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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 engincers 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 rescarch 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 vears 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. Tt
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
clectronic 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.

JouN MARKUS
VIN ZELUFF
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AUDIO-FREQUENCY CIRCUITS

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 T's, transformer Ty,
relay SW,, 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
SW,, which has a five-pole double-throw
contact arrangement. When SW. 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 T, 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, SWs 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 T',. This has a
50-ohm primary and a high-impedance
secondary. R is a dual gain control
ahead of all the tube grids. Each section
of R, 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-

i i
1 1
i ! T

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 Cs 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 T,
and the other feeds into a network which
has characteristics which are approxi-
mately the same as those of the line
through T,. The network is used to load
the two stages alike as nearly as possible
at all frequencies. The network, to be

HOOK
SWITCH

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

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:

Gain
Swstch position
Section 1 Section 2
1 10 200
2 25 240
3 60 300
4 150 350
5 400 400


























































. CAPACITANCE CONTROL CIRCUITS

Capacitance-responsive Circuit for Detecting Small Mechanical Movements

MEcCHANICAL 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
ppf.  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

Ts. The resulting induced r-f voltage
in the secondary of T's is rectified in full-
wave detector V, The d-c potential
thus obtained across 0.5-megohm resistor
R is filtered and applied to the grid of V.

" The plate current of Vs can be fed to a

meter, recording galvanometer, oscillo-
scope, or relay.

The lead between displacement unit D
and tuned circuit 7', is surrounded by two
shields. The inner shield is connected to
the cathode of V; because a grounded

r m———- -
'
i | S0y
T3l ! DETEGTOR
| ! 6HEG
Vv,
. Lo = 4 0l
R-F AMP Vs 2
KT ——— 656 Vs v
o=zt
BINSE_LAGEMENT{ To --= 04 MES 5v36
1 ———
ol
1}
[ R 0 02 be RECTIFIER
- T || 300 |
: { ° §. Ok L
| O H RF 0.1 MH 15 H
[ R | R,
H 6SK7 000 —/—
ol S
T 50,000
L R. (o]
¢ ¢ 05 2 F ol 8 8
312 60-300 mMH 5000
Vaal puF
T

oscillator and cable characteristics are
nullified.

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

The impedance of D is high compared
with the impedance of the tapped center
section of tuned circuit 7'y, 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 Vs, and a corre-
sponding r-f plate current flows through

Simple

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

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 elimninate 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 7',
in the proper direction. The gain of the
amplifier can be controlled by R;.

The circuit was designed to be insensi-
tive to changes in capacitance between
lead and inside shielding (of the order of
1 puf for an unusually severe punishment)

and to changes between inside shield
and outside shield (of the order of 10 uuf
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 L, and adjustable
capacitor Cy are tuned to the frequency of
oscillation, and the resonant impedance
of this tuned circuit is artificially de-
creased by resistor R.

The oscillator signal is fed to a tap
rather than to the top of tuned circuit 7',
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 T'y).

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, 1943, p. 104.

A-C Powered Capacitance-operated Relay

the ratio between the inductances of the

two parts of the oscillator and the ratio

between C; and the antenna-to-ground
22

capacitance C,; The intensity of oscil-
lation varies with a change of Cy or C..
As the cathode of the oscillator is at an
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plate-voltage indications, or across R,
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 C.C3R3;R; forms a
compensated voltage divider to supply
a known fraction of the plate voltage
to the oscilloscope. Similarly, CsCslsks
form another compensated voltage divider
for the measurement of grid voltage.
Fach 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 scetion.

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 R
and Ryp. DBy 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 conduetor of the
corresponding cable. All these cables
run to a junction box that contains switch
SW, and relay RY:. 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 shiclding, no magnetic

pickup or interaction between circuits is
observed.

The impulse of grid current is con-
trolled by the ignitron RX226A. When
the trigger circuit causes the ignitron to
fire, the voltage on capacitor Cs 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 I,.
This negative bias is adjustable to a
maximum of 5,000 volts and is set at a
value that is suflicient to hold the plate
eurrent to a negligible value over the
normal range of plate voltage. DBy ineans
of voltage divider R7Rs a portion of the
grid voltage is fed to the intensity control
of the oscilloscope. When the ignitron
fires, the intensity of the electron heam
is greatly increased, and the rapidly
formed trace is made visible on the long-
persistence screen. (DBattery DBs 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 SWi. 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
RY,. 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 Ny,
N and N; are 3}4-watt neon bhulbs.
Should a flashover occur in any of the

high-voltage ecircuits, these neon bulbs
together with resistors 1, R13, and Ry,
would prevent the voltages applied to the
oscilloscope from exceeding a value of
approximately 70 volts.

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

Paper gaps SG 2 and S5 are designed to
break down and form a mechanical short
circuit if excessive voltage should appear
across either shunt 2, or 1. 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
eover 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 R, and Ri. TFor L: 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 lligh Power Tubes, Electronics, February, 1947,
p. 97. ’

Circuit for Injection of Identifying Marks on Cathode-ray Traces

THE viewing of a curve on the screen of
an oscilloscope is often more effective if
means are 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
When the first plate

LOMEG

the marking pulses.

|e———INPUT

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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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

have a low reactance at carrier frequency
but a high reactance through the tenth
harmonic of the horizontal sweep fre-
quency. A 250-upf capacitor has a
reactance of 10.7 ohms at 60 megacycles
and 8,100 ohms at 7,875 X 10 cyecles,
and it gives good results. The frequency
7,875 is half the 15,750 cycles required for
horizontal scan in 525-line television.
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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

- —_———

HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS

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 34-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
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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 megacyecles, a split-stator capacitor
of 20 to 30 puf 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

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 34-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 of 34-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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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 R, 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 P;, 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 V7T, 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
P,.

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. 8. Hird, Wire Splice Detector, Electronics, Sep-
tember, 1945, p. 98.

Voice-operated Electronic Control Relay Using Thyratron Output Stage

THis 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-¢
circuit, thus energizing the relay. When

this happens, the holding contacts 4 and 5
replace the circuit of the 884 and thus
keep relay A energized. At the same
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 4.
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
6SL7 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 C, is charged in the same
manner by the bias voltage through the
relay contacts of relay A and applied to B
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

During 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 6B8 tube, and this
rectified voltage is applied to the same

tube as its bias. This controls the ampli-
fication of the tube and limits the amount
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of signal reaching the antenna of the
receiver. The amount of bias may be

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 6BS,
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 £. 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, Elecironics,
April, 1941, p. 68.

One-tube Overvoltage and Undervoltage Relay

A useruL and simple relay for the
protection of a-¢ 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 D 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 scross a

Carrier-actuated Protective Circuit for Arc Suppression at

THis 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 1171.7. The diode develops
positive bias for the tetrode section of the
tube, which is also cathode-biased.

When normal energy is radiated, two
relays RY; and RY» are energized by the
tetrode plate current by virtue of positive
grid bias from the diode, and RY; is also
energized. Under this condition, the
coil of RY, is paralleled by R, and only
a slight drop in plate current will cause
RY, to open. An abnormal condition
anywhere in the transmitter resulting in a

small 400-ohm rheostat in series with a 40-
watt Mazda lamp. The secondary termi-
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nals of the grid transformer are connected
across the terminals of the lamp. In
using the tungsten-filament lamp in this

moderate drop in radiated energy will
cause such a drop in plate current, and
RY; will release RY; applying high
negative bias to the buffer and modulated
amplifier stages.

RY; 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,
RY, will not have sufficient current to
hold, and it will drop out, picking up RY;

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 Overvoltiage 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 deenergized
contacts on RY; 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 RYs.

When RY: opens, two other functions
occur: I3 is removed from its position in
parallel with the coil of RY,, and RY, is
locked out through its remaining deener-
gized contact and a similar one on RY}.
Thus RY, is subjected to the full plate
current and will now pick up on a smaller
current than is present when it opens, and


















The bhasic 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-

CONTROL CIRCUITS

ing components X1 and . and by making
use of the voltage across X, 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 R,, it is conceivable
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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.

R. 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 me,
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 C; is an r-f bypass shunting

the d-c load and plate-supply source. Cj,
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 uuf for 30 me.
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Capacitor Cp 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 C; and R, 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 I 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
R» 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 Ly and L are 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. H. Wannamaker, 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 ecircuits 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 cvent 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
6SN7 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
frequencics 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 sclect oscillator
























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. i

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 R2C 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.

COUNTING CIRCUITS

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 IRC 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.
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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 in 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 same 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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Push-pull Telegraph-repeater Circuit for Driving Polarized Relay

A paIR 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.

Tach 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
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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 maximuimn 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
Repeater Cireuit, Electrontcs, June, 1943, p. 226.

Variable Length and Rate Pulser for Testing

Tuis 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-
fier 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 maximum may be obtained as in
position 1. The output of the switch
tubes is added to this in the mixer ampli-
fier. 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 Ry plus the attenuator will be
noted in the upper left. In operation, C,
charges through R; and the attenuator
until the drop across C; reaches the igni-
tion voltage of V1. Tube V;then firesand
discharges C; through protective resistor
R, until the extinction voltage of V, is
attained, after which the above cycle is
repeated. The repetition rate is deter-
mined by the calibrated attenuator and
the intermediate control R;.

The discharge time constant of R:C, is

very much smaller than the charge time
constant, so that a saw-tooth oscillator
output voltage is obtained. This is
differentiated by C» and R; and the re-
sulting negative voltage pip is used
to trigger the delay multivibrator V,,
and Vy. The length of the positive
delay multivibrator output pulse ap-
pearing at the plate of Vs, is controlled
by the associated capacitor switching
system. The front edge of this pulse
occurs at the instant V; fires and is used
for synchronizing.

The delay multivibrator output is
differentiated by Cs; and R, and the
negative voltage pip resulting at the end
of the pulse is used to trigger the length
multivibrator V3, and V. The length
of the positive multivibrator output pulse
appearing at the plate of V3, is controlled
by the associated capacitor switching
system. The repetition rate, delay, and
length of pulse are all independently
adjustable.
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Manually Controlled Balanced-detector Type of Noise-limiter Circuit

THis 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 R is at the
grounded end and R, is set equal to R.
(at 47,000 ohms), then R,, R, R; and
R, 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 R to
bias its cathode with a positive d-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 Rs. Adjustment of R, disturbs
the balance of the bridge by varying the
resistance of one arm; hence it may be de-
sirable to gang a rheostat with R so as to
hold its equivalent resistance constant.
For most effective operation, the time
constant of (R, + R.)C; should equal
that of (Rs + R4)C. for all settings of R,
and the capacitances of the two diodes
should be equal.

At broadeast 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 me¢ 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 ¢-w reception employing a
beat oscillator.

Emerick Toth, Noise and OQutput Limiters, Part I,
Electrontes, November, 1946, p. 114,

Combination R-F Output Limiter and Noise Limiter

Bota 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 sereen 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 R, by grid rectifica-
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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 B, (maintained by charging
() 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

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 avc
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.

Emerick Toth, Noise and Output Limiters, Part II,
Electronics, December, 1946, p. 120.
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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 R, as a load. The
d-c¢ voltage developed across R, serves as
bias for the injector grid of a 6.7 pentode
gerving as the final i-f stage. Front-
panel control B; 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-¢ potential across R, can
fluctuate at a rate up to about 200 ke.

If 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 6L7 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 6L7 grid. ally difficult to achieve, however. This

If this change in injector-grid potential
oceurs 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-

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 Qutput 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 d-c 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

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.

Emerick Toth, Noise and Qutput Limiters, Part II,
Electronics, December, 1946, p. 120.
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Inverted-triode Circuit for Measurement of Extremely Small Currents

A NEw electronic tube can measure
hydrogen-ion contents of chemicals (pIl),
minute currents produced by phototubes,
ion current in mass spectrometers, alloy-
ing constituents of steel, and 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~!* ampere can
be measured and as low as 10~'% ampere
can beindicated. Direct potentials can be
measured to a sensitivity of 10-* volt in
circuits having up to 10'? ohms resistance.

The tube is termed an inverted triode
because the outer electrode, which is
normally the plate in an 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
thermionie 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 mnot 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 RH507 tube will
serve as a coupling device between the
source under measurement and the am-
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A typical electrometer
or a

plifier proper.
circuit using a microammeter,
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 some 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 ecritical
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,

Electronics, December, 1944, p. 176.

Resistance Strain Gage Calibrator for Rapid Visual Tests

THis 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 terns 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 the 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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Circuit for Measuring Inductance of Filter Chokes while Carrying Direct Current

Inpuctance 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 Ry controls the amount of
feedback applied to the grid of tube VT,.
The bias of second amplifier tube VT,
is controlled by resistor R, which thus
controls the plate current drawn by this
tube and the current through the reactor
L. Resistor R;is a variable control that
enables the a-c 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 E. is set so
that meter M reads the required value of
direct current in the reactor. Resistor R,

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 VT, 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/w?C, where w = 2xf and f is the
power-line frequency.

Resistor R, is adjusted to give the re-
quired magnitude of the a-¢ component
across the inductor. This latter may be
measured with a vacuum-tube voltmeter.
As R; is deereased, 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 B,.
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The current through the reactor may be
increased to any desired value by oper-
ating tubes in parallel with VT, 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. Malling, Measurement of Filter Chokes, Elec-
tronics, May, 1944, p. 184.

Determining Inductance with a Negative-resistance Oscillator

Vavues 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 cireuit.

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 66 oscillator tubes provide a
negative resistance between terminals
A and B. Thercfore any resonant circuit
connected between these terminals will be
forced into oscillation at its natural fre-
quency of resonance. Irequencies as
high as 75 me 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-uf 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 @ in a shielded metal case with its
distributed capacitance provides reso-

nance at 1.7 me. A tap on this coil at
20 ph 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 SW,.

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 ke. Since the frequency is
now one-fifth of the value of that with
SW; on point 5, the instrument will
measure inductances of five times that
measured in position 1.















plished 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 Vs to
the grid of V¢ without altering the magni-
tude of the voltage change.

The voltage derived from Vg through
the glow lamps is positive with respect to
ground. It is applied to the grid of Vi,
in series with a negative voltage derived
from the supply. The value of this
negative voltage is adjusted by means of
R, 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 Vi 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 V¢ is propor-

MEASURING CIRCUITS

tional to the rotor frequency.

Capacitor Css and resistor Ry5 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 V;
is proportional to the voltage across Rss,
or to the current that flows through
capacitor Cys and resistor Rg. If the
resistance of Ry is small compared with
the capacitive reactance of Cjs, 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 Vg, therefore, is proportional to the
rate of change of the plate voltage of Vs,
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-
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tube voltmeter operated at low plate
voltage. With no signal applied to its
grid, V; draws sufficient plate current to
cause the indicating meter to read ap-
proximately full scale. The voltage de-
veloped across Rs; by a decelerating rotor
is negative and therefore reduces the plate
current drawn by V; The amount by
which the plate current of V7 is reduced
is determined by the voltage developed
across Rss, 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.

Direct-reading Frequency Meter Using Yacuum Tubes

By converting an incoming signal to a
square wave by means of an overbiased
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 6J7 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 6HG6 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 (1/2fRC) > 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

SQUARE WAVE

An Electronic Tachometer, Accelerometer, and
Vibrometer, Elecfronics, June, 1944, p. 100,
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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

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, p. 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. DBy 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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Single Diode Circuit Serving as VHF Wattmeter up to 500 Megacycles

NEeEDp 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 14-
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 em. 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

Capacitance

A DIRECT-READING capacitance tester
that was developed for sorting mica
capacitors within the range 100 to 1,200
ppf 18 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.

of the resistive rod, which has a value of
0.001 microhenry or an inductive react-
ance of 2.5 ohms at 500 me. 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 puf 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 RG8/U 50-chm concentric cable,
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— THTT—
- "PF
9008
e
50 M 1005 IMEG
i PpF
0100,
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having a 74, 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
puf, 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 mec¢ will be a few per
cent low, with correspondingly less error
at lower frequencies.

Leonard R. Malling, VHF Transmitter Power
Measurements, Elecironics, February, 1947, p. 158.

Tests for High-speed Sorting of Mica Capacitors

The milliammeter scale is calibrated
in 100-upf steps from 100 to 1,200 uuf.
Toward the end of the scale there is a
tendency for the 100-uuf steps to be
closer together than on the 0-500 uuf
part of the scale.

Coil L, consists of three pies, each con-
taining 500 turns of No. 40 wire on a 14-
inch form. Feedback coil L, contains 200
turns of No. 36 wire wound between the
pies of L.

A switch with spring return is incorpo-
rated to switch the test terminals to
an internal standard 500-puf 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

20,000 WwW

:

500 uuf
! B+
d Z ) l—'
7/
0.0
MICA
TO CAPACITOR
UNDER TEST

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 Tester 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 me, and has a
higher output voltage than a single-tube
circuit.

In effect the two-tube circuit is a two-
stage resistance-coupled amplifier with
100-per cent feedback from the second
tube to the first. The plate resistance of
the seccond tube serves as the cathode
resistor in the stage of the first tube.
This cathode resistance must be large
80 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 u.
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 upf at approxi-
mately 10 me. The rise oceurs at lower
frequencies as the capacitive load is
With 0.01 uf there is a slight
rise at about 800 ke and practically no
response at 1,000 ke. The fidelity of
response to a pulse is definitely superior

increased.

{6L6’S CONNECTED AS
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to that of a single-tube circuit, and the
effect on sine waves is also good.

Calvin M, Hammack, Cathode Follower of Very Lew
Output Resistance, Electronics, November, 1946,
p. 206,

Wave-analyzer Circuit Indicates Harmonic Distortion of Audio Amplifier

Ta1s 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 applicd 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 T’y has a turns ratio of 3.6 to 1 and is
a universal plate-to-line transformer of
good quality. This 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 the 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-seale distortion readings of 100, 50,
and 10 per cent. Thesc scales give readily
ascertainable readings of harmonies to as
low as 0.2 per cent. The scale change was
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 harmonies. 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. The 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 R,, R, and R a
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129

Portable Beat-frequency Type of Locator for Finding Buried Steel Rail Crossties

THis electronic locator was devised to
locate 14 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 L, 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 1R5
and detected. The difference frequency
was amplified in the 184 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
me 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
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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, Electronio
Locator for Salvaging Trolley Rails, Elecironics,
January, 1944, p. 129,

Circuit for Detecting either Metallic or Nonmetallic Objects

Tue 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 in 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 me. A

50-upf 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
IN5GT 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 height of approximately 3 inches from the proper operation the height of the

highest frequency. The tuning knob is
then turned counterclockwise until the
detector meter reads approximately one-
half full scale (approximately 80 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

Geophone Portable Amplifier and Vacuum-tube Voltmeter for

THis geophone, for use in connection
with a source of a-c¢ power that is applied
to the earth in the area being scarched 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 amplification 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 indieating maximum-signal
adjustments as contrasted with the null
points, which are usually best detected by
headphones.

The amplifier circuit is conventional
except for the method of obtaining the
bias for the 1A5. 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
db. For most purposes this is cnough,
but another stage identical with the 1N5

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

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
3¢-inch wide by 134-inch 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
effects of stray capacitance and electro-
static charges. A practical form 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.

detector head above ground is maintained
between 2 and 5 inches. Over normal
soils and with inines buried at operational
depths, metallic mines increase the meter
reading and decreasc the audio signal,
and nonmetallic mines decrease the meter
reading and increase the audio signal.

T. E. Stewart, Non-metallic Mine Detector, Elec-
tronics, November, 1945, p. 100.

Geophysical Prospecting

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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Electronic Combination Tachometer, Accelerometer, and Vibrometer for Gyro Rotors

THE 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 o 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
cucrent.

‘The output of the tachometer is fed to
a range switch; when this switch is on
position L or H, 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
cireuit whose output is proportional to the
acceleration rather than to the speed of
the gyro rotor, and (2) a vacuumn-tube
voltmeter, or amplifier, whose plate cir-
cuit feeds the indicating meter.

Considering the tachometer and aceeler-
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 V, and V,.

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 V; 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 V3, 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 V' 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
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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
V4 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 more positive than that re-
quired to produce saturation is likewise
eliminated. The resultant wave ob-
tained from the plate of V, is essentially
rectangular.

The magnitude and shape of the square
wave delivered by V, 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, V; therefore draws
no plate current. When a signal is
applied, negative peaks merely make the
grid more negative, while positive peaks
cause V; to draw pulses of plate current.

The time constant of the input circuit
to Vs, consisting of R, and either Cy or
(42, 1s 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 R4 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 R4 and this is applied
to the grid of V5. Pulses in a positive
direction cause V; 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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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 are 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 T 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 B;. Rheostat R, 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 R, is rotated to the
most negative point of this potentiometer,
1.e., the cathode center tap of the thyra-
tron. With the arc burning, R, is ad-
justed until the arc-feed motor is just
barely turning over. R, is then varied
until the arc assumes its most efficient
length and is held at this position until
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po 57 MOTOR
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VAAAA-
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the carbon crater has formed. After the
crater has formed, R, is readjusted for
optimum 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.

ARG
SUPPLY

Wilbur Flaherty, Electronic Control for Adjusting
Carbon Are, Electronics, March, 1942, p. 65.

Bridge-controlled Thyratron Drive for Reversible Motor of Water-level Indicator

A BRIDGE-CONTROLLEDp 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 cireuit, and is normally balanced by
resistance R;,. Bridge-unbalance output
differs in phase by 180 degrees depending
upon whether R, is greater or less than R..
Upon this reversal of phase depends the
correct operation of the rectifier circuit.

Capacitance C, is added across R, 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.

R, 8,400

C=0lI

13.5v

Rz

T)— 10 000 : 30 000. 60~
Te— 2,000:20,000.n. CT 60~

A }{g0-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 ¢ 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 R;, though nor-

56 45 FG8)
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10000
T Te
45y .
>
10000
FGBI
8- B+
2 5v
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mally set at about 8,400 ohms, can be
adjusted to cause the indicator on the
gear assembly to read correctly in the
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.

L. A. Ware, Water Level Indicator,
March, 1940, p. 23.
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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 180 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 180-degree phase
displacement are 90 degrees out of phase.

If Viand Vidrive 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.

1OH
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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 Vs
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

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 matching errors. This is
easily done by using large electrolytic
capacitors (20 uf for C; and C,) directly
between the plates and the motor.

Voltage amplifier V, 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 Vs and V; 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 Kasner, Tachometric Audio-frequency
Meter, Electronics, February, 1947, p. 121,
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Speed-control Circuit for Small Synchronous Motor

I~ this cireuit of an electronic generator
that feeds a synchronous motor, the tem-
perature-compensated tuning fork that
controls the frequency is driven by coils
Ls and L; in a regenerative circuit whose
pickup coil is L,. 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 cireuit.

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 ke 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

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, I’recision Stroboscopic Frequency
Meter, Electronics, September, 1943, 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
SCR502, a semiportable radio direction
finder. It employs two fixed Adcock
antenna arrays, one being used from 1.5
to 10 me and the other for 10- to 30-me
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 14, horse-
power. The motor that rotates the
deflecting coils of the cro is a li-horse-
power synchronous 1,800-rpm unit. The
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 6SL7 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 65SL7 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 R, 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 6SL7 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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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 C6A and the motor continues to
run in the appropriate dircction 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 C6A 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 C6A 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 C6A tubes. Capaci-
tors are shunted across the motor to give
increased torque and to improve the C6A
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, 1939, p. 41.
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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
multivibrators.

Norman W, Mather, Multivibrator Circuits, Elec-
tronics, October, 1946, p. 136.

SCREEN GRID VOLTAGE
OF VT,

Biased Multivibrator Circuit for Timing Applications

AN impulse received by tube Tj in
this circuit stops conduction in 7'y for a
time dependent on the time constant of
Ri7 — Cs, during which a positive bias is
available at terminal J for any desired
purpose, such asdetermining 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
triode) 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 Ty is a few volts
positive with respect to its cathode and is
drawing grid current to produce a voltage
drop across R,; of about 410 volts. The
screen grid of Ty 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 R,; makes point
J approximately plus 135 volts.

A positive impulse coming in at P makes
Ts 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
VT, is cut off when VT, is conducting.
This stable condition can be interrupted
by a positive trigger signal on the grid of
VT, After a short period ¢ the circuit
automatically returns to the stable con-
dition. Somewhat more accurate timing

point @ by an amount equal to the plate-
current drop in R;; This takes place
quickly, so that point b momentarily
drops in potential the same amount,
driving the control grid of 7'y to cutoff.
The positive pulse at P also boosts the
potential of point ¢, but the flow of elec-
trons from the cathode of T's to the grid
holds ¢ practically constant while capaci-
tor Cy is charging. The potential of d
follows the instantaneous jump of ¢ and
then gradually rises at a rate determined
mainly by the product R;,Cy. 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 eycles or less, Ri; 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 7,, with the
result that the grid of 75 is driven negative
and stand-by conditions are restored.
Before T's can respond again to a starting

.Basic One-shot Multivibrator Circuit

can be obtained by making the grid return
of VT, to +120 volts instead of to the
cathode. The period ¢ is approximately
half the period of a symmetrical multivi-
brator having circuit elements corre-
sponding to those used with V7', in this
one-shot multivibrator circuit.

Norman W. Mather, Multivibrator Circuits, Blec-
tronics, October, 1946, p. 136.

oV

impulse at P, the grid potential of 7%

must return very near to zero. The time
required for this depends on the product
Ry5Cy and on the length of time of the
previous operation of the circuit. Also,
with R, 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 Electronie Circuit to

Control Intensity and Timing of Power for Spot
Welding, Rev. Sci. Instruments, June, 1943, p. 161,
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Tuning-fork Oscillator Using Multivibrator with Feedback

Ir 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
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TUNING FORK
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 ¢ycle 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 10 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 Norrman, Tuning-fork Stabilizer, Electronics,
January, 1940, p. 15,

Twin-oscillator Circuit for Plotting Tracking-error Curves of Receiver Coils

Ta1s 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 have 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 same frequency
from a signal generator, in a tube such
as a 6L7, it is possible to listen with head-
phones in the 6L7 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 6L.7 detector. The out-
put of a signal generator, tuned to the i-f
frequency, is fed into the other input grid
of the 6L.7, 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-
mediate 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
harmonies.

A gain control in the 6K8 cathode cir-
cuit enables the operator to compensate

for high signal oscillator output driving
the 6 K8 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-uuf 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 61.7. Asin normal alignment,
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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 sereen 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 R, to give the proper screen
voltage.

Resistor R; 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
R, 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 ecffective in-
ductance or capacitance of the parallel
resonant circuit, LiCy.  Qutput voltage is
taken from L, through a small capacitor,
a tap on the winding, or an auxiliary
winding.

Capacitor C; 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 Cs.
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 4200 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 onc cxtreme 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-

Rz 33,000

100,000

= +200V

trollable range and slightly positive at the
other extreme, giving a minimum fre-
quency change for a change in battery
voltage for all scttings of the frequency
control. The choice of values for screen-
dropping resistor R, grid resistor Ry, grid-
coupling capacitor C,, and the position of
the tap on oscillator coil Ly, 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-
ducing the range over which the plate
voltage of V, 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

Tuis 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

v

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 VT, and VT, each in a Hartley
oscillator circuit. The outputs of these

oscillators, of the order of 5 me, are
clectronically mixed in converter tube
VT, 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 VT, 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 VT 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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Photoelectric Exposure Control Circuit for Photographic Use

THis circuit will actuate a solenoid, or
relay, when the phototube has received a
predetermined amount of light after
switch S 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 switeh S; 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. Duc to the rectifying action
between the grid and eathode 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 S, the d-¢ 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-¢ 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 S, 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 rcleases the relay, or
solenoid, and thereby turns off the expo-
sure 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

quantity of eclectricity passed 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-
crator is still necessary to determine the
setting of Iy, 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 zine 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 Applications, RCA Rev., October, 1937, p. 149,

Photoelectric lllumination 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 cireuit 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 whieh 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 will 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 beyoud 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 68J7 for
operation. That is sufficient to control
500 milliwatts in the plate circuit of Vs,
and represents a gain of 53.9 db.

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
Vi to zero. The 6SJ7 will now conduct
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Ultraviolet Photometer for Gas Detection, Analysis, and Measurement

Tais 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 P; and P, until the
emf drop across the resistance R, 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 E,
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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

L5V

photoelectric recording microammeter.

Irving M. Klotz and Malcolm Dole, Automatic
Recording Ultraviolet Photometer, Electronics,
February, 1947, p. 140,

Logarithmic Photometer Circuit Using Multiplier Phototube

Tuis 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. IIowever,
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 gascous
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-uf filter capacitors pro-
vide a d-¢ 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 are heated.

A stabilized d-¢ 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 VRI150 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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Variable B Voltage Supply Using a Tube as a Variable Resistance

AvTHOUGH 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
T\, being connected to one end of the
main transformer, rectifies the peak

Cold-cathode Tubes

Here 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 Cy and bridged by the
series-connected capacitors C; and C..

The junction point of the two impulse-
generating capacitors C; and C, 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 I,
and I, 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 7 first in one direction and then

negative swings. This rectified current
charges capacitor Cy, and, passing through
potentiometer R;, provides the required
bias. R, and C; 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 R; and C; that are given
introduce a 60-cycle ripple of 5 volts
rms. At very light loads this ripple
persists down to low d-¢ terminal voltages.
If less ripple is required, a larger value of
C: 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 R, 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 R,
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 R; and R,
which is such that the control tube is never
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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. 156.

in Electronic Ignition Circuit for Single Coil and Distributor

the other as required by the circuit.

The 1-megohm resistor across C: en-
sures that Cs, will 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 I,
first separate, after which contacts I close,
placing a positive bias on the control
element of V,. This triggers off the dis-
charge of capacitor C; through the pri-
mary, to which there is added the charge
current of capacitor C; being readied for
action on the next cycle. Upon the
continuing rotation of the breaker cam,
the contacts at I, are opened and those of
I, close, firing V, and restoring the im-

+300V

TO ENGINE
DISTRIBUTOR

pulse .capacitors to their original state
ready to continue the operation.

G. V. Eltgroth, Electronic Ignition Systems, Elec-
trontes, April, 1945, p. 106.
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Transmitter Operates from A-C Line for Remote Control of Toy Trains

THis transmitter circuit develops 1 watt
of power at any of 10 different frequencies
in the range from 220 to 360 ke 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 simnple 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 systein, 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-uf
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, sclected 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 RMA treatment to prevent drift due to
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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-
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atively flat over the 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 FB7 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 same 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,
Ilome Action Controlled
0
1 Disconnect subcarricr-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
[ Fire forward turret
7 Tire 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 B
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 pawlis held 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 d-e¢ 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
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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
cyeles 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















TELEMETERING CIRCUITS 225
R-F MIXER FIRST I'F: SECONO I-F DETECTOR FIRST Al
AMPLIFIER AMPLIFIER AMPLIFIER A'Fs A';‘gLSIEFcl%';D
24uuF, AS
6AGS 4.348 0.0l FILTER A-F OUTPUT
Suuf = 6J6
v . uuf L F 6AG g NETWORK STAGES "MAKE" CONTACT
39 === == === === e S LI PRI
— — pp— ——— - — ,—— IRCUIT
ag-4a e Cenr
anf 001 ol £ _/—CENTER
e - 3 696 CONTACT
Boig é 0003 o0 “woog ) BALANCED
‘oot > > % 2 RELAY
§ + 9 L Qo1 I T 8; E: !
\SupF o o
3 . St <! '
-34, M AU IMEG
anf JLS e JACK L™ "maxe"conTact
320 u0F ™ b OF 1,900-CPS
4790 Bee CiReuiT
a7 o |
15 pF z
OSCILLATOR  4g-496,ur TRIPLER AMPLIFIER IMEG
'y SuuF. 48-436uyF ”MAKETCONHCT
. s ol [ OF 3,000CPS
rom 3 6J6 L+ circutT
ZZC FY gy
=== SuuF === X BALANCEO
_ ! RELAY
= 000! T
5 0003 » S\ ConTER
¢ e L IMEG i | CONTACT
i UL _L—Jm “MAKE" CONTACT
00'03 o o~ “ = OF 475~ CPS
= =0 TN [be CIRCUIT

5-me 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—ave, 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-

TH1S 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 R,,
produces a reactance change between
points A and B. Capacitor C, is a
blocking capacitor, C, is a phase-splitting
capacitor, and Cs, C4, and Cs are bypass
capacitors. Resistor R, merely drops
screen voltage to a desirable value.

0001 0003

work. The four secondaries of this tuned
audio transformer network respond to the
audio frequencies of 475, 755, 1,900 and
3,000 cycles per second. Each filter
output voltage is applied to the grid of a
triode which is biased beyond cutoff and
which has in its plate circuit a relay which
closes an electric circuit to a mechanical
actuator. A series resistor in the grid
circuit prevents strong signals from caus-
ing excessive grid current. High grid
current would load the filters, reducing
the circuit @ 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

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

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 1. Ackerman and George Rappaport, Radio
Control Systems for Guided Missiles, Electronics,
December, 1946, p. 86,

Remote Tuning of Receivers with Reactance-tube Circuits

mec when the high-frequency oscillator is
controlled may be as high as 30 ke 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 ke 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 Ci; 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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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-

— | 1] 1] 1}oteo—]

eter output with a simple chart.

Edward M. Yard, Flame Radiation Measuring In-
strument, Electronics, November, 1946, p. 102.

Resistance Bridge Circuit for Temperature and Humidity Measurement and Control

Tuis 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-
respousive 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 R; (temperature) or Ry (humid-
ity) as two legs and resistors R4 and R;
(temperature) or R;, R,, and R; (humid-
ity) as the other two legs. Resistor R;
is the temperature-responsive ceramic
resistor, and R, 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
R¢ and V; (a 616 diode) with a 0.5-volt
60-cycle injected voltage in the cathode
circuit.

When potentiometer arm D; rotates
from point D; (the high-voltage end) to
point D, (the low-voltage end), balance is
obtained at some point in the are, 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 V,, producing a
voltage drop across Rs. The contact
potential and initial velocity of emission
of the V,, 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 R is
amplified by V, This amplified signal
at the plate of the tube V,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
Vs 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 R will cause tube V, to con-
duct. When V4 becomes conducting, the
drop across R, triggers Vs, which is a
relaxation oscillator biased to cutoff. As
Vs pulses, it closes relay K, thereby
energizing printing-bar relay K, or K,
and thus the figure on the printing wheel
corresponding with the position of the
potentiometer arm D, is printed on the
record paper.

After passing the balance point, the
grid of V. 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 Vi is
connected across the grid to limit the
negative signal peaks.

When potentiometer arm D, reaches
position D., the end of the potentiometer
winding, all switching, such as selecting
the next measuring station and changing
from humidity to temperature circuits,
is perforined in the recorder. Since V4
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 D, contacts point Dj,
which is at +150 volts, and current flows
through Vsp, whose cathode is biased to
+100 volts. Thus 50 volts appears
across Viu and its associated resistor R,
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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 L, and
L,, the tube heater will be energized by
transformer 7' 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
L, 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. 7T is connected so that
when L, is positive with respect to
L,, point B is negative. Consequently,
movement of the slider toward B in-
creases the negative component of grid

alternating voltage when L, is positive.
Since the tube will fire or ionize only when
L, 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 B 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 L. 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 L, at which instant L is
deenergized and C starts to be recharged.
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By propetly proportioning C, R, D, and
I, 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 F' is simply to connect K to L.

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 VT,
receives the on pulse, it causes tube V1';
to pass current and begin charging
capacitor C. When control tube VT.
receives the off pulse, it causcs VT, 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 (VT,) 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 VT, 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 VT, does not return to zero bias
until the screen grid has first returncd
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
N: and N, glow to indicate that the
associated gas tubes have been fired.

The polarity of the negative pulse from
VT, (produced by the on pulse) is re-
versed by V1’5, 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
R\C; or R3C; whichever is smaller.
ITere R,C, governs, and the pulse stays
positive for a duration of approximately
0.005 second. If no other pulse arrived,
VT, would stay conducting for this
interval. However, the negative pulse
produced by VT, upon arrival of the off
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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 14 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
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 S, and stops con-
ducting when the object reaches the
second point and momentarily closes
switch Ss. 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
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fairly high velocity, it is necessary that it
ride lightly on a taut strip. Switch S; 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. Sci-
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 R, from Ej.
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 E; through R, galvanom-
eter G, and tube V. Theimpulse on No.
2 input at the end of the interval breaks
down V,, connecting E; and E, in series
through R4 and V, The resulting in-
creagse in voltage across R, 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 has been used instead of the conven-
tional plate-to-plate capacitance-coupled
cireuit 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 V; until the circuit
through V; has been broken. Experience
has indicated that when switches are used
on the inputs, the chatter time is of such
time as to cause V; 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 Rp. With
S22 on position A and 8i; closed, Ce¢
charges to the voltage E, and the milliam-
meter is connected through Ry to read the
voltage of E;. When K, is thrown to the
left, C¢ discharges through the galvanom-~
eter and the ballistic constant &k can be
determined.

In order to set the current I, the switch
811812 is thrown to the right, thereby
disconnecting the calibrating capacitor
and energizing the filament supply. With
selector switch S31-S22-S23 on positions 1
to 5 and with K, to the right as shown, a
circuit is provided from the battery E,
through R4, through V; when it is broken
down, through Rg, and through the milli-
ammeter circuit. This makes it possible
to set I by means of R4z to the proper
value for the desired multiplying factor.
The circuit provided by S:,, Ry, and R
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 V, is always
biased to cutoff from Es in steady state.
If 8; is open and a make circuit is closed
across the input, current flows from +Ej;
through the external circuit to charge Cs
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Thyratron Capacitor-discharge Circuit for Timing the Operation of a Motor

Tue 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 uf in series with 750 ohms) keeps 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

THis 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 6SF5 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 R, and R,
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 R;, 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 (Cy, Cs, or C;) 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 same

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
connccted 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, Electronica, September,
1946, p. 124,

Shutters

voltage. Switch S: 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, S, 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 S; 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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Phototube and Cathode Follower for Measuring Starting Lag of Lamps

ComMmEeRcIAL 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 low from the 917
phototube through the grid resistor of the
65C7 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

LAMP BALLAST
BLACK LEAD

CLOCK
CLUTCH

6A3 ?

LAMP
BALLAST
WHITE
LEAD

+170V

-i70V

115V A-C ”

6SC7 to become negative, reducing the
plate current. Since the 100,000-chm
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 E, to E, by appli-
cation of a known voltage E; through a
known resistance B. The known voltage
E, is applied indirectly to the delay net-
work when switch S is operated, the
voltage being between o’ and b and
capacitively applied over C;. This does
not introduce an error as long as Cy 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 E, 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-¢ operation is naturally
possible, and can be carried out in the
customary ways.

Paul B. Weisz, Electronic Timer for Microsecond
Intervals, Electronics, April, 1944, p. 108.

Electronic Timing Circuit for Precision Control of Electric Shock Therapy

TrE 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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Ultrasonic Generator for Underwater Sounding

Usep 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-ke
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 (during transmission of a
pulse), the reverberations arriving at
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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

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
oscillator.

The values shown give a 0.l1-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-¢ winding from
decreasing to zero when the capacitor
becomes fully charged. )

Richard J. Evans, Echo Ranging Sonar, Electronics,
August, 1946, p. 88.

Three-stage Supersonic Amplifier for Echo Depth Recorder

TH1s 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 ke, 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 ochms 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
(6SHY7) 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 6SH?7, 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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consisting of C; and L, may be switched
into the circuit to improve signal-to-noise
ratio. The 6V6 output stage provides
appreciable audio power which may be
applied to the loudspeaker or which may
be picked up on headphones.

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

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. 124,
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Simplest Degenerative Voltage Regulator for Power Supplies

Tais 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 71 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
T., since tubes with high amplification
factors in general pass low plate current.
Where a simple method of manual voltage
eontrol is required with not too rigid
regulation, 2A3, 6B4, or 6.6 tubes may
be employed.

Resistance R may be replaced by an
amplifier having a high p so that in addi-
tion to manual voltage control a high
degree of regulation may be had.
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G. E. Hamilton and T. Maiman, Voltage-regulated
Power Supplies, Communications, November, 1945,
p. 44.

Single Thyratron and Lamp Bridge as Electronic Regulator for A-C Generator

TH1s 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 d-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 (R and R»)
and two 115-volt 120-watt carbon-fila-
ment lamps (R; and R,). 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-uf paper capacitor Ci. Secondary No.
3 supplies plate voltage for the tube.
The output of the tube is fed to the ex-
citer field through relay contacts S,.

Relay contacts S, 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 C.RsRs 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. C. is usually
4 to 5 uf, while Rs and R are 5,000 to
8,000 ohms each. R must be adjusted
to the time constant of the exciter and
alternator fields. Reducing the resistance
of Rg 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 S. are open, and contacts S; 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 S, then complete the
plate circuit of the thyratron and contacts
S, change from rheostat position 1 to
position 2. The S; contacts are 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
8: and throwing 8, from position 1 to
position 2.

The reason for using S; 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 S; in position 2. When S 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 S, so that even
at no load the voltage will 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 rtheostat R in the circuit of secondary
No. 2, bridge R.R;R:;R; 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, R;, Rs, and C: 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.
























WELDING CONTROL CIRCUITS

Half-cycle Thyratron Timer for Welding Small Radio-tube Parts

THis 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 welds,
with freedom from excessive oxidation
and sticking of the electrodes.

Fundamentally, the circuit limits the
current application for each weld 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
S, and S; are closed. When the foot
switch at the welder is depressed, it
energizes this delay, opening both cir-
cuits. Opening of S, inserts R, in the
55-volt secondary circuit and this, in
conjunction with C,, 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 S, 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, C, is
charged through the type 83 rectifier,

with a resulting high negative bias on the
L

y To
THYRATRON WELDER
1
i
i
c3 2.5v
0.0001
50,000 SRy Ens v B
< A-C

B Lt L/J

SWITCH ON FOOT
GONTROL AT
WELDER

I ny l
A-G

C6J grid, which prevents firing on suc-
ceeding cycles. The network R;C; 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. S; allows C,
to discharge through R, while S, shorts
out R,, 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

CuURRENT 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 weld current.

The spark impulses are produced alter-
nately by discharge of capacitors €, and
C; through stepup transformers TR, and
TR,, 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 with 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 T's. This stops conduction
in Ty for a time determined by the time
constant of the RC circuit (Cs and R)7)
between the two tubes. When tube T’
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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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, 2564
regulator for, 263-260
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 eircuits, 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,
matic, 14
Audio reverberation meter, 20
Audio volume compressor, 8-9
Audio volume expander, 6-8
Auditory perception, 5
Auto speed, measurement of|,
239

auto-

B

Balance circuit, automatic, 188
Balance indicator, 195
Balanced bridge, 99, 186

Balanced eathode-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-frequeney 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
eathode-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 photoclectric am-

plifier, 191 W

Bridge-type photoelectric con-
trol, 143

Bridge-type vaeuum-tube volt-
meter, 229

Broadeast frequeneies, monitor-
ing of, 1562

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 deteetor, 22
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Capacitance control
22-28

Capacitancc-coupled deflection
amplifier, 37

Capacitance measurement, 100,
114

apacitance-operated relay, 22—

circuits,

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-
euit, 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 switeh,
38
Cathode-ray eleetroscope, 108
Cathode-ray indieator, 66-67,
103, 106
Cathode-ray photography, 34
Cathode-ray sweep generator,
165
Cathode-ray switching cireuit,
78
Cathode-ray synehronism indi-
cator, 123
Cathode-ray tube life tester, 43
Chopper circuit, 75
Chronograph gate eircuit, 78
Chronoscope circuit, 239
Cireuit-constant checker, 114
Clamping eircuit, 174
Clipper circuit, shunt-type, 92
Coil shorted-turn indieator, 44
Coil tester, 44
Coincidence selector, 150
Cold-cathode ignition -eireuit,
209-210

Cold-cathode
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 dircet-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 g
Contact-indicating circuit, 123
Contact-printer timer, 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 eontrol, 192
Cooper-Hewitt lamp econtrol,
214
Cord tester, 44
Cosmic-ray detcctor, 59
Cosmic-ray radiosonde, 150,
156
Counter deecade, 57
Counter-modulation noise lim-
iter, 89
Counting are-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 eireuit,
216
Crossover network, 10
Crystal activity tester, 113
Crystal-controlled driven multi-
vibrator, 150
Crystal-eontrolled radio-fre-
quency generator, 166

radio-frequency
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Crystal-driven signal chopper,
75-76

Crystal frequeney ecomparator,
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 ecircuit, cathode-
ray, 39

D

Deflection amplifier, ¢-r, 30
capacitance-coupled, 37

Degenerative noise limiter, 90

Degenerative phase-inverting
amplifier, 33

Degenerative voltage regulator,
253

Delay multivibrator, 82

Densitometer, 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 cireuit, 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 oseil-
lator, 33
Direct-current amplifier eir-
cuits, 44, 69-76, 143, 186
regenerative, 261
Direct-indicating comparison
bridge, 95
Direct-reading insulation tester,
106
Discontinuity detector ecireuit,
129
Diseriminator, 53, 117, 171
as a-m noise limiter, 90
for capacitive micrometer, 26
Foster-Secley, 219
Dishwasher control, 237
Displacement detector, 22
Distortion indicator, 122
Diver’s intercommunieator, 2
Diving amplifier, 2
Door-opening circuit, 218

Door-opening 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

system,

E

Earthquake recorder, 202
Eceles-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
Electrie 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
detector, 126
Electronie ignition circuit, 209-
210
Electronic ohmmeter, 107
Electronie relay, 49, 78
Electronic switch, 38
oscillator type, 173
Electronic switching circuits,
77-84
Electronic tachometer, 213
Eleetronic timer, 60
half-cycle, 261
Electronic voltmeter, 107
Electroscope, 108
Elliptical sweep, 34
Emphasis network, audio, 12
Encephalophone, 180
Energy-time integration, 56
Equalizer, 1
fiftcen-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 eoil for loeating con-
ductors, 128
Exposure control, 185-186, 190
Exposure-timing circuit, 192

radiation

Extinction circuit, Geiger-Miil-
ler, 64

F

Facsimile synehronizing, 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 cireuit, 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
Frequeney-control eireuit, auto-
matie, 171, 247
remote, 180
Frequency-current converter,
119
Frequency divider, 55-57, 138,
150
Frequency doubler, 170
Frequeney drift recorder, 119
Frequency-discriminating net-
work, 10
Frequency inverter for seram-
bling speech, 16
Prequency-measuring circuit,
115, 138
Frequency meter, 111, 117, 139,
212
Frequency-modulated detector,
single-stage, 179
Frequency-modulated encepha-
lophone, 180
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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
Frequeney response curve
tracer, 18
Frequeney-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 cireuit, 108
ballistic, 239
Garage-door control, 218
ultrasonie, 247
Gas-detection circuit, 196
Gas-triode timing ecireuit, 237
Gas-tube coupling, 37, 71
Gas-tube oscillator, 175
Gate circuit, 78, 83
Gate tube, 60
Geiger-Miiller counter, 62-66,
80
Geophone portable amplifier,
130
Geophysical prospeeting, 130
Germanium erystal tester, 182
Glow-modulator-tube circuit,
215
Goniometer motor control, 139
Grating spectrograph control,
193
Grid-controlled rectifier circuit,
167
Grid-glow tube ecircuit, 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

H

Half-cycle electronic timer, 261

Half-cyele spot-welder control,
263

Half-wave voltage doubler, 211

Harmonic distortion indicator,
122

Harmonic generator, 60

Hartley balanced modulator, 16

Hartley oscillator, 128, 157,
175, 179-181, 249

in eapacitance-operated relay,
23



Hearing-aid amplifier, 2

Heart-rate indicator, 66

Heater-radiation detector, 126

Heating generator, induction,
160, 167

Heterodyne amplifier, 246

Heterodyne 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

Iannone, 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

Ilumination intensity compara-
tor, 198

Impedance bridge null deteetor,
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

Instantancous 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,
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

120,

J

Juke box, remote-selection, 53
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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-Hewitt, 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
152
Loran tube tester, 39
Loudspeakers as microphones, 2
Low-drift d-c amplifier, 71
Low-frequency amplifier, 4
Low-loss series limiter, 86

receiver-indicator, 56,

M

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
vhi, 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-m 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 rectificr, 89
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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

0]

Odograph, 140
Obhmmeter, electronic, 107

Oil-film resistance, mecasure-
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
Oscillatoramplitude, 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,
pled, 70
Output limiter, audio, 91-94
radio-frequency, 87
Output stage, cathode-loaded,
150
Oven-temperature control, 227
Overvoltage relay, 47

cathode-cou-

P

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 teclemetering, 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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Photoclectric circuits, 183-204

Photoelectrie control for motor,
143

Photoelectric flash camera, 185

Photocleetrie illumination con-
trol, 50

Photoeleetrie 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 clectrometer, 108

Playback equalizer, 10

Polarity indicator crystal, 108

Polarity-sensitive circuit, 219

Polarized relay driver, 82

Portable audio-frequency stand-
ard, 162

Portable Geiger-Miiller 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
capacitors, 121

Production testing, of meters,
98

of R, 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

Proteximeter circuit, 125

Psychogalvanometric circuit, 76

Pulse-averaging circuit, 66

Pulse characteristics, mcasure-
ment of, 34

mica

Pulse-counter, Geiger-Miiler,
80
Pulse cqualizer, 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, 80
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 deflee-
tion amplificr, 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
R

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
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

relay, cold-

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

Recciver alignment attenuator,
47

Receiver tracking-crror plotter,
161

Record sclector, 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

Reetifier circuit, grid-controlled,
167

Rectifier tester, crystal, 182

Rectifier-type pulse generator,
173

Regenerative d-c¢ amplifier, 73,
261

Regenerative null detcetor, 106

Regulated power supply, 142,
255

Regulator for a-c gencrator,
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 cireuit for telemeter-
ing, 222

Resistance,
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 eurve 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

measuring bridge
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Rotor 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 ’
Scli-compensating voltage sup-
ply, 203 '
Self-excited inverter, 206
Sclf-switching r-f amplifier, 81
Sequence timer, 236
Series limiter, 85-86
Scries motor control, 143
Servo amplifier circuit, 143
Servo antihunt 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-gencrator amplifier, 72
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



Split-field series motor control,
143
Spot-welding control, 261-263
Square-wave clipper, 116
Square-wave generator, 34, 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 oseilla-
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 eircuit, 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

T

Tachometer, 115-116
and accelerometer, 17
for gyro rotors, 134
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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 1, 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 cireuit, multiple, 207
Thyratron-controlled relay, 236
Thyratron-controlled thermo-
stat, 228
Thyratron drive,
trolled, 137
Thyratron frequency divider,
57
Thyratron motor-reversing cir-
cuit, 136
Thyratron pulse generator, 244
Thyratron relay, 52
Thyratron switching
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
Time-dclay 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

bridge-con-

circuit,

Toy train remote control, 219

Tracer, audio response curve, 18

Tracking-error curve plotter,
161

Train-position indicator, 151

Transcription filters, 1

Transducer-driver 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 multivibrator, 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-characteristie 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
T'win-oscillator circuit, 161
Twin-pentode multivibrator, 81

2M

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

Ultrasonie trainer circuit, 144,
175, 181

Ultraviolet photometer, 196

Ultraviolet radiation detector,

63
Ultraviolet radiation measurc-
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

\%
Vacuum gage, 74

Vacuum leak detector, 157
Vacuum-tube mieroammeter,

124

Vacuum-tube microvoltmeter,
109

Vacuum-tube millivoltmeter,
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 regulated power sup-
ply, 258

Variable timing circuit, 235

Variometer tube, 131

Varistor-compensated circuit,
52

Vectorscope, 215

Vehicular-mounted automatie
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

w

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
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Woofer-tweeter crossover net-
work, 10

X
X-ray dosimeter, 124
X-ray film exposure control,
185, 186
X-ray inspection, automatic,
186
VA

Z amplifier, 35






