvolts is 
necessary to mark the paper when the 
amplifier gain is set at 100 per cent. 
Under those conditions the bandwidth is 
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2 ke at the usual 3 db down reference 

point. The amplifier is designed to 
match the Q of the transducer, which is 
approximately 10. Higher degrees of 

sensitivity and selectivity are normally 
not required in depth sounding. 

Contrary to general belief, feedback 
and regeneration conditions can occur at 
supersonic frequencies unless the usual 
rules of design are adhered to. 

G. B. Shaw, Echo Depth Sounder for Shallow Water, 
Electronics, Septexnber, 1946, p. 88. 

CRYSTAL-MA 
SWITCH 

tsz 

CRYSTAL 

50 

807 

50 

0 100 300 
p,u F 

50ei.iF 

 I(  

ZERO 
dp--NAA,— INDEX 

510,000 INPUT 

IMEG 

TO MAGNETOSTRICTION 
RECEIVER UNIT 

\GAIN CONTROL 

Five-hundred-watt Ultrasonic Generator Circuit 

0.01 

 I(  

0.01 
 I(  

50 

0-1 

001 

 I 

o 
0IMH 

10,000 

,50 

35,000 

35,000 

THE requirements of the r-f generator 
used to excite a quartz crystal for generat-
ing ultrasonic waves are similar to those 
of the usual radio transmitter, except that 
provisions for the use of both a crystal-
controlled and a stabilized, calibrated 
variable-frequency exciter should be in-
cluded. Operating frequencies may cover 
a wider range than usual but continuous 
frequency coverage is not absolutely 
essential. Additional refinements might 
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also include a variable power output 
control and an automatic timing de-
vice to facilitate accurate ultrasonic time 
exposures. 
The circuit of a generator designed and 

constructed to excite a quartz radiator is 
shown. It employs beam-power tetrodes 
to eliminate neutralization, and the final 
amplifier consists of type 813 tubes oper-
ating in push-pull parallel. The gen-
erator has an operating range of from 150 

TO 
STYLUS AND 

50,000. RECORMNG 
CHARY 

1.5 DENSITY 

CONTROL 
NOV 

1 0A0. CO 0j 

TO C-T OF 
FIL TR --4 
FOR 8I3'S 

50 

IF.  
0,01 0.01 
2,500V 

001 

0.01 2,500V 

--A/VW--
500 

0004 
13.58 V 

HATCHING 
NETWORK 

0004 R-F 
13.5 KV 

c' 2 5 mil cOE, 

QUARTZ 
RADIATOR 

to 1,000 ke, obtained by switching plate-
circuit inductors. When fully loaded, it 
will deliver over 500 watts output. In 
operation, all metallic objects associated 
with the equipment are grounded to pre-
vent accidental burning of the operator 
by induced potentials. 

Frederick W. Smith, Jr., and Paul K. Stumpf, Ultra-

sonic Generator, Electronics, April, 1946, p. 116. 

Heterodyne Ultrasonic Receiver Circuit for Picking Up 24.5-kilocycle Underwater Signals 

WHEN used with a directional mag-
netostriction hydrophone, tisis ultrasonic 
receiver circuit can be used to locate the 
source of an underwater ultrasonic signal, 
much as a radio direction finder is used to 

locate a radio station. 
The first stage is an untuned vlf ampli-

fleo' that is followed by a tuned vlf ampli-
fier and a converter. The local oscillator 
injects a signal to the converter, which, 
when mixed with the incoming vlf 
signal, produces an audible beat-fre-
quency output. Tuning of the local 
oscillator and vlf tuned circuits is ganged 

to produce proper tracking between the 
two frequencies over the tuning range of 
21 to 51 ke. The difference in frequency 

between the local oscillator and input 
signal is 1,500 cycles, and the audio 
resonant filter is adjusted to that fre-
quency. If necessary, the audio filter 
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consisting of C1 and L1 may be switched 
into the circuit to improve signal-to-noise 
ratio. The GVG output stage provides 
appreciable audio power which may be 
applied to the loudspeaker or which may 
be picked up on headphones. 
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A level indicator is bridged across the 
output system, and use of this me-
ter enhances the accuracy of bearing 
determinations. 
A master gain control varies the gain 

of the first r-f stage, while auxiliary gain 

M 

'AUX GAIN 

control in the a-f system permits the user 
of headphones to select his own desired 
operating level independent of the level of 
loudspeaker operation. 

Eric A. Walker and Paul M. Kendig, Acoustic Locat-
ing System, Electronics, February, 1947, P. 121. 
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Electronic Voltage Regulator Using Triode and Pentode 

A TYPE 2A3 triode serves as an auto-
inatically adjusted variable series resistor 
in the positive leg of this full-wave 
rectifier circuit, designed to deliver 180 
volts of regulated output for precision 
electronic instrumentation, such as the 
kind required for the galvanometer am-
plifier of a seismometer. A type 6J7 
sharp-cutoff pentode adjusts the bias on 
the 23 in response to filter output-

voltage variations, and a 1-watt neon 
lamp provides fixed bias for the pentode. 
For additional protection against line-
voltage variations, an automatic voltage 
regulator can be employed between the 
power line and the power-transformer 
primary winding. 

Earthquake Recorder, Electronic Industries, October, 
1944, p. 98. 

115V AC FROM AUTOMATIC 
VOLTAGE REGULATOR 

Alternating-current Voltage-regulator Circuit That Improves Wave Form 

Tins regulator circuit automatically 
stabilizes the output voltage by adjusting 
the voltage drop across series transformer 
Ti to compensate for any change of input 
voltage. For example, if the input volt-
age should increase by 1 volt, the circuit 
automatically makes adjustments that 
increase the voltage drop across the 
primary side of transformer T1 nearly to 
neutralize the increase of input voltage. 
A fractional part of any voltage change 

that appears at the input terminals will 
appear across the output terminals. This 
change is detected and amplified by the 
rectifier-filter unit and the voltage-
change detector, and an amplified voltage 
change, or correction voltage, is applied to 
the grid of a vacuum tube that acts as a 
load on the secondary side of T1. A 
change of grid voltage on this tube 
changes its power consumption, thereby 
changing the voltage drop across both 
primary and secondary sides of T1. The 
resultant voltage change across the 
primary side of T1 nearly neutralizes 
the original voltage change at the input 
terminals. 
The voltage rectified by V2 is supplied 

through transformer T2 from a part of the 
regulated output voltage. After filtering, 
this rectified voltage appears across the 
series combination of RI, R2, and R3. A 
portion of this rectified and filtered vol-
tage is compared with a constant voltage 
across regulator tube V5. The difference 
between voltage drops A-B and B-C is the 
grid-cathode voltage on voltage-change 
detector V2. By this method a voltage 
change appearing at the regulated output 
produces a corresponding voltage change 
at the grid of V3. This voltage change is 
amplified and applied to the grid of V8, 

.180V 

UNREGULATED INPUT 

 1/400581)000001,  

R6 5,000 

the loading tube. A change in the grid 
voltage of Vel produces a change in the im-
pedance of the primary of T1, changing the 
voltage drop across it enough to neutralize 
most of the change in input voltage. 

If the voltage drop across the primary of 

Ti is to approximate a sinusoid, special 
consideration must be given to the values 
of circuit elements LI, L2, C1, C2, and C3. 
The network involving these impedance 
elements and rectifier tube VI is used to 
convert the d-c resistance of V5 into a 
nearly linear a-c impedance appearing 
across the primary of Ti. 
The values of the circuit elements 

were determined experimentally, a cath-
ode-ray oscilloscope being used to observe 
wave form. For closer adjustments, the 
harmonic content of the regulated output 
voltage can be measured with a wave 
analyzer. Transformers T1 and T2 are 

252 

REGULATED 
WuOUTPUfT_________ 

Tz 

conventional radio power-supply trans-
formers. Winding 3 of Ti is the 115-volt 
primary winding; winding 2 is the 1,000-
volt center-tapped secondary; winding 1 
consists of two 5-volt windings connected 
in series. Winding 1 of T2 is a 115-volt 
winding; winding 2 is a 800-volt center-
tapped winding; winding 3 is a 6.3-volt 
winding. Winding 1 and 3 of 7'2 are 
connected as an autotransformer to 
boost the voltage so that the output volt-
age has nearly the saine value as the 
average of the input voltage. 
The regulator suppresses the third har-

monic found in the input and leaves the 
other harmonics essentially unchanged, 
so that the output wave form is actually 
slightly better than that of the input. 

L. Dale Harris, Electronic A-C Voltage Regulator, 
Electronics, January, 1916, 150. 
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Simplest Degenerative Voltage Regulator for Power Supplies 

Trim degenerative voltage regulator 
compensates for changes in output voltage 
resulting from changes of line voltage and 
varying load current. An increase of 
output voltage E„ as a result of decreasing 
load current or increasing input voltage, 
increases the current through R, resulting 
in a higher bias voltage on T1 and a cor-
responding decrease of plate current. 
This action tends to return the output 
voltage E. to its original value. For best 
regulation, tubes with a high amplifica-

tion factor are recommended; but this 
requirement limits the plate current of 
T1, since tubes with high amplification 
factors in general pass low plate current. 
Where a simple method of manual voltage 
control is required with not too rigid 
regulation, 2A3, 6B4, or 6I.6 tubes may 
be employed. 

Resistance R may be replaced by an 
amplifier having a high 12 so that in addi-
tion to manual voltage control a high 
degree of regulation may be had. 

G. E. Hamilton and T. Maiman, Voltage-regulated 
Power Supplies, Communicationa, November, 1945, 
p. 44. 

Single Thyratron and Lamp Bridge as Electronic Regulator for A-C Generator 

Tms simple single-tube electronic volt-
age regulator for small- and medium-size 
a-c generators has the advantages of 
simplicity and rapid response as well as 
of stability, and it may be assembled en-
tirely from standard parts. It will work 
for any single-phase, two-phase, or three-
phase alternator requiring ti-c excitation 
for its field. The thyratron handles only 
that fraction of the exciter field current 
that is required for effective control of 
the output voltage of the a-c generator. 
An FG57 grid-controlled mercury-

vapor rectifier tube (thyratron) with a 
negative grid-control characteristic se-
cures power from a transformer whose 
primary is connected directly to the 
output of the a-c generator. 
The bridge circuit consists of two 115-

volt 75-watt Mazda lamps (R1 and R2) 
and two 115-volt 120-watt carbon-fila-
ment lamps (R3 and R4). Secondary 
No. 2 supplies this bridge circuit with a 
voltage of approximately 120 volts. An 
adjustable resistor R is provided in this 
circuit so that the applied voltage may 
be adjusted within limits. The output 
of this bridge circuit is applied to the 
grid-cathode path of the thyratron through 
2-µf paper capacitor C1. Secondary No. 
3 supplies plate voltage for the tube. 
The output of the tube is fed to the ex-
citer field through relay contacts 82. 

Relay contacts SI are used to change the 
exciter field rheostat from position 2 to 
position 1. The relay itself is operated 
by a motor-driven time-delay mechanism 
that allows the thyratron approximately 
5 minutes to warm up before it is called 
on to function as a regulator. 
The circuit C2R2R6 serves to prevent 

the tube and machine from surging, or 
hunting, while in operation. By proper 
proportioning of these three values the 

action is smooth and rapid. C2 is usually 
4 to 5 1.4f, while R6 and R6 are 5,000 to 
8,000 ohms each. R6 must be adjusted 
to the time constant of the exciter and 
alternator fields. Reducing the resistance 
of R6 reduces the sensitivity of the regu-
lator; hence this resistor should be set at 
the highest value that will give stable 
operation. 
When the a-c generator and exciter are 

started up by their prime mover, the 
regulator is not operative immediately. 
Contacts 82 are open, and contacts SI are 
in position 2. Control of voltage is ac-
complished manually by means of the 
exciter field rheostat. The voltage is 
adjusted to the desired value by hand as 
load is applied during the first 5 minutes. 
A motor-driven time-delay switch starts 
up immediately. After the 5-minute 
delay, during which time the filament is 
heated, the delay switch energizes the 
relay. Contacts 82 then complete the 
plate circuit of the thyratron and contacts 
Si change from rheostat position 1 to 
position 2. The Si contacts arc so de-
signed that the circuit is made at position 
1 before it is broken at position 2. 
The regulator is now in operation and 

has full control of the voltage. When 
the machine is shut down, the time-delay 
relay automatically resets itself, opening 
82 and throwing Si from position 1 to 
position 2. 
The reason for using Si to change the 

rheostat from position 2 to position 1 
when the tube is placed in operation is 
as follows: The exciter rheostat is initially 
adjusted to maintain the proper alternat, 
ing voltage with the thyratron inoperative 
and Si in position 2. When 52 is closed, 
the tube is inoperative at the load for 
which the exciter rheostat was set during 
the warm-up period. If some load were 

dropped from the alternator, the voltage 
would rise above normal. Additional 
resistance is introduced by Si so that even 
at no load the voltage ivill not be too 
high when the electronic regulator is oper-
ating. Best results are usually obtained 
by a resistance between positions 1 and 
2 of at least twice the exciter field resist-
ance, with the optimum value depending 
on the constants of the machine. 
The control of the voltage is accom-

plished as follows: If the voltage drops 
below a value determined by the setting 
of rheostat R in the circuit of secondary 
No. 2, bridge RiR2R3R4 unbalances in 
such a direction as to make the grid of 
the thyratron less negative. The thyra-
tron then becomes operative, rectifying 
the a-c supply from secondary No. 3 
and feeding this rectified pulsating direct 
current through the exciter field in the 
same direction as the regular field current 
flows. The net excitation of the field 
thereby increases, causing the voltage 
of the exciter to rise. The current in the 
alternator field therefore increases, and 
the alternating output voltage rises. 
The rising alternating voltage acts 

through the transformer to make the grid 
more negative, stopping conduction of the 
tube. This in turn allows the voltage of 
the exciter, and thus of the alternator, to 
decrease until the tube again becomes 
operative. 
To prevent the circuit from surging, or 

hunting, R6, R6, and C2 are connected 
across the exciter output. When the 
exciter voltage rises, a charging current 
flows through this circuit. The momen-
tary voltage drop across R is in such a 
direction as to bias the grid of the tube 
negatively with respect to the cathode, 
which tends to make the tube inoperative. 
This action prevents the system from 



254 HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS 

setting up sustained oscillations, called 
hunting, or surging. Resistance R6 also 
acts as a grid leak from the grid to the 
cathode. 
By properly proportioning the values 

of R 6, R6, and 02 the action can be made 
so smooth and rapid that no change is 
detected in the alternating voltage when 

the load is constant. The recovery of 
the voltage when full load is suddenly 
applied to the a-c machine is quicker than 
with other conventional regulators, since 
it does not depend entirely on the time 
constants of the alternator and exciter 
fields. When more voltage is required, 
the exciter field is energized almost in-
stantly by the output of the tube. 
The excitation is aided by the tube 

when the load comes on, thus raising the 
voltage more rapidly. Also, the tube is 
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only fully conducting during short periods 
of very heavy loads. Under normal loads 
it rectifies only a small portion of the 
time, which results in increased tube life. 
Some of the required current for the 
exciter field comes normally from the 
exciter armature itself, and hence the tube 

ALTERNATOR 
OUTPUT 

ALTERNATOR 

can be much smaller than if it supplied 

all the field current. No special field 
winding is required; any standard exciter 
will work with this arrangement. 

Arnold Benson, Electronic Regulators for A-C Gen-

erators, Electronics, April, 1943, p. 104. 

Five-ampere Electronic D-C Regulator Circuit 

Fon photoelectric and similar applica-
tions where a high constant value of di-
rect current is required for maintaining 
constant light output of a 1 ampere, this 
circuit will hold lamp voltage constant 
better than 0.1 per cent, even though the 
voltage drop across the lamp is only 20 
volts. 

In this type of regulator the 2A3 tubes 
act as a variable resistor in series with 
the load. For this application the ten 
2A3 tubes were shunted with a wire-
wound variable resistor to help them carry 
the load, the tubes carrying ampere 
and the resistor the remainder. When 
the circuit is operating, the grid of the 
first control tube (a 6c6) measures the 
change in lamp voltage; this change is 
amplified and applied to the grids of the 

2A3 tubes to change the current and bring 
the voltage across the lamp back to its 
original value. 
The load being fixed, the regulator has 

to compensate only for changes in line 
voltage. It will make a 10-volt swing in 
line voltage appear to the lamp as a 
change of less than 0.01 volt, or 0.05 per 
cent. 
To be satisfactory the regulator must 

not only compensate for line-voltage 
swings but also must drift very little dur-
ing the time of operation. This require-
ment is more severe than it is in most 
regulators of the sanie type because of the 
small changes of voltage that must be 
detected. IIowever, due to the feedback 

in the circuit most of the components are 
not critical. For example, the circuit is 

110 VOLTS WITH 3.25 AMP 
TO 

24 VOLTS WITH 5.5 AMP 

so insensitive to the tube constants that 
one of the 2A3 tubes may be removed 
from its socket while the regulator is 
operating without producing a measurable 
change in the output voltage. 

J. N. Coombs and P. T. Nims, A 5-ampere Electronic 

D-C Regulator, Electronics, January, 1940, p. 40. 

Combination Voltage Regulator and Electronic Exciter for A-C Generators 

HERE is an all-electronic voltage regu-
lator that also serves as the exciter for 
small engine-driven a-c generators, giving 
high speed of response to load changes. 
The regulator feeds directly into the field 
of a 5-kva three-phase 220-volt 1,800-rpm 
alternator. 
The primary of the transformer is de-

signed for the rated output voltage of the 
alternator. Secondary No. 1 of this 
transformer supplies the proper voltage 
for heating the filaments of the three 
tubes, namely, 15 amperes at 2.5 volts. 
Secondary No. 2 is wound for 120 volts 
and supplies the bridge control circuit 

RIR2R3R4. R1 and R2 are two 75-watt 

115-volt Mazda lamps, and R3 and R4 are 
two 120-watt 115-volt carbon-filament 
lamps. This bridge balances at about 
109 volts, but operates in the neighbor-
hood of 112 volts with negative grid-
control tubes, so that the output from it 
to the 2-1./f paper grid capacitor and grid 
is sufficient to control the tube. In order 
to be able to adjust the voltage of the 
a-c generator between limits, a variable 
resistance R rated at about 25 ohms and 
25 watts is used. 

Secondary No. 3 is 500 volts center-
tapped. The grid-control tube is an 
FG17 thyratron. The two type 866 
rectifier tubes employ 50-ohm 10-watt 

resistors to divide the load between them. 

In order to allow the machine to build 
up in voltage when started, a rotary re-
versing switch mounted on the shaft of 
the alternator is used in conjunction with 
a 6-volt battery and secondary No. 4. 
The secondary is 14 turns of No. 12 wire, 
center-tapped. 
The reversing switch is made up of two 

slip rings with alternate interleaved seg-
ments forming an elementary commuta-
tor IM inches in diameter and 2 incises 
long. The brushes are normally held off 
the commutator by a spring mechanism, 
and are lowered in contact with the com-
mutator only when solenoid A is energized 
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by the ignition switch of the engine upon 
starting. 

Three relays are used, labeled B, C, and 
D. Relay B prevents the plate voltage 
from being applied to the tubes until the 
heater has caused the bimetallic strip to 
energize the operating coil of relay B from 
the 6-volt battery, thus giving a heating 
time of 20 seconds for the tube filaments. 
Relay C is energized from the 6-volt bat-
tery when the ignition switch is closed. 
Relay D opens its contact when its coil 
is at about 25 per cent of rated voltage. 
This allows relay C to deenergize and 
open its top contacts, closing its bottom 
contacts. 
To start the machine, the ignition 

switch is closed and the filament voltage 
adjusted to 2.5 volts by means of the 
series rheostat. The engine is then 
started. When the thermal delay closes 
after the 20-second interval required to 
heat the filaments, solenoid A is energized, 
lowering the brushes on the commutator. 
Secondary No. 4 is then energized first 
on one half and then the other by the 
commutator-type reversing switch. This 
causes the generator to build up in voltage. 
When about 25 per cent voltage is 

reached, relay D picks up and releases 
relay C, whose top contacts open and 
bottom contacts close. This energizes 
the transformer primary from the gen-
erator, and it also deenergizes solenoid A 
and raises the brushes on the rotary switch. 
The filaments are also transferred from 
the battery to secondary No. 1. All this 
is accomplished in a little less than 2 
seconds after the thermal delay on relay 
B trips. The generator immediately 
builds up in voltage to the value for 
which rheostat R is adjusted, and remains 
constant. The rate of response is ex-
tremely rapid, and the circuit is very 
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stable. No elaborate antihunting device 
is needed. Hunting is prevented by 
proper adjustment of R,, which for this 
machine is 500 ohms. 

If a short should occur on the generator, 
the voltage supply to the transformer is 
reduced to zero, the relays immediately 
throw over to the battery side, and the 
brushes are lowered on the commutator. 
The machine will function under excita-
tion from the battery circuit until the 
short is cleared, when the voltage will 

again build up to normal and close the 
relays to the a-c side. 
The division of current between the 

grid-control tube and the noncontrolled 
rectifiers depends upon the voltage drop 
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in the field and upon the voltage of the 
transformer plate supply (secondary No. 
3). For example, if the voltage of the 
supply transformer is 125 volts on either 
side of center tap, and the field IR drop 
is 100 volts, the thyratron and the 866 
tubes would carry approximately equal 

currents as measured on a d-c ammeter. 
If the secondary voltage is doubled to 
about 250 volts, then most of the current 
would be carried by the 866 tubes, the 
thyratron being operative during only a. 
short period of each cycle. 

Arnold Benson and Ralph Heiclbrak, Electronic 

Exciter for A-C Generators, Electronics, August, 1943, 

p. 112. 

Multiyoltage Regulated Power Supply Using Gas-filled Tubes 

Two or more stable voltage values in 
multiples of 15 volts can be obtained from 
a conventional power supply by using 
various combinations of four standard 
gas-filled voltage-regulator tubes, the 
VR75, VI190, VR105, and VR150. To 
obtain the sum of any of these four volt-
ages, the tubes are placed in series across 
the line, with an appropriate dropping 
resistor in series with the tubes. Sub-
traction of any of these voltages from the 
result is then accomplished by putting the 
combination of tubes whose voltage total 
is to be subtracted in series with the load. 
The circuit shown as an example provides 

1 

two voltages, 135 volts and 45 volts, with 
the higher being obtained by subtracting 
the voltage across a VR105 from the 
sum of the voltages across a VR150 and 
VR90 in series. The 45 volts is obtained 

by subtracting the voltage across a VR105 
from the voltage across the VR150 that is 

in series with the VR90. Measured 
values of regulation were 2 volts variation 
of the 135-volt output and 1.3 volts varia-

tion of the 45-volt output for an a-c line-
voltage variation from 105 volts to 125 

volts. 

J. R. Mentzer, Multi-voltage Regulated Power Sup-

plies, Electronics, September, 1949, p. 132. 
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Voltage-stabilized Power Supply with Four Output-voltage Ranges 

Tuts complete voltage-stabilized power 
supply has an output voltage of from 0 
to 500 volts, attained in four voltage 
ranges: 0 to 10 volts, 0 to 50 volts, 0 to 
100 volts, and 0 to 500 volts. The circuit 
is conventional with the exception of cer-
tain minor refinements, and the values of 
its components therefore serve as an ex-
cellent starting point for designing power 
supplies for specific requirements. Maxi-
mum output current here is 300 ma, with 
more than 1 per cent regulation between 
0 and 500 volts and with a ripple voltage 
of only approximately 10 millivolts. 

The cathode of the control tube has 
been returned to a potentiometer across 
the bias supply to provide for a fine zero 
output-voltage control. The screen of 
the control tube has also been returned to 
a potentiometer. 

This method of screen return can be 
adjusted to produce negative regulation; 
i.e., increased load causes an increase in 
output voltage, or a decrease in line volt-
age causes an increase in output voltage. 
It is this factor that makes possible the 
good regulation characteristic at low 
voltages. 

Where tubes are to be operated in 
parallel, it is almost always advisable to 
include parasitic suppressor resistors in 
plate, screen, and grid circuits, as shown. 
The purpose of R3 and C2 is to increase 
the feedback factor for fast changes of 

output voltage and, hence, reduction in 

ripple voltage. RI connected across the 
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high-voltage supply serves the dual pur-
pose of improved fundamental power-
supply regulation and voltage divider for 
the 80-µf filter capacitors. 
To adjust this power supply, first ro-

tate the manual voltage control (R4) to 
the zero output-voltage position, and 
adjust R3 to give E0 -= 0. Then R4 is 
rotated so that Eo = 10 volts. Apply ap-
proximately a 33-ohm load (to obtain a 
full load current of 300 ma). If Eo de-
creases, R2 should be adjusted so that a 
more positive voltage is applied to the 
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screen; this adjustment is critical. Then 
R2 is again turned to zero position, and 
R3 is adjusted so that E0 = 0. This 
process is continued until the desired 
regulation is obtained; if E. increases at 
step 3, the reverse process is in order. 
When regulation is attained at low volt-
ages, satisfactory regulation will obtain 
at the higher values. 

G. E. Hamilton and T. Maiman, Voltage-regulated 

Power Supplies, Part II, Communications, December, 
1945, p. 70. 

Automatic Battery Charger Using Thyratron 

IN this circuit, semiautomatic control 
of a heavy-duty charger rectifier is 
handled by a 2050 tube, which turns the 
charger off when the battery voltage 
exceeds a predetermined value and turns 
it on when the voltage tends to drop be-
low that value. 
About 70 volts alternating current is 

fed to the plate of the 2050 tube through 
the solenoid of a relay. This relay con-
trols the a-c input to the charger. The 
full 6 volts from the storage battery is 
applied as grid bias in the usual manner. 
However, 6 volts is far too much to allow 
the tube to conduct; therefore a small a-c 
voltage is borrowed from the heater 
winding and is applied in series with the 
battery bias. The positive peaks effec-
tively reduce the actual bias to the con-
ducting point of the tube when the peak 

a-c voltage is equivalent to the amount 
of d-c bias beyond cutoff. 
With the proper, effective, combined 

negative bias to allow the grid to ride just 
beyond the point where the plate con-
ducts, any drop in battery voltage • will 
reduce the bias enough to allow full con-
duction. Changing the amount of alter-
nating current in the grid circuit will 
allow conduction to start at a different 
battery voltage, and the charger can be 
caused to turn on automatically at any 
desired battery voltage from 5 to 7.5 volts. 
Line-voltage variations do not change the 
adjustment, because they also cause pro-
portional changes in the plate voltage in 
the same direction. 
The 2050 is an ideal tube for such an 

application. It has high sensitivity; 
therefore a small variation in grid volt-

age will trigger conduction in the plate 
circuit with a minimum of backlash or 
sluggishness and the plate circuit will 
handle enough current to operate a relay 
that is made for real work. Conduction 
in the plate circuit takes place over a 
large portion of the positive cycle and, 
provided that a sufficiently large bypass 
is used across the relay coil, no hum or 
chattering is encountered. 
The relay coil, regardless of its resist-

ance, does not present much impedance 
to the peak current when the coil is by-
passed with such a capacitor as ordinarily 
is necessary. Therefore a series resistor 
of 100 ohms is included in the plate supply 
to limit the peaks. 
A simple filter is necessary in the plate 

circuit to prevent r-f radiation. A 0.1-µf 
200-volt paper capacitor from plate to 
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cathode and a small r-f choke in series with 
the plate supply cure the hash completely. 
The action definitely becomes sluggish 

unless at least 0.1 megohm is in the cir-
cuit right next to the grid. Even 
a 0.01-12f mica capacitor directly from grid 
to cathode causes sluggishness. How-
ever, a 0.00025-µf unit in this position 
(C1) causes no noticeable effect, and will 
prevent a strong r-f carrier from affecting 
operation. Without a small bypass here, 
the plate-circuit relay will follow a 
near-by c-Ny transmitter at 40 words per 
minute. 
A total of more than 0.25 megohm in 

series with the grid-cathode circuit also 
brings on sluggishness. Sluggishness re-
fers to a tendency for the tube to start 
conducting at one value of grid bias, with 
a noticeable increase in negative bias 
necessary to stop conduction. A little 
of this condition is desirable to keep the 
charger from turning on and off too often, 
and is easily regulated with a variable 
series resistor in the grid circuit (R2, 
adjusted to about 0.1 megohm). The 
large paper capacitor C2 is added to form 
a time-delay circuit with R2, and also 
to assist in keeping the charger from turn-
ing on and off rapidly in case the charger 

6- V 
BATTERY 

120V 
AC 

is left at a high rate with no load on the 
battery. 
The range of 2 to 4 volts that appears 

across R4 is more than enough to spread 
the point of conduction in the 2050 from 
5 to 7.5 volts battery voltage. This 
spreads the usually desired range of 6 to 
6.6 volts over a convenient portion of the 
control. 
As would be expected, the a-c voltage 

fed to the plate circuit should be in phase 
with the a-c voltage in the grid circuit. 

Curtis C. Springer. Constant 6-volt D. C. Supply for 
the Service Lab., APC Bull. p. 14. 

Degenerative Shunt-type Voltage-stabilized Bias Supply for Power Tubes 

THE diagram shows the circuit of a 
degenerative shunt-type voltage-stabi-
lized bias supply that maintains a 65-volt 
output within very close limits on reverse 
current swings up to 200 ma, as required 
for bias on power tubes. Here the grid 
current of the power tube is in the reverse 
direction to current flow in the bleeder 
resistor of the bias supply ancl tends to 
remove the load from the supply. 

In the conventional shunt type of volt-
age-stabilizer circuit, two 2A3 tubes can 

produce an output of about 60 volts when 
handling a grid-current swing of 100 
milliamperes. With such a current swing 
an output-voltage deviation of about S 
volts takes place. Using the same tubes 
in the amplified shunt-stabilizer circuit 
shown in the diagram, the change in out-
put voltage becomes 0.2 volt with the 
same current swing. 
When the circuit is used to supply bias• 

to a modulator or other power tube, the 
periodic increase of grid current causes a 

sinali change in the output voltage of the 
stabilized supply. This change in output 
voltage in turn is applied through the 
voltage-regulator tubes, VR150 and VR-
105, in series with resistor R3, to produce 
increased bias on the grid of T1, a 6J7 
tube. This action decreases the plate 
current of the tube, the plate becoming 
more positive. The positive voltage 
change is applied to the grid of T2 and 
effectively lowers the plate-to-cathode 
resistance of the tube. The lowered 
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resistance permits additional grid current 
of the power tube to flow through 7'2 awl 

stabilize the circuit. 

To minimize the deviation of output 

voltage necessary for operation of the 

system, the change of resistance of T2 is 

made large for a small change of grid 

voltage of T1. Tube T2 must be capable 

of a total current variation of from 10 to 

210 ma at a plate voltage of 65 volts with-
out having its grid go positive. A pair 

of type 48 tubes operated in parallel as 

triodes can pass 210 milliamperes at 65 
volts and zero bias, and were therefore 

used. 

Operating potentials at various points 

in the circuit are indicated in the diagram 
and are referred to the negative side of the 

input voltage source. An initial current 

of 10 ma through the type 48 tubes is 

permitted to stabilize the VR105 tube. 

To maintain this current, a negative bias 

of 25 volts is necessary on the grids of the 
type 48 tubes. Another 10 ma is al-

250V 
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lo ved to flow through the VR150 for 
stabilization. 

George E. Pih!, Voltage-stabilized Bias Supply for 

Power Tubes, Electronics, September, 1943, p. 160. 

Forward-correcting Regulator Circuit Having Stabilization Ratio of 25,000 to / 

Tnouou it is conventional except for 

one important detail, the regulator circuit 

shown here provides a plate-supply volt-
age of 250 volts that is constant within 1 
millivolt despite line-voltage changes of 
10 per cent in either direction, awl it has 
a, stabilization ratio (factor by which the 
regulator reduces line variations) of 
25,000 to 1. A portion of the output 

voltage is fed back and compared with a 
constant voltage reference, the difference 
is amplified, and the amplified difference 
is itnpressed on the grid of an amplifier 

tube in such phase as to maintain the 
output voltage constant, in accordance 
with conventional practice. The addi-
tion of voltage-divider network RaR4R6 
and its connection to the grid of the first 
section of mixer tube T5 puts in st for-
ward-acting correction, however, that 
snakes possible the near-perfect regulation 
achieved with respect to line-voltage 

variations. 
Variation of line voltage from 95 volts 

Negative-resistance 

A SERIES negative resistance circuit 

such as is shown here will, when inserted 
in the output of a power supply, snake the 
output voltage independent of current 
over a wide range of voltages. The ar-
rangement is useful in all applications 
where it is necessary to have a power 
supply having negligible voltage variation 
with changing current—in other words, 
where a power supply with zero internal 
resistance is required. It is especially 
advantageous with klystrons, as it per-
mits controlling the output voltage of the 
power supply continuously from zero to 

maximum with voltage regulation over 

the entire range. 

If a negative resistance is placed in 

series with a power supply and its mag-

nitude adjusted so that it just cancels the 

internal resistance of the power supply, 

then the power supply in conjunction 
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to 125 volts changes the output by less 
than 0.4 millivolt. The output resistance 
is only a fraction of an ohm. Advance 
‚vire resistances should be used for Rs and 
RH to minimize temperature drift effects. 
Resistance-capacitance filter Rj2C4 is used 
to eliminate the reference-tube noise 
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T6 

TO 
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voltages. When the regulator is first put 
into operation, it is necessary to adjust 
R4 for a minimum of output hum; this 
operation will seldom need to be repeated. 

Stewart E. Miller, Sensitive D-C Amplifier with A-C 

Operation, Electronics, November, 1941, p. 27. 

Circuit for Continuously Variable Regulated Power Supplies 
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E. L. Ginzton, Stabilized Negative Impedances, 

l'art III, Electronics, September, 1945, p. 140. 
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Regulated Power Supply Using Thyrite Bridge to Develop Control Voltage 

TIIE regulated rectifier circuit given 
here consists of a full-wave rectifier and 
filter followed by a series low-impedance 
triode regulator and an amplifier pentode. 
The regulated voltage is that from the 
cathode of the series tube to ground; it 
is fed to the positive output terminal. 
The voltage across the output terminals 
serves as EIN for the Thyrite bridge com-
posed of the resistors R1 and R2 and the 
Thyrite units V1 and V2. Either R1 or 
R2 can be adjusted until the bridge is 
approximately balanced at the desired 
regulated voltage EIN. Then an increase 
of this voltage would increase the bridge 

voltage EOUT fed to the amplifier pentode, 
making its grid less negative in regard to 
its cathode. This causes an increase in 
its plate current, in the voltage drop on 
the load resistor R3, and in the bias on the 
series regulator triode. Reducing the cur-
rent through the latter then counteracts 
the initially assumed rise in the regulated 
voltage. 
The bridge yields approximately minus 

2 volts as the average control voltage on 
the amplifier grid. The screen grid of the 
voltage amplifier can be used for addi-
tional control by returning it to a preset 
high-impedance voltage divider R4 con-
nected between raw and regulated volt-
ages. The larger the proportion of raw 
voltage that is fed to the screen grid, the 
more changes of line voltage and ripple 

are compensated, or overcompensated. 
With a load current of 30 milliamperes, 
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the output voltage rose or sank or was 
constant, according to adjustment of RI, 
with change of line voltages between 90 
volts and 140 volts, and between even 
wider limits with lower load current. 
The average plate current of the amplifier 
tube was 4 microamperes, yielding an 
average bias voltage of minus 20 volts at 
the grid of the series tube. This current 
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is so small that its effect on V2 in the 
Thyrite bridge can be neglected. The 
bridge ‚vas built with Thyrite units re-
sembling 1-watt composition resistors, 
each passing 0.4 ma at 101 volts. The 
regulated output was 200 volts. 

IIeinz E. Kallman, Nonlinear Circuit Element 

Applications, Electronics, August, 1946, p. 130. 

Pentode-controlled Voltage Regulator with Gaseous Regulator Tubes 

THIS modification of a pentode-con-
trolled voltage-stabilizing circuit is oper-
ated in conjunction with a type 874 
gaseous voltage-regulator tube rated at 
90 volts. This circuit provides an output 
voltage of extreme stability, completely 
protected from a-c transients and long-
time surges. The resulting straight trace 

obtained when the output voltage is fed 
into a cathode-ray oscilloscope is indis-
tinguishable from a d-c battery trace, even 
when the equipment is operating at full 
sensitivity. All traces of 60- and 120-
cycle voltages and their harmonics are 
entirely absent. 
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Development, Electronics, September, 1945, p. 120. 
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Simplified Electronic Regulator for Small A-C Generators 

WHERE the maximum d-c field current 
of an alternator field does not exceed 1 
ampere, inexpensive type 866 mercury-
vapor rectifier tubes may be used with a 
small thyratron and the voltage-sensitive 
bridge of the previous circuit for an even 
faster response to output-voltage changes. 
The plate supply is a center-tapped 

500-volt winding that serves a full-wave 
rectifier circuit feeding the exciter field 
directly. The response is sightly more 
rapid than that of the previous regulator, 
but the adjustment of antihunting circuit 
R5R6C2 is more critical. For this reason 
R6 is a 1,000-ohm fixed resistor in series 
with a 5,000-ohm variable wire-wound 
resistor that can be adjusted readily to 
eliminate hunting. Reducing this re-
sistance reduces the sensitivity of the 
regulator; hence the maximum value that 
gives stable operation should be used. 

The rectifiers are two 866/866A tubes 
operated in parallel for one half of the 
cycle, and an FG17 thyratron for the 
other half cycle. If one half of the cycle 
of a rectifier feeding an inductance is 

controlled, the current during the other 
half of the cycle will necessarily be the 
saine, due to the inductance. Thus only 
one grid-controlled tube is needed. 
Two 866 tubes are used in parallel be-

cause they normally carry the greatest 
part of the current, with the grid-con-
trolled tube operating over a very small 
portion of the cycle. To make these two 
866 tubes divide the current equally, a 
50-ohm 10-watt fixed resistor is connected 
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in series with each of the tube plates. 
The 866 tubes continue to conduct until 

the applied voltage on the grid of the 
control tube becomes less negative than the 
grid-control characteristic, even though 
these tubes may be conducting in the 
range where the applied voltage is in the 
wrong direction. This action is due to 
the inductance of the exciter field. The 
grid-control tube cuts off as soon as the 
applied voltage on the 866 tubes is suffi-
cient to equal the internal tube drop, at 
which time the pair of tubes again takes 
over. 

Since these tubes reach operating fila-
ment temperature in 15 to 20 seconds, the 
time-delay device is considerably sim-
plified. A 20-second delay thermal strip 
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that operates on 12 volts is used. 
The field rheostat is set by hand to give 

rated voltage when the machine is brought 

up to normal speed. At the end of the 
20-second time-delay interval, contact 4 
on the thermal delay closes, energizing 
the relay coil. Relay contact 1 then 
connects the exciter field to the regulator. 
Relay contact 3 closes, providing a holding 
circuit that keeps the relay energized. 
Relay contact 2 opens, breaking the cir-
cuit through the heater on the thermal 
delay and allowing this heater to cool 
down in readiness for another cycle of 
operation. 

Arnold Benson, Electronic Regulators for A-C Gen-

erators, Electronics, April, 1943, p. 104. 



WELDING CONTROL CIRCUITS 

Half-cycle Thyratron Timer for Welding Small Radio-tube Parts 

Trna half-cycle electronic timer for 
welding small parts was engineered and 
constructed for welding operations in the 
radio-tube industry, where extremely 
short but uniform welding time is im-
portant. It provides uniform \ve ids, 
with freedom from excessive oxidation 
and sticking of the electrodes. 

Fundamentally, the circuit limits the 
current application for each ‚veld to the 
time duration of a single and complete 
half cycle of the 60-cycle supply line, re-
gardless of the instant of closing the 
contactor. This is accomplished through 
the use of a grid-control rectifier tube con-
nected in series with the primary supply 
to the welder. This tube is capable of 
handling primary currents up to 77 am-
peres and is intended for use in 110-, 
220-, or 440-volt supplies. The tube is 
a product of Electrons, Inc., Newark, N.J., 
and is known as their type C6J. 

In the Idling position of the timer, alter-
nating current is applied to the grid 
exactly 180 degrees out of phase with the 
anode, so that at no time during the 
cycle are the firing conditions satisfied. 
The grid bias is obtained through a trans-
former providing secondary voltage of 55 
volts and energized from the same line 
that supplies the anode, but connected 

for out-of-phase operation. Actually the 
schematic diagram shows two transform-
ers here, the reason being that these are 
standard and are more readily available 
than a single 220-55-volt unit. 

In the Idling position, relay contacts 
Si and S2 are closed. When the foot 
switch at the welder is depressed, it 
energizes this delay, opening both cir-
cuits. Opening of Si inserts RI in the 
55-volt secondary circuit and this, in 
conjunction with CI, causes a phase shift 
of a few degrees in the voltage applied to 
the grid, with the result that at some 
point in the cycle the tube will fire, and 
current will be supplied to the welder. 
The grid is positive for the first few 

degrees of the positive plate cycle. As 
this is the only part of the cycle during 
which firing conditions are satisfied, no 
current flows after closing SI until the 
beginning of the next succeeding positive 
half cycle, at which time a complete half 
cycle of line voltage loses control as long 
as the anode is positive. The current 
drawn during this period depends on the 
welder and is practically unaffected by 
the tube. 

While the tube is conducting, C2 is 
charged through the type 83 rectifier, 
with a resulting high negative bias on the 

SWITCH ON FOOT 
CONTROL AT 
WELDER 

A-C 

C6J grid, which prevents firing on suc-
ceeding cycles. The network R3C3 is 
provided to eliminate supply-voltage dis-
turbances from the grid circuit. With 
release of the foot switch at the welder, 
the relay contacts close. 52 allows C2 

to discharge through R2, while SI shorts 
out RI, allowing the 180-degree out-of-
phase idling operation of the C6J tube 
to be resumed. 

J. Kurtz, A Feedback Welding Timer, Electronica, 
April, 1940, p. 47. 

Power-intensity and Timing-control Circuit for Spot Welding 

CURRENT at any desired value up to 
200 amperes rms can be delivered for any 
predetermined time from a fraction of a 
half cycle up to 60 half cycles of the 
60-cycle power supply with this coordi-
nated application of two basic electronic 
circuits, a biased multivibrator and a 
regenerative d-c amplifier that serves as a 
controlled square-wave generator. 
The welding transformer is connected 

to the 230-volt a-c power source through 
two pool-type mercury-vapor tubes con-
nected in parallel inverse so that they will 
conduct current on both halves of each 
a-c cycle. These tubes receive a high-
voltage spark on the outside of the glass 
bulbs near the surface of the mercury to 
initiate the cathode spot and cause con-
duction at precisely the desired instant. 
By generating a predetermined number of 

these sparking impulses (up to 60), the 
control circuit determines the duration of 
the weld, and by varying the position of 
the impulse in each half cycle the control 
circuit determines the rms ‚veld current. 
The spark impulses are produced alter-

nately by discharge of capacitors C1 and 
C2 through stepup transformers TRI and 
TR2, with the two strobotron tubes serv-
ing to discharge the capacitors in response 
to the combined effect of two signals ap-
plied to the inner and outer grids of each. 
The inner grid (nearest the cathode) re-
ceives sharply peaked waves which are 
definitely phased in regard to the a-c 
line voltage acting on the mercury-pool 
tubes in the welding circuit, while the 
outer grid of each strobotron receives a 
timing signal which governs the total 
time during which each negative peak 
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applied to the inner grid is effective in 
initiating the strobotron discharge. 
The regenerative amplifier circuit serves 

to send out two sets of sharply peaked 
waves 180 degrees out of phase with each 
other and perfectly synchronized at any 
arbitrary desired phase \vith respect to 
the a-c line voltage. 
When the starting switch is operated, 

the biased multivibrator (another form of 
regenerative circuit) receives an impulse 
through the coupling tube and sets up 
conduction in Tg. This stops conduction 
in Tg for a time determined by the time 
constant of the RC circuit (C8 and R17) 
between the two tubes. When tube Tg 
is not conducting, a positive bias of about 
65 volts is applied to the outer grids of 
the two strobotrons, with the result that 
the combined effect of this positive bias 
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and the negative peaks applied to the 
inner grids determines the number of 
times the strobotrons will conduct after 
operation of the starting switch. 
The coupling tube is operated as a diode 

and is connected to output terminal A of 
the peak-wave generator (regenerative d-c 
amplifier) through wave-sharpening ca-
pacitor C19 when starting switch SI is 
moved to position 2. The first positive 
peak arriving after operation of the start-
ing switch charges capacitor C6 and makes 
the first grid of T7 (serving as the anode 
of the diode) positive with respect to the 
cathode. The resulting instantaneous 

voltage drop across cathode resistor R12, 
practically equal to the peak voltage at A, 
starts the biased multivibrator timer. 
Capacitor Ca is charged sufficiently high 
by the first positive peak so that second 
and successive peaks cannot set off 017 

interfere with the operation of the timer. 
When the starting switch, a pushbutton 

type, is released at the end of the weld, 
the switch arm returns to its normal posi-
tion 1 and capacitor C6 discharges through 

6J7 
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Ru in readiness for the next weld. By-
pass capacitor C7 permits use of a long 
three-conductor cable to the switch, so 
that a foot control may be used to start 
the welding operation. 
The strobotrons are cold-cathode arc 

discharge tubes requiring a difference in 
potential of about 90 volts between their 
two grids for starting, and with an anode 
voltage at least 250 volts positive with 
respect to the cathode. The timing signal 
from the multivibrator is applied to the 

outer grids of the strobotrons through 
resistors R9 and R2g, while the two 180-
degree-out-of-phase synchronizing signals 
for the inner grids are obtained from 
points A and B through capacitors CH 
and C12 and associated resistors. Peak 
waves, alternately positive and negative, 
are thus applied continuously to the inner 
grids, but since their amplitude is only 
about 75 volts, they cannot start the 
strobotrons without the help of the tim-
ing signal. This is about 65 volts posi-
tive, which combined with a 75-volt 
negative pulse gives a potential difference 

2,000 

40T 

of 140 volts, more thai enough to start 
the strobotrons. Bias potentiometers per-
mit applying additional negative bias to 
the inner grids individually to compen-
sate for tube variations; holdover is a 
sign of excessive bias, while irregular firing 
indicates insufficient bias. 

In the first seven positions of rotary 
switch 84 the timing resistance R17 is 
320,000 ohms and the various associated 
values of Cg give times of 1, 2, 3, 4, 6, 10, 
and 20 half cycles, respectively, as labeled 
alongside the switch contacts. Two ad-
ditional times, 30 and 60 half cycles, are 
obtained with 920,000 ohms resistance 
and reuse of the two largest capacitance 
values. 

Construction details of the special pool-
type mercury tubes are given in the origi-
nal article, along with additional data on 
circuit theory and operation. 

Wayne B. Nottingham, An Electronic Circuit to 

Control Intensity and Timing of Power for Spot 

Welding, Rev. Sei, Instruments, June, 19.53, p. 161. 

Reactance-limited Capacitor-charging Rectifier for Spot Welding High-conductivity Metals 

IN spot welding aluminum, magnesium, 
and other high-conductivity materials, 
the high-voltage rectifier circuit shown 
here charges a large capacitor bank from 
an a-c supply. When the capacitor 
voltage reaches a predetermined value 
(between 1,500 and 2,500 volts), the 
rectifier is blocked and the capacitor 
energy is discharged into a welding trans-
former. After the weld is made, the 
capacitor bank is recharged and main-
tained at the correct voltage until required 

to supply current for another weld. 
The rectifier used to charge the capaci-

tor bank must be designed so that the 
initial charging current to the capacitor 
is limited. This can be accomplished by 
the reactance in the rectifier transformer. 
Also, the rectifier transformer should be 
designed to take into account the inter-
mittent operation and the decrease in 
rectifier current as the capacitor is 
charged. 
The problem is to design a rectifier that 

will charge a given capacitance to a par-
ticular voltage in as short a time as pos-
sible with a minimum demand on the a-c 
supply. 
The rectifier is a single-phase full-wave 

type using thyratrons as grid-controlled 
rectifying elements, with a special react-
ance-limited transformer. The leakage 
reactance of the transformer was suffi-
cient to limit secondary short-circuit cur-
rent to 5.8 amperes rms. This reactance 
was obtained by wide physical spacing of 
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the primary and secondary windings, but 
could have been accomplished more com-
pactly by inserting a magnetic shunt be-
tween the two legs. 
A negative voltage of about 100 volts 

was applied to the grids of the rectifier 
tubes to prevent them from conducting. 
The rectifier tubes were made conductive 
by closing switch S, which changed the 
bias on the rectifier-tube grids from 100 
volts negative to 25 volts positive (meas-
ured onside of the grid resistor). An 
80,000-ohm resistor was connected across 
the output terminals of the rectifier to 

A SPECIAL U-shaped double mercury-
pool tube is ionized by a spark coil here 
to initiate discharge of the 56-µf energy-
storing capacitor through the primary 
of the welding transformer. Use of an 
air-core transformer is possible because 
a damped oscillatory discharge is ob-
tained, and residual magnetism difficulties 
are thereby eliminated. In conventional 
stored-energy welding systems there is 
often a relatively long period of decay of 
the current due to an iron core, restricting 
the speed at which successive welding 
operations may be made. 

In the circuit shown, the 56-,uf ca-
pacitor is charged through an FG17 
thyratron rectifier tube, with a 5,000-ohm 
resistor in series to limit the initial rush of 
charging current. Charging takes 0.25 to 
1 second, during which time the 1-ßf 
capacitor is also charged. The voltage 
to which the capacitor is charged can be 
changed by means of the potentiometer 
in the grid circuit of the thyratron. To 

5000 

serve as a bleeder on the capacitor bank. 
In this rectifier the starting transient 

results in one tube carrying a higher peak 
current and conducting for a longer period 
(more than 180 degrees) than under 
steady-state conditions. Because the sec-
ond tube cannot begin to conduct until 
the first tube has ceased conducting, the 
second half cycle will be short and the 
tubes will carry unequal currents. 

Such transients are undesirable because 
tube ratings may be exceeded. In prac-
tice the transient can be eliminated by 
starting with the rectifier tubes phased 

Capacitor-discharge Welding Circuit 

II5V 
A-C 

FGI7 

Half-cycle Spot-welder Control 

PRECISELY controlled time intervals 
within the duration of a half cycle are 
provided by this welding control circuit 
that incorporates a strobotron cold-
cathode control tube and a band-igniter 
mercury-arc tube. 
The strobotron circuit serves to deliver 

to the starting band on the mercury-arc 
tube a high-voltage peak accurately timed 
with respect to the wave formed on the 
power line, normally impressed across the 
mercury-arc tube. The strobotron-con-
trolled mercury-arc tube becomes con-
ducting for that fraction of the positive 
half cycle that remains after the starting 
impulse is delivered. The arc extin-
guishes itself at the end of the half cycle, 
and the mercury-arc tube remains non-
conducting until another impulse is given 
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AROUND TUBE 

G 

230V 
A-C 

100 AMPERE 
DE- ON CIRCUIT 

BREAKER 

WL677 

fully back and advancing the firing angle 
to full forward in several cycles. 

Harry J. Bichsel, Capacitor Charging Rectifier, 
Electronics, January, 1946, p. 123. 

make a weld, the switch in the primary 
of the spark coil is closed, allowing the 
1-µf capacitor to discharge through the 
primary. The 12,000-volt secondary of 
the spark coil is connected between one 
mercury pool and a metal band outside 
the U-shaped tube just above the pool, 
ionizing the mercury vapor and starting 
the oscillatory discharge through the weld-
ing transformer. 
The short heating cycle of this high-

frequency welding system permits con-
centration of welding energy at the 
junction between parts being joined, mini-
mizing discoloration, deformation, and 
crystal growth in the materials being 
welded. Thin wires and sheets, as well 
as such difficult-to-weld combinations as 
tungsten to tungsten and fine wires to 
thin sheets, can be handled successfully. 

C. H. Strange, Self-forging Welder, Electronic Indus-
tries, July, 1945, p. 109. 

Using Strobotron Cold-cathode Tube 

•  
PEAKING TRANSFORMER 

to the starting band by the strobotron. 

The type-80 rectifier tube is used to 
charge up a capacitor that, when dis-
charged through the strobotron and the 
primary of the spark coil, produces a 

FORO 
SPARK 
COIL 

o WELOER 
TRANSFORMER 

E-21E 

MERCURY 
ARC TUBE 

high-voltage pulse to set up the arc in 
the mercury-vapor tube. 

T. S. Gray and W. B. Nottingham, Half-cycle Spot 

Welder Control, Rev. Sei. Instruments, February, 
1937, abstracted in Electronics, May, 1937, p. 66. 
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SUBJECT INDEX 

A 

Acceleration measurement of 
rotors, 116 

Accelerometer, 17, 116 
for gyro rotors, 134 

Acorn tubes, 1 
Acoustic locating system, 248 
Acoustic reverberation meter, 20 
Activity tester for crystals, 113 
Alarm, automatic relay, 79 

carrier-tone, 51 
program-interruption, 50 

Alignment attenuator, 47 
Alternating-current generators, 

exciter for, 254 
regulator for, 253-260 

Alternating-current voltage 
regulator, 252 

Ammeter for reading antenna 
current, 224 

Amplifier without phase dis-
tortion, 1 

Amplitude control, automatic, 
164 

Anti-electrolysis relay, 52 
Antihunt filter network, 144 
Arc-length control, 137 
Arc-overs, counting, 55 
Arc suppression, 47 
Argon flashlamp starter, 212 
Asymmetrical twin-triode mul-

tivibrator, 149 
Attenuator, electronic, 47 
Audio amplifier, high-fidelity, 1 

tuned, 4 
Audio-frequency circuits, 1-21 
Audio-frequency comparator, 

162 
Audio-frequency meter, 117 
-Audio-frequency vacuum-tube 

voltmeter, 124 
Audio networks, constant-im-

pedance, 12 
Audio noise meter, 21 
Audio oscillator, 18, 151, 162 

three-tone, 176 
Audio output limiter, 91-94 
Audio peak, 127 
Audio phase inverter, 14 
.Audio phase reverser, auto-

matic, 14 
Audio reverberation meter, 20 
Audio volume compressor, 8-9 
Audio volume expander, 6-8 
Auditory perception, 5 
Auto speed, measurement of, 

239 

Balance circuit, automatic, 188 
Balance indicator, 195 
Balanced bridge, 99, 186 
Balanced cathode-follower in-

put, 99 
Balanced-detector noise limiter, 

87-88 
Balanced d-c amplifier, 143 
Balanced modulator, 16, 219 

Balanced phototube circuit, 198 
Ballistic galvanometer circuit, 

239 
Bass channel amplifier, 5 
Bass preemphasis, 1 
Bass-treble tone control, 10 
Bath control circuit, constant-

temperature, 229 
Battery charger, 256 
Battery-reclaiming circuit, 208 
Beam blanking circuit, cathode 

ray, 41 
Beam-brightening circuit, 34 
Beat frequency, measurement 

of, 59 
Beat-frequency audio oscillator, 

18, 169 
Beat-frequency metal locator, 

128-129 
Bender circuit, 145 
Bias control, 73 
_Biased multivibrator, 153-154, 

261 
Bias supply, 205 

for power tubes, 257 
Binary counter decade, 57 
Blocking oscillator, 56 

r-f, 29 
Bomb control, 224 
Booster circuit, thyratron, 79 
Bootstrap circuit for linear 

cathode-ray sweep, 29 
Brain-wave potential measure-

ment, 180 
Breakdown alarm for trans-

mitters, 50 
Breaker point checker, 141 
Bridge amplifier, 109 
Bridge circuit, 145 

balanced, 186 
thyrite, 259 
for voltmeter, 107 

Bridge-controlled thyratron 
drive, 137 

Bridge-fed Eccles-Jordan trig-
ger, 56 

Bridge for testing R, L, and C, 95 
Bridge null indicator, 108, 110 
Bridge-type photoelectric am-

plifier, 191 
Bridge-type photoelectric con-

trol, 143 
Bridge-type vacuum-tube volt-

meter, 229 
Broadcast frequencies, monitor-

ing of, 152 
Buried metal locator, 128 
Burr-Lane-Nims vacuum-tube 

microvoltmeter, 109 

C 

Cable tester, 44 
Calibrating linear sweeps, 34 
Calibration of meters, 98 
Camera-shutter tester, 238, 242 
Capacitance-change detector, 

100 
dual-oscillator, 26 

Capacitance-change displace-
ment detector, 22 

Capacitance control circuits, 
22-28 

Capacitance-coupled deflection 
amplifier, 37 

Capacitance measurement, 100, 
114 

Capacitance-operated relay, 22-
2,1 

Capacitance tester, 121 
Capacitive micrometer, 26 
Capacitor-charging rectifier, 262 
Capacitor-discharge circuit, 

thyratron, 242 
driver, 246 
welding, 263 

Carbon-arc control, 137 
Cardiotachometer, 66 
Carrier-actuated protective cir-

cuit, 47 
Carrier-actuated relay, 79 
Carrier-current d-c amplifier, 69 
Carrier-signal relay, 77 
Carrier-tone alarm, 51 
Cascade limiter, 26 
Cathode-control amplifier, 71 
Cathode-coupled flip-flop cir-

cuit, 33 
Cathode-coupled one-shot mul-

tivibrator, 155 
Cathode-coupled output circuit, 

70 
Cathode follower, 29, 33, 36-

37, 63, 69, 104, 124, 164, 
172, 199, 244 

double, 99 
Cathode-follower amplifier, 122 
Cathode-follower input, 3, 96 

for vacuum tube voltmeter, 
69 

Cathode-follower output for 
cathode-ray sweep, 29-30 

Cathode-loaded output stage, 
150 

Cathode-ray circuits, 29-43 
Cathode-ray contact indicator, 

123 
Cathode-ray electronic switch, 

38 
Cathode-ray electroscope, 108 
Cathode-ray indicator, 66-67, 

103, 106 
Cathode-ray photography, 34 
Cathode-ray sweep generator, 

165 
Cathode-ray switching circuit, 

78 
Cathode-ray synchronism indi-

cator, 123 
Cathode-ray tube life tester, 43 
Chopper circuit, 75 
Chronograph gate circuit, 78 
Chronoscope circuit, 239 
Circuit-constant checker, 114 
Clamping circuit, 174 
Clipper circuit, shunt-type, 92 
Coil shorted-turn indicator, 44 
Coil tester, 44 
Coincidence selector, 150 
Cold-cathode ignition circuit, 

209-210 

Cold-cathode radio-frequency 
relay, 77 

Color-matching circuit, 202 
Color-printing control, 198 
Color-temperature control, 198 
Color-transparency printing 

control, 192 
Comparator gage, 126 
Comparator-type densitometer, 

189 
Comparison bridge, 95 
Complex components, measure-

ment of, 124 
Compressor, 9 
Conducting liquids, detection 

of, 133 
Conductivity cell circuit, 103 
Conductivity control, 49 
Constant-current direct-cou-

pling network, 36 
Constant-current generator, 114 
Constant-current inverse feed-

back, 2 
Constant-current pentode, 30 
Constant-current tube, 34 
Constant-gain knock pickup 

amplifier, 3 
Constant-impedance audio net-

works, 12 
Constant light, power source 

for, 208 
Constant-temperature bath 

control, 229 
Constant-velocity transcription 

filter, 1 
Contact-indicating circuit, 123 
Contact-printer tinier, 202 
Contactor, electronic, 77 
Contouring machine control, 

145 
Control circuits, 44-54 

capacitance, 22-28 
motor, 134-148, 188, 198 

Controllable sweep delay, 31 
Converter, frequency-current, 

119 
Cooling control, 192 
Cooper-Hewitt lamp control, 

214 
Cord tester, 44 
Cosmic-ray detector, 59 
Cosmic-ray radiosonde, 150, 

156 
Counter decade, 57 
Counter-modulation 

iter, 89 
Counting arc-overs, 55 
Counting circuits, 55-68 
Counting-rate meter, 66 
Coupling, gas-tube, 32, 71 
with cathode follower, 69 

Coupling tube, 261 
Crater-type modulator circuit, 

216 
Crossover network, 10 
Crystal activity tester, 113 
Crystal-controlled driven multi-

vibrator, 150 
Crystal-controlled radio -f re-

quency generator, 166 

noise him-

267 
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Crystal-driven signal chopper, 
75-76 

Crystal frequency comparator, 
174 

Crystal oscillator, 163 
Crystal pickup preamplifier, 1 
Crystal polarity indicator, 108 
Crystal rectifier tester, 182 
Current-carrying cables, locat-

ing of, 128 
Current feedback, 32 
Current measurement with in-

verted triode, 102 
Curve tracer, 18 
Curve-tracing circuit, cathode-

ray, 39 

D 

Deflection amplifier, c-r, 30 
capacitance-coupled, 37 

Degenerative noise limiter, 90 
Degenerative phase-inverting 

amplifier, 33 
Degenerative voltage regulator, 

253 
Delay multivibrator, 82 
Densitorneter, 189, 191, 196, 

200 
Depth recorder, 249 
Depth sounder, 246 
Detecting conducting liquids, 

133 
Detecting mechanical move-

ments, 22 
Diecasting machine, timer for, 

235 
Dielectric heating generator, 

167 
Differentially-connected feed-

back, 36 
Differentiating circuit, 33 
Dilatometer, capacitance-

change, 26 
Diode shunt noise limiter, 88 
Direct-coupled amplifier, 31, 37, 

69, 177, 188 
Direct-coupled feedback ampli-

fier, 36 
Direct-coupled input stage, 14 
Direct-coupled photoelectric 

amplifier, 199 
Direct-coupled radio-frequency 

amplifier, 73 
Direct-coupled sweep, 35 
Direct-coupled transitron oscil-

lator, 33 
Direct-current amplifier cir-

cuits, 44, 69-76, 143, 186 
regenerative, 261 

Direct-indicating comparison 
bridge, 95 

Direct-reading insulation tester, 
106 

Discontinuity detector circuit, 
129 

Discriminator, 53, 117, 171 
as a-in noise limiter, 90 
for capacitive micrometer, 26 
Foster-Seeley, 219 

Dishwasher control, 237 
Displacement detector, 22 
Distortion indicator, 122 
Diver's intereommunicator, 2 
Diving amplifier, 2 
Door-opening circuit, 218 

Door-opening system, ultra-
sonic, 247 

Dosimeter, 124 
Dotting circuit, c-r, 41 
Double-triode multivibrator, 81 
Drag-cup motor control, 143 
Driver circuit, capacitor-dis-

charge, 246 
Dual-multivibrator raster gen-

erator, 43 
Dual-triode trigger, 55 
Dust measurement, 189 
Dynatron oscillator, 118, 159 

Earthquake recorder, 202 
Eccles-Jordan trigger circuit, 

55-57, 60, 83, 138, 152, 
154, 230 

Echo depth recorder, 249 
Echo depth sounder, 246 
Echo ranging sonar, 249 
Electric ear, 20 
Electric-fence controller, 238 
Electric shock therapy control, 

244 
Electroflash lamp power supply, 

216 
Electrolytic-prevention relay, 

52 
Electrometer circuit, 104, 108 
Electrometer tubes, 120, 125 
Electron-coupled multivibrator 

output, 153 
Electron-coupled oscillator, 121, 

171 
Electron multiplier phototube 

circuit, 185-186, 189, 196, 
203 

Electronic attenuator, 47 
Electronic commutator, 236 
Electronic contactor, 77 
Electronic exciter for alter-

nator, 136 
Electronic heating radiation 

detector, 126 
Electronic ignition circuit, 209-

210 
Electronic ohmmeter, 107 
Electronic relay, 49, 78 
Electronic switch, 38 

oscillator type, 173 
Electronic switching circuits, 

77-84 
Electronic tachometer, 213 
Electronic timer, 60 

half-cycle, 261 
Electronic voltmeter, 107 
Electroscope, 108 
Elliptical sweep, 34 
Emphasis network, audio, 12 
Enceplialophone, 180 
Energy-time integration, 56 
Equalizer, 1 

fifteen-channel audio, 13 
three-band audio, 12 

Equalizing amplifier, 10 
Exciter for a-c generators, 254 
Exciter-regulator for alterna-

tors, 136, 147 
Expander, volume, 6-9 
Exploring coil for locating con-

ductors, 128 
Exposure control, 185-186, 190 
Exposure-timing circuit, 192 

Extinction circuit, Geiger-Mül-
ler, 64 

F 

Facsimile synchronizing, 140, 
163 

Fader, automatic, 16 
Fault locator for power lines, 4 
Feed motor control, 145 
Feedback, constant-current in-

verse, 2 
Feedback amplifier, cathode-

ray, 37 
for reactor measurements, 

114 
volume-limiting, 91 

Feedback circuit, current, 32 
for linearity correction, 29-

30 
Feedback-controlled cathode-

ray output, 36 
Feedback voltmeter, 105 
Feedback welding timer, 261 
Fiber-testing balance, 188 
Film-recording seismograph, 

210 
Film resistance, measurement 

of, 127 
Filter choke, measurement of, 

112 
Filter network for servo, 144 
Fire detector, 63 
Flame detector, 63 
Flame radiation, measurement 

of, 229 
Flash-actuated control, 185 
Flash-bulb synchronizer tester, 

238 
Flashlamp starter, argon, 212 
Flashlamp synchronizer tester, 

194 
Flip-flop circuit, 33 
Float timer, 236 
Flow measurement, 117 
Fluorescent lamp lag tester, 244 
Focusing spectrometer, 66 
Foster-Seeley discriminator, 219 
Four-channel electronic switch, 

83 
Franklin oscillator, 161 
Free-running multivibrator, 153 
Frequency comparator, a-f, 162 

crystal, 174 
Frequency compensation, auto-

matic, 5 
Frequency-control circuit, auto-

matic, 171, 247 
remote, 180 

Frequency-current converter, 
119 

Frequency divider, 55-57, 138, 
150 

Frequency doubler, 170 
Frequency drift recorder, 119 
Frequency-discriminating net-

work, 10 
Frequency inverter for scram-

bling speech, 16 
Frequency-measuring circuit, 

115, 138 
Frequency meter, 111, 117, 139, 

212 
Frequency-modulated detector, 

single-stage, 179 
Frequency-modulated encepha-

loplione, 180 

Frequency-modulated oscilla-
tor, 183 

Frequency-modulated phase de-
tector, 179 

Frequency-modulated radar al-
timeter, 59 

Frequency-modulated receiver, 
219 

Frequency-modulated relaxa-
tion oscillator, 157 

Frequency-modulated signal 
generator, 170 

Frequency-modulated trans-
mitter, 223 

Frequency multiplier, 114 
Frequency response curve 

tracer, 18 
Frequency-splitting trigger cir-

cuits, 154 
Frequency standard, 163 
Fuel flow, measurement of, 218 
Full-wave shunt limiter, 93 
Full-wave voltage doubler, 210 

G 

Gage calibrator, resistance 
strain, 102 

Gage circuit, 126 
Gain control, automatic, 109-

110 
for bridge, 105 

Galvanometer circuit, 108 
ballistic, 239 

Garage-door control, 218 
ultrasonic, 247 

Gas-detection circuit, 196 
Gas-triode timing circuit, 237 
Gas-tube coupling, 37, 71 
Gas-tube oscillator, 175 
Gate circuit, 78, 83 
Gate tube, 60 
Geiger-Müller counter, 62-66, 

80 
Geophone portable amplifier, 

130 
Geophysical prospecting, 130 
Germanium crystal tester, 182 
Glow-modulator-tube circuit, 

215 
Goniometer motor control, 139 
Grating spectrograph control, 

193 
Grid-controlled rectifier circuit, 

167 
Grid-glow tube circuit, 193 
Grounded-input amplifier, 70 
Guided bomb control, 224 
Gunsight, K-8 computing, 143 
Gyro rotors, accelerometer for, 

134 
Gyro test unit, 116 
Gyroscope rotor balancer, 17 

11 

Half-cycle electronic timer, 261 
Half-cycle spot-welder control, 

263 
Half-wave voltage doubler, 211 
IIarmonic distortion indicator, 

122 
Harmonic generator, 60 
Hartley balanced modulator, 16 
'fartley oscillator, 128, 157, 

175, 179-181, 249 
in capacitance-operated relay, 

23 
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hearing-aid amplifier, 2 
Heart-rate indicator, 66 
Heater-radiation detector, 126 
Heating generator, induction, 

160, 167 
Heterodyne amplifier, 246 
Ileterodyne ultrasonic receiver, 

250 
High-current amplifier, 69 
High-fidelity audio amplifier, 1 
High-frequency power supply, 

205 
High-power sweep generator, 32 
High-speed linear sweep, 32 
Hot-cathode electronic contac-

tor, 77 
Howler for leak detection, 157 
Hum-reducing series limiter, 86 
Humidity, measurement of, 230 
Hydrogen ion, measurement of, 

102 

lannone, 37 
Identification-mark injector, c-r, 

40 
Ignition circuit, 209-210 
Ignition noise meter, 21 
Ignition system tester, 141 
Ignitron starter, 79 
Ignitron for testing tubes, 39 
Illumination, measurement of, 

197 
Illumination control, 190, 198 
Illumination intensity compara-

tor, 198 
Impedance bridge null detector, 

109 
Impedance transformer, 3 
Impulse counter, 59, 62, 68 
Inductance bridge, 112, 117, 240 
Inductance measurement, 112, 

114 
Induction heating generator, 

160, 167 
Induction receiver for remote 

control, 218 
Infrared-sensitive photoelectric 

relay, 192 
Input, cathode-follower, 3, 96 

for vtvm, 99 
Input stage, direct-coupled, 14 
Instantaneous noise-limiter, 85 
Insulation tester, 106 
Integrator for G-M tubes, 64 
Intercommunicator, 2 
without talk-listen switch, 15 

Interelectrode - capacitance • 
measurement, 100 

Interlocking circuit for inter-
communicators, 15 

Interpolation oscillator, 120, 
163 

Inverse feedback, 2 
Inverse volume-expansion cir-

cuit, 5 
Inverted speech, 16 
Inverted-triode circuit, 102 • 
Inverted-triode electrometer cir-

cuit, 104 
Inverter circuit, 111, 206 
Isolating amplifier, 31 

Juke box, remote-selection, 53 

K 

K-8 computing gunsight, 143 
Keyer multivibrator, 33 
Knock pickup amplifier, 3 

L 

Lamb noise silencer, 93 
Lamp, electroflash, 216 
Lamp control, 198 

Cooper-IIewitt, 214 
Lamp lag tester, fluorescent, 

244 
Leak detector, 157 
Lie detector, 76, 106 
Life tests of relays, 173 
Light-balance indicator, 195 
Light-intensity indicator, 204 
Light-variation indicator, 200 
Lighting control, 190 
Limit bridge, 106 
Limiter circuits, 51, 85-94 

cascade, 26 
Limiting amplifier, 53 
Linear densitometer, 191 
Linear sweep, 32, 34 

cathode-ray, 28-29 ' 
Linear sweep generator, 32 
Linearity correction, feedback 

circuit for, 29-30 
Liquid bath control circuit, 229 
Liquid detector, 133 
Liquid flow measurement, 117 
Liquid-level indicator, 137 
Liquid-temperature control, 228 
Locating buried steel rail cross-

ties, 129 
Locating current-carrying ca-

bles, 128 
Locating power-line faults, 4 
Logarithmic output limiter, 94 
Logarithmic photometer circuit, 

196 
Loran receiver-indicator, 56, 

152 
Loran tube tester, 39 
Loudspeakers as microphones, 2 
Low-drift d-c amplifier, 71 
Low-frequency amplifier, 4 
Low-loss series limiter, 86 

Machine-gun rate-of-fire indi-
cator, 60 

Machine time-cycling control, 
237 

Machine-tool contour control-
ler, 145 

Magnetostriction transducer 
driver circuit, 246, 248 

Map tracer, 140 
Mark injector, cathode-ray, 40 
Measuring circuits, 95-127 
Mechanical movements, detec-

tion of, 22 
Medical shock control, 244 
Medical wide-range oscillator, 

168 
Mercury-arc tube starter, 79 
Metal-locating circuits, 128-133 
Metal-sorting instrument, 242 
Metallized capacitor arc-over 

counter, 55 
Meter calibrator, 98 

watt-hour, 187 

Mica capacitor sorter, 121 
Microdensitometer, 186 
Microflash sequence timer, 236 
Micrometer, capacitance-

change, 26 
capacitive, 26 

Microsecond pulse generator, 
178 

Microsecond timer, 233 
Microsecond timer calibration, 

234 
Microvoltmeter, Burr-Lane-

Nims vacuum-tube, 109 
Millisecond intervals, measure-

ment of, 239 
Millivoltmeter, push-pull, 107 
Mine detector, 131 

vhf, 129 
Mirror galvanometer amplifier, 

202 
Model battleship, radio control 

of, 219, 223 
Modulator, balanced, 16, 219 
Modulator glow lamp circuit, 

216 
Moisture-testing circuit, 100 
Monitoring broadcast frequen-

cies, 152 
Motor control circuits, 134-148, 

188, 198 
Motor noise simulator, 154 
Motor-operated plotting unit, 

140 
Motor-reversing thyratron cir-

cuit, 136 
Motor speed, measurement of, 

115 
Mu-bridge regulator, 189 
Multiple thyratron circuit, 207 
Multiplier phototube circuit, 

185-186, 189, 196, 203 
Multivibrator, 33, 60, 64, 120, 

172, 213 
delay, 82 
double-triode, 81 
with feedback, 161 
square-wave, 81 
with tuning fork, 163 
twin-pentode, 81 

Multivibrator circuits, 149-156 
Multivibrator-type oscillator, 

154 
Multivoltage regulated power 

supply, 255 
Mutual-conductance character-

istic plotter, c-r, 38 

N 

Narrow-deviation f-in trans-
mitter, 223 

Negative-feedback oscillator, 
171 

Negative-plate vacuum-tube 
voltmeter, 109 

Negative-resistance circuit, 258 
Negative-resistance oscillator, 

112 
Negative voltage feedback, 37 
Neher-Harper circuit, 64 
Neon-tube-coupled amplifier, 59 
Neon-tube relaxation oscillator, 

66 
Nerve stimulator, 158 
Noise limiters, 85-94 
Noise meter, 20-21 
Noise rectifier, 89 

Noise silencer, Lamb, 93 
Nonlinear circuit element, 259 
Nonmetallic object detector, 

129 
Nonresonant equalizer, 10 
Null-balance circuit, 102 
Null detector, 105 
impedance bridge, 109 

Null indicator, 106 
bridge, 108, 110 
tuning-eye, 102 

O 

Odograph, 140 
Ohmmeter, electronic, 107 
Oil-film resistance, measure-

ment of, 127 
One-shot multivibrator, 153, 

155 
Orthoacoustic transcription fil-

ter, 1 
Oscillating wavemeter, 126 
Oscillator, electron-coupled, 121 

interpolation, 120 
vane-responsive, 53 

Oscillator amplitude, automatic, 
176 

Oscillator as cord-break detec-
tor, 44 

Oscillator circuits, 157-182 
Oscillator-type electronic 

switch, 173 
Oscillator-type power supply, 

205 
Oscillator-type temperature 

control, 227 
Oscilloscope circuit, universal, 

35 
Oscilloscope marker, 40 
Output, for cathode-ray sweep, 

cathode-follower, 29-30 
electron-coupled multivibra-

tor, 153 
Output circuit, cathode-cot--

pled, 70 
Output limiter, audio, 91-94 

radio-frequency, 87 
Output stage, cathode-loaded, 

150 
Oven-temperature control, 227 
Overvoltage relay, 47 

Panoramic adapter tuning, 182 
Paraphase tone control, 10 
Peak-clipping circuit, 92 
Peak-reading vacuum-tube 

voltmeter, 127 
Pentode, constant-current, 30 
Pentode-controlled voltage reg-

ulator, 259 
Pentode multivibrator, 156 
Phantastron time-delay circuit, 

243 
Phase-angle telemetering, 223 
Phase detector for f-m, 179 
Phase-distortion suppressor, 1 
Phase indicator, 110 
Phase inverter, 1, 3, 244 

audio, 14 
Phase reverser, audio, 14 
Phase-shift oscillator, 164 
Phase-splitting circuit, 34 
Phono amplifier, 1 
Phonograph record selector, 53 
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Photoelectric circuits, 183-204 
Photoelectric control for motor, 

143 
Photoelectric flash camera, 185 
Photoelectric illumination con-

trol, 50 
Photoelectric motor control sys-

tem, 140 
Photoelectric relay, 237 
Photoelectric steering system 

for ships, 147 
Photoelectric temperature con-

trol, 228 
Photoflash synchronizer tester, 

194 
Photographic exposure control, 

190 
Photographic timer, 232 
Photography, cathode-ray, 34 

transients, 41 
Photometer circuit, 196 
Phototube temperature regula-

tor, 231 
Phototube-thyratron control, 

143 
Pierce oscillator, 83, 113, 166 
Piezoelectric electrometer, 108 
Playback equalizer, 10 
Polarity indicator crystal, 108 
Polarity-sensitive circuit, 219 
Polarized relay driver, 82 
Portable audio-frequency stand-

ard, 162 
Portable Geiger-Müller counter, 

62 
Portable indicating X-ray 

dosimeter, 124 
Portable radiation meter, 120 
Portable reverberation meter, 

20 
Positioning follow-up circuit, 

145 
Power-factor meter, 118 
Power-intensity control, 261 
Power-line fault locator, 4 
Power-measuring circuit, 201 
Power source for constant light, 
. 208 

Power supply circuits, 142, 
205-211 

Power tube tester, 39 
Preamplifier-filter circuit for 

crystal pickup, 1 
Precedence-indicating circuit, 

245 
Preequalization of telephone-

cable circuits, 10 
Preequalizer, 12 
Press protector, 240 
Production tester for mica 

capacitors, 121 
Production testing, of meters, 

98 
of le, L, and C, 95 

Program-interruption alarm, 50 
Projectile timer, 78 
Projection cathode-ray tubes, 

power supply for, 205 
Propagation velocity in uhf 

cable, 119 
Protection, transmitter, 47 
Protexhneter circuit, 125 
Psychogalvanometric circuit, 76 
Pulse-averaging circuit, 66 
Pulse characteristics, measure-

ment of, 34 

Pulse-counter, Geiger-Müller, 
80 

Pulse equalizer, 156 
Pulse-generating circuit, 154, 

173, 176, 178, 183 
Pulse generator, 177-178, 207 

switching, 83 
thyratron, 244 
variable, 82 

Pulse-modulated oscillator, 174 
Pulse register, SO 
Pulse-shaping amplifier, 150 
Pulse sharpener, 156 
Pulse-stretching circuit, 127 
Pulse timing circuit, 241 
Pulse-type tube tester, 39 
Pulsed carrier-current system, 

53 
Punch-press protector, 240 
Push-pull cathode-ray deflec-

tion amplifier, 30 
Push-pull 6K4 oscillator, 159 
Push-pull millivoltmeter, 107 
Push-pull oscillator, 160 
Push-pull telegraph-repeater 

circuit, 82 
Push-pull volume expander 7 
Pyrometer, radiation, 229 

Q 

Quartz crystal activity tests, 
113 

Quartz crystal polarity indica-
tor, 108 

Quenching circuit, 64 

Radar altimeter, frequency-
modulated, 59 

Radar echoes from moon, 33 
Radar pulse generator, 154 
Radar ranging, 34 
Radiation, measurement of, 66, 

125 
ultraviolet, 201 

Radiation detector, 126 
Radiation meter, 120 
Radiation pyrometer, 229 
Radio control, of missile, 224 

of model battleship, 219, 223 
Radio door actuator, 218 
Radio-frequency amplifier, self-

switching, 81 
Radio-frequency generator, 

crystal-controlled, 166 
Radio-frequency output limiter, 

87 
Radio-frequency power supply, 

205-206 
Radio-frequency relay, cold-

cathode, 77 
Radio noise meter, 21 
Radio telemetering, 222 
Radiosonde oscillator, 150, 156, 

158 
Radium finder, 62 
Radium-type vacuum gage, 74 
Raster-generator, dual multi-

vibrator, 43 
Rate-of-climb, measurement of, 

52 
Rate-of-occurrence indicator, 60 
Razon guided bomb control, 224 
RC audio oscillator, 18 

Reactance-limited capacitor-
charging rectifier, 262 

Reactance-tube circuit, 170, 225 
Reactance-tube control system, 

180 
Reactance-tube frequency con-

trol, 181 
Reactor measurements, 114 
Receiver, frequency-modulated, 

219 
Receiver alignment attenuator, 

47 
Receiver tracking-error plotter, 

161 
Record selector, remote, 53 
Recorder cutting-head driver, 

10 
Recording frequency drift, 119 
Recording liquid flow, 117 
Rectangular pulse generator, 

177 
Rectangular-wave generator, 

152 
Rectifier, capacitor-charging, 

262 
Rectifier circuit, grid-controlled, 

167 
Rectifier tester, crystal, 182 
Rectifier-type pulse generator, 

173 
Regenerative d-c amplifier, 73, 

261 
Regenerative null detector, 106 
Regulated power supply, 142, 

255 
Regulator for a-c generator, 

253, 260 
Relaxation oscillator, 31-32, 66, 

157-158, 165, 170, 213 
Relay, electronic overvoltage, 47 
Relay alarm, automatic, 79 
Relay life tester, 173 
Relay transmitter control, 79 
Remote control induction re-

ceiver, 218 
Remote frequency control, 180 
Remote fuel-consumption indi-

cator, 218 
Remote indicating antenna am-

meter, 224 
Remote record selection, 53 
Remote tuning of receivers, 225 
Repeater circuit for telemeter-

ing, 222 
Resistance, measuring bridge 

for, 95 
of oil-film, 127 

Resistance bridge circuit, 230 
Resistance measurement, insu-

lation, 106 
Resistance strain gage cali-

brator, 102 
Resistance-type thermometer, 

228 
Resonance indicator, 112 
Resonant equalizer, 10 
Resonant frequency measure-

ment, 114 
Response curve tracer, 18 
Reverberation meter, 20 
Reversible motor control, 137 
Rheostat, vacuum-tube, 98 
Ring counter, 83 
Roberts d-c amplifier, 71, 74 
Roentgenographic exposure 

meter, 185 

ltoior balancer, 17 
Rotors, acceleration measure-

ment of, 116 
gyro, accelerometer for, 134 

Safety control, photoelectric, 
188 

Saturation-type limiter, 92 
Saw-tooth oscillator, 18, 33, 82, 

160 
relaxation, 213 
sweep, 41 

Saw-tooth sweep generator, 29 
Scale-of-sixteen counter, 62 
Scrambler, 16 
Screen-coupled cathode fol-

lower, 69 
Secondary frequency standard, 

163 
Seismograph, film-recording, 

210 
Self-compensating voltage sup-

ply, 203 
Self-excited inverter, 206 
Self-switching r-f amplifier, 81 
Sequence timer, 236 
Series limiter, 85-86 
Series motor control, 143 
Servo amplifier circuit, 143 
Servo antilmnt filter, 144 
Servo-regulated power supply, 

142 
Servo system, 218 
Shaper circuit, 81 
Ship steering control, 147 
Shock-therapy control, 244 
Shorted-turn indicator, 44 
Shunt diode bias supply, 205 
Shunt-type clipper circuit, 92 
Shunt-type limiter, 85, 93 

triode, 89 
Shutter-opening circuit, 185 
Shutter tester, 238, 242 
Signal chopper, 75 
Signal generator, 170 

r-f, 164 
Signal-generator amplifier, 73 
Silicon crystal tester, 182 
Sine-wave oscillator, 151, 175 
Single-stage f-m detector, 179 
Single-sweep cathode-ray cir-

cuit, 30-31 
Solar coronagraph control, 183 
Sonar circuit, 249 
Sonar heterodyne amplifier, 246 
Sorting alloys, 242 
Sorting capacitors, 121 
Sound-effects equalizer, 10 
Sound-recording voltmeter, 127 
Spark coil control, 212 
Spectrograph exposure control, 

193 
Spectrometer circuit, 66 
Spectrophotometer, 186 
Speech scrambler, 16 
Speed-control circuit, 139 
Speed measurement of rotors, 

116 
Speed-measuring circuit, 245 
Speed meter for camera shut-

ters, 238 
Spike-pulse generator, 73 
Spiral sweep, 35 
Splice detector, 45 
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Split-field series motor control, 
143 

Spot-welding control, 261-263 
Square-wave clipper, 116 
Square-wave generator, at, 80, 

83, 115, 117, 156, 172, 177 
Square-wave multivibrator, 81 
Stabilized a-c power supply, 71 
Stabilized d-c amplifier, 71 
Stabilized negative impedance, 

258 
Stabilized oscillator, 171 
Starting mercury-arc tubes, 79 
Stills, automatic control of, 49 
Stimulator circuit, 165 
Stop-watch circuit, 236 
Strain gage calibrator, 102 
Street lighting control, 190 
Stroboscope, 213 
Stroboscopic circuits, 212-217 
Stroboscopic frequency meter, 

139, 212 
Stroboscopic light source, 217 
Stroboscopic test circuit, 213 
Strobotron circuit, 79, 201, 

212-213, 216-217, 236, 261 
263 

Strobotron pulse counter, 80 
Subcarrier remote control, 219 
Subharmonic generator, 154 
Subminiature electrometer tube, 

120, 125 
Subminiature push-pull oscilla-

tor, 159 
Subminiature-tube vhf oscilla-

tor, 157 
Supersonic inspection circuit, 

246 
Suppression network, audio, 12 
Surgeless volume expander, 6 
Sweep delay, cathode-ray, 31 
Sweep generator, 35 

cathode-ray, 165 
saw-tooth, 29 
sweep generator, high-power, 

32 
Sweep linearity corrector, 29-30 
Sweep-voltage generator, 165 
Switch-tube control circuit, 175 
Switching circuits, electronic, 

38, 77-84 
cathode-ray, 78 

Switching pulse generators, 83 
Switching tube, 14 
Symmetrical twin-triode multi-

vibrator, 149 
Synchronism indicator, 123 
Synchronization of facsimile 

receiver, 140 
Synchronized voltages, 165 
Synchronizer checker, 238 
Synchronizer tester, photoelec-

tric, 194 
Synchronizing circuit, c-r, 30 
Synchronizing electric motors, 

139 
Synchronizing of multivibra-

tors, 149 
Synchronous motor drive, 140 

Tachometer, 115-116 
and accelerometer, 17 
for gyro rotors, 134 

Telegraph repeater, 82 
Telemetering circuits, 218-226 
Telemetering oscillator, 158 
Telephone amplifier, automatic, 

3 
Telephone-cable circuits, pre-

equalization of, 10 
Television modulation pattern, 

41 
Television test oscilloscope, 41 
Temperature-control circuits, 

227-231 
Test oscillator, 179 
Test set for strain gages, 102 
Testing camera shutters, 242 
Testing coils, 44 
Testing components, 106 
Testing crystal rectifiers, 182 
Testing R, L and C, 95 
Testing water purity, 103 
Thermionic time-delay relay, 

232 
Thermistor-regulated a-f oscil-

lator, 164 
three-tone a-f oscillator, 176 

Thyratron-actuated counter, 
245 

Thyratron booster-circuit, 79 
Thyratron capacitor-discharge 

circuit, 242 
Thyratron circuit, multiple, 207 
Thyratron-controlled relay, 236 
Thyratron-controlled thermo-

stat, 228 
Thyratron drive, bridge-con-

trolled, 137 
Thyratron frequency divider, 

57 
Thyratron motor-reversing cir-

cuit, 136 
Thyratron pulse generator, 244 
Thyratron relay, 52 
Thyratron switching circuit, 

239 
Thyratron timing circuit, 78, 

233, 235, 261 
Thyratron-type oscillator, 158 
Thyratron tube tester, 97 
Thyrite bridge circuit, 259 
Time-base calibration, 150 
Time-base generator, 33 
Time-delay circuit, 237 

phantastron, 243 
Tune-delay relay, 232 
Time-delay starter, transmitter, 

48 
Time-interval meter, 233 
Timer, 60, 214, 232, 261 

for diecasting machine, 235 
for microsecond intervals, 233 
photoelectric, 185-186 
projectile, 78 

Timer calibrator, 244 
Timing circuits, 192, 232-245 

for contact printers, 202 
gas-triode, 237 

Timing-control circuit, 261 
Timing multivibrator, 153 
Tonalizer, 13 
Tone control, 10 

automatic, 5 
Tone control system, 15-chan-

nel, 13 
Tone corrector, 2 
Totalizing circuit, 218 

'l'oy train remote control, 219 
Tracer, audio response curve, 18 
Tracking-error curve plotter, 

161 
Train-position indicator, 151 
Transcription filters, 1 
Transducerdriver circuit, mag-

netostriction, 248 
Transformerless supply, 210-

211 
Transient-pair generator, 234 
Transient peak voltmeter, 99 
Transient-trace photography, 

41 
Transient video analyzer, 156 
Transitron oscillator, 160 
Transitron saw-tooth oscillator, 

33 
Translator circuit, 145 
Transmission line measurement, 

vhf, 119 
Transmitter for remote control, 

219 
Transmitter audio compressor, 

9 
Transmitter breakdown alarm, 

50 
Transmitter power measure-

ment, 121 
Transmitter protection circuit, 

47 
Transmitter time-delay starter, 

48 
Trapezoidal modulation pat-

tern, 41 
Treble channel amplifier, 5 
Treble deemphasis, 1 
Triboelectric voltage circuit, 242 
Trigger circuit, 41 

for electronic switching, 78 
frequency splitting, 154 
(See also Eccles-Jordan trig-

ger circuit) 
Trigger tube circuit. 246 
Triggered multivibrat or, 33 
Triggering radiosonde oscilla-

tor, 150 
Triode-pentode voltage regula-

tor, 252 
Triode shunt noise limiter, 89 
Tripping pulse circuit, 30 
Tube as cathode resistor, 122 
Tube-capacitance measure-

ment, 100 
Tube circuit, grid-glow, 193 
Tube-characteristic curves, 39 
Tube-characteristic plotter, 

cathode-ray, 38 
Tube-life tester, cathode-ray, 43 
Tube tester, 39, 97 
Tubeless probe for vtvm, 104 
Tuned audio amplifier, 4 
Tuned cold-cathode r-f relay, 

77 
Tuning-eye null indicators, 102 
Tuning-fork control, 210 
Tuning-fork frequency stand-

ard, 162 
Tuning-fork oscillator, 139, 161, 

163 
Turbidity, measurement of, 186 
Turbosupercharger, regulator 

for, 144 
Twin-oscillator circuit, 161 
Twin-pentode multivibrator, 81 

Twin-thyratron chronoscope 
circuit, 239 

Twin thyratron counter, 68 
Twin-triode multivibrator, as-

symmetrical, 149 

U 

Ultrasonic circuits, 246-251 
Ultrasonic echo depth sounder, 

246 
Ultrasonic garage-door opener, 

247 
Ultrasonic generator, 247 
Ultrasonic trainer circuit, 144, 

175, 181 
Ultraviolet photometer, 196 
Ultraviolet radiation detector, 

63 
Ultraviolet radiation measure-

ment, 201 
Undervoltage relay, 47 
Underwater sounding circuit, 

249 
Unity amplifier, 31, 165 
Unity-gain amplifier, 35 
Universal electronic relay, 78 
Universal oscilloscope circuit, 35 

V 

Vacuum gage, 74 
Vacuum leak detector, 157 
Vacuum-tube microammeter, 

124 
Vacuum-tube microvoltmeter, 

109 
Vacuum-tu be in illivol tin eter, 

107 
Vacuum-tube rheostat, 98 
Vacuum-tube voltmeter, 60, 

95-97, 99-100. 104-105, 
107, 119, 124, 127, 130, 
135, 198 

audio, 2 
bridge-type, 229 

Vacuum-tube-voltmeter reso-
nance indicator, 112 

Vane-actuated controller, 53 
Variable B voltage supply, 209 
Variable-delay network, 150 
Variable 2r5egulated power sup-

8 
Variable timing circuit, 235 
Variometer tube 131 
Varistor-compensated circuit, 

52 
Vectorscope, 215 
Vehicular-niounted automatic 

map tracer, 140 
Vehicular-mounted mine detec-

tor, 131 
Velocity of light, measurement 

of, 34 
Velocity of propagation in 

cable, 119 
Vibration-indicating amplifier, 

17 
Vibrometer for gyro rotors, 134 
Visual indicator for bridge, 105 
Visual phase indicator, 110 
Voice-operated relay, 46 
Voltage doubler, 205, 210 

dry-disc, 64 
half-wave, 211 
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Voltage-doubler power supply, 
216 

Voltage quadrupler, 211 
Voltage-regulated power sup-

ply, 189 
Voltage regulator circuits, 1, 64, 

127, 252-260 
for alternator, 136, 147 

Voltage-saturated diodes, 80 
Voltage supply, self-compensat-

ing, 203 
Voltage tripler, 211 
Voltmeter (see Vacuum-tube 

voltmeter) 

Voltmeter, transient peak, 99 
Volume compressor, 9, 91 
Volume expander, 5-8 
Volume-limiting feedback am-

plifier, 91 

Water-level control, 49 
Water-level indicator, 137 
Water-purity tester, 103 
Water-spray control, 192 
Watt-hour meter calibrator, 187 
Wattmeter, vhf, 121 

Wave analyzer, 122 
Wave propagation velocity, 

measurement of, 119 
Wavemeter, oscillating, 126 
Welding control circuits, 261-

263 
Welding time control, 73 
Wheatstone bridge, 95, 103, 

191, 228, 231 
Wide-band direct-coupled am-

plifier, 69 
Wien-bridge audio oscillator, 18 
Wire splice detector, 45 

Woofer-tweeter crossover net-
work, 10 

X 

X-ray dosimeter, 124 
X-ray fain exposure control, 

185, 186 
X-ray inspection, automatic, 

186 

Z amplifier, 35 

Z 




