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TRANSISTOR 

APPLICATIONS 
This book is a practical guide to the fascinating new world of Tran-

sistors, prepared especially for the interest and enjoyment of engineers. 

technicians and hobbyists who have been . eager to experiment with 

Transistor circuits. It fills the need for a source of circuits that will 

help the builder to study the many facets of Transistors - their 

properties, performance and adaptability. 

Emphasis has been placed on practical applications. Basic Tiansistor 

theory is discussed in many of the articles, such as the article, "Build 

This Transistor Receiver" on page 3. It contains a wide variety of 

circuit diagrams plus detailed procedures and parts lists to assist the 

builder in every step. 

Raytheon Transistors and other components needed for these projects 

are available through Raytheon tube suppliers who can lend valuable 

assistance in many ways. 

A great deal of information contained in this Raytheon Transistor Book has been made 
available through the courtesy of two leading publications in the electronics field - 
RADIO-ELECTRONICS and RADIO AND TELEVISION NEWS. We wish to express our sincere 
appreciation to them for their cooperation. 
Credit is accorded RADIO-ELECTRONICS for the articles originating on pages 7, 9, 11, 22, 
25, 29, 31, 35, 37, 43, 52, 59, 61, 63, 73, 75, 77, 91, 95, 97, 99, 100 and the articles 
"Transistor Dot Maker" on page 80, "Transistor Oscillator Powered by Light" on page 
36 and "Noise Generator" on page 100. 
Credit is accorded RADIO AND TELEVISION News for the articles on pages 3, 12, 15, 
17, 19, 24, 27, 33, 38, 41, 45, 56, 81, 83, 85, 87, 89 and the articles "Transistor 
Oscillator" on page 36, "Transistor Wireless 'Mike' " on page 80 and "A Transistor 
Bridge Null Detector" on page 100. 
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ABOUT four years ago, the transistor was first announced. Since that 
time, a considerable amount of ef-

fort has gone into the design and pro-
duction of transistors and much has 
been written about them. 

Transistors are semiconductor de-
vices capable of acting as amplifiers, 
oscillators, and performing other func-
tions now performed by vacuum tubes 
and with greater efficiency. The basic 
material in most transistors today is 
germanium and the devices are made 
in two different types: the point con-
tact, which was the original, and the 
junction. 
A semiconductor is any material 

which is neither a good conductor nor 
a good insulator, thus its name. Ger-
manium has a simple atomic structure 
with the inter-atomic spacings in the 
crystals forming relatively straight 
corridors or paths. The basic lattice of 
the crystal has eight atoms per cell, 
four of which form the corners of a 
small cube while the other four are 
wholly within the cube. There are 
relatively large spaces between the 
atoms. In this pure form germanium 
is basically a stable material and does 
not exhibit a surplus or deficiency of 
electrons. 
By the introduction of certain se-

lected elements, the germanium can 
be made to exhibit an excess of elec-
trons and thus become a negative or 
"n" type material, or by the introduc-
tion of other impurities or chemical 
elements there may be a deficiency of 
electrons and the material will be con-
sidered a positive or "p" type material. 

If electrical pressure is applied to a 
piece of "n" type germanium material, 
current flow will exist by virtue of the 
free electrons existing therein. Simi-
larly, if electrical force is applied to 
the positive type material, conduction 
appears by virtue of the phenomenon 

called hole conduction. The applica-
tion of electrical potential causes elec-
trons to move from the negative and 
toward the positive end, the presence 
of holes facilitating the electron flow. 
The point-contact transistor consists 

EDITOR'S No= : Obviously no attempt 
has been made to "miniaturize" this 
unit. It is more important to familiarize 
oneself with the design and limitations 
of transistors. Miniaturization is then 
not too difficult a task. 

of a block or crystal of material such 
as germanium with two properly spaced 
pointed electrodes making contact with 
the surface of the germanium. In many 
respects, it resembles the well-known 
crystal diode with the exception of 
the additional electrode. During manu-
facturing, the position of the two point 
contact electrodes (including the rela-
tive spacing of these elements) is ad-
justed for proper operation of the 
transistor as an amplifying device. 

Fig. 1. Internal construction of the (A) 
point contact and (B) function transistor. 

Over-all view of the 
experimental broad-
cast receiver. Al-
though two transis-
tors were used the 

circuit can be built 
with a single unit. 

The basic block of germanium is 
normally -n" type in the point-contact 
device. Small areas of the germanium 
adjacent to the pointed electrodes are 
converted to "p" type material during 
production. (See Fig. IA.) 
Junction transistors consist of a 

block of material in which "n" and 
"p" type materials are arranged in 
alternate layers. The end sections can 
be either "n" or "p" material with the 
center zone being the opposite type. 
(See Fig. I.B.) 
The point-contact transistor finds 

wide application in switching circuits 
and oscillator circuits at frequencies 
normally not possible with the junc-
tion type units. The point-contact 
transistor has inherently higher noise 
output than the junction units. 
The junction transistor, on the other 

hand, is a more efficient amplifier 
while operating at low voltages. They 
are extremely rugged and have excep-
tionally long life. The normal noise 
voltage generated in a junction type is 
lower than that of the point-contact 
type transistor. Since the electrons 
travel somewhat slower through the 
germanium material in transistors 
than in a vacuum and due to the high 
internal capacities of junction transis-
tors as we know them today, opera-
tion is normally limited to the lower 
frequencies. 
This article deals with a "p-n-p" 

junction transistor recently announced 
by the Raytheon Manufacturing Com-
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Fig. 2. Microphone preamplifiers using transistors. (A) grounded base, (B) grounded 
emitter, and (C) a two-stage, transformer-coupled amplifier. See text for details. 

MECHANICAL DATA 
CASE: Plastic and Glass 
BASE: None (0.016" tinned flexible leads.•• Length: 1.5" min. 

Spacing: 0.08" center-to-center) 

TERMINAL CONNECTIONS: (Red dot is adjacent to lead I) 
Lead 1 Collector 
Lead 2 Base 
Lead 3 Emitter 

WEIGHT: 0.025 ounce 
MOUNTING POSITION: Any 

ELECTRICAL DATA 

RATINGS—ABSOLUTE MAXIMUM VALUES: 
Collector Voltage -20 volts 
Collector Current -5 ma. 
Collector Dissipation (at 30°C) 30 mw. 
Emitter Curient 5 ma. 
Ambient Temperature 50 °C 

AVERAGE GAIN CHARACTERISTICS—GROUNDED EMITTER: (at 30°C) 
Collector Voltage -1.5 volts 
Collector Current -0.5 ma. 
Base Current -20 µa. 
Current Amplification Factor 12 
Power Gain 30 db 
Noise Factor # ( 1000 cycles) 22 db 

• Source: 1000 ohms; Load: 20,000 ohms 
# At -1.5 volts (- 1.0 ma.) to the collector. 
•• Socket types: Cinch Nos. 14148 6 14273 or equivalent. 

1.9 291 

El 0.2- 4" 
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Table 1. Tentative data on the Raytheon CK722 germanium junction transistor. 

pany, identified as the CK722. The 
characteristics and ratings of the 
CK722 are shown in Table 1. It is 
extremely rugged and when operated 
at normal ratings has exceptionally 
long life. 

Basically, the "p-n-p" junction tran-
sistor may be compared to the vacuum 
tube with the emitter resembling the 
cathode, the base resembling the grid, 
and the collector resembling the plate. 
There are several basic differences, 
however, which are outstanding. 
In the "p-n-p" junction transistor, 

conduction is accomplished in a solid 
instead of in a vacuum. The collector 
is operated with a negative bias in-
stead of the customary positive volt-
age applied to the plate. Another out-
standing difference lies in the input 
impedance. The vacuum tube has 
almost infinite input impedance over 
a considerable range of frequencies. 
The transistor, on the other hand, is 
a current-operated device and has a 
rather low input impedance in the 
grounded base or grounded emitter 
connection which is analogous to the 

grounded grid and grounded cathr,cle 
type amplifiers. 
The graphic symbol for the "p- n-p" 

junction transistor is shown in Fig. 3. 
Since the transistor is a three-terminal 
device, several combinations of con-
nections may be used, namely, the 
grounded emitter, the grounded base, 
and the grounded collector. 

Fig. 5 is a typical set of characteris-
tic collector curves for the CK722. 
These curves may be compared to the 
plate characteristics of a pentode am-
plifier except that instead of grid 
voltage we use various values of base 
current. A load line of 1000 ohms has 
been drawn in and examination of the 
curve will show that operation is 
linear over almost the full range from 
zero to maximum collector current. 
The slow increase in collector current 
with increasing collector voltage at 
any fixed value of base current is 
typical of junction transistors and is 
indicative of the high collector resist-
ance. 
An additional characteristic which 

is little known but of considerable im-
portance is the "Zener" effect. If the 
transistor is operated with positive 
base current so that normally there is 
no collector current, the collector volt-
age can be increased to a point where 
conduction will occur. This is the 
"Zener" point and may be an import-
ant consideration in operation of tran-
sistors. "Zener" current flowing dur-
ing the peak a.c. voltage cycle could 
cause excessive limiting and conse-
quent high distortion in an amplifier. 
Many applications for the CK722 

junction transistor will become ap-
parent to the experimenter. Since 
junction transistors had up to now 
been available on only a limited basis, 
very little application and circuit work 
has been done. 
Three basic type circuits immediate-

ly suggest themselves. These are: 
switching circuits, oscillator circuits, 
and amplifier circuits. 
We shall discuss in some detail, the 

CK722 as a small-signal, low-voltage 
amplifier. 
The small size and relatively high 

efficiency at low operating voltage 
coupled with the absence of any heater 
voltage make the transistor ideally 
suited for preamplifier use. A further 
advantage is the fact that transistors 
are not microphonic, thus no special 
precautions in mounting need be 
taken. 

Fig. 2 includes several suggested cir-
cuits for transistors used as micro-
phone preamplifiers. The microphone 

Fig. 3. Equivalent graphic circuits. (A) Graphic symbol of CK722 "p-n-p" junction transistor. (B) Common base amplifier, with low in-

put impedance and high output impedance. Requires two batteries. (C) Common emitter circuit having medium input impedance and 
high output impedance. Permits single battery operation. (D) Common collector with high input impedance and low output impedance. 



may be a small 2 or 3 inch dynamic 
speaker. Notice that it is directly 
connected to the transistor without 
use of an impedance matching trans-
former. With a voice coil impedance 
of 6 ohms and with R adjusted for a 
collector current of 100 microamperes, 
the sensitivity will be approximately 
equal to a good carbon mike with 
much better fidelity and less noise. 
The circuit of Fig. 2B may be used to 
eliminate the need of a tapped battery, 
however, the gain will be slightly less. 
If a long shielded cable is required, a 
transformer should be used instead 
of a resistor load in the collector of 
the transistor as in Fig. 2B. This can 
be a small plate-to-line transformer 
of 20,000/600 ohms impedance. 
Because the operating current is 

low, battery life is good. The supply 
for the transistor can be obtained 
from the standard high voltage plate 
supply of the amplifier and, in fact, 
this circuit has the advantage of sup-
plying a more constant current to the 
transistor. The important factors in 
these circuits are the low input im-
pedance of the emitter, on the order 
of 100 ohms with the grounded base 
connection, and the high output im-
pedance of the collector, on the order 
of 500,000 ohms. With grounded emit-
ter connection, the input impedance of 
the base is a function of other operat-
ing parameters so no value can be 
given for it. 
Several stages of transistor ampli-

fiers can be cascaded and the use of 
coupling transformers will assure 
maximum gain. Plate-to-line trans-
formers may be used as shown in Fig. 
2C. Resistance coupling can be used 
but with some loss in gain ( approxi-
mately 6 db). Large coupling conden-
sers must be used to obtain good low 
frequency response because of the low 
impedance levels. 

Push-pull operation of transistors is 
entirely feasible, permitting greater 
power dissipation with consequent 
greater power output. Class A operat-
ing efficiencies on the order of 50 per-
cent are obtainable while class B oper-
ating efficiencies to nearly 80 per-cent 
are possible. Matched units should be 
used in this application and degenera-
tion can be applied to improve per-
formance. 
The audio amplifier type operation 

lends itself admirably to a simple 
broadcast receiver. To investigate this 
application more thoroughly, such a 
receiver has been built. For those 
interested in duplicating it, a descrip-
tion follows: 

Transistor Receiver 

One or two transistors may be used 
in this receiver ( Fig. 4.). The first 
unit is utilized as a detector/amplifier. 
The second transistor is connected as 
a grounded emitter amplifier. 
The first unit is capable of deliver-

ing adequate earphone volume so that 
the second stage can be eliminated if 
it is desired to reduce the cost of the 
receiver. Although the experimental 
receiver shown has been built on 

For maximum power output to operate phones or speaker, an output load impedance of 2000 ohms 
is used. A 20,000 ohm load impedance is used only when maximum amplIfication is desired. 

CK722 
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R2 

8,-20,000 ohm pot. 
R5—Approx. 250,000 ohm, 1/4  w. res. (see 

text) 
C,-C,-2-gang, 365 /gild. cond. (1.C.4. #534) 
C2, C.—Trimmers on Ci-C. 
C.-10 ¡if d., 25 y. elec. coml. 
4, 4—Antenna coil (Merit # 380) 
L., 4—Detector coil (Merit #382—modified 
—see text) 

5,—S.p.s.t. switch 

SI JIll L- ---- J 

4- I   

PARTS WITHIN DOTTED LINES 
MAY BE OMITTED IF SINGLE 
TRANSISTOR IS USED 

(SEE TEST) 

TO 
MAGNETIC 
PHONES OR 
OUTPUT 
TRANS-
FORMER 

NEW 
COIL 

MODIFIED COIL 
(SEE TEXT) TO 

DETECTOR 

ii— Output jack (may be connected to #1 for 
single stage) 

8,-3 volt battery (Burgess # 422) 
2—CK722 junction transistors ( Raytheon) 

Fig. 4. Diagram of transistor receiver. A single unit may be used if desired. See text. 

metal, obviously it could be built us-
ing a wooden case without affecting 
its performance. 
In the Boston area where this re-

ceiver has been operated, the two 
tuned circuits have given more than 
adequate selectivity to separate the 
local stations. An antenna of 50 feet 
and a good ground made possible re-
ception of stations over approximately 
a 15 mile radius. The importance of a 
good antenna and ground, particularly 
in an area somewhat remote from 
high power broadcast stations, cannot 
be overemphasized. 
The two circuits are coupled through 

mutual coupling existing by physical-
ly placing the coils close together, one 
inch separation center-to-center is 
recommended. The detector coil must 
be modified to connect to the transis-
tor detector/amplifier. The antenna 
coil portion of the Merit type 382 
should be carefully removed. It can 
be slid off the end of the form without 
damage to the coils after unsoldering 
the leads. The wire from this antenna 
coil may be used to scramble wind 50 

-4 -6 -8 
COLLECTOR VOLTAGE (VOLTS) 

Fig. 5. L/E,/lb curves for the CIC722. 

turns on the 382 form, tight against 
the first pi of the tuning coil. ( See 
Fig. 4). This detector coil can be ce-
mented in place with a good coil dope, 
such as Am phenol 912. 
The amplifier is connected in the 

grounded emitter type circuit. The ad-
vantages of this circuit are that only 
one battery is required and that it has 
a higher input impedance than the 

Over-all view of the experimental transistor receiver showing accessory headphones. 
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Transistor Receiver 

grounded base circuit. The value of 
Fet should be chosen so that the col-
lector current is about 1 milliampere. 
The collector current of the detector/ 
amplifier transistor will depend on the 
strength of the received signal but will 
average about 200 microamperes with 
a strong signal. 

Battery life with only one transis-
tor will probably equal the shelf life of 
the battery. With two transistors, the 
life will depend on average hourly use 
but should be at least 100 hours for 
two penlight type cells. 

If magnetic phones are used, they 
may be connected directly in the col-
lector of either transistor. Low im-

pedance phones or a speaker will re-
quire the use of a matching trans-
former. A load impedance of 2000 
ohms in the output stage is correct for 
the voltage and current indicated. 
Alignment is perfectly straightfor-

ward but should be done carefully in 
order to realize maximum sensitivity. 
Any good service oscillator or signals 
from broadcast stations may be used 
to accomplish the alignment. The col-
lector current of the first transistor 
is a good indication of resonance. The 
parallel trimmers are used to line the 
set up on the high frequency end and 
the slugs on the low frequency end. 
The output power of this receiver is 

about 1.5 milliwatts and is sufficient 
for adequate earphone volume. An ef-
ficient speaker can be connected to the 
output circuit and adequate volume 
will be obtained in a quiet location. 

However, the addition of a class B 
output stage to drive the loudspeaker 
is recommended. 
The receiver, as originally built and 

as shown in the photos, included a 
CK705 germanium rectifier and sev-
eral parts associated with this recti-
fier. The junction transistors were 
used as straight audio amplifiers. Tests 
proved that the diode was not essen-
tial and in fact provided no advantage, 
so the receiver has been modified to 
the circuit of Fig. 4. 
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Under chassis view of the transistor receiver designed around the CK722 transistor. 
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T
HIS compact regenerative receiver 
has given more than ample ear-
phone volume on broadcast sta-
tions located several hundred miles 

away. When used with a 60-foot outside 
antenna, stations well beyond 1,000 
miles have been repeatedly heard right 
through the numerous superpowered 
N. Y. C. locals. This indicates its sensi-
tivity and selectivity. The receiver 
makes a reliable receptor for emer-
gency use during power failure should 
a sudden air attack occur. Though built 
for use with earphones, many of the 
local broadcasting stations can be re-
ceived at moderate room volume on a 
10-inch PM speaker with a suitable 
matching transformer. 

Construction 
A black bakelite meter case was used 

for the cabinet, the outside dimensions 
being 3.75 x 6.25 x 2 inches. The set 
is built within the cabinet rather than 
on a separate panel. This construction 
simplifies the assembly and permits 
mounting the smaller components on a 
little shelf directly above the trimmer 
capacitor. This small variable capacitor 
is the regeneration control and provides 
the necessary capacitance feedback for 
oscillation. The shelf is suspended by 
small-sized L-brackets, very easily at-
tached by hex nuts to the projecting 
machine screws that hold the dial plates 
in position on the front of the panel. 
This idea works nicely and eliminates 
the drilling of extra holes in the cab-
inet. 
The circuit is a standard grounded-

emitter type with the first transistor 

REGENERATIVE 

TRANSISTOR 

RECEIVER 

This sensitive and selective 

unit contains regenerative detector 

and audio amplifier 

By DR. WILLIAM H. GRACE, JR. 

acting as a regenerative detector and 
the second as a transformer-coupled 
audio amplifier ( Fig. 1). Both transis-
tors are Raytheon junction type CK 
722, that operate satisfactorily on 
only 4.5 volts. 

Crystal triodes are durable and have 
a long life if reasonable precautions are 
taken to prevent burnouts. The nega-
tive side of the battery must be con-
nected to the collectors as indicated 
in the diagram. 
The antenna requirements of any 

practical emergency receiver must be 
flexible. Thus, two separate antenna 
connections have been provided. On the 
left side of the cabinet are 3 phone-tip 
jacks. The two nearest the rear are for 
antenna connections, the third is for 
ground. In series with JI and the main 
tuning capacitor ( C3), is Cl, one of 
the antenna coupling capacitors. The 
J1 connection is used only with a short, 
20- or 25-foot antenna, plus a ground 
connection. It is often possible to ob-
tain good results with J1 connected to 
the shell of a floor lamp or table lamp, 
the shell of a telephone box, or to one 
side of sr a.c. outlet. No ground con-
nection is made if any of the above 
antenna substitutes are used. This pre-
caution is necessary because of the% 
possibility of a short in Cl. There will 
be only a very slight loss in volume by 
so doing. Capacitor C2 is in series with 
J2; this connection is used when a 
longer outside antenna (60 to 100 feet) 

is available. Two 3-foot lengths of flex-
ible wire, phone tips at one end and 
alligator clips at the other, furnish the 
actual connection from set to antenna 

and ground. Of course, the greatest vol-
ume and best dx will be obtained with 
an efficient outside antenna as high 
above ground as possible. 

Inductor Li is a standard Ferri Loop-
stick coil; and L2 is approximately 5 
turns of No. 30 enamel wire, wound 
directly over the cardboard covering of 
the Ferri coil. The constructor should 
experiment with a greater or lesser 
number of turns on L2. In general, a 
few turns more than 5 will give greater 
volume and less selectivity, while fewer 
turns result in slightly lessened vol-
ume but increased selectivity. Inciden-
tally, if oscillation is not obtained, re-
verse the leads to L2; this is the same 
as reversing the leads to the tickler coil 
in a regenerative tube receiver. The coil 
is mounted in the upper right-hand cor-
ner of the cabinet, rear view. The pro-
jecting dial plate screw again becomes 
useful. 
The choke prevents r.f. from entering 

the audio circuit. Smooth regeneration 
will not take place if this choke is 
omitted. I found it convenient to mount 
the choke on the under side of the shelf 
just to the right of the trimmer capaci-
tor. 
The audio transformer is connected 

backward, that is, the high impedance 
winding is in the collector circuit. This 
is done to satisfy the impedance re-
quirements of the transistors which can 
be considered to be opposite to tube 
triodes in respect to input and output 
impedances. The colored wire leads 
shown in the diagram are for the UTC 
type SSO-2 subsubouncer transformer. 
In conventional circuits using trans-
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Internal view. The transistors are 
near the ends of the mounting strip. 

former coupling with transistors, a 
base resistor is indicated from the base 
to the minus side of the battery. But 
with the particular CK722 used in this 
case no advantage seemed to be gained. 
The builder should experiment with this 
connection. The exact value of this re-
sistor can best be found by test; any 
value between 220,000 ohms and 2 meg-
ohms may prove suitable. 
Both transistors, C5 and C6, and the 

audio transformer were mounted di-
rectly on the shelf. Capacitor C6 could 
well be of greater value, but the value 
suggested does work satisfactorily. If 
better base response is desired, shunt 
this capacitor with one of equal value. 
The objection to using a larger value, 
say 5 sf is that the actual physical 
size of such a capacitor prevents get-
ting it into the cabinet. 
The battery' switch and the phone 

output jacks are mounted at the right 
side of the cabinet, front view. Any 
type of battery switch may be used; a 
sliding type was chosen because it hap-
pened to be at hand. It is a good pre-
caution to mount the switch so that the 
ON position is as obvious as possible. 
In this way there will be less chance 
of forgetting to turn off the set. 
The battery requirements of this re-

ceiver are easily met by 3 penlite cells. 
The cells are taped together edgewise, 
connected in series to furnish 4.5 volts. 
The minus lead from the battery goes 
to one switch terminal, the positive 
lead to ground. The cells are soldered, 
as far as their leads are concerned, 
directly into the circuit since they will 
seldom need replacement because of the 

JI -SHORT 4NT CI 
12 - LON6 ANT XI 

C2 14µ1 
J3 

C4 st RFC 

very low current drain of the two tran-
sistors. The total drain for both 
transistors is about 1 ma, hence the 
cells should last almost their normal 
shelf life with average use. A conven-
ient way to anchor the cells is with two 
more L brackets fastened again to the 
two projecting machine screws from 
the dial plates. Small pieces of folded 
cardboard wedge the three cells to pre-
vent them from slipping sideways. 

Capacitor C3 is a miniature 365-µ4 
tuning capacitor. A standard broadcast 
capacitor could be used, but I found the 
smaller one easier to mount. 

Operation 

With only two controls the operation 
of the receiver is simplicity itself. The 
left-hand knob controls the frequency; 
the right-hand knob controls the vol-
ume, by varying the degree of feedback. 
It is comparable to the operation of any 
other regenerative-type of tuner. No 
other volume control was used in the 
circuit. If still greater volume is re-
quired it would be an easy matter to 
add a second stage of audio amplifica-
tion. In this case a separate volume 
control would be necessary, and space 
on the front of the cabinet has been 
provided for this control just between 
the two dial plates. 

Regeneration 
Failure to obtain regeneration may 

be due, in the majority of instances, to 
incorrect coil connections. Fig. 2 shows 
the exact method of connecting Li and 
L2. If there is any doubt as to which 
is the start of the winding on the Ferri 

C6 PAPER 
23 H BCO 
SEC 2•90Sile PSI Wv-

1/471.-106 
Ref PLR 

Fig. 1—Schematic of the 2-transistor radio. Circuit is grounded-emitter. 

Loopstick and which is the ending, the 
following may prove helpful. Using a 
sharp knife, remove the cardboard cov-
ering protecting the coil winding. The 
starting and ending lead will now be 
visible. Care must be taken in doing 
this, or the coil winding will be dam-
aged. 
Another common cause of failure to 

obtain regeneration is due to the actual 
variation in the transistors themselves. 
Some CK722's are good oscillators and 
good rectifiers, others are not as effi-
cient as detectors, and still others do 
not seem to oscillate or regenerate at 
all. Fortunately, a large percentage of 
those tested perform very well. We 
should realize that these transistors 
were not designed for regenerative pur-
poses. CK722 transistors were built as 
low-power audio amplifiers and are for 
low-frequency purposes. However, they 
will work very nicely over most of the 
broadcast band as r.f. rectifiers. When 
a particularly good one is found it acts 
as a very sensitive detector just at the 
point of oscillation. In fact, when oper-
ated under the conditions described the 
sensitivity is remarkable and regener-
ation is fairly stable. 
About the only other common or like-

ly cause for lack of regeneration is a 
gross error in the circuit hookup. Worn-
out dry cells will also produce poor re-
sults. 

This receiver is very simple to con-
struct, using the minimum number of 
parts and but two transistors. It will 
prove an interesting introduction to the 
transistor field for anybody interested 

Parts for regenerative receiver 
1-14 pµf, 1—.031 pf, mica or ceramic capacitors; 
2-1 if. miniature, paper capacitors; 1-50 ppf, 
trimmer capacitor with 1/4 -inch shaft; 1-365 ppf, 
miniature, tuning capacitor; I—transformer, primary 
impedance 10,000 ohms, secondary impedance 90,000 
ohms, ( UTC 550-2 subsubouncer); 1—Ferri-Loop-
stick, bracket mounting type; I—coil, 5 to 7 turns 
of No. 30 enameled wire; 1—r.f. choke, 2.5 mh; 
2—Raytheon CK722 transistors; 1—case, 3.75 x 6.25 
x 2 inches (Weldon utility case, model BC- 138; 
panel, B8-137); 5—phone-tip jacks; 3—penlite cells; 
1—s.p.s.t. switch; 6—small I. brackets; 2—phone 
tips; 2—alligator clips. 

1-4--SNOWS DIRECTION OF WINDING ON L2 COIL 
Fig. 2—Diagram of L1-L2 connection. 

in these modern devices. The perform-
ance of this little rig proved ample re-
ward for the few hours needed for its 
assembly. END 
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Transistor REGENERATIVE Receiver 
By EDWIN BOHR 

NOTE 

Use of a CK 705 
Germanium Diode in 

place of the IN 34 
is recommended 

R
EGENERATION "soups up" the 
performance of transistor receiv-
ers. Simple transistor radios with-
out regeneration are just crystal 

detectors followed by audio amplifica-
tion. There is no r.f. amplification, and 
sensitivity and selectivity are always 
poor. In contrast, the regenerator has 
high gain and sharp selectivity. 
You or your friends may have at-

tempted to build a transistor regenera-
tor and found it did not work. Several 
factors make the design of a workable 
transistor regenerator different from 
the vacuum-tube equivalent. 

First, the transistor must be able to 
sustain r.f. oscillation throughout the 
entire broadcast band. Whether or not 
this can be done successfully depends 
upon the design of the feedback and 
tuning circuits. Unlike vacuum-tube os-
cillators, transistor oscillators are not 
inherently self-starting. Tubes draw 
heavy current when they arc first 
turned on and shock their circuits into 
oscillation. The transistor circuit must 
have starting features built into it. 
Furthermore, the transistor must be 
made d.c. stable or it may lock itself 
into a condition of inoperation. 

Fig. 1 is the successful regenerative 
transistor circuit. Feedback is from col-
lector to emitter. The emitter circuit 
impedance is very low, unsuitable for a 
parallel-tuned circuit. This is the rea-
son the tuning capacitor and coil are 
placed in the collector circuit. Heie the 
impedance is moderately high. The 
tickler winding feeds the emitter. 
With tubes, detection or demodula-

tion takes place in the tube. The grid 

ANT 
C2 01772222 

15-22.55 5W CI.16-365p0 TUNING CAP 

1 I  

RE 
Derr 

C E 
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R2 

Fig. 1—Regenerative transistor circuit. 

Single-transistor re-

ceiver features high gain 

and sharp selectivity 

REGEN. TUNING 

Top, a.c. power sup-
ply for receiver. 100 
ma selenium rectifier 
and components are 
mounted on a hake-
lite chassis, 

Center, with only two 
controls, operation is 
simple. Low current 
drain insures long 
battery life. 

Right, layout of the 
regenerative re-
ceiver. Mounting 
strips permit neat ar-
rangement of parts. 

TRANSISTOR SOCKET 

TRANSISTOR 
CI COIL LI , L2 R3 R2 C4 

EAR PHONE TERUINALS RFC 
I N34 BATTERY LEADS 

rectifies the r.f., charging a grid-leak 
capacitor. The voltage across the grid-
leak follows the modulation, placing an 
audio signal on the grid. Unfortunately, 
this scheme of things will not work with 
the junction transistor. 
The reason it does not work is simple. 

To cause enough collector current to 
flow for r.f. oscillation, the emitter 

must have a constant bias current flow-
ing through it. This emitter-current 
flow ruins the emitter's effectiveness as 
a detector-rectifier. This means the sig-
nal must be detected by something other 
than the transistor. The problem of al-
lowing the transistor to oscillate and 
still detect the signal can be solved by 
using a separate rectifier (a1N34). 
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Let us get a complete picture of the 
circuit operation by following an r.f. 
signal through the detector. The signal, 
arriving from the antenna, is fed into 
L2 by transformer action from Ll. The 
signal then passes through C4. This 
capacitor prevents the d.c. emitter bias 
from shorting to ground through the 
tickler coil ( L2). It also blocks the 
audio signal that will be developed by 
the 1N34. C4 and RI provide an action 
without which most transistors will 
not oscillate past a frequency of 600 or 
700 kilocycles. 
From C4 the r.f. flows both to the 

1N34 and to the emitter. The r.f. choke 
RFC prevents the r.f. signal from by-
passing to ground. The r.f. that reaches 
the emitter is amplified in the transistor 
and is fed back into Li. This feedback 
gives r.f. amplification by reducing the 
r.f. resistance of the tuning circuit. 
Part of the r.f. signal reaches the 

1N34 and is rectified by it and charges 
C5. The charge on C5 then varies with 
the modulation frequency and ampli-
tude. This audio voltage flows easily 
through the r.f. choke ( RFC) and varies 
the emitter current. From here, it is 
amplified in the transistor, flows 
through the tuned circuit and into the 
earphones. 
Some will ask why the 25-uf capacitor 

(C5) does not shunt all the audio to 
ground. The answer is the low im-
pedance of the emitter. For all but 
the very highest audio frequencies, the 
emitter impedance is lower than the 
shunt reactance of C5. Therefore the 
emitter absorbs the audio power. Ex-
periment will bear this out. Try low 
values for C5—say .05 to 0.5 uf— and 
the audio amplification will be very 
low. The same thing results if the 
1N34 is disconnected. Without the 
1N34 rectifier, detection will take place 
only with the regeneration control 
rotated all the way to ground. Then the 
set will not regenerate! 

Potentiometer R2, in the base cir-
cuit, controls the emitter bias and r.f. 
gain. Capacitor C6 bypasses audio and 
r.f. around the potentiometer. Here, 
25 tf is a good bypass value because of 
the higher impedance of the base. 

Capacitor C2 isolates the battery 
voltage from the tuning-capacitor 
plates. 

Construction 

The small size of the transistor and 
its socket makes wiring difficult. Two 
wires are about all that can be soldered 
to the tiny terminals on the socket. This 
makes it necessary to mount the re-
ceiver components on terminal strips 
onto which the many connections can 
be soldered. From these terminal strips, 
wires are run up to the transistor 
socket. None of the lead lengths are 
critical. 
A metal front panel is very neces-

sary. Without the panel, hand capaci-
tance effects make tuning extremely 
difficult. 
The electrolytic capacitors may have 

any rating of 3 volts or higher. Any 
commonly used voltage rating will do 
for the paper and ceramic capacitors. 

Capacitor values may vary 50% from 
those specified. The resistors may be 1,4 

watt or larger. 
The tuning coil is a modified Ferri-

T,00psoticic. The extra-high Q of the 
loopstick is responsible to a large ex-
tent for the easy oscillation of the cir-
cuit through the entire broadcast band. 
Every CK722 we have used oscillIted 
easily. None of the other coils experi-
mented with worked nearly as well. 
To modify the loonstick, first remove 

the cardboard sleeve that covers the 
winding. The short antenna sunplier! 
with the coil is discarded. Remove 5 
turns of wire from the free end of the 
coil. When this is done, L2 is wound 
directly over the loopstick winding. L2 
is 7 turns of about No. 22 wire ( the 
exact size of the wire is not important). 
A single twist of the free ends keens 
the coil from unwinding. Push the 
iron core into the coil until it extends 
an equal distance from each end of 
the coil. 
When the receiver is put in operation 

it will be necessary to slide the core 
out slightly to adjust the tuning range. 
The length of antenna connected to 
the receiver also changes the tuning 
range. The slug will compensate for 
this too. 

Operation 
After the set is wired, check off all 

parts and connections against the da-
gram. Make sure the electrolytics are 
wired properly—positive side to ground. 
Plug in the CK722 transistor before 

the battery is connected. Connecting 
the battery backward can danvtge the 
transistor. Be sure the negative battery 
terminal is fastened to the earphones 
and 100.000-ohm resistor, R3. 
With the earphones and battery con-

nected, a "rushing" sound should be 
heard in the phones. The lack of this 
sound does not indicate a bad transistor. 
The only possible reason for the sound 
not being heard is that something is 
wired wrong. This sound is the noise 
generated by all transistors. 
For a voltage check of the circuit, 

typical voltages are shown on the dia-
gram. These measurements were made 
using a 10,000-ohms-per-volt meter 
with the regeneration control in mid-
position. 
The rushing sound is heard at any 

setting of the control regardless of 
whether or not the set is règenerating. 
However, the loudness of the rushing 
will increase slightly with clockwise 
rotation of the regeneration control. 

Connect an antenna 25 feet or longer 
to the stator terminal of the tuning 
capacitor. When tuning, have the re-
generation control advanced all the 
way. This does not give best reception 
but each station that is passed—even 
one too weak to be heard—will sound 
a tweet or whistle. 
At some settings—usually near the 

center of the dial—the receiver tends 
to motorboat at critical regeneration. 
Weak stations come in better just be-
low critical regeneration; strong sta-
tions, above this point. 

A good antenna and ground reduce 
the tendency to motorboat; and the 
detector will pass over critical regen-
eration with a single "plop" sound. 
The regeneration control setting af-

fects the tuning slightly. On the high 
end of the dial, moving the control 
may detune the station, making a tun-
ing readjustment necessary. 

If it is impossible to pick up a station 
at either extreme of the tuning ca-
pacitor, the iron core can be adjusted 
in the coil to bring in the station. 

Power supply 
A small a.c. power supply for the 

receiver is shown in Figure 2. Do not 
use a direct earth ground with the 
power supply. Two .0(d-µf capacitors 

SEL RECT 

Fig. 2—Schematic of a.c. power supply 

in the diagram are not shown in the 
picture—they were added later. Any 
ordinary receiving type selenium recti-
fier will work. A 100-ma rectifier was 
in the parts box. This is the reason 
for the large unit pictured. The re-
sistors can be any wattage. We made 
the 6,800-ohm resistor from two smaller 
ones because they were at hand, not for 
more power. 

(The reader can make a much safer 
supply with a 12.5-volt filament trans-
former and a small germanium recti-
fier. The present job—if used—should 
be enclosed and treated with caution.— 
Editor) 
From a small country town, in two 

weeks of listening with a 25-foot an-
tenna, 12 stations were recorded. The 
nearest powerful station was more than 
100 miles away. No ground was used. 
The regenerator circuit is a good 

starting point for experimentation. 
With a hearing-aid battery, padder type 
tuning capacitor, and a smaller re-
generation control, the circuit will 
shrink to shirt-pocket size. 
The radio is a real performer con-

sidering its very small power consump-
tion. The audio gain is much better 
than some vacuum-tube circuits oper-
ating on this low voltage. In the same 
location mentioned, a transistor radio 
without regeneration was able to pick 
up just two stations—and it was almost 
impossible to separate them. With re-
generation many more stations were 
received, all with good selectivity. 

Parts list for receiver 
Resistors: 1-8,200, 1-100,000 ohms, 1/2 watt; I-
10,000 ohms, potentiometer ( linear). 
Capacitors: 1-16-365 µµf, variable; 1-390 µuf, 
ceramic; 1—.01 µf, 200 volts, paper; 2-25 µf, 3 
volts, electrolytic. 
Miscellaneous: I—CK722 transistor and socket; I— 
IN34; 1-1-mh r.f. choke; 1—Ferri-Loopstick; 1—bat-
tery, 15-221/2 volts; 2—Fahnstock clips; 1—antenna 
wire ( 25 feet or more); I—metal front panel; 1— 
bakelite chassis; 2—mounting strips. 
Parts list for a.c. power supply 
Resistors: 1-6,000, 1-0,200, 2-15,000 ohms, 1/2 watt. 
Capacitors: 2—.001 uf, 203 volts, paper; 2-3 µf, 
25 volts, electrolytic. 
Miscellaneous: 1—selenium rectifier. 25 ma min.; 2— 
mounting strips; I—bakelite chassis. END 
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NOTE 

Use of a CK 705 

Germanium Diode in 

place of the IN34 
is recommended 

uses NO 
POWER 
SUPPLY 

Here's what many have looked for—something for nothing 

By WILLIAM H. GRACE, JR. 

RECENT statistics on the sales of 
crystal receivers plus the sales of 
radio parts for such sets to hobby-
ists indicate that there may be 

approximately a quarter of a million 
such receivers in use throughout the 
world. One manufacturer reports sales 
of 50,000 crystal sets during 1954. The 
reasons are cheap and dependable 
reception, good fidelity, low initial cost 
and next to no upkeep expense. The 
main disadvantage of crystal receivers 
is the low sound volume in the head-
phones or speaker. This deficit could 
be remedied by a stage of tube or 
transistor audio amplification but this 
requires some external source of power. 
The circuit described in this article 

provides a stage of transistor audio 
amplification of moderate gain without 
requiring any external power source 
of a conventional type whatever. I 
originated the circuit several years ago 
while experimenting with standard 
audio circuits and it has proven itself 
practical and effective. 

This circuit comes as close to giving 
something for nothing as you are apt 
to see in a long time. Because of this 
characteristic, it seemed to be just 
naturally wedded to a crystal receiver. 

If you live in a location where a 
crysal receiver will provide a good 
signal, this battery-less transistor am-
plifier will almost double the volume. 
The crystal tuner ( see diagram) is the 
conventional tuned- primary— tuned-
secondary affair used for years by 
crystal experimenters and before that 
by ship-to-shore stations in the days 
of spark transmitters. A 1N34 ger-
manium diode is used as a detector— 
rectifier. Any suitable type of diode 
may be substituted in place of the 
1N34, and one of the newer gold-bonded 
silicon types having lower front and 

higher back impedances might well 
prove superior to the germanium ones. 
The audio stage requires but two 

additional parts, a Raytheon CK722 or 
similar junction transistor, and a fixed 
capacitor whose actual value appears 
not too critical. Almost any value be-

Schematic of the battery-less amplifier. 

tween .05 and 5 µf will suffice. I used 
a miniature 2-4 paper capacitor be-
cause it was at hand and functioned 
satisfactorily. The operation of the 
amplifier is extremely simple. It de-
pends upon the fact that the output of 
the diode consists of two separate com-
ponents—the modulated signal current 
and the rectified carrier d.c. This d.c., 
useless in the ordinary crystal receiver, 
is applied to the collector of the tran-
sistor and powers the audio stage. In 
other words, the rectified carrier cur-
rent is put to work in the collector 
circuit to increase the signal current 
from the diode. 

If your crystal set has an output of 
around 100 microamperes ( measured 
across the phone jacks), worth-while 
amplification will be obtained from this 
system. If an output of 500 or more 
microamperes can be obtained, consid-
erably greater volume will result. The 
louder the signal to begin with, the 

greater will be the usable d.c. from the 
carrier and the greater the gain. 
The polarity of the diode is most 

important. If it is reversed, there will 
be no amplification. The polarity shown 
in the diagram is correct for use with 
the CK722 or other transistors of the 
p-n-p type. These transistors require a 
negative collector. If a transistor of 
the n-p-n type is used, the diode will 
have to be reversed because, in this 
case, the collector will have to be biased 
positively. 
The amount of amplification or gain 

from an amplifier of this type is not 
equal to that of one using an external 
source of d.c. power plus proper emitter 
bias, but sufficient gain is obtained on 
strong local signals to produce very 
high headphone volume. In strong field-
strength areas moderate speaker vol-
ume can be realized with only the 
single stage of audio. Various modifica-
tions of the circuit, such as using trans-
former-coupled arrangements, proved 
successful. I found it practical to take 
the rectified carrier d.c. from a fre-
quency other than the one that fur-
nishes the signal current. Test various 
types of transistors in this basic cir-
cuit; the resulting gain depends to a 
considerable extent upon the charac-
teristics of the particular transistor 
used. However, the CK722 type wiil 
function well and is among the least 
expensive of the models now available to 
the builder. This "something-for-noth-
ing" circuit is almost foolproof. END 

Ports for battery-less amplifer 
I—high-impedance headphones; I—CK722 transistor; 
I — 1N34 crystal; I — 2- elf capacitor ( see text); I — 
365-µs.tf tuning capacitor; I-2-gang tuning capaci-
tor, 365 swf each, I—primary coil ( LI), 110 turnS, 
2-inch diameter, No. 24 d.c.c. wire; I—secondary 
coil ( L2), 90 turns, 2-inch diameter, No. 24 d.c.c. 
wire, tapped at 35th turn from the low end. 
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Fig. 1. Typical transistor circuits. (A) 
grounded base. (B) grounded collector, (C) 
grounded emitter, (D) carbon mike input. 

W
E HAVE used electron tubes for 
so many years that we seldom give 
any thought to the power required 

for operation until we find that port-
able, battery operation is desirable for 
some new project. However, the en-
gineer or experimenter who builds a 
junction-transistor amplifier suddenly 
realizes how much simpler it is to de-
sign and assemble for there is no com-
plicated power supply and there are 
fewer components for each stage of 
amplification. Furthermore, the oper-
ating power is unbelievably low so 
that small batteries of standard flash-
light cell sizes last so long that there 
is no advantage in using a.c. power 
sources. This, in time, makes possible 
very small and compact equipment for 
which there are many uses. Even 
though parts of an equipment, such as 
a portable amateur transceiver, require 
tubes, the use of transistors where ap-
plicable in the circuit, will help to 
reduce size and weight. As an exam-
ple, the audio preamplifier 'might use 
transistors while the modulator and 
r.f. stages of the transmitter would 
use tubes. Likewise, the same tran-
sistor amplifier could be used for the 
audio amplifier for receiving, by using 
suitable switching. 
Other uses for small battery-oper-

ated transistor amplifiers are: hearing 
aids, portable receivers, portable in-
tercoms and variations thereof, port-
able recorders, record players, sound 
measuring equipment, etc. In these ap-
plications junction transistors provide, 
in addition to long life and rugged-
ness, a freedom from microphonics 
never achieved with tubes even though 

TRANSISTORIZE YOUR 
A nothet interesting application for transistors. Details 

for constructing severa/ amplifiers are also included. 

tremendous Improvements have been 
made in the CK500 subminiature tube 
series produced during recent years 
for hearing aid use and other critical 
applications.1 

In a recent issue of this magazine2 
there appears a discussion of transis-
tors and some description of their 
uses. This present article will discuss 
the use of junction transistors in audio 
amplifiers in an effort to indicate to 
each reader the methods to be used in 
designing amplifiers for his particular 
needs. 

Junction transistors such as the 
Raytheon type CK722, may be used in 
any of three basic circuits. The 
grounded-base circuit is shown in Fig. 
1A. This circuit utilizes the transistor 
emitter as the signal input element 
and the collector as the output ele-
ment. Input impedance is low, output 
impedance is high, and gain is fairly 
good. This circuit also exhibits less 
variation with temperature than the 
grounded-emitter circuit to be dis-
cussed below. For the type CK722 
junction transistor, typical input im-
pedance is 1000 ohms, typical output 
impedance is 100.000 ohms or better 
and average power gains of 20-22 db 
can be obtained. 
The grounded- collector circuit 

shown in Fig. 1B provides less gain 
(about 12 db for CK722) and has less 
power output capabilities than either 
grounded-base or grounded-emitter 
circuits. The lower power output ob-
tainable with this method of connec-
tion is due to the limitations on emit-
ter circuit power imposed by the 
manufacturer's ratings. Grounded-col-
lector circuits are used when high in-
put impedance is required for this may 
be one or two hundred thousand ohms 
depending upon the value of load im-
pedance used. For example, a 10,000 
ohm load will provide 150,000 or 200,-
000 ohms' input impedance with type 
CK722 but this may drop to 50,000 
ohms or less if the load is dropped to 
1000 ohms. 

In contrast to the grounded-base or 
grounded-collector circuits for which 
two batteries or a tapped battery are 
needed, the grounded-emitter circuit 
requires but one battery and is thus 
particularly desirable for compact, 
lightweight, portable amplifiers. It 
provides typical input and output im-
pedances with CK722 of about 1000 
and 40,000 ohms respectively and gives 
the highest gain, averaging 30 db for 
this type. The grounded-emitter cir-
cuit is more susceptible to tempera-

ture variations although under about 
125° Fahrenheit, the temperature ef-
fects are usually not serious. Gain de-
creases as the temperature increases 
and the higher the temperature the 
faster the gain decreases for addi-
tional increases in temperature. 

Let us assume that we wish to de-
sign a small portable amplifier using 
type CK722 p-n-p junction transistors 
to be used by police to listen in on 
suspects. Because but one battery is 
required, a grounded-emitter circuit 
will be used. The first problem is to 
design the input stage for which car-
bon, dynamic, and crystal mikes are 
available. Carbon mikes require op-
erating current from the battery so 
are not desirable for low battery 
drain. Fig. 1D shows a possible con-
nection. 
Dynamic microphones .may be ob-

tained with various impedances, 500 
ohms not being unusual. The mis-
match would not be critical with mi-
crophone impedances as low as 100 
ohms. Furthermore, the average dy-
namic microphone puts out more 
power for a given sound pressure than 
crystal microphones except some of 
the old large types having high 
capacity. Because our transistor am-
plifier is really a power amplifier, this 
is important, foz. by using the micro-
phone giving the most power, we can 
obtain desired amplifier performance 
with a minimum number of transis-
tors. Fig. 3A shows the input am-
plifier stage using a dynamic 
microphone directly coupled to the 
transistor without an input trans-
former. Fig. 3B shows a variation of 
this circuit which is equally satisfac-
tory. If a dynamic or magnetic micro-
phone with an impedance appreciably 
different from 1000 ohms is used, a 
matching transformer may be em-
ployed as indicated in Fig. 3C to give 
better over-all gain than if the mike 
is poorly matched to the CK722. Re-
sistor R is adjusted for minimum noise 
and best gain and should result in a 
collector ( output) current of no more 
than 0.5 milliampere. R will probably 
be at least 100,000 ohms for CK722 but 
will depend upon the battery voltage 
to be discussed later. Condenser C 
must be large enough to pass the low-
est frequencies which must be ampli-
fied. This condenser must be used to 
allow the base voltage and therefore 
the collector current to be correctly 
adjusted by R. 
Except for the large, high capacity 

types mentioned previously, the aver-
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AUDIO AMPLIFIERS 
By CHARLES W. MARTEL 

Raytheon Manufacturing Company 

age crystal mike will give at least 10 
db less power than a dynamic micro-
phone and, in addition all crystal mi-
crophones have high impedances which 
will not match the relatively low in-
put impedance of the grounded emit-
ter CK722 unless coupled through a 
step-down transformer. The circuit 
will be identical to that of Fig. 3C 
except that the transformer primary 
impedance should be as high as pos-
sible (several hundred thousand 
ohms) and the secondary impedance 
should be about 1000 ohms. An inter-
com transformer of the type used to 
couple the voice coil of a loudspeaker 
microphone to the input tube grid may 
be used "in reverse" to obtain a rea-
sonably good impedance match. 
With the input circuit determined, 

the next step is to add transistor 
stages to obtain the desired gain. The 
user of this amplifier will listen-in 
with a small receiver similar to those 
used for hearing aids or by amateurs 
so a total gain of 60 to 80 db should 
be sufficient and will therefore require 
at least three and probably four stages 
if transformer coupling is used to ob-
tain maximum gain. Resistance cou-
pling may be employed but at least 
one additional amplifier stage will be 
needed for the gain-per-stage with re-
sistance coupling will average about 
6 db less than that obtained with 
transformer coupling. Except for the 
output circuit to be discussed later, 
Fig. 2A shows a transformer-coupled 
amplifier and Fig. 2B a resistance-
coupled amplifier using the input cir-
cuit of Fig. 3A. The primary and 
secondary impedances of the inter-
stage transformers should match rea-
sonably well the output and input im-
pedances respectively for CK722 in the 
grounded-emitter circuit as indicated 
in a preceding paragraph. 

In both Figs. 2A and 2B resistor R 
in each stage is adjusted for the col-
lector current giving best gain, lowest 
noise, and lowest distortion but no 
more than 0.5 ma. should be needed 
per stage. A suitable value for R is 
usually in the range of 200,000 to 250,-
000 ohms. Also for both circuits, C 
must be large enough to give desired 
frequency response and because it is 
in series with the input impedance 
(about 1000 ohms) of the CK722, it 
must be several microfarads for good 
low frequency gain. Small size elec-
trolytic condensers are on the market 
and it is suggested that a 10 or 20 µfd. 
unit be used. The lowest available 
voltage ratings are ample, for the 
maximum voltage in the circuit is two 
or three volts depending upon the bat-
tery used. In the resistance-coupled 
circuit, RL must be a compromise be-
tween matching the output Impedance 
of the transistor and causing too low 

Fig. 2. (A) Transformer-coupled and (B) resistance-coupled amplifiers using transistors. 

a voltage at the collector because of 
the voltage drop in RL resulting from 
collectár current. 10,000 ohms Is about 
right for CK722. 
Note that In each of these circuits 

(Figs. 2A and 2B) a decoupling filter 
comprised of R4 and Cd is shown. This 
is necessary for unless the battery is 
of extremely low impedance there will 
be positive feedback resulting from 
the fact that the battery impedance is 
çommon lo all stages. It may even be 
found necessary to add decoupling 
filters in other stages depending upon 
the total number in the amplifier, the 
total gain, etc. Experience has shown 
that most batteries will cause feed-
back in a high-gain transistor ampli-
fier for even though the battery 
impedance is low, it is appreciable 
compared to the relatively low im-
pedances of the transistors. C. must 
be a fairly high capacity if Re is to be 
kept small enough to not drop the op-
erating voltages too greatly. For 
example Re of 500 ohms and Cs of 40 
µfd, or more might be satisfactory but 
final values can be determined by trial 
and will depend upon the frequency 
range of the amplifier as well as the 
gain, number of stages, etc. In gen-
eral, the time constant (C. R.) should 
be greater than 1/f for the lowest fre-
quency passed by the amplifier. ( In 
computing this time constant Cd must 
be expressed in farads, Re in ohms, 
and f in cycles per second.) 
Now we come to the output where 

we wish to operate a small earphone 
requiring 2 or 3 milliwatts for suitable 
output. Because we are dealing with 
a power amplifier operated from a low 
voltage supply, the output signal will 
have a voltage swing of only a few 
volts, never more than the theoretical 
limit of twice the supply voltage. 
Crystal phones are of high impedance 
and depend on larger voltage swings 
so are not desirable because they re-

Fig. 3. (A) Dynamic microphone input 
circuit. (B) Variation of circuit in ( A). (C) 
Transformer-coupled dynamic mike input. 

quire a matching transformer. Mag-
netic phones are readily available with 
impedances of a few thousand ohms 
and may be used without Iransfol•mer: 

Fig. 4. (A) Direct-coupled output and 
(B) transformer-coupled output. See text. 
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coupling as indicated in Fig. 4A. Of 
course, the d.c. resistance should not 
be too high or the voltage drop will 
reduce the collector operating voltage 
to too low a value. Low impedance 
phones are fully as satisfactory if 
there is no objection to using a match-
ing transformer as in Fig. 4B. The 
approximate load impedance to match 
the output transistor is found with 
sufficient accuracy for experimental 
use by dividing the d.c. voltage at the 
collector by the d.c. collector current. 
A word about transformers. There 

are many types of transformers with a 
variety of impedance combinations 
suitable for use in the circuits dis-
cussed. However a small tapped trans-
former such as UTC types R-27, R-28, 
R-33, R-38A, R-59, Thordarson types 
S62. S86, S87, S88, and similar uni-
versal types are relatively inexpensive, 
small, and provide impedance ratios 
from a few hundred to several thou-
sand times so that optimum coupling 
can usually be obtained for interstage 
use as well as for input and output 
requirements. A mismatch of two to 
one in the lower level stages may be 
used without appreciable loss of gain. 
The next item in designing this am-

plifier is that of battery voltage. Three 
volts is a desirable supply voltage al-
though 1.5 will suffice in many cases. 
Even higher voltage may be used 
when larger output power is required. 
The maximum collector current rating 
for type CK722 is 5 ma. so with 3 
volts supply less the drop in the out-
put transformer or earphone, we can 
still put 8 or 10 milliwatts in and 
easily obtain several milliwatts of 
audio output power. The input re-
sistor in the final stage should be 
adjusted to give the lowest collector 
current which will result in sufficient 
output power to drive the phone for 
there is no need for using more bat-
tery current than necessary. The 
CK722 transistor has a maximum 
collector dissipation rating at room 
temperature of 30 milliwatts which 
means that with obtainable efficiencies 
you can if you desire more power out-
put ( up to about 20 or 25 milliwatts), 
operate the final stage at its maxi-
mum collector current rating of 5 ma. 
and a collector voltage of about 10 
volts. If this is done, it will save bat-
tery power if the stages preceding the 
output stage are operated from a 
separate 1.5 or 3 volt battery rather 
than through a dropping resistor con-
nected to the total available supply 
voltage. 

Fig. 5. (A) Volume control for resistance coupling. (B) Volume control for trans-
former coupling. (C and DI Unsatisfactory volume control circuits. See text. 

Although some amplifiers may be 
usable without a volume control, it is 
usually necessary that means be pro-
vided to adjust the volume to accom-
modate variations in signal input, 
changes resulting from battery aging, 
etc. The volume control problem is 
not quite as simple as with tubes but 
one good method for resistance-
coupled circuits is illustrated in Fig. 5 
where the resistance portion of the 
control becomes the load for the tran-
sistor and the arm of the control sup-
plies the signal to the following stage. 
The control may be used in any con-
venient amplifier stage but ordinarily 
it is well to put it at the "front" of 
the circuit to aid in preventing over-
loading of following stages on strong 
signals. Fig. 5B shows a volume con-
trol circuit suitable for use with 
transformer coupling. In this circuit, 
the resistance of the control should 
be at least 10 times ( more if possible) 
the impedance of the transformer 
secondary. 
The volume control cannot be con-

nected in a manner which would vary 
the base bias, and thus the collector 
current, so Fig. 5C is a volume control 
circuit which is not satisfactory. Fig. 
5D shows another method which is not 
satisfactory because it would vary 
both collector current and load im-
pedance. Even the insertion of a con-
denser between volume control arm 
and transformer primary would not 
make the circuit desirable because the 
load impedance would vary with 
changes in the volume control setting. 
Although we assumed that we were 

designing a transistor amplifier for a 
particular purpose the reader' should 
understand that this was to give some 

indication of how to proceed with the 
design of an amplifier for a typical 
application. There are infinite com-
binations of components which may be 
used and after one has gained some 
experience in building transistor am-
plifiers he can readily work out varia-
tions such as the use of loudspeakers 
for both pickup and reproduction as 
in intercoms, combinations of different 
transistor circuits such as a first stage 
using a crystal mike directly coupled 
to the high input impedance grounded-
collector circuit, followed by ground-
ed-emitter stages for maximum gain, 
and other combinations designed to 
meet particular ideas and require-
ments. Also transistors may be used 
in push-pull class A, class B, and other 
conventional circuits for greater out-
put so there is no end to the possibili-
ties which may be investigated and 
employed by those interested in the 
advantages in small size, lightweight, 
and low battery drain obtained by 
using transistors. Negative feedback 
in a grounded-emitter circuit may be 
obtained by an unbypassed resistor in 
the emitter lead and offers another 
line of investigation for the experi-
menter. Negative feedback over more 
than one stage is possible, as with 
tubes, but not always as easily ac-
complished. For example, tertiary 
windings on transformers appear most 
promising in transformer-coupled am-
plifiers for which negative feedback is 
desired. It is very desirable that the 
investigator have available an audio 
signal generator and oscilloscope for 
use in observing the effect of changes 
in transistor circuits and operating 
conditions. 
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A TRANSISTOR VIBRATION AMPLIFIER 
By LOUIS E. GARNER, JR. 

Transistorized and simplified 

version of a circuit first 

described in Jan. 1953 issue. 

THE extremely small power require-ments of transistors make it quite 
advantageous to "transistorize" port-

able equipment wherever practicable. 
This is true not only of hearing aids 
and portable radios, but also of most 
types of portable test and measuring 
equipment. 

In an earlier article, the author de-
scribed a small vibration-pickup ampli-
fier built around a used hearing aid ("A 
Vibration-Pickup Amplifier," January, 
1953, RADIO & TELEVISION NEWS). A 
"transistorized" version of a vibration 
pickup and amplifier is shown in Fig. 1, 
together with the headphones used as 
an accessory. 
No attempt was made, in designing 

this transistorized version, to exactly 
duplicate the performance of the ear-
lier unit. Rather, the instrument shown 
in Fig. 1 was designed for a somewhat 
different application. Where the earlier 
unit was used primarily to check for 
mechanical movements and vibrations 
in locks, this instrument is designed 
for checking sounds in heavier mechan-
ical equipment, specifically, to aid an 
automobile mechanic in diagnosing 
troubles. Because of this, only one 
transistor is used (two tubes were 
used in the earlier version), and less 
gain is provided. 

Circuit Description 

The circuit used in the transistor 
vibration amplifier is quite simple and 
straightforward, as can be easily seen 
by reference to the schematic diagram 
given in Fig. 2. A conventional single-
stage grounded-emitter amplifier cir-
cuit is employed. 
In operation, mechanical vibrations 

picked up by the probe are converted 
into electrical signals by a piezoelec-
tric crystal ( an ordinary phono crys-
tal cartridge). These signals are, in 
turn, applied to the primary winding 
of T,. 
A piezoelectric crystal has a high 

output impedance. The transistor am-
plifier stage has a low input impedance. 
Hence, in order to match these two im-
pedances to insure maximum signal 
transfer, a transformer ( 7%) having a 
stepdown turns ratio is employed. 
The signal appearing across the sec-

ondary winding of Ta is applied to the 
base-emitter circuit of the transistor 

Fig. 1. Over-all view of transistorized vibration pickup and its amplifier. 

through coupling condenser C,. A fairly 
large capacity condenser is used here 
to prevent loss of signal level at medi-
um and lower frequencies, which might 
otherwise occur due to introducing a 
comparatively high impedance in series 
with the low input impedance of the 
transistor. 
R, serves as the "base return" re-

sistor, and, by providing a d.c. path 
between the power source and the base, 
establishes the base "bias" current. 
The value of this resistor determines 
the "bias" current flow and hence the 
operating characteristics of the stage. 
The collector current also varies 

with the size of R,, as collector current 
is directly proportional to base current. 
The audio signal is amplified by the 

transistor stage and the amplified sig-
nal appearing in the collector circuit 
is applied to the headphones. Since 
magnetic headphones are used, they al-
so serve to complete the d.c. path for 
collector current flow. 
A hearing-aid type battery, B,, serves 

as the power supply, and a s.p.s.t. slide 
switch, Sa, as the power switch. 
No provision has been made for a 

gain control, as it is not needed with 
a single stage of amplification. 

Construction Hints 

Both the pickup probe and the am-
plifier itself are assembled in a small 
Bud "Minibox." These small aluminum 
boxes may be obtained with either a 
gray hammerloid or an etched alumi-
turn finish. 
The general parts arrangement used 

by the author is apparent from the in-
terior photograph given in Fig. 4. Lay-
out is not critical, however, and a 
somewhat different arrangement may 
be used by the builder, if desired. 

In the author's model, the small 
transformer and the battery are held 

in place by two "Z" brackets, fastened 
in place by a single machine screw and 
nut. Connections to the battery are 
made by soldering leads directly to the 
terminals. Scotch electrical tape is used 
over the battery terminals to prevent 
accidental shorts. 
Another builder might prefer to de-

vise a small socket arrangement so that 
the battery may be installed and re-
moved without soldering. 
The transistor has been wired direct-

ly into the çircuit in the model shown. 
Where this is done, special care must 
be taken to avoid overheating the 
transistor leads. Like most semicon-
ductor devices, the transistor is partic-
ularly sensitive to heat, and may be 
easily damaged by excessively high 
temperatures. 
As an alternative, a socket might 

well be used for the transistor. An 
ordinary 5-pin subminiature tube sock-
et is employed (only three of the pin 
positions are required). 
Once the unit is completed, labels 

may be made up by using standard 
decals, obtainable through most whole-
sale parts distributors. In the author's 
model, black decals were used. After 
the decals were attached, three coats 
of clear plastic were applied to protect 
both the decals and the finish of the 
case. 
Some builders may prefer to omit 

the labels, however, since they add 
nothing to the performance of the unit. 
Assembling the Probe: A detailed 

cross-sectional view of the probe as-
sembly is given in Fig. 3 and this sketch 
is, to some extent, self-explanatory. A 
few comments are appropriate, how-
ever. 
The probe itself is made up from an 

ice pick. The metal point is removed 
from the handle and the blunt end 
heated in a gas flame until it changes 
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color. This process removes the temper 
and permits a standard die to be used 
for threading the end. 
Choose a die size that is appropriate 

for the diameter of the ice pick point 
used. This will vary somewhat with 
different ice picks. A 10-32 die was used 
by the author. 
The sharp end of the ice pick should 

be rounded slightly by using a grinding 
• wheel. This is done to prevent the 
point from digging into or scratching 
the surfaces against which it is held. 
Do not remove the temper from the 
point by heating, however. 
Only that portion of the probe which 

is to be treated should be re-tempered. 
For best results, the rest of the probe 
should be kept in its original state. 
When assembling the phono cartridge 

and probe point as shown in Fig. 3, 
note that the probe point and its 
mounting nut bear against the case of 
the crystal cartridge, not against the 
needle chuck! 
In operation, the case tends to vi-

brate around and against the crystal, 
with the inertia of the crystal resisting 
this movement. This provides the nec-
essary bending and twisting motion to 
operate the crystal so that an electrical 
signal is produced. 

Parts Substitutions: Since so few 
parts are required for this unit, and 
these are all standard, the prospective 
builder should not find it necessary to 
make substitutions. A number of sub-
stitutions are permissible, however. 

First, a case different from the one 
employed by the author might well be 
used. In choosing another case, keep 
in mind that it should be fairly rigid— 
for this reason, a plastic case is not 
generally recommended. 
Another transformer might well be 

substituted for T,. Use any transformer 
capable of matching a high impedance 
to the low input impedance of the tran-
sistor. A certain amount of mismatch 
will not cause difficulty. In choosing 
another transformer, make sure that 
its physical size is such that it will fit 
easily into the case chosen. 

If preferred, a somewhat smaller 
condenser may be used in place of CI. 
The author used a 10 ;dd. condenser 
because of its ready availability. An 8, 
4, or even a 2 ofd. condenser should 
give equally satisfactory results. 
A toggle or rotary switch might be 

substituted for the slide switch used in 
the author's model. 

Either an open or a closed circuit 
jack may be used as J,, although an 
open circuit jack will prevent acci-
dental current drain when the head-
phones are removed ( should the switch 
be in the "on" position). As an alterna-
tive, the headphones could be wired 
permanently in place and no jack 
provided. 

Circuit Modification 

Only a moderate amount of gain is 
provided by the single amplifier stage 
used in the author's model. This is suffi-
cient, however, where the unit is used 
on equipment having vibrations of large 
amplitude. 

For some types of work, the builder 
may prefer an amplifier providing more 
gain. 
One simple technique for increasing 

the gain of the unit is to substitute 
a Raytheon type CK721 transistor 
("p-n-p" type) for the CK722 shown 
in the schematic diagram (Fig. 2). The 
connections are the same, and it should 
not be necessary to change any parts 
values. 
Where even greater gain is desired, a 

two-, or even three-, stage amplifier 
may be used. In such cases, it will be 
necessary to provide a gain control to 
prevent overload on strong input sig-
nals. 
For general information on multi-

stage transistor amplifiers, as well as 
suggested gain control circuits, refer to 
Charles W. Martel's article "Transis-
torize Your Audio Amplifiers" (March, 
1953, RADIO & TELEVISION NEws). 
The builder may find that a tone con-

trol will be desirable for some applica-
tions. Such a control may be added by 
connecting a .05 dd. condenser in se-
ries with a 25,000 ohm rheostat, and 
connecting the entire assembly between 
the collector and emitter leads of the 
transistor. This forms a simple, but 
effective, "losser" type tone control 
circuit. 

Using the Unit 
To use the transistor vibration am-

plifier, plug a pair of magnetic head-
phones into the output jack (J,) and 
turn the unit "on." 
The case is held in the hand and the 

pointed probe held firmly, but lightly, 
against the machinery or equipment 
being checked. Experiment with both 
the angle at which the probe touches 
the machinery as well as the exact 
point at which contact is made. 
This technique often enables the user 

to distinguish between different types 
of vibration sounds, and to pick out 
those signals of particular interest. 

If the builder has assembled a unit 
using two or more amplifier stages, 
and has provided a gain control, this 
control should be set for minimum 
gain when the probe is first placed in 
position. The gain is then gradually 

PHONO 
CRYSTAL 
PICKUP 
PROBE 
(SEE TEXT) 

RED 

00 
.1, HM 

RL ,,DSET 

R1-160,000 ohm, 1/2  w. res. 
C1-10 µid., 25 r. elec. cond. 
Si—S.p.s.t. slide switch 
B1- 15-volt hearing-aid type battery (Burgess 

U-10) 
.11— Open-circuit jack 
T,—Plate-to-line trans., 10,000-25,000 ohms 

to 200-500 ohms (UTC "Sub-Ouncer" 
SO-3) 

1—Crystal phono cartridge 
1—Ice pick ( see text) 
1-2000 ohm headset (Telex #4625) 
V,—"p-n-p" ¡unction transistor (Raytheon 
CR722) 

Fig. 2. Diagram of vibration pickup unit. 

Fig. 3. Mechanical details for assembling 
the probe. See text for full instructions. 

increased, without moving the probe, 
until the desired signal level is finally 
reached. 

This last technique is used for two 
reasons. ( 1) to prevent "blasting" due 
to high signal levels, and ( 2) to prevent 
accidental signal overload, with result-
ing distortion and changes in signal 
quality. A distorted signal is difficult 
to properly interpret. 

Applications 
Although primarily designed for lis-

(Continued on page 101) 

Fig. 4. Interior view of unit. Layout may be altered to suit needs of the builder. 



TRANSISTOR GUITAR AMPLIFIER 

This multistage unit uses 

By LOUIS E. GARNER. JR. 

Fig. 1. Over-all view of transistor ampli-
fier, guitar, pickup microphone, and cable. 
Amplifier is housed in a sloping front 
panel wall baffle instead of a "cabinet." 

four transistors, operates from a 

single 6- volt battery, and will withstand heavy portable use. 

A
GUITAR amplifier provides an in-
teresting construction project for 
the experimenter or technician who 

wishes to "try his hand" at building a 
multistage, transistor-operated audio 
amplifier. Such an amplifier is shown 
in Fig. 1, together with the guitar 
with which it is used and the pickup 
microphone and cable. 

Interior top and bottom chassis 
views of the amplifier itself are given 
in Figs. 3 and 4, respectively. 
Although the amplifier shown can-

not be considered as a substitute or 
replacement for a conventional vacu-
um-tube amplifier because of its low 
power output (a fraction of a watt), 
it does offer several advantages over 
conventional amplifiers for some ap-
plications. 

First, its small size and light weight 
make it an ideal instrument for porta-
ble use—even a small child can carry 
it without difficulty. Secondly, since 
the power supply is self-contained (a 
battery), the instrument may be used 
wherever desired—at picnics, lawn 
parties, weiner roasts, or at similar 
outdoor functions. 
Another advantage is its low main-

tenance cost. Except for an occasional 
battery replacement, the amplifier 
should seldom, if ever, require any 
adjustment or servicing. It certainly 
will never require replacement tubes! 

Another, perhaps less apparent, ad-
vantage of the transistor amplifier 
over a conventional vacuum-tube am-
plifier is its over-all euggedness. With 

no tubes to shake out of their sockets, 
or tube elements to loosen and become 
microphonic, the amplifier can with-
stand a considerable amount of "jounc-
ing" in the trunk of an automobile 
or on the floor of a station wagon. 
The transistor guitar amplifier is 

fairly easy to assemble and wire. The 
average technician will find that it 
makes an excellent "week-end" con-
struction project. 

Circuit Description 

As can be seen by reference to the 
schematic diagram of Fig. 2, the com-
plete amplifier consists of a two-stage 
"voltage amplifier" followed by a 
push-pull output stage. 
A Brush "Vibromike" vibration mi-

crophone is used on the guitar, with 
a shielded cable connected between 
the mike and the input jack (.I.) of 
the amplifier. The signal obtained 
from this mike appears across R., 
which serves as the "Gain" or "Vol-
ume" control. 
In designing transistor-operated au-

dio amplifiers, it is important that the 
signal level be controlled in such a 
fashion as to avoid changing either 
the base "bias" current or the col-
lector current of any transistor stage. 

C, serves as a blocking condenser 
to prevent the comparatively low d.c. 
resistance of the primary of T. acting 
as a shunt across R.. T., in turn, is 
used to match the high microphone 
and "Gain" control impedance to the 
low input impedance of the transistor 

amplifier. Thus, a stepdown turns 
ratio is used in this transformer. 
The a.c. signal appearing across the 

secondary of T. is coupled through 
d.c. blocking condenser C: to the base 
of the first CK721 transistor amplifier 
stage. R, serves as the "base return" 
resistor and establishes the "bias" cur-
rent for this stage, being returned to 
the negative terminal of the power 
source, B.. 
An amplified signal appears across 

the primary of transformer T,. This 
transformer is used to perform a 
function similar to that of T.. Where 
T. serves to match the high micro-
phone impedance to the low input 
impedance of the transistor amplifier 
stage, T. is used to match the com-
paratively high output impedance of 
one amplifier stage to the low input 
impedance of the succeeding stage. 
Because of the differences in im-
pedances, different turns ratios are 
required, and hence different trans-
former types are used for T. and T.. 
Condenser C, and resistor R. per-

form functions similar to C. and R., 
respectively. 
The second CK721 transistor stage 

provides additional amplification, with 
the output signal appearing across the 
primary of 7%. 
Transformer T, performs two jobs. 

It acts to match the high output im-
pedance of the second CK721 stage 
to the low input impedances of the 
push-pull output stage while, at the 
same time, providing two signals hav-
ing a 180° phase difference to properly 
drive the two output transistors. 

C. and C. serve as d.c. blocking con-
densers, while resistors R. and R. are 
the "base return" resistors- for the 
two CK722 transistors used in the 
output stage. 
A conventional push-pull audio-out-

put transformer, T., is used to match 
the output stage to the 6" PM loud-
speaker used. 
The tone control is conventional and 

consists of C. and R., connected across 
the primary winding of T.. As the 
resistance of R. is reduced, C. becomes 
more and more effective in bypassing 
the higher frequency components of 
the amplified audio signal. This type 
of tone control circuit is commonly 
called a "losser" tone control. 
A small 6-volt radio "A" battery is 

used as the power source for the 
entire amplifier. A rotary type switch, 
S., is used in the "A—" lead as the 
"Power" switch. 
The guitar amplifier circuit points 

up an important feature of transistor 
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amplifier circuits in general. Although 
"grounded-emitter" amplifier stages 
are used throughout, the common 
"chassis" ground is to "A—." Thus, 
the "type" of transistor amplifier 
circuit (grounded base, grounded emit-
ter, and grounded collector) is deter-
mined by the method of applying the 
input signal and the location of the 
output load, rather than the location 
of chassis ground. In general, chassis 
or circuit ground may be made at any 
point in a transistor amplifier stage, 
regardless of type. 

In this respect, the guitar amplifier 
may be considered analogous to a 
vacuum-tube amplifier in which "B 
plus" and plate return leads are con-
nected to ground, with "B minus" and 
the tube cathodes above ground po-
tential. 

Construction Hints 

A sloping front speaker wall baffle 
has been used as the "cabinet" of the 
guitar amplifier. Rubber tack feet 
have been added to the "top" of the 
baffle, which then becomes the base of 
the cabinet. A small handle was also 
added to facilitate carrying the unit. 
These modifications are readily visible 
in the photographs. 
Both the loudspeaker and the bat-

tery power supply are mounted direct-
ly in the baffle, with a small clamp 
provided for holding the battery in 
place. The rest of the amplifier cir-
cuit is assembled and wired on the 
small aluminum chassis visible in Figs. 
3 and 4. 
Layout and parts location are not 

too critical, although standard good 
wiring practice should be followed. 
The input and output signal leads 
should be kept well separated. 
No provision is made by the manu-

facturer for mounting the "Sub-
Ouncer" transformers (T, and n) and 
it becomes necessary for the builder 

R,-2 megohni pot ("Ganz" control) 
Re--560.000 ohm, 1/2 w. res. ( see text) 
R,-2.2 megohm, 11/2 w. res. (see text) 
R., lig-18,000 ohm, 1/2 w. res. (see text) 
Rg-25,000 ohm pot ("Tone" control) 
C,—.5 pfd., 200 r. metallized paper cond. 
C, Cs, C5, C5-10 ad., 25 r. elec. cond. 
Cr—.05 old., 150 v. cond. 
1,—Open-circuit or closed-circuit jack (see text) 
T,—Sub-Osincer trans. ( UTC #S0-4, 30,000 
ohm pri., 50 ohm sec.) 

Tr—Sub-Ouncer trans. ( UTC #S0-3, 25.000 

ohm pri., 500 ohm sec.) 
Tg—Ouncer trans. (UTC #S0.2, 10,000 ohm 

pri., 90,000 ohm sec.) 
Tg— Universal audio output trans. (Stancor 

A-3856 or equiv.) 
C1C721—"p-n.p" type junction transistor (Ray-

theon) (two required) 
CIC722—"p-rs.p" type junction transistor (Ray-

theon (two required) 
Bi- 6-volt battery (RCA Type VSO-68) 
.5,—S.p.s.t. rotary 511'. 
Spkr.-6" PM loudspeaker 

Fig. 2. Complete schematic diagram of the multistage transistor-operated amplifier. 

to use his ingenuity in mounting these 
units. The author employed small "Z" 
brackets, clearly visible in Fig. 3. 
Both the primary and secondary 

leads of transformers T, and T,, as 
well as the primary leads of trans-
former T. are identified by color-coded 
leads. All other transformer connec-
tions are identified by numbered ter-
minals. The proper connections to 
use in each case are indicated in the 
schematic diagram ( Fig. 2). 
As far as the output transformer 

is concerned, however, the proper sec-
ondary leads to use should be chosen 
for the particular loudspeaker em-
ployed. Although the author used ter-
minals 3 and 5 ( as shown in Fig. 2), 
some other pair of terminals might 
give better results with a different 
speaker. 

Either an "open" or a "closed" cir-
cuit jack may be used for the input 
(J,), at the discretion of the builder. 
For many applications, a closed cir-

Fig. 3. Top chassis view showing amplifier in baffle "cabinet." 

cuit jack is preferred, as it reduces the 
possibility of noise and hum pickup 
should the "Gain" control be turned 
up with the "mike" unplugged. 
In the author's model, the transis-

tors have been soldered directly in 
place, but sockets may be provided if 
desired. Ordinary 5-pin, subminiature 
tube sockets are suitable, with only 
three of the pins being used. 
Should the builder prefer to solder 

the transistors in place, special care 
should be taken to avoid overheating 
the leads. Transistors are, in many 
respects, more susceptible to heat 
damage than are conventional ger-
manium diodes, and many technicians 
have probably, at one time or another, 
damaged at least one germanium di-
ode while removing it or installing it 
in a circuit. 
Do not cut the transistor leads too 

short. Use a clean, well-tinned hot 
soldering iron and complete each joint 
quickly. (Continued on page 105) 

Fig. 4. Amplifier pulled out to show the under chassis wiring. 
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THE TRANSISTOR 
D. C. AMPLIFIER 

By 

HERBERT F. STARKE 

Receiving Tube Division 
Raytheon Manufacturing Company 

Fig. 1. Front view of the Weston 
Model 643 with the scale marking 
changed to 1.5 microamperes. 
full-scale. Rear view showing the 
meter movement remounted on Lu-
cite back. Cell (Mallory 11M-401) is 
outside with resistors, transistors. 
etc. shown mounted inside case. 

A new and interesting application of transistors in the 

instrumentation field. Increased sensitivity is obtained. 

THERE appears to be no sensible 
reason why transistors should not 
find their way very quickly into 

various applications associated with 
the field of measurement and elec-
tronic instrumentation. In view of a 
definite trend toward miniaturization 
and low power consumption in this as 
well as other fields, transistorized 
versions of familiar laboratory devices 
should constitute an early, logical step 
in the development of transistor ap-
plications. With this idea in mind, thb 
writer undertook to determine what 
could be done to increase the sensitiv-
ity of a small d.c. meter with a simple 
and compact circuit using components 
small enough to permit mounting on 
the back of the meter. 
Several years ago it was thought 

that the desired result might be 
achieved with subminiature tubes but 
a critical survey of the requirements 
turned out to be rather discouraging. 
A 20 microampere, 2000 ohm meter 
may be thought of as having a trans-
conductance of 500 micromhos and if 
this is to be translated back to the in-
put of a tube circuit, the circuit trans-
conductance must also be 500 micro-
mhos if the device is to introduce a 
voltage drop no greater than that of 
the meter alone. For either single-
ended or balanced circuits, this means, 
in practical terms, a tube transcon-
ductance of at least 1000 micromhos 
which becomes very difficult with sub-
miniature tubes operating at low fila-
ment currents and "B" voltages. 
Fundamentally, the meter is a 

power device and if we wish to in-
crease its effective sensitivity we must 
supply power amplification. A 20 mi-
croampere, 2000 ohm meter requires 
0.8 microwatt for full-scale deflection 

and if ( a.) 2 microamperes at 20,000 
ohms, i.e., the same voltage drop is 
desired the power gain must be 10 db 
or ( b.) 2 microamperes at 2000 ohms 
(for the same circuit resistance) re-
quires a power gain of 20 db. These 
gains are of the sort that may be 
readily achieved in one stage using 
junction transistors, a single cell, and 
a few resistors, with the entire pack-
age being of a size that can be 
mounted in back of the meter case or, 
for that matter, partly inside the case. 
(The word "partly" is included only 
because it does not seem very practi-
cal to periodically open a meter case 
for the purpose of replacing a cell.) 

Fig. 2 represents the first attempt 
at a circuit showing promise of ob-
taining at least a ten-fold increase in 
current sensitivity. The evolution to 
Fig. 3, with the elimination of four re-
sistors out of six, requires some ex-
planation. This, in turn, depends upon 
the temperature characteristics of the 
transistors and the need for a high 
degree of zero stability in the meter 
amplifier under consideration. 
Under certain circuit conditions, 

transistors make better thermistors 
than thermistors. That is to say, the 
temperature coefficient of the cut-off 
current of the transistor is nearly 
double the temperature coefficient of 
resistance of the thermistor. In a cir-
cuit intended to be highly responsive 
to temperature changes (such as the 
basic form shown in Fig. 4) these co-
efficients would combine to produce an 
over-all coefficient on the order of 
12% per degree Centigrade provided, 
of course, both elements were asso-
ciated with the saMe thermal circuit. 
Since in Fig. 4 these effects appear in 
amplified form in the collector circuit, 

it should not be particularly difficult 
to obtain full-scale deflection on a 20 
microampere meter for a temperature 
change of one degree Centigrade with 
operating collector currents on the 
order of 150 or 200 microamperes. 

In the case at hand, however, it is 
desired to make the temperature re-
sponse as low as possible because here 
temperature response is the same as 
zero drift. In a d.c. amplifier using 
transistors in a grounded emitter cir-
cuit (necessary here because the 
grounded base circuit has current am-
plification less than unity) the direct 
first-order cause of collector current 
drift is the temperature coefficient of 
the cut-off current and the two are 
related according to: 

1„ = (/0.  

where: 

/0 = collector current 
= base current 

/0. = cut-off current ( the collector-
to-base current with open emitter) 
a = short-circuit current amplifica-

tion (grounded base). 

The foregoing points immediately, 
of course, to a balanced circuit which 
allows us to proceed at once to an 
examination of second- and third-or-
der effects upon zero drift and re-
sponse. In the circuit of Fig. 2, if the 
transistors can be matched for cut-off 
current, temperature coefficient of the 
cut-off current, and alpha, the resid-
ual zero-drift over the ordinary range 
of "room temperature" (28 ±. 6°C) 
should be very small. In addition, it is• 
quite likely that a transistor of 
higher-than-average cut-off current 
can be paired with one of lower-than-
average temperature coefficient and 
vice versa. This latter technique 
could resolve itself into a simple 
matching of collector currents ( at 
either a fixed or zero base current) 
with a maximum permissible mis-di-
vision of the collector-to-collector load 
as the sole criterion of temperature 
behavior, although the effectiveness 
of the test would be greatly increased 
if the original balance were followed 
by checking the shift in zero caused 
by shorting the input (base-to-base). 
This, in turn, results in the elimina-
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tion of the electrical zero adjustment 
as shown in Fig. 3 which, as a design 
feature, would be somewhat more 
practicable with a meter having a 
greater range of adjustment of the 
mechanical zero. 
The choice of battery capacity, col-

lector current, and load resistors are 
all interrelated. If these are chosen 
with an eye to convenience in the 
matter of battery replacements, the 
use of the Mallory RM-12 (also RM-
1200) with collector currents of 75 to 
100 microamperes will result in opera-
tion requiring a new battery only 
once a year without the inclusion of 
an "on-off" switch. Collector currents 
below 100 microamperes, on the other 
hand, will show some increase in sen-
sitivity with rising temperatures. This 
can be circumvented by at least two 
methods: ( 1.) Choose an operating 
collector current high enough ( about 
200 microamperes) so that any small 
further increase in current amplifica-
tion is largely offset by compensating 
changes in other transistor param-
eters or ( 2.) use a temperature sensi-
tive meter shunt as shown in Fig. 6. 
Proper proportions of R and T will 
allow the use of rather low collector 
currents without causing an unduly 
large response error over a reasonable 
range of operating temperature. 

Since some degree of matching ap-
pears to be inevitable, it seems logical 
to use only those transistors whose 
open-base collector currents fall with-
in the desired range. This leads to the 
elimination of the base resistors and, 
while the circuit of Fig. 3 seems al-
most too good to be true, its perform-
ance may be seen in Fig. 5 which 
shows voltage gain, current gain, and 
power gain as functions of source im-
pedance. These plots, which are typi-
cal for the CK721, point out imme-
diately the chief operational defect of 
the circuit: it cannot measure either 
current or voltage accurately unless 
the source impedance is much higher 
(for current) or much lower ( for volt-
age) than the base-to-base impedance 
at the transistor input. This means 
(oddly enough) that the meter is vir-
tually useless for quantitative meas-
urements at the point which gives 
maximum power gain. This involves 
an operational concept which is some-
what unusual but it should not trou-
ble us too much if we recall that the 
original objective was to realize a sub-
stantial increase in the current sensi-
tivity of a microammeter with an ab-
solute minimum of components. 
Although the meter is of some po-

tential value as a millivoltmeter for 
use with thermocouples, bolometers, 
and other low impedance sources, an 
extra word of caution may be inter-
jected at this point: If the designer 
elects to use the same meter for cur-
rent and voltage measurements, the 
most careful matching of transistor 
characteristics will be necessary; oth-
erwise there may be a substantial zero 
shift in going from a high source 
impedance ( 0.1 or 1 megohm) to a low 
impedance ( 10 or 100 ohms) and vice 
versa. 

Mr6 

INPUT 

.1 MEG 

0(721 

C: 
RM I 
FM 12 
RAI 401 
900C 
915 
1002 E 

ME4 TERR 

Fig. 2. An early circuit using six re-
sistors, a condenser, two transistors. 

CK722 

,NPUT 

CK72 
OR 
CK722 

E. 
I.2V 
135V. 

051.5V. 

2Q 30  

501;A 
METER 

Fig. 3. A simplification of the circuit of 
Fig. 2 eliminating four of six resistors. 
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Fig. 4. Basic temperature-sensitive circuit. 
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Fig. 5. Performance of the circuit of Fig. 3 
shown graphically. Voltage gain, current 
gain, and power gain are shown as func-
tions of source impedance. All of the val-
ues are expressed as factors, not in db. 
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Fig. 6. Temperature-sensitive meter shunt. 

The curves shown in Fig. 5 are in-
tended to illustrate only one particu-
lar operating point using typical 
CK721's, which were matched in al-
pha. With a battery current of 150 
microamperes ( in the open-base cir-
cuit) the corresponding collector cur-
rent of 75 microamperes to each tran-
sistor yielded characteristics as indi-
cated in Table 1. 
The resulting high input impedance 

leads, in this case, to rather serious 
errors if the current source impedance 
falls very much below 1 megohm. If 
this is too high for the application at 
hand, the only remedy is to operate at 
higher collector current with the im-

a Re 
/11 .966 2.7 meg. 
#2 .966 2.8 meg. 

Re 
1900 ohms 335 ohms 
1740 ohms 340 ohms 

Table 1. Matched transistor characteristics. 

CELL 

1002-E (EvereadY) 

RM-1000 (Mallory) 

RM-I200 (Mallory) 

915 (EvereadY) 

RM-401 (Mallory) 

RM-625 (Mallory) 

CAPACITY 
(ma. hours) 

 1000 

 1000 

 3600 

  800 

  800 

  250 

Table 2. Life expectancy, in milliampere. 
hours, of various available battery cells 
which could be used in the construction of 
transistorized d.c. amplifiers for meters. 

Fig. 7. Front and rear view of Weston Model 301 with the scale marking changed to 
.5 microampere. full-scale. All parts. including RM-1000 cell are mounted outside. 
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pedance scale shifting to the right by 
a factor of ten for approximately a 
doubling of current. The power curve 
is not the product of the voltage gain 
and current gain curves because the 
signal voltages and currents were 
computed from E,/R, while the power 
input was computed from E.2/4/?„. All 
points were for constant output power 
at full-scale meter deflection: 20 mi-
croamperes, 1850 ohms, 37 millivolts, 
0.74 microwatt. This treatment may 
appear rather unorthodox but is more 
indicative of circuit performance in 
the face of a basic concept of good 
instrumentation ( which postulates that 
the power expended in the measuring 
system must be small compared to the 
total power in the circuit being meas-
ured) than other presentations that 
could be used. 
The parenthetical remark indicates 

more clearly why the circuit fails ( in 
a usage sense) at maximum power 
gain because at this point the im-
pedances are matched and the two 
powers are equal. 

In the early months of transistor 
history, much was made of the fact 
that here, for the first time, was a 
device that could be regarded as a 
current amplifier. In the intervening 
years, however, very little has ap-
peared in the form of practical de-
vices making use of this important 
and interesting property. This being 
so, it may be permissible to emphasize 
the current-amplifying properties of 
the present device and gloss over its 
rather mediocre performance as a 
voltage amplifier. 
From a source impedance, then, on 

the order of 50,000 ohms or more ( de-
pending upon the operating point cho-
sen) the current gain of the circuit is 
approximately the grounded-emitter 
current amplification of the transistor 
multiplied by the shunting effect of 
the load resistors across the meter: 
CG-=-Ia/(1-a)] [R,/(R,--1-R„,)1 approx. 
where: 
CG = the current gain ( expressed 

as a factor) 
= collector-to-collector load 
= meter resistance. 

The foregoing neglects the further 
shunting effect of the collector resist-
ance because this will be at least sev-
eral hundred-thousand ohms. 

Interesting and informative com-
parisons may be made between the 
d.c. transistor amplifier and its vac-
uum tube counterpart. In a d.c. vac-
uum-tube voltmeter of the balanced 
cathode-follower variety, the "bottom" 
tube usually functions mainly as a 
balancing tube, to stabilize zero in the 
face of changes in contact potential 
and emission with changes in cathode 
temperature. While the balancing 
transistor is even more necessary in 
the transistor amplifier ( although for 
a different reason) the second tran-
sistor is active dynamically and does 

not "shunt down" circuit sensitivity as 
is often the case with balanced tube 
circuits. Also, it is usually the prac-

tice to ground the lower grid of the 
tube circuit because of troublesome 
ground capacitances and currents 
while the transistor circuit, being a 
relatively low impedance circuit con-
taining very little in addition to the 
meter movement, need not be ground-
ed and can therefore be operated at a 
considerable impedance to ground. 
The "bottom" transistor, then, is at 
the bottom only on paper and actually 
there is no necessity to designate 
"high" or "low" terminals at the input 
nor to provide a polarity-reversing 
switch ( except as a convenience) at 
the indicating meter. 
Certain types of laboratory and 

service instruments would appear to 
be logical candidates for improve-
ment, through transistorization, in one 
or more of the following particulars: 
Instrument size and weight; number 
of components; manufacturing costs; 
performance; etc. For example, the 
volt-ohm-milliammeter class of instru-
ment ( as exemplified by the Simpson 
Model 260 and the Triplett Model 
630-M, which at present uses a 50 mi-
croampere movement can offer 200,000 
ohms-per-volt and 1.5 to 5 megohms 
at center-scale in the same instrument 
size at slightly higher cost. For this 
purpose. the CK722, with a current 
gain of 10 or 12 should be adequate. 
Or, conversely, the performance of the 
d.c. vacuum-tube instrument ( of the 
balanced cathode-follower type re-
ferred to before) can be approximately 
equalled in a smaller instrument of 
the same or possibly lower cost. 
While much of the foregoing also 

applies, of course, to a.c. amplifiers 
and instruments, it will be understood 
that the present discussion is confined 
to d.c. This is partly because there is 
such a glaringly obvious discrepancy 
between the power supply require-
ments of d.c. instruments ( particu-
larly battery-operated instruments) 
and what may and should be possible 
with transistors. In this class of in-
strument with its plethora of bat-
teries, including separate "A" bat-
teries, "B" battery, coupling batteries 
and bucking battery, it is not unusual 
for the weight and bulk of the power 
supply to exceed 75(4 of the total. 
Further, if the designer attempts to 
reduce this percentage substantially, 
the usual result, on meters used only 
intermittently, is a considerable loss 
of time in servicing operations. To this 
may be added the difficulty of main-
taining fresh stocks of several types 
of batteries in the usual situation 
where most of the available instru-
ments require different battery types. 
Among the d.c. instruments which 

are often battery operated may be 
mentioned: photometers, densitom-
eters, pH meters, spectrophotometers, 
infrared amplifiers, strain gauge am-
plifiers, mass spectrograph leak detec-
tors, etc. While most of these require 
the sort of input impedance which 
can only be realized from electrom-
eter tubes, there appears to be no rea-
son why the remaining stages cannot 

Fig. 8. Simplified schematic of the "Zeus" 
type radiation meter which has a full-scale 
sensitivity of 25 milliroentgens per hour. 

be taken over by transistors. In fact, 
in the type of circuit using a large 
negative feedback, it is possible that 
the transistor stages can be operated 
single-ended because the temperature 
drift of the first transistor, i.e., the 
second stage, will be reduced in pro-
portion to the gain of the electrometer 
input stage. In this type of hybrid 
(tube and transistor) operation, cou-
pling batteries, where required, and 
the meter stage battery will be single 
cells, one of which is already present 
in the form of the electrometer tube 
filament battery. 
A fair example of a simple conver-

sion to a combination circuit may be 
seen in Figs. 8 and 9. The former is a 
simplified schematic of the familiar 
"Zeus" type of radiation meter with a 
full-scale sensitivity of 25 milliroent-
gens per hour and using five batteries 
(not counting the ion chamber battery 
which is not part of the amplifier 
proper). The addition of two transis-
tors not only reduces the number of 
batteries to two but also increases 
over-all sensitivity at lower plate cur-
rent to the electrometer tubes. The 
temperature characteristics of the 
transistors are not particularly im-
portant in this application since there 
is an electrical zero adjustment and 
instruments of this type are frequent-
ly checked for this setting. 

(Continued on page 104i 

Fig. 9. Circuit simplified by using transis-
tors which helps eliminate three batteries 
while increasing instrument sensitivity. 
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low-noise 
transistor 
preamplifier 

A
LTHOUGH the junction tran-

sistor in the common-emitter 
circuit always has offered at-
tractive possibilities as a high-

gain, single-stage, nonmicrophonic, sin-
gle-battery, voltage preamplifier, there 
has been some objection to its use 
because of the inherent high noise level 
of the transistor. When operated ahead 
of a main amplifier having high voltage 
gain, this noise voltage has appeared 

C6727 

Fig. 1—Common-emitter preamplifier. 

as an annoying hiss in the final output. 
The new Raytheon CK727 p-n-p 

transistor has a lower noise factor ( 18 
db maximum in the common-emitter 
circuit with 1.5 volts collector poten-
tial) than previous high-alpha units. 
In other respects, the room-tempera-
ture characteristics of this new tran-
sistor are similar to those of the CK721 
in the 1.5-volt common-emitter circuit, 
except for a collector resistance in the 
CK727 of 1 megohm, base resistance of 
800 ohms, and cutoff current of 5 pa. 

*Author, Transistors, Theory and Practice. 

The new CK727 insures 

both quiet operation 

and high voltage gain 

By RUFUS P. TURNER* 

Fig. 1 shows a common-emitter pre-
amplifier circuit which I found opti-
mum for my particular requirements. 
This resistance-capacitance-coupled ar-
rangement is designed to operate into 
a high impedance, such as an a.c. vac-
uum-tube voltmeter or the grid circuit 
of an amplifier, which will allow full 
use of the preamplifier voltage gain. 

For the transistor tested, voltage 
gain at 1,000 cycles is 93. The maxi-
mum 1,000-cycle input-signal voltage 
before rounding of the positive peaks 
of the output signal is 10 millivolts. 
Output voltage is 0.93 volt across 1 
megohm connected to the amplifier out-
put terminals. The measured input 
impedance at 1,000 cycles is 7,500 
ohms ( output impedance of the signal 
generator used was 600 ohms, resis-
tive). The noise voltage, measured 
with a vacuum-tube a.c. millivoltmeter 
at the amplifier output terminals, was 
3 millivolts with the input terminals 
short-circuited. This is 49.8 db below 
maximum signal-voltage output. 

Fig. 2 shows the frequency response 
of the single-stage amplifier when 
worked into a 1-megohm load resistor 
connected to the output terminals. 
Response is constant from 500 to 5,000 
cycles, and is 1.66 db down at 50 cycles 
and 3.75 db down at 50 kc. It is 1.29 
db wn at 20 kc. This curve was 
plotted with a constant 10-mv input 
signal and with the amplifier gain con-
trol set at maximum output. 
A single 4.5-volt battery powers the 

amplifier. Since the current drain is 
only 100 microamperes d.c., this can 
be a miniature battery, for example 
three 1.5-volt penlight cells connected 
in series. The battery switch can be 
operated by the volume-control poten-
tiometer. I used small metallized-paper 
1-pf coupling capacitors for Cl and 
C2. For compact installations, how-
ever, these components may be minia-
ture tantalum electrolytic capeitors. 
If the latter are used, the positive 

.6 

50 100 IS Ss 501( 
FREQ.- CPS 

Fig. 2—Amplifier frequency response. 

terminal of Cl must be connected to 
the top a.c.-input terminal, and the 
positive terminal of C2 to the top 
a.c. output terminal. 

It is a comparatively simple matter 
to build this preamplifier into a test 
probe, microphone case, stethoscope 
pickup, or similar accessory requiring 
high voltage gain with few compo-
nents, freedom from the power line, 
and a simple circuit. Its low power 
drain ( around 500 microwatts d.c.) 
makes it economical to operate for long 
periods and prevents the mortal sin 
of forgetting to turn it off. END 

22 



TRANSISTOR CLIPPER AMPLIFIER 
By 

ROBERT W. MALOY 

4705 Del Monte 

San Diego 7, California 

The advantage of clipper filter units in the speech cir-
cuits of transmitters has been pretty well accepted by 
the amateur fraternity as a means of overmodulation 
prevention together with increased communication 
range. Prior to the advent of the transistor these ad-
vantages could be attained only at the expense of one 
or two triodes, a duo-diode, the bias for the diodes, as 
well as the extra plate and filament power required to 
supply this additional load. The transistor, however, has 
an exceptionally sharp cut off as compared to vacuum 
tubes, together with high gain at reasonably low values 
of load resistance. 

In this transistor clipper amplifier it was desired to 
use a carbon microphone input to the clipper amplifier 
and to use this one stage of gain to drive a 6AQ5 to 
more than 2 watts output. A grounded emitter circuit 
was chosen together with a collector voltage of 20 volts. 
This voltage being generally unavailable in either fixed 
or mobile installations was obtained by means of a 
bleeder from the 300 volt supply at a cost of only 1 mil 
including the losses in the bleeder and the electrolytic 
condenser. A bleeder rather than a simple dropping 
resistor was deemed necessary due to the relatively low 
and not particularly stable resistance of the electrolytic 
condenser. The d.c. base bias current was obtained by 
use of a 1.2 meg resistor which established the collector 
current of the amplifier and was sufficiently high com-
pared to the base impedance to have only negligible 
effect on the input signal. The clipping action was 
obtained by the sharp cut-off characteristics of the 
transistor which in itself gives better clipping than the 
usual combination of duo-diode and triode without 
their additional circuitry and biasing requirement. The 
use of a clipper amplifier requires the use of a filter to 
avoid generation of high frequency harmonics when the 
signal exceeds the clipping level. Iron core chokes were 
used to permit a reasonably high value of load resistor 
at a cut-off frequency of 3000 cycles. The input of this 

+300v 

INPUT 

25f 
25 v 

S NI 

OUTPUT 

amplifier may be coupled by means of a . 1 mfd. con-
denser for a low frequency cut-off of 400 cycles. This is 
usually considered to be most satisfactory for this type 
of amplifier. No volume control was considered for the 
output of the transistor since negative feedback should 
be used in the driver stage and may be readily adjusted 
to limit the modulator output to just under 100% 
modulation. For those who prefer unclipped high fidel-
ity speech, a larger coupling condenser together with a 
higher frequency cut-off low pass filter may be used. 
This will provide the performance of a straight un-
clipped amplifier with the exception that regardless of 
errors in loudness of speech or gain control setting the 
operator will find it impossible to overmodulate his 
transmitter. The only precautions necessary are that the 
negative feedback of the driver be adjusted so that no 
stage subsequent to the low pass filter be overdriven and 
that the input to the clipper stage be adjusted to pro-
vide the desired degree of clipping. This amplifier has 
a maximum output of 20 volts peak to peak and may, 
if desired be used with a transformer output to drive 
anything up to push pull 6L6's in class "A". The stage 
gain of this transistor amplifier is 80 so that only 25 
millivolts peak to peak are required to drive this ampli-
fier to full output although 75 millivolts are desirable 
for moderate clipping. 

If it is desired to use other than a carbon mike, a 
preamplifier stage should be used. In design of a pre-
amplifier, consideration must be given to the fact that 
the clipper stage has an input impedance of about 5000 
ohms which will probably rate a second transistor as 
the most acceptable choice. 

The use of this transistor circuit will provide the 
advantage of a clipper amplifier together with marked 
circuit economy and simplicity. In addition, the basic 
circuit without filter may also be adapted to such other 
devices as noise clipping audio amplifiers, and FM 
limiting i.f. amplifiers. 
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A TRANSISTOR PHASE INVERTER 
PHASE inverter is a circuit which 

Aprovides coupling between the out-
put of a single-ended stage and the 

input to a push-pull stage. A phase in-
verter provides two outputs which are 
180 degrees out-of-phase, so that when 
one grid of the push-pull stage is 
driven positive, the other is driven 
negative. 
Phase inverter coupling can be pro-

vided by a transformer, a vacuum-tube 
stage, or by a transistor stage. 
The transformer stage is the sim-

plest to use. It requires no power for 
operation, and provides a voltage gain. 
There are several disadvantages to the 
transformer, however. It has a limited 
frequency response, and is sensitive to 
hum pickup from the magnetic fields 
of power transformers. In some appli-
cations the weight of a transformer is 
a serious disadvantage. 
These difficulties led to the develop-

ment of the vacuum-tube phase-in-
verter circuit. The vacuum-tube stage 
is insensitive to power transformer 
hum fields, has an excellent frequency 
response, and is lighter in weight than 
most transformers. Its disadvantage 
lies in its requirement of heater and 
plate power, and, in some designs, in 
hum pickup from the heater of the 
tube. 
These drawbacks led to the tran-

sistor phase-inverter development. The 
transistor stage has the same advan-
tages as the tube stage, with respect 
to frequency response and insensitivity 
to power fields, with the further ad-
vantage of lighter weight. In addition, 
the transistor stage needs no heater 
power, so there is no hum pickup from 
this source. 
The transistor circuit uses a base in-

put, with an emitter-follower output 
to provide isolation, and a collector 
output for phase reversal. The equiva-
lent circuit is given in Fig. 1A. 
The two loop equations are: 

  (1) 
and: 

(2) 
Solving equation ( 1) for I, gives: 

E 
lb= - 

R.+L   
and substituting in (2) : 

R. 
(RA-RL) I.= E- R-.E-R..L . 

LRL-  EL(R.-R..)  
- - 1 . 

E R.(Rd-RL-FR.) 
Equation (5) must equal minus one 

to give phase inversion at unity gain 
in the collector branch of the circuit. 
Therefore: 

(6) 
Choosing R,=27,000 ohms from d.c. 

considerations, and using a CK722 
transistor with collector resistance, 
R,=500,000 ohms, and mutual resist-
ance, R.=200,000 ohms; then, substi-
tution in equation (6) gives the load 
resistance, RL=120,000 ohms. 

(3) 

. (4) 

. (5) 

By W. H. CALDWELL 

Two views of the Iran-
sistor phase inverter 
as used by the au-
thor in an audio am-
plifier. Terminal board 
mounting is used. 

* * 

Details on a novel application of transistors of interest 

to experimenters. It may be used in audio amplifier circuits. 

Add a dropping resistor for operat-
ing from 250 volts, add coupling and 
bias resistors, coupling and bypass 
condensers, and the circuit of Fig. 113 
is derived. 
The photographs show a compact 

terminal-board mounting of the cir-
cuit. The phase inverter serves to 
drive push-pull 6V6 tubes in an audio 
amplifier. The unit serves as a good 
project to introduce the experimenter 
to transistor techniques. The design 
was discussed in some detail to show 
how it can be adapted to other tran-
sistors. 
The variations in the gain of the 

circuit, especially in the collector 
branch, with different CK722 transist-
ors depends on how close tolerances 
the manufacturer holds on the char-
acteristics of the transistor. There are, 

however, two aspects of this circuit 
which favor uniformity of perform-
ance. One is the use of the transistor 
to provide unity gain, so that there is 
no multiplication of variations. The 
other factor is the large amount of 
degeneration introduced in the emitter 
branch of the circuit. Of five CK722 
transistors used in the circuit, the 
maximum variation was found to be 
less than ten per-cent. 
The gain in the emitter branch is 

constant to within two per-cent for 
various CK722 transistors. The bal-
ance between collector and emitter is 
quite good, and can be made as close 
to unity as desired by adjusting the 
collector load resistor, although this is 
not necessary for most applications. 
The maximum signal level that the 

(Continued on page 104) 

Fig. 1. (A) Equivalent circuit, see text, and 
(13) Schematic of transistor phase inverter. 

(e) 

RI. R2r 124- 1.2 megohm, ½ w. res. 
123-27,000 ohm, 1/2  w. res. 
R,--I20,000 ohm, 1/2 w. res. 
C1—.05 dd., 400 v. cond. 
C2. CZ, C1—.01 ad., 400 y. cond. 
V1— "p-n-p" junction transistor (Raytheon CR-

722) 

CK 722 
.1-250V RI R3 VI C4 
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BUILD THIS 
TRANSISTOR 
HEARING AID 

By RUFUS P. TURNER 

C
OMMERCIAL transistor hearing 
aids employ type CK718 junction 
transistors. The CK718 is special 
type supplied to manufacturers 

of hearing aids. The simple hearing 
aid described in this article uses type 
CK722 transistors which are available 
to the experimenter. 
The task of developing a transis-

torized hearing aid that might be 
duplicated by any electronic-technician 
proved intriguing, but this author met 
obstacles at every turn. First, no 
amount of experimenting with the 
CK722 in resistance-coupled circuits 
seemed to give the required gain and 
power output with tolerable noise level, 
even when four R-C stages were 
cascaded. Transformer coupling finally 
was used. Also, the much desired op-
eration on a single 1%-volt cell did not 
pan out. We had to go to 15 volts. 
Undoubtedly, the CK721, with its higher 
power gain and different coefficients, 
would furnish the required drive. But 
this is an expensive type, and is not as 
readily available to the private experi-
menter as the CK722. And finally, most 
of the subsubminiature circuit compo-
nents we wanted to use just were not to 
be had. So we used the smallest parts 
available to the general radio public 
and made them work in a small space. 
The finished hearing aid is shown in 

photo. It is built into a du Maurier 
cigarette tin. Many types of inexpen-
sive housings were considered, but 
preference finally was given to this 
extra-light, attractively colored alumi-
num box with hinged lid. Over-all 
dimensions are 3% inches high, 3 inches 
wide, and inch thick. As Fig. 1 
shows, the instrument is just slightly 
larger than the standard cigarette 
package beside which it is posed. In 
fact, it is only 2.8 cubic inches larger 
and it weighs only approximately 3 
times as much as the full pack of 
cigarettes. 

This hearing aid will fit easily into 
a man's shirt pocket. It is entirely self-
contained except for the miniature ear-
phone. Operating current is supplied 
by a single 15-volt Burgess U10 hear-

Fig. 1—Hearing aid is cigarette-case size. 

ing-aid battery, 11/4 x 15/16 x % inches 
in size; total current drain is 1.4 milli-
amperes. 

Fig. 2 is the complete circuit 
schematic. Three ground-emitter am-
plifier stages are used. Transformer 
coupling is used between stages and 
between the crystal microphone M and 
the first stage. The crystal earphone 
P is bridged directly across to the 
collector-output circuit of the last stage. 
It is possible also to use a 1,000-to-
3,000-ohm magnetic earphone by con-
necting it in place of the 25,000-ohm 
resistor. If the magnetic unit is used, 
some system of volume control other 
than that shown in Fig. 2 must be 
employed. A satisfactory alternative 
would be a 10,000-ohm potentiometer 
connected across the secondary of trans-
former T3, with the wiper (center con-
tact) of this potentiometer connected 
to the coupling capacitor. 
To match the high collector imped-

ance of one stage to the low base-input 
impedance of the following stage, trans-
formers T2 and T3 are used backward. 
That is, the collector is connected to 
the normal secondary (high-impedance 
winding) and the following base to the 
normal primary (low-impedance wind-
ing). Input transformer Ti is connected 
so that its high-impedance winding goes 
to the microphone, and its low-imped-
ance winding to the base-input circuit 
of the first transistor. While the sub-
subouncer transformers shown here do 
not provide perfect impedance matches, 
the discrepancy does not appear to 
hamper good performance, and an im-
portant point is that these transformers 
are available now at radio stores. Un-
doubtedly, the tiny new Stancor 
transistor transformers ( type UM-110 

inter-stage, and UM-112 crystal micro-
phone) would do the job more satis-
factorily, and by the time this article 
is printed they probably will be obtain-
able from jobbers' stocks. 
The coupling capacitors are necessary 

to prevent short-circuiting the tran-
sistor bases to ground through the 
transformer windings. They should be 
as high in capacitance as possible for 
the necessary small physical size, in 
the interest of good low-frequency re-
sponse. One microfarad is as high as 
the author could obtain readily in 
"smallish" size. The components shown 
here are Astron Metalite 200-volt metal-
lized-paper 1-a.f tubular units. The new 
tantalum electrolytic capacitors, when 
available will be considerably smaller, 
and should aid materially in reducing 
the size of homemade hearing aids. 
The four fixed resistors must be 

selected BY EXPERIMENT for the indi-
vidual transistors. There is enough nor-
mal variation in CK722 characteristics 
to necessitate this picking process. The 
base resistors may be expected to vary 
between 100,000 ohms and 3 megohms. 
The collector resistance in the output 
of the last transistor will vary from 
15,000 to 100,000 ohms. At least, that 
has been this author's experience. The 
best test procedure is to connect a 
variable resistor (potentiometer) tem-
porarily in the position to be occupied 
by the base resistor, and then to vary 
it until the best compromise is ùbtained 
between low collector current, loud sig-
nal with minimum distortion, and lowest 
noise output. When the best setting has 
been obtained, remove the variable 
resistor from the circuit, measure its 
resistance setting carefully, and replace 
it in the circuit with the same amount 

M CK722 C3 

D-  BLU  Ti ; „i te...e1 .--,VI elLU T112 etileAr-,52 811/ 1,..G_RN__I 1 

HI ti0 . 
8  el, HI1. g1.0 D . Ha gu) a , 

RED' BLK  FED' 13LK 
nREr. 

100K tfo* 

53 

2.2 
MEG 
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Fig. 2—Schematic of the hearing aid. Asterisked 
experiment. 

*SEE TEXT 

11±7 4).» OFF 

e 

components ere chosen by 
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Fig. 3, left, and Fig. 4, right, show the interior of the case and the may the parts are mounted on a plastic card. 
The transistors are mounted on the card between the cylindrical capacitors. The one farthest to the right is amplifier VI 

of fixed resistance. Finally, try it in 
place of the single collector resistor, 
and adjust for highest undistorted out-
put with low collector current. 
To facilitate these tests, the reader 

may start out with the author's values 
as given in the schematic, then sub-
stitute the variable resistor progres-
sively in each position. In this way, 
the entire system will be in operation 
while one stage is being "pruned." 
During this test, the microphone may 
be disconnected temporarily and a 
1,000-cycle signal fed into transformer 
Ti from a low-distortion audio oscil-
lator. An a.c. vacuum-tube voltmeter 
or oscilloscope may be connected in 
parallel with the earphone for quanti-
tative observations of output while 
listening to the signal. 

In general, it is a good procedure 
to minimize the noise level by making 
adjustments in the input stage, and to 
maximize output by means of adjust-
ments in the output stage, although 
some compromise necessarily must be 
reached between adjustments in each 
of the three stages. 
Once the fixed resistors have been 

installed, swapping transistors between 
stages will not be practical. But no 
inconvenience should arise from having 
to keep each transistor in its own 
stage, since their life is said to be 
70,000 hours ( approximately 8 years 
if you run the hearing aid 24 hours 
continuously each day!). 

Speech at a comfortable conversa-
tional level originating about 4 feet 
from the microphone will produce a 
1-volt swing across the crystal ear-
phone when the VOL control is set for 
maximum volume. At this setting, the 
residual noise level varies from 0.05 
to 0.1 volt and is a gentle rushing 
sound. The noise level may be higher 
or lower with other transistors. 
The volume control is a Centralab 

type B16-218 subminiature potentio-
meter with ganged switch S. This unit 
is smaller than a dime, and is in the 
lower right-hand corner of the case in 
Fig. 1. The back of the control, show-
ing the three potentiometer lugs and 
the two switch lugs, can be seen in the 
lower left-hand corner of the opened 

lid in one of the other photographs. 

Construction 

Construction details are shown in the 
photographs. 

The microphone is mounted in the 
upper center portion of the hinged lid 
of the cigarette case. A 5s-inch-diameter 
hole is cut with a socket punch. This 
hole is then covered with a square of 
gauze cloth which serves as a grill 
when Duco-cemented inside the lid back 
of the hole. A square washer of thin 
sponge rubber then is cemented around 
the hole, over the cloth, and the micro-
phone is cemented to this rubber. This 
makes a good shock mount. 
The volume control is mounted 

through another 5a-inch-diameter hole 
in the lower right-hand corner of the 
lid. One switch lug must be bent tem-
porarily slightly perpendicular to allow 
passage of both lugs through the hole. 
The control is held by small screws 
(furnished) which pass through holes 
in the switch lugs. One of these screws 
(and the corresponding switch lug) 
accordingly must be insulated from the 
metal lid. This is the lug connected 
to the positive terminal of the battery. 
Cellophane ( Scotch) tape was used for 
this insulation in the author's instru-
ment. 
One photo ( Fig. 4) shows how the 

circuit components are mounted on 
a thin plastic card. The three trans-
formers are Duco-cemented to the card, 
and their leads are passed through 
holes. The pigtail leads of the transis-
tors and of the three 1-µf capacitors 
likewise are passed through holes. Cir-
cuit connections are completed under 
the card by soldering together appro-
priate pigtails. The four fixed resistors 
are under the card. To prevent short-
circuits, leads that must cross each 
other are covered with thin spaghetti 
tubing. After the under-card wiring is 
completed, coil dope is brushed copiously 
over the wiring to form a solid cake 
that prevents grounding to the metal 
case. Leads are soldered directly to the 
battery terminals and a covering of 
Scotch tape is used to insulate the 
terminals after the connection has been 

made. As can be seen in the photo-
graphs, the thin earphone cord passes 
out of the edge of the case through a 
hole lined with a baby rubber grommet. 
Very thin plastic-covered flexible wire 

is used for the connections from the 
volume control, switch, microphone, and 
battery. Note that the transformers 
have been mounted with their cores at 
right angles to minimize undesired 
coupling. The transformer lead colors 
are indicated in the schematic, to per-
mit proper connections to be made with 
least confusion. If oscillation should 
arise, reversing the leads of one of the 
transformer windings usually will cor-
rect it. 
Howling due to acoustic feedback will 

occur whenever the earphone is held 
close to and pointed at the microphone. 
With the plastic ear plug attached, the 
earphone must be placed within 1 inch 
of the microphone to start the howl. 
The plug's narrow canal introduces 
some attenuation of sound, and without 
it whistling occurs when the earphone 
faces the microphone from 1 foot away. 

Conclusion 
Without apology, it should be pointed 

out that this instrument does not rep-
resent the ultimate in subminiaturiza-
tion and low power drain that may be 
possible to obtain in transistorized 
hearing aids. Rather, it is an answer 

Aloferies for hearing old 
Resistors: 1-25,003, 2-100,000 ohms, 1-2.2 meg-
ohms. 1/4 wet; 1-500,000-ahm potentiometer with 
switch, Centrolab B16-218. 
Capacitors: 3-1-5f, miniature Astron 200-volt 
MetaHite. 
Transistors: 3—Raytheon C1(222 ¡unction type. 
Transformers: 1—UTC type SSOf subsubouncer (TI): 
2—UTC type 5502 subsubouncer (12, 13). 
Other equipment: B—Miniature hearing aid belief. 
Burgess U10. M—Crystal-type hearing-aid micro-
phone, Brush 1-142-2. P—Crystal-type hearing-aid 
earphone, Brush Ell with cord and ear-plug. Ciga-
rette case, etc., as described in text. 

to a challenge to develop the smallest 
practical instrument that can be built 
from parts obtainable, which would 
use the readily available CK722 tran-
sistor, and which we might reasonably 
expect a radioman to duplicate with 
ordinary tools. END 
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Fig. 1. "Light-powered" audio oscil-

lator which is housed in tiny pill box. 

 1 A TRANSISTORIZED 
---411 AUDIO 

OSCILLATOR 

A miniature test unit which requires neither batteries nor 
power lines. It has several unique service applications. 

M
OST electronic and electrical de-

vices have one circuit in common 
—the power supply. In some cases, 

the power supply consists of one or 
more batteries, and may include addi-
tional components such as a vibrator, 
transformer, rectifier, and filter com-
ponents. In other cases, the equipment 
is "line-operated," and the power sup-
ply may include a power transformer, 
rectifier (whether a vacuum tube or 
"dry disc"), and filter components. 
But the audio oscillator shown in 

Fig. 1 ( together with its small ear-
phone) is completely self-contained 
and requires neither batteries nor 
"line plug-in" for operation! All that 
is required for operation is for a rea-
sonable amount of light to fall on its 
face. While not quite "something for 
nothing," it is a close approach. 
The unit shown is not an expensive 

"laboratory device" but a practical 
piece of equipment that can be easily 
duplicated by almost any technician 
or experimenter. 

Its design and construction has been 
made possible by utilizing two semi-
conductor devices—a self-generating 
selenium photocell and a Raytheon 
type CK722 junction transistor. 

Circuit Description 
The complete schematic diagram 

for the light-powered oscillator is 
given in Fig. 2, while an interior view 
of the unit is shown in Fig. 3. 

Referring to the schematic diagram, 
the transistor collector is connected 

to the primary of a small "Sub-
Ouncer" transformer, T,. The return 
lead is connected to the "negative" 
terminal of the self-generating photo-
cell, PS. 
The transformer secondary winding 

is connected between the transistor 
emitter and, through coupling conden-
ser C,, to the transistor base. R, serves 
as a "base return" resistor and is con-
nected to the negative terminal of the 
photocell. 
An output signal is obtained through 

coupling condenser C2 and applied to a 
standard crystal earphone, the lower 
lead of which connects directly to the 
transistor emitter. The "positive" ter-
minal of the photocell is also con-
nected to the transistor emitter. 

In operation, light striking the 
photocell generates sufficient voltage 
to drive a small current through a low 
impedance load ( the maximum cur-
rent obtained with the photocell shown 
does not exceed a few hundred micro-
amperes). 
This current flows over two paths. 

Part of the current flows through the 
R, and base-emitter path, establish-
ing the "bias current" for the transis-
tor. Another part of the current flows 
through the primary of Ti and the col-
lector-emitter path. 
As is readily apparent, the transis-

tor itself is connected in a modified 
"tickler feedback" grounded-emitter 
oscillator circuit, with feedback ob-
tained through the primary and sec-
ondary winding of n. Current varia-

tions in the primary winding cause 
a.c. variations in the secondary wind-
ing through magnetic coupling. The 
signal thus developed in the secondary 
is applied to the base-emitter circuit 
of the transistor, where amplification 
takes place, resulting in further varia-
tions in the primary current ( since 
this is equal to the collector current). 
The oscillation obtained continues 

as long as sufficient light falls on the 
photocell. 
With the parts values shown, there 

is a certain amount of "blocking oscil-
lator" action, with the result that the 
frequency of operation varies with 
large changes in the amplitude of 
light falling on the photocell ( and 
hence with changes in the amount of 
generated current). When the model 
shown is held in sunlight and gradu-
ally turned so that greater amounts of 
light strike the photocell, the tone 
gradually increases in pitch, then sud-
denly changes over to a low frequen-
cy "buzz." 
Good results can be obtained under 

incandescent lights, but when the unit 
is used under fluorescent lamps, the 
60-cycle line buzz modulates the nor-
mal signal, with the result that a 
"buzz" is heard in the earphone. 
Construction is fairly straightfor-

ward and no particular difficulty 
should be encountered by the skilled 
technician. However, a few special 
suggestions appear to be- in order. 
The author's model has been assem-

bled and wired in a small plastic box 
(an old "pill box"). As is easily seen 
in the interior view, Fig. 3, the inside 
of the box is mostly "empty space." If 
a smaller plastic box had been avail-
able at the time of construction, the 
entire unit could have really been 
"miniaturized." 
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Either a larger or smaller case may 
be used by the builder, as he prefers. 
However, two points should be kept 
in mind when selecting the case—first, 
it should be large enough so that the 
photocell used can be easily mounted. 
Secondly, if the builder plans to mount 
the photocell inside the case ( as the 
author did), the case should be of 
clear ( transparent) plastic. 

This brings up an important point— 
obtaining the photocell. All parts used 
in constructing the small unit are 
commonly available and can be ob-
tained from the majority of whole-
sale electronics parts distributors— 
except the photocell. Two possible 
sources of supply are open to the 
experimenter, (a) he can salvage a 
unit from a discarded or used photo-
graphic exposure meter, and ( b) he 
can watch for "surplus" sale ads, 
where these units are sometimes of-
fered at low prices. (Concord Radio, 
of New York, recently offered similar 
phutocells at less than one dollar 
each.) 
Once the photocell has been ob-

tained, the polarity of lead connec-
tions must be identified. If these con-
nections are not already marked on 
the photocell, a 0-1 ma. or 0-500 
microammeter should be connected to 
the photocell and the unit held under 
a reasonably strong light. By noting 
whether an "up-scale" or "down-scale" 
deflection is obtained, the lead polarity 
can be quickly determined. 

In the unit used by the author, the 
rear surface was positive and two 
narrow strips on the front (or light-
sensitive) surface formed the negative 
terminals. 
When mounting the photocell, make 

sure that the light-sensitive surface 
faces in the proper direction. Also 
make sure that positive contact is 
made to the photocell terminals. This 
contact is preferably made through 
spring surfaces (phosphor bronze is 
good material to use for this). No 
attempt should be made to solder di-
rectly to the photocell unless special 
terminals are provided for this on the 
unit itself. 
Although the transistor could be 

wired directly into the circuit, using 
its leads, it is suggested that a stand-
ard 5-pin subminiature tube socket be 
used instead, as shown in the model. 
This step is necessary because the 
short lead lengths used in subminia-
ture wiring might result in the tran-
sistor being overheated during solder-
ing. 
However, if the builder does not 

have the proper socket available, and 
cannot easily obtain one, the transis-
tor may be soldered into the circuit if 
special care is taken to hold each 
transistor lead during soldering with 
a pair of flat-nosed pliers (the pliers 
should be on the "transistor side" of 
the soldered joint). 
Both the transistor socket (where 

used) and the "Sub-Ouncer" trans-
former may be mounted simply by 
cementing them to the plastic case, 
using either "Duco" cement or any 

general-purpose radio service cement. 
Other parts are supported on their 

own leads. 

Adjustment 

Once the wiring is completed, the 
unit should be checked for operation 
by placing the earphone in the ear 
and holding the completed oscillator 
near a reasonably strong light source 
so that light falls directly on the 
photocell. 

If 'oscillation is not obtained, try 
varying the size of R,. If necessary, 
a 250,000 ohm potentiometer may be 
temporarily connected in place of this 
resistor and an adjustment made. The 
value is then checked and a fixed re-
sistor of approximately the same value 
permanently connected in place. 
Should it be impossible to obtain 

oscillation, even by varying the size 
of R,, reverse the transformer second-
ary leads (the two black leads, Fig. 2) 
and again check for oscillation. If 
necessary, again try varying the size 
of R,. 
Where the last step does not permit 

oscillation to be obtained, it may in-
dicate that the photocell is defective 
or "weak." Check this unit for opera-
tion by connecting a 0-1 ma. or a 
0-500 microammeter across it and 
holding the unit under a strong light 
source; a current of at least 50 to 100 
microamperes should be obtained, 
with as high as several hundred micro-
amperes obtained from a really sen-
sitive cell. 

In an extreme case it may be neces-
sary to try another transistor, but, in 
general, this should not prove neces-
sary. The author tried this circuit 
with a number of different transistors 
(of the same type) and obtained satis-
factory results in every case. 
• 

Applications 

While the light-powered audio oscil-

R1-47,000 ohm, V2 tr. res. 
CI, C2—.01 ,s Id. disc ceramic cond. 
ri—"Sub-Ouncer" trans. ( UTC SO-3) 
E,—Hearing-aid type crystal earphone (Brush) 
PS—Self-generating selenium photocell ( see 

text) 
CK722—Jünction-type "p-n-p" transistor (Ray-

theon) 

Fig. 2. Schematic of audio oscillator unit. 

lator, as shown in the photographs, is 
basically an experimental "gadget," 
the unit does offer a number of prac-
tical applications. For example, by 
providing a hand-key in the emitter 
circuit, the unit could be used as an 
extremely compact and inexpensive-
to-operate code-practice oscillator. 
The unit could also be used by a 

blind person to determine if a room 
is lighted or dark. Since the tone 
pitch varies somewhat with light in-
tensity, this would provide some in-
dication as to the amount of light in 
a room and as to the light sources. 
In addition to the applications of the 

audio oscillator, the use of "light-
power" suggests many other possibili-
ties. The author plans to eventually 
construct a small light-powered trans-
mitter, a receiver, and possibly a small 
audio amplifier. 
The reader can undoubtedly think 

of many additional applications of the 
light-powered audio oscillator, as well 
as other more general applications of 
light-powered "electronic" equipment. 

Fig. 3. Internal view. Unit can be constructed in even smaller cabinet if desired. 
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JUNCTION 

Using the 

junction 

transistor as 

an i.f. and r.f. 

oscillator 

By I. QUEEN 
EDITORIAL ASSOCIATE 

TRANSISTORS 
for 

high-frequency 
oscillators 

UNCTION TYPE transistors are 
made and sold as low-frequency, 
low-power units. Catalog specs us-
ually call for a certain minimum 

gain at 1 kc or perhaps 5 kc. No high-
frequency specifications are given, but 
it is known that frequency response be-
gins to droop early. Therefore it may 
surprise many readers to find that the 
junction transistor is efficient as an i.f. 
and r.f. oscillator. I have carried on 
many experiments with the CK722. Of 
several tried, all oscillated easily in the 
i.f. range near 400 and 500 kc. For 
most transistors tried, less than 1 volt 
was sufficient power supply. About half 
could oscillate above 1 mc! These ac-
tive units required about 3 volts at this 
high frequency. 

Transistors cannot be made as uni-
form as vacuum tubes. All transistors 
are efficient at audio frequencies, but 
even there it is usual to choose a bias 
resistor for the particular unit in the 
circuit. At intermediate and radio fre-
quencies the nonuniformity is even more 
important. Substituting one transistor 
for another may call for retuning, 

o 

C0722 

624- 470Ft 
1.5150 

Fig. 1—Crystal oscillator circuit. 

TAPPED COIL OR 2 
SEPARATE WINDINGS 
tSEE TEXT) 

/Tel TO XTAL FREO 

Fig. 2—A self-controlled oscillator. 
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éhanging the applied voltage, or even 
redesigning the circuit. Often, the cir-
cuit must be designed around the tran-
sistor. 

If you plan high-frequency experi-
ments and if you have access to several 
units, determine which are most active 
at r.f. or i.f. The more sluggish tran-
sistors may be set aside for a.f. cir-
cuits. Fig. 1 is a typical circuit for a 
crystal oscillator. Fig. 2 is a self-con-
trolled oscillator. The values shown 
were found to work well for the partic-
ular transistors used. The base resistor, 
voltage supply, and base capacitor may 
need adjustment for best operation of 
your particular transistor. 

In Fig. 1, the collector coil has to be 
tuned to approximately the crystal fre-
quency. Due to transistor loading, the 
adjustment may vary with the tran-
sistor used. I obtained good results us-
ing a slug-tuned coil rather than a con-
ventional capacitance-tuned tank. 
The tank in Fig. 2 may be a single 

winding with an intermediate tap, or it 
may have two separate windings. The 
collector portion may be 3 or 5 times as 
large as the base winding. The wind-
ings must be correctly polarized. Con-
nect them so that an electron starting 
out at the base will travel in the same 
direction around both coils to reach the 
collector. In other words, the winding 
should have the same effect as a single 
coil with an intermediate tap. If capa-
citor tuning is desired instead of slug-
tuning, connect as shown by dotted lines 
in Fig. 2. 
A broadcast oscillator coil is not suit-

able for a junction-transistor oscillator. 
Its frequency range is too high. Instead, 
use an antenna coil with primary, if 
you want a broadcast-band oscillator. 
A 455-kc i.f. transformer also makes a 
good tank. If used as is, it generates a 
signal near 300 kc. By removing turns, 
you can reach the broadcast band with 
it. As turns are taken off, monitor the 
frequency on a nearby receiver. The 
oscillator frequency equals the differ-
ence between consecutive beats. For 
example, if you hear signals at 600, 

900 kc, etc., your frequency is 300 kc. 
It is a good idea to leave a milliam-

meter or microammeter in series with 
the battery during experiments on the 
transistor oscillator. It offers a means 
of measuring the input to the transis-
tor, and can indicate if the circuit is 
oscillating. Maximum input to a CK722 
is 5 ma, but 1 or 2 ma is generally suffi-
cient for a low-power oscillator. I ob 
tamed ample output in most circuits 
with an input of only 100 pa. In any 
case, the current is controlled by the 
base resistance and the applied voltage, 
and depends on the individual transis-
tor. A lower base resistance increases 
the current input and the power output. 

Ordinarily, the amount of oscillating 
current differs from the nonoscillating 
flow. In a typical case, a current of 44 
pa flowed when the circuit was oscillat-
ing. In the nonoscillating condition, 
this dropped to 40 µa. This circuit used 
a 470,000-ohm base resistance and 3 
volts input. With a small base resist-
ance, the oscillating value will be less 
than the nonoscillating current. For 
example, in the above circuit a 40,000-
ohm resistor raised the oscillating cur-
rent value to 0.5 ma. When not oscillat-
ing, it climbed to 0.65 ma. In any cir-
cuit the oscillations may be killed by 
simply shorting out one or both taiik 
coils. 
Knowing the oscillating and the non-

oscillating current values can save 
much time. For example, if you are 
trying to increase frequency by remov-
ing coil turns, you can watch the meter 
to see whether oscillations are still pres-
ent. After a while, the difference ( be-
tween oscillating and nonoscillating 
readings) will narrow down. This 
shows that you are approaching the 
frequency limit of your transistor. 
One remarkable thing about a tran-

sistor self-controlled oscillator is its 
stability. When properly designed, its 
signal will be clear as a crystal tone. 
A slug-tuned high-Q tank, using no 
shunt capacitance gives a better signal 
than most heavily capacitance-loaded 
tube oscillators. This is evidently due 
to the loading of the transistor itself. 
It is only when the oscillations are on 
the verge of dying out that the tone 
sounds poor. This can happen if you 
use too low a voltage on the transistor, 
or if you operate it too close to its fre-
quency limit. It happened here during 
an experiment when I was using low 
voltage on a transistor oscillating near 
700 kc, and the r.f. signal was modulat-
ed by spurious whistles, and hum. The 
trouble was that I had my meter on the 
40-pa range to measure the very low 
input current. On this range the meter 
has a resistance of 2,500 ohms. When 
I switched to the 1-ma range ( 100 
ohms) the signal immediately became 
pure unmodulated r.f. again. 
The base resistance of a self-con-

trolled oscillator has a considerable ef-
fect on frequency. With one circuit I 
obtained a frequency of 780 kc. The 
base resistor was 470,000 ohihs and the 
base capacitor 500 pd. Changing the 

(Continued on page 105) 
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TRANSISTOR TOY OSCILLATOR 
By G. E. KNAUSENBERGER 

This is a simple device with a Raytheon CK722 

pnp-junction transistor in an R. F. oscillator 

circuit. It can be used in conjunction with a 
home radio for monitoring any motion which 

involves capacity changes and thereupon shift 

in oscillating frequency of the transistor trans-

mitter. 

The oscillator, operated from a hearing aid 

battery, is enclosed in a rubber toy. A lead, 

acting as antenna, and sensing probe, extends 

from it. The device may be used for monitoring 

a baby's rest. The toy is suspended from the 

rails of the crib, the lead with a pacifier at its 

end extended within Baby's easy reach. 

The home radio in a neighboring room tuned to 

give an audible beat with the transistor oscilla-

tor. As long as Baby rests, the beat frequency 

will not change. If Baby drops the pacifier or 

starts playing, rapid tone changes occur. 

When the child plays with the toy itself and 

listens to the tuned in radio, "birdie-whistling" 

emerges from the loudspeaker, giving great en-

chantment to the child. 

There is no danger connected with the opera-

tion; the device is rugged and of long opera-

tion time. 

CK 722 

30V 

Circuit: 

A junction transistor CK722 circuit in grounded 

collector amplifier connection is destabilized by 

a parallel tuned circuit in the base. Emitter bias 

is provided by a resistor, shunted a.c. wise in 

the base, therefore allowing one battery opera-

tion. Output is taken off on emitter side, where 

a capacitor-resistor combination contributes to 

a.c. destabilization and d.c. stabilization. 

resistor 'A W 
resistor V2 W 
capacitor 
capacitor 
capacitor 

PARTS: 

100009 
3 MO 
750F • 
0.0012,uF 
0.01µ,F 
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The small transistor phono oscillator in actual operation. 

M
USIC and conversation can be 
broadcast over short distances 
with this tiny transistor os-
cillator. The basic circuit uses 

one transistor plus a few inexpensive 
components. An extra audio stage may 
be added for more amplification. 
The idea that junction transistors 

are useful only at audio and low radio 
frequencies is fading away. Practically 
all CK722 transistors will oscillate in 
the broadcast band. Some will go as far 
as 3 megacycles. All of the transistors 
I've been able to get my hands on have 
worked in the phono oscillator circuit. 
The first experimental circuits with 

transistor phono oscillators used a sep-
arate transistor amplifier to collector-
modulate another transistor oscillator. 
At least two transistors were necessary 
plus some sort of modulation trans-
former. The circuit evolved into a sim-
pler one-transistor layout that per-
formed better than the two-transistor 
circuit. 
The circuit makes a single transistor 

do double duty as audio amplifier and 
oscillator. The oscillator Is grounded 
base and the audio amplifier is grounded 
emitter. Let us see how it works. 

TRANSISTOR 
PHONO 
OSCILLATOR 
By EDWIN BOHR 

BATTERY LEADS 
54 

RI 

AUDIO I 
LEADS 

CK722 SOCKET 

Despite small size, there is ample room for wiring. 

BATTERY LEADS 

RFC 

A F INPUT LEADS 

TUNING COIL 

UNING 
CAPACITORS 
390ppf 

C K722 CI C2. 

All major components are neatly laid out for maximum compactness. 
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Circuit 
Fig. 1 shows the oscillator alone. Ex-

cept for resistors RI, R2, and R3 which 
stabilize the d.c. operating points of the 
transistor, the circuit is a simple type 
where feedback is tapped from the tun-
ing capacitors rather than the coil. This 
is a matter of convenience so perme-
ability tuning can be used. Capacitors 
Cl and C2 bypass the r.f. around the 
battery and base resistor. 
To also function as an audio ampli-

fier and modulator a few extra compo-
nents are necessary. ( See Fig. 2.) The 
microphone is connected in the base cir-
cuit from the bias resistor R2. This re-
sistor—and also R1—must be bypassed 
with electrolytics to prevent audio de-
generation. Since R1 must be bypassed 
for audio, we must keep the r.f. feed-
back from going to ground too. The 
choke labeled RFC prevents this. 

Resistor R4 stops a periodic blocking 
of the r.f. oscillator by the voltage de-
veloped across R1, C3. Two hundred 
ohms for R4 kills instability for all 
transistors, but 100 ohms is usually 
enough. The lowest value that prevents 
motorboating of the carrier is the most 
desirable since high values of R4 
reduce audio gain. 

LCOP51.10l TART 
0022 

t I 
I c>390pvt 

I CI 
(—a 

.01 

8.2K C3/25 
4-16.V 

—E 

AJDR) IN 
 o 

R25.47V C425 K3/100K 
6V 

 o 

 o 

F•g. 2—Diagram of transistor phono 
oscillator showing component values. 

Some of the battery voltage is lost in 
the stabilizing resistors. So, up to 30 
volts can be used without exceeding the 
transistor ratings. Thirty volts of 
course gives the greatest power output, 
but the circuit oscillates down to 15 
volts ( subject to variations in individ-
ual transistors). 

Construction 
The oscillator chassis is a 2 x 1% x 

M6-inch piece of insulating board. The 
components are mounted by pulling 
their leads through holes drilled in the 
board. As shown in the photographs, 
the electrolytics and coils take up the 
greatest room. 
The tuning coil and choke are both 

cut-down Ferri-Loopstick units. Take 
off the cardboard sleeve over the loop-
stick winding and cut off the mounting 
bracket plus most of the form. The os-
cillator coil and choke are then mounted 
to the chassis by pushing them into a 
block of fiber board. The block has a 
hole drilled in it the same size as the 
outside of the coil form. 
Push the iron core all the way into 

the choke, otherwise the oscillator may 
not work at the lowest end of the tun-

ing range. The iron core in the tuning 
coil is pushed in and out to adjust the 
carrier frequency. This way the oscil-
lator can be tuned from about 600 kc 
to over 1 mc. 
The transistor plugs into a hearing-

aid tube socket. It is made into a three-
pin socket by pushing out two of the 
contacts. 
Some shopping of the mail-order 

catalogs was necessary to find the 
smallest inexpensive capacitors. Capac-
itors Cl and C2 are 200-volt miniature 
units made by Aerovox (type P83a). 
They cost about the same as regular 
capacitors. The electrolytics are Cornell-
Dubilier BBR tubulars. 
A few precautions are necessary. 

Most of the transistor circuit polarities 
are just opposite to those of vacuum 
tubes. Note that positive sides of the 
electrolytics and battery go to ground. 

Disconnect the battery before the 
transistor is removed from its socket. 
One end of the socket for the tran-

sistor has a raised identifying dot. The 
socket pin nearest the dot is wired to 
the collector circuit. This corresponds 
with the red dot on the transistor case. 
It certainly will not do the transistor 
any good to plug it in backward. 
The antenna is a whip type, two feet 

long, mounted by a bananna plug and 
jack. Antennas this short can be con-
nected directly to the collector. Longer 
antennas must be connected to the Col-
lector through a 30-puf trimmer. With-
out this trimmer, long antennas load 
the circuit so heavily it will not 
oscillate. 
The complete phono oscillator—bat-

teries and all—is mounted in a I% x 
2% x 2%-inch aluminum case. 

Operation 

To test, connect an earphone to the 
audio input and slide the iron core 
about halfway into the tuning coil. Next 
place a radio within a few feet of the 
oscillator and tune across the broad-
cast band. A "shwoosh" or "shistle" 
will be heard as the transistor carrier 
is passed over. If a whistle is heard, 
the carrier is heterodyning with a 
broadcast station. To cure this, find a 
quiet spot on the dial and tune the 
transistor oscillator to that frequency 
by moving the core. The oscillator will 
drift for the first few minutes, so let 
it operate a while before the frequency 
is set. 

If the carrier motorboats, increase 
the value of R4. To get an idea of the 
tuning range of the oscillator, follow 
the carrier with the radio dial as the 
tuning slug is moved in and out of the 
coil. The two 390-intf tuning capacitors 
may be changed to other values. If each 
capacitor is changed to 100 µ1.1f, the 
oscillator will tune from 1 me to about 
1.8 mc. 
Tap on or talk into the earphone and 

the sound should come through the 
radio. There will be feedback squeal if 
the microphone is too close to the 
speaker of the radio. The earphone 
gives a pretty good impedance match to 
the transistor input, but it overloads 

and distorts easily on loud sounds. A 
3-inch speaker connected through an 
output transformer to the oscillator 
makes a better microphone. Carbon 
microphones are suitable and much 
more sensitive. Carbon mikes must have 
a coupling transformer. A small fila-
ment transformer will do. Fig. 3 shows 

CARBON MIKE FL TAANS 

L5V 

Fig. 3—Circuit for carbon mike input. 

how it is connected. The 6-volt side goes 
to the microphone and battery and the 
110-volt winding goes to the transistor. 

Clarkstan or Pickering VR cartridges 
can be connected directly to the oscilla-
tor, but the modulation will be very 
low. A G-E cartridge, because of its 
lower output, can just barely be heard. 
Çrystal pickups are not satisfactory, 
even with matching transformers. 

Fig. 4—Schematic of audio amplifier 
for the transistor phono oscillator. 

Before the battery voltage is turned 
on, the microphone should be connected, 
or a shorting jumper should be placed 
across the "audio input" terminals. 

Parts for phono oscillator 
Resistors: 1-100, 1-8,200, 1-47,000, 1-100,000 
ohms, 1/2  watt. 
Capacitors: 2-390 uuf, ceramic; 2—.01 uf, 200 
volts, paper (Aerovox P133Z); 2-25 uf, 6 volts, 
electrolytic (Cornell-Dubilier BBR). 
Miscellaneous: I—CK722 transistor; 2—Ferri-Loop-
stick; 1—socket for transistor; 1—on-off switch; 
1—battery ( 22.5 to 30 volts); 1-1% 2%-inch 
aluminum case; I—fiber board; 1-2-foot whip an-
tenna; I—jack for antenna. 

Parts for amplifier 
Resistors: 1-8,200, 1-47.000, 1-103,000 ohms, I/2 
watt. 
Capacitors: 2-25 uf, 6 volts, electrolytic. 
Miscellaneous: I—CK722 transistor and socket; 
1—plate-to-line transformer, primary impedance 
ICAO, 25,000 ohms, primary current 3, 1.5 ma, 
secondary impedance 200. SOO ohms (UTC SO-3). 

Amplifier 
Once the oscillator is built you may 

want to add an extra stage of audio 
amplification. This gives satisfactory 
operation with VR cartridges. An am-
plifier is shown in Fig. 4. Like the oscil-
lator, the amplifier is d.c. stabilized. 
There is no need to make any circuit 
adjustments for individual transistors. 
The output of the amplifier is connected 
directly to the audio input terminals of 
the oscillator. 

Conclusions 
The phono oscillator makes a very 

good experimental transistor project. 
The range is limited because of the low 
power, yet it can transmit a signal 
from room to room. END 
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A SUBMINIATURE CODE PRACTICE 
OSCILLATOR 

By 

LOUIS E. GARNER, JR. 

I
N AN earlier article, the author de-
scribed the construction and use of 
a compact "pocket" sized code prac-

tice oscillator ("A Transistor Code 
Practice Oscillator, April, 1953, RADIO 
& TELEVISION NEWS). Although the 
unit described in the earlier article 
was quite compact, no real attempt 
was made to "miniaturize" it . . . ex-
cept for a hearing aid type battery 
and the transistor, all components 
used were standard-sized, and the unit 
was intended to be used with a regu-
lation hand-key and standard ear-
phones. 

Nonetheless, the author received a 
good deal of good-natured kidding 
from friends about the size of the 
oscillator. Such remarks as "why not 
build a vest-pocket sized oscillator?" 
and "sure the oscillator is small, but 
the key and headphone take up too 
much space" were not uncommon. 
Being human, a decision was quick-

ly reached to build a code practice 
oscillator that was really small . . . 
one in which every part would. be so 
compact that the entire practice set-
up, oscillator, power source, key and 
headphnr.e, could be easily fitted not 
only in a vest-pocket, but even in a 
watch pocket . . . and yet one which 
could be used for serious code prac-
tice, rather than a tiny "museum 
piece" destined to collect dust in a 
forgotten corner. It was also decided 
to design a unit tl:at could be easily 
duplicated by any competent tech-
nician, using parts available through 
most of the larger wholesale elec-
tronic parts distributors. 
The result is shown in Fig. 1 along-

side a standard matchbox and a king-
sized cigarette. The entire code prac-
tice set-up is shown here, including 
ing the "key," the oscillator, the 
power source, and the headphone. The 
key, oscillator, and power supply are 
all within the small plastic box, with 
the hearing aid type earphone (and its 
cord) shown alongside. 
As can be seen by reference to the 

schematic diagram of Fig. 2, the Ray-
theon junction transistor ("p-n-p" 

Fig. 1. The tiny code practice os-
cillator and earphone shown with 
matchbox and king-sized cigarette. 

Although housed in a plastic box measuring lust Vs" x 

11/4 " x 11/4 ", this "watch pocket" unit really works 

type) is connected in a modified 
"tickler" feedback grounded-emitter 
audio oscillator circuit, with feedback 
provided by transformer Ti. 

In operation, no current flows until 
the "key" is depressed . . . this elim-
inates the need for a separate "on-
off" switch. 
When the key is closed, d.c. can flow 

over two paths. Part of the current 
flows over the Ri-base-emitter path, 
establishing the base "bias" current 
for the transistor. Another part of the 
current flows over the path consist-
ing of the primary of T, and the col-
lector-emitter circuit of the transistor. 
The current drain on the power 

source depends primarily on the size 
of R,, not only because this resistor is 
in series with the base-emitter current 
path, but also because the amount of 
base current flow, in turn, determines 
the d.c. collector current flow. By 
keeping R, large ( 10 megohms in the 
author's model) the current drain is 
kept small and long battery life is 
insured. The actual battery life, in 
normal use, should approach the 
"shelf" life of the cell. 
Variations in the primary current 

of T, are coupled, through magnetic 
lines of force, to the secondary wind-
ing, where they appear as an a.c. volt-
age. This signal, in turn, is applied 
through the d.c. blocking condenser C, 
to the base-emitter circuit of the tran-
sistor. The step-down turns ratio be-
tween the primary and secondary 
winding of T, permits matching the 
low input impedance of the transistor 
amplifier stage. 
The signal is amplified by the tran-

sistor and re-applied to the primary 
of T,. In this fashion, the basic con-
dition of signal amplification with 
positive feedback is set up, and oscil-
lation occurs. 
The output audio signal is obtained 

through coupling condenser C2 and ap-
plied to the Brush crystal earphone. 

Construction Hints 

All the electrical and mechanical 
components for this unit, except the 
earphone and its cord, are assembled 
in a small plastic box measuring 7/8" 
x 1%" x 1%". A somewhat larger case 
may be employed, if desired, and will 
make the wiring easier. 
Although a metal case may be used 

in place of the plastic box, plastic 
is preferred as it simplifies insulation 
problems. 
The general parts arrangement used 

by the author is apparent from the 
exterior and interior views of the os-
cillator, Figs. 1 and 4, respectively. 
£ayout is not critical, however, and 
the builder may use any layout that 
will permit fitting the various parts 
compactly into the particular case 
used. 
Mounting Parts: Only the two major 

components, the "Sub- SubOunce?" 
transformer and the Mallory RM-1000 
mercury cell are actually "mounted." 
The other parts, i.e., the transistor, 
the two condensers, and the resistor 
are allowed to more or less "hang 
free." Actually, the wiring is suffi-
ciently compact so that tlie pressure 
between parts when the case is closed 
is adequate to hold them immobile. 
The transformer is mounted by 
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cementing it to the case, using either 
Duco cement or general purpose radio 
service cement. 
A small "L" bracket is used to hold 

the mercury cell in place, pressing 
it against the side of the case. This 
bracket also serves to make electrical 
contact to the outer shell (positive 
terminal) of the cell. 

Wiring: Special care must be exer-
cised when wiring the oscillator unit, 
both to prevent damage to the tran-
sistor and to the plastic case. Because 
so little space is available for compo-
nents, it was not found practicable to 
use a socket for the transistor, and 
soldered connections had to be made 
directly to the transistor leads. 

If the builder uses a somewhat 
larger case, so that a little "extra" 
space is available, it is suggested that 
a socket be used for the transistor, 
and that the transistor not be in-
stalled until all wiring is completed. A 
standard 5-pin subminiature tube 
socket is suitable for the CK722 tran-
sistor (only three pins are used.) 
For best results, a small "pencil" 

type iron should be used. Keep the 
iron well-tinned and clean. Tin each 
wire or component lead prior to mak-
ing the final connection, and use quick-
ly soldered lap joints. 
The transformer secondary leads 

(black) should be arranged so they 
can be easily interchanged should 
such a step prove necessary during 
final testing of the completed unit. 
Once the oscillator wiring has been 

completed, and the unit tested, ex-
posed connections may be effectively 
insulated by applying two or three 
coats of fingernail polish. Do not coat 
the negative terminal of the mercury 
cell, or the contact of the "key," how-
ever! 

Assembling the "key": The con-
struction of the miniature "key" is 
clearly visible in the photographs and 
in the side view sketch given in Fig. 3. 
Required parts are a small machine 
screw (preferably one having a smooth 
head), a small compression spring, 
and a nut to fit the machine screw 
used. 
A small hole is drilled in the plastic 

case directly above the location of the 

mercury cell, and the key assembled 
so that contact is made with the nega-
tive terminal of the cell when the 
key is depressed. 
Contact to the key is made by lap-

soldering a wire to the side of the 
machine nut. This connection should 
be made before assembling the key to 
avoid melting the plastic case. 
For best results the threads of the 

machine screw above the section 
where the nut fits on should be filed 
smooth. Otherwise, there is a certain 
tendency to catch on either the spring 
or the sides of the hole ( in the case). 
The side of the nut facing the bat-

tery should be filed smooth to insure 
good positive contact each time the 
key is depressed, as well as to reduce 
the thickness of the nut. 

Testing And Adjustment 
Once all wiring is completed, care-

fully check each connection to make 
sure there are no errors in wiring and 
that all joints are secure. Holding 
the earphone close to the ear, depress 
and release the "key" a few times. 

If oscillation does not take place, 
try reversing the secondary (black) 
leads of the transformer (Ti). It is 
important that these leads be con-
nected correctly to insure proper phas-
ing of the feedback signal if oscilla-
tion is to take place. 
Should it still be impossible to ob-

tain operation, it may indicate that 
good electrical contact to the battery 
is not made when the "key" is de-
pressed, or that the battery, transis-
tor, transformer, or some other part 
is defective. Check each part in turn. 
Since it may prove somewhat difficult 
to properly check the transistor, all 
tests may be concentrated on other 
parts, including the earphone and 
cord. 

In some instances it may be neces-
sary to change the value of Ri. Should 
this be the case, temporarily connect 
a potentiometer or resistance substitu-
tion box in place of 1?,, adjusting the 
value until oscillation takes place. 
Then install a fixed resistor having 
the appropriate value. 
Because of the small size and con-

struction of the "key" used this unit 

Fig. 4. Interior view of unit showing parts layout. 

R,-10 megohm, 1/2 w. res. (see text) 
C,—.002 ad. disc ceramic cond. 
C2—.001 ad. disc ceramic cond. 
Di— Mallory RM-l000 mercury cell 
T,—"Sub-SubOuncer" transformer ( UT( 

V,—"p-n-f," junction transistor (Raytheon 
CK722 ) 

Fig. 2. Complete schematic of the submin 

iature oscillator which uses a transistor. 

Fig. 3. Mechanical details for building 
the key to be used with the oscillator. 

should not be used exclusively in 
learning the radiotelegraph code. A 
standard hand-key ( which, if desired, 
may be connected in place of the mini-
ature key) should be used for regular 
practice sessions in order to develop 
a good "fist." Use the miniature key 
only for supplementary practice. 
When using the miniature key, try 

to simulate, as far as is practicable, 
the normal hand movements used with 
a standard hand-key. One technique 
is illustrated in Fig. 5. 
The oscillator is held lightly be-

tween the thumb and middle finger, 
with the forefinger pressing on the 
"key." Code is sent using a normal 
wrist motion, not the motion of the 
forefinger alone. In order to do this, 
the thumb and middle finger ( holding 
the oscillator) are allowed to flex 
slightly as the key is depressed. 
A little practice will enable almost 

anyone to acquire this technique.-1--

Fig. 5. Correct position for operating oscillator. 
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TRANSISTOR OSCILLATOR PRODUCES SUBHARMONICS 
By I. QUEEN 

IF you like to experiment with new, 
unconventional circuits, try this one. 

It is a subharmonic crystal oscillator 
using a junction transistor. It acts 
just like an oscillator with a crystal 
frequency between 75-125 kc. Crystals 
in this range are very expensive and 
not generally available. We get the 
same results with a surplus crystal 
in the 400-kc range. The cost of tran-
sistor plus surplus crystal is actually 
less than that of a standard low-fre-
quency crystal. 
The circuit uses a CK722 transistor. 

This is the low-cost junction unit now 
available at most parts distributors. 
The crystal is connected between emit-
ter and collector as shown in the dia-
gram. If desired, it may be connected 
between emitter and base instead, re-
sults being about the same. 
The two coils are part of a 262-kc 

i.f. transformer with about 3Of', of 
the turns removed from the primary 
(red-blue) winding. Without the crys-
tal, this circuit looks and acts like a 
convcntional Hartley ( tapped coil) 
circuit. It generates a low-frequency 
signal with strong harmonics through 
the broadcast band. The oscillator 
frequency is approximately 140 kc, 
and harmonics can be heard at 560 
kc, 700 kc, 840 kc, etc. One or both 
trimmers may be used to vary the 
fundamental over a small range. These 
self-excited signals will sound about 
T7 or T8. Like those from any low-C 
oscillator they will be shaky and 
susceptible to hand capacitance and 
other external effects. 
To set the subharmonie generator, 

tune the circuit ( still without crystal) 
so that its output is slightly lower 
than the desired subharmonic. For ex-
ample, if you use a 375-kc crystal and 
want a 125-kc subharmonic, set the 
oscillator to about 120 kc. You will 
hear harmonics at 600 kc, 720 kc, etc. 
When you insert the crystal into its 
socket, the signal will change to a 
pure T9 tone. It will suddenly be-
come highly stable regardless of hand 
capacitance. 

Adjust one or both trimmers for 
maximum stability and output. A good 
test is to turn the battery on and off 
several times to see if the oscillations 
start each time. If you have a 400-kc 
crystal, and wish to build a 100-kc 
crystal oscillator, tune the i.f. trans-
former to about 100 kc or slightly 
below. If 100 kc is too low for your 
transformer, you may need added ca-
pacitance across the secondary ( green-
black) winding ( see dotted lines in 
diagram). 

A single 1.5-volt penlight cell sup-
plies sufficient power for the transistor. 
Its drain is low, so battery life should 
approach shelf life. 

A few different transistors were 
tried in this circuit. All functioned 
satisfactorily. All were good subhar-
monic generators, and in each case the 

The complete subharmonic oscillator. 

harmonics were strong—well into the 
high-frequency spectrum. For example, 
a 100-kc subharmonic generator ( using 
a 400-kc crystal) provided harmonics 
beyond 20 mc. For greatest output, 
connect the antenna lead of the oscil-
lator to the receiver antenna post. 
I arrived at this unusual circuit while 

experimenting with transistor crystal 
oscillators. I am not sure what the 
theory is, but the following may come 
quite close to the truth. Evidently the 
two coils in series act like a Hartley 
tank, tapped near the middle. The 
tank resonates near 125 kc, and may 
be adjusted over a narrow range by 
tuning either trimmer of the trans-
former. This is the frequency which I 
have observed when the crystal is re-
moved from its circuit. Now, one of the 
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Diagram of the subharmonic generator. 

transformer coils alone resonates near 
400 kc, the crystal frequency. The coil 
is between collector and base, and acts 
like the plate tank of a conventional 
tube oscillator. The "plate" coil, with 
the crystal, makes a crystal oscillator. 
Thus we have two signals, one near 
125 kc, the other, approximately 400 kc. 
The first signal is self-controlled, the 
other is crystal-controlled. By tuning 
one or both trimmers we can adjust 
these frequencies so that one is an exact 
subharmonic of the other. When this 
happens, the low-frequency signals can 
be heard but their quality equals that 
of the high-frequency crystal tone. In 
other words, they are synchronized and 
controlled by the crystal. 
A similar explanation is offered by 

Frank Dukat of Raytheon. He says: 
"It looks as if we have two oscilla-

tors operating somewhat independently, 
but when one is a harmonic of the 
other, they lock together at the fre-
quency of the more stable one, or, in 

this case, at a sub-harmonic of the 
crystal. It appears that the lower 
frequency oscillator is a Colpitts 
oscillator. This is the upper tuned 
circuit, and its feedback is set by 
collector-to-base and base-to-emitter 
capacitance within the transistor. We 
think that the crystal oscillator is a 
Hartley oscillator with feedback due 
to the inductive coupling between the 
coils and only able to oscillate at 400 
kc because at other frequencies the 
lower tuned circuit is shunted out by 
the crystal." 
Not all transistors tried in this cir-

cuit act alike. I tried three and all 
gave satisfactory results. However, one 
transistor generated much lower fre-
quencies than the other two. For ex-
ample, with the crystal removed from 
its socket, we have a self-controlled 
oscillator as already explained. Now 
with the tank values we have we would 
expect a fundamental frequency near 
140 kc. This is what I observed when 
two of our transistors were used. The 
third generated a frequency only half 
as much, 70 kc, and without changing 
the tuning of the transformer. Possibly 
this particular transistor is more active 
than the others. Evidently it acts as 
a "halver" as well as subharmonic 
generator. Other tests show that this 
transistor performs better than the 
ohers in high-frequency circuits. 
The transistors which generate os-

cillations near 140 kc are used to gen-
erate 125 kc from a 375-kc crystal. 
With a small capacitor across the 
transformer winding ( black-green) we 
can reach 100 kc. This gives the equiv-
alent of a 100 kc-crystal oscillator 
when we plug in a 400 kc crystal. As 
for the transistor which oscillates near 
70 kc, I am using this in a 75-kc crys-
tal oscillator by plugging in a 375-kc 
crystal. With slight change in trimmer 
tuning, I have an excellent 8O-kc crys-
tal oscillator when I insert a 400-kc 
crystal. 

If your transistor does not generate 
low enough oscillations and you want 
a very low- frequency oscillator, shunt 
the transformer coils until you reach 
the desired frequency. Of course it is 
preferable not to use a capacitor across 
the transformer if you don't need it. 
For one thing, the instrument will be 
smaller. 

Regardless of what actually makes 
this circuit " tick", there are many 
useful applications for it. A low-fre-
quency crystal oscillator provides nu-
merous stable check points over the 
broadcast band. It generates standard 
frequencies on the ham bands, and for 
testing receivers. There is nothing to 
plug in and nothing to tune ( once the 
instrument is working). Also, if your 
oscillator does not start each time you 
switch it on ( due to sluggish crystal 
or other causes) flip the switch on and 
off a few times or simply disconnect 
and reconnect the transistor oscillator 
antenna lead. END 
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Oscillator is little larger than half dollar. Photocell power supply is at right. 

TRANSISTOR OSCILLATOR IS POWERED BY LIGHT 

7"HE high efficiency of the junction 
transistor and its ability to operate 

on extremely low d.c. voltages make 
possible many interesting low-powered 
devices hitherto unattainable in the 
electronic field. 
A typical example is the miniature 

audio oscillator shown in the accom-
panying illustrations. It receives all its 
d.c. operating voltage from a self-gen-
erating photocell. An interesting fact 
to note is that both the active units in 
this circuit are semiconductor devices— 
the triode is a germanium transistor 
(CK722) and the power supply is a 
selenium photocell ( International Recti-
fier Corporation Type DP-5 or equiva-
lent). 

In subdued room light, 0.02 millivolt 
r.m.s. is developed across a 2,000-ohm 
magnetic headset. A 100-watt lamp, 1 
foot from the cell, gives a signal of 
0.5 millivolt. From 1 to 2 millivolts can 
be obtained when the cell is illuminated 
by direct sunlight. All these signals can 
be heard easily in the headphones. 
With the UTC type SO-3 ()ewer 

transformer shown, the signal fre-
quency is approximately 900 cycles and 
the waveform good. The frequency can 
be lowered by means of suitable capaci-

By RUFUS P. TURNER 

The oscillator has very little circuitry. 

tance values in parallel with the high-
impedance winding of the transformer. 

If the reader does not have a sub-
miniature transformer available, any 
microphone transformer or line trans-
former (200 or 500 ohms to single or 
push-pull grids) will do the job. Con-
nect the high- and low-impedance wind-
ings as shown in the figure. Polarity 
of the windings is important, since the 
phasing must be correct for oscillation. 
If the device does not oscillate readily 
when the photocell is illuminated, re-
verse the connections of one of the 
transformer windings. 
While this oscillator is a novel gadget, 

it is not as much of a toy as it might 
appear first-hand. For example, in one 
very practical application, the output 
signal (which is proportional to the 
amount of light falling upon the photo-

cell) may be amplified directly with a 
conventional amplifier, and the ampli-
fied output may be rectified and caused 
to operate a d.c. relay or high-current 
meter. For this purpose, the headphones 
may be replaced with a 2,000-ohm re-
sistor across which the input terminals 
of the amplifier are connected. 

In this way, one of the knottiest 
problems connected with self-generating 
photocells is solved—that of amplifying 
the low d.c. output of these devices. 
Stable d.c. amplifiers which might be 
used for the purpose are complicated, 
bulky, and expensive. The only previous 
alternative has been to chop the light 
beam to obtain from the photocell an 
"a.c." output which might be handled 
by a conventional amplifier, or to feed 
the d.c. from the cell into some sort 
of modulator whose a.c. output would 
be proportional to the applied d.c. This 
transistor oscillator converts the direct 
current from the photocell immediately 
into a.c. without light-chopping or 
modulation in bulky preamplifier equip-
ment. It has no standby power re-
quirements, no batteries to replace, no 
connections to the power line, and its 
active components have almost unlim-
ited life. END 

TRANSISTOR OSCILLATOR 

A SIMPLE transistor oscillator circuit 
n is shown in the accompanying dia-
gram. The constants given are for oper-
ation at approximately 1 kc. The wave-
form is excellent. 

Resistor R, determines the emitter 
current, hence the collector current. If 
the oscillator output is heavily loaded, R, 
will have to be made a lower value than 
that specified. If it is lightly loaded, the 
value can be made higher. 

Resistor R2 is used to limit the reverse 
collector current which flows when the 
collector end of the tuned circuit swings 
positive. If its value is too low, flat-tops 
appear on the positive peak of the wave. 

By LOUIS CARCANO 

If the value is too high, oscillation stop.. 
The waveform is better at high values. 
The value of R2 depends on the load and 
on the "Q" of the coil. Use from 10,000 
to 20,000 ohms with a high-"Q" toroid 
coil and from 0 to 1000 ohms with a 
low-"Q" choke. 
The battery voltage is not critical. The 

drain is about .1 ma. with the value. 
shown. The peak output voltage is about 
equal to the collector battery voltage. 
A crystal diode, with its "anode" po-

larized toward the collector, can be used 
to replace 14: but its performance is just 
about on a par with the resistor. 

Operation is class C. 

Oscillator using "p-n-p" iunction transistor. 
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I.F.-R.F. CRYSTAL OSCILLATOR USES JUNCTION TRANSISTOR 
By I. QUEEN 

I.f.-r.f. crystals are mounted on top. 

MANY experimenters assume that 
junction transistors are effective 

only at audio frequencies, so they don't 
try to use them in high-frequency cir-
cuits. Actually most junction transis-
tors I have tried perform well as oscil-
lators through the i.f. range, often 
beyond 1 me. This crystal oscillator uses 
a CK722 junction transistor, and oscil-
lates in the intermediate-frequency and 
radio-frequency range. It is equipped 
with an output control and is suitable 
for measuring, aligning, and calibrat-
ing. 

Fig. 1 shows the hookup. The tran-
sistor is powered by a pair of penlight 
cells that will last a long time. Provi-
sion is made for two different frequen-
cies. I used a 1-mc crystal ( looks like 
a metal tube in the photo) and a 375-kc 
crystal ( surplus type). Both crystals 
are left in the circuit at all times. Only 
the coils are switched. The circuit oscil-
lates when the collector coil is tuned 
close to either one of the crystal fre-
quencies. 

Fig. 1—The i.f.-r.f. crystal oscillator. 

The i.f. coil ( L1) is a Grayburne 
Van-Choke whose inductance may be 
varied from 0.65 to 6.0 mii. It may be 
replaced by a coil with an inductance 
of about 3.5 mh. For example, I found 
that a standard 2.5-mh coil in series 
with a 1-mh coil works fine. The r.f. coil 
(L2) is a slug-tuned broadcast oscilla-
tor unit ( for 465 kc i.f.). It tunes to 

Underchassis view shows chassis layout. 

1 me with the slug almost all the way 
in. If a Q meter or test oscillator is 
available, the coils may be pretuned to 
the desired frequencies. Final tuning 
may then be done in the crystal 
oscillator. 
The i.f. coil tunes broadly; the same 

setting can be used for crystals ranging 
from below 375 kc to over 400 kc. Thus, 
if you have a number of surplus i.f. 
crystals, you can easily change fre-
quency without retuning. Simply plug 
in the crystal you want. 
The oscillator is adjusted first with 

the switch in the R.F. position. Set the 
slug in L2 for output on 1 mc or what-
ever frequency you select. Next, throw 
the switch to I.F. and adjust the tuning 
of Li for output on the desired 
frequency in the i.f. range. 

Materials for i.f..r.f. oscillator 

1-47,000-ohms, 1/2 -watt, resistor; l- 10,000-ohm po-
tentiometer; 1—.0015-0 capacitor; I —.005-µf capa-
citor; 2--crystals; I—CK722 transistor; 3—sockets for 
crystals and transistor; I-3.5-mh coil; I—slug-tuned 
broadcast oscillator coil; I-3-position switch; 2— 
penlight cells. 

A single penlight cell is sufficient for 
the i.f. band. However, I found it ad-
visable to use at least two cells for the 
1-mc range; otherwise the oscillator 
does not start each time and the output 
is weak. Since transistors are not uni-
form, you may find that still greater 
voltage is needed for the r.f. oscillator. 
You may have to use 9 volts or more. 
However, of several tried here, I found 
all functioned satisfactorily. One even 
oscillated at 1 mc with less than 1.5 
volts! END 

MINIATURE AUDIO- FREQUENCY TEST OSCILLATOR 

THIS tiny oscillator is self-contained 
I ( except for load) and is mounted in-

side a plastic box only 21/4 x x Vs 
inches. The heart of the circuit is a 
Raytheon transistor, type CK722. It is 
powered by one AA dry cell. Output is 
strong enough to provide a good head-
phone signal. 
Audio feedback is maintained by a 

"Sub-Ouncer" 3:1 ratio audio trans-
former. Any other transformer may be 
used but will require considerably more 
space. If the " Sub-Ouncer" is used, fol-
low the terminal connections specified. 
If another type is used, connect the 
low-impedance winding in the base cir-
cuit, the high-impedance winding in the 
collector circuit. If no oscillations are 
heard, try reversing connections to one 
of the windings. 

The frequency is determined by the 
particular transformer used and the 
capacitor in series with the base. With 

By I. QUEEN 

S FOR OUT LOAD 

1.51 SUE AA 

the circuit and constants shown in the 
figure the frequency is 1,500 cycles. To 
change the tone use a different value 
of capacitor. The frequency will vary 
(upwards) to some extent when the 
oscillator is used near a strong incan-
descent lamp. For example, the fre-
quency will rise to about 2 kc if a 40-
watt lamp is brought a few inches from 
the oscillator. A fluorescent lamp does 
not cause a perceptible change. Sun-
light, even indirect, makes a consider-
able difference in the frequency. Evi-
dently the transistor is slightly photo-
sensitive. 
The oscillator was constructed to see 

how compact a reliable instrument 
could be. It is more than a mere toy. It 
may be used to test a.f. amplifiers or 
for long-distance CW communication 
by wire. It may be used as a source of 
known frequency ( if shielded from 
light). It is easily carried about in a 
pocket to permit indulging in code prac-
tice during lunch hours or recess, or 
other spare periods. 
The efficiency of the CK722 transistor 

is astounding. In this circuit it con-
sumes 5 microwatts. This is about .005 
of 1f,', as much power as required by 
a sensitive high-frequency buzzer, or a 
low-power tube oscillator. 

This oscillator contains an unusual 
degree of miniaturization. With an ex-
tremely small cell for power, the CK722 
transistor, and the UTC subouncer SO-2 
transformer ( 10,000-ohm primary, 90,-
000-ohm secondary), the unit can be 
easily handled. END 
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A "UNIVERSAL" 
COUNTER 

/í"."-diw" , 

Fig. 1. Over-all view of the home-built counter with its associated accessories (from left 
to right): selenium photocell, mercury switch, the "Microsvritch". and push-button switch. 

THERE is probably not an industry 
or business in the nation that has 
not, at one time or another, been 

onfronted with a "counting" prob-
,em of some sort. Manufacturing firms 
nay wish to count the items passing 
t given point in a production line, de-
oartment stores may wish to count the 
number of customers entering a cer-
tain door, a real estate firm may wish 
to count the persons visiting a model 

By 
LOUIS E. GARNER. JR. 

Details on a versatile unit of many applications which 

features a compact, battery-powered transistor amplifier 

home, and almost every merchant has 
a good-sized counting job at inventory 
time. 
Although there are numerous com-

mercial counters on the market, most 
units are designed to perform limited 
types of counting operations. In some 
instances, these limitations so restrict 
the applications of particular units 
that it is very often necessary to rely 

Fig. 2. Rear view of the counter with the terminals and controls labeled. 

CONTROL LINE 

on "custom-built" counting devices. 
However, the counter and acces-

sories shown in Fig. 1 combine to pro-
vide so many different types of count-
ing operations as to be considered an 
almost "universal" counter. Not only 
will the instrument handle routine 
counting operations, where the closure 
of a simple switch is involved, but it 
will also "count" where the actuating 
signal is a small current, as might be 
obtained from a photocell or thermo-
pile. 

This extreme versatility has been 
made possible by combining the char-
acteristics of a direct-coupled transis-

tor amplifier, a sensitive relay, and an 
electromagnetic counter in one com-
pact assembly. 
The basic design is straightforward 

and fairly simple, so the average tech-
nician should have little or no difficulty 
in assembling a similar unit in less 
than a day's time. Once assembled, the 
technician may keep the counter for 
his own use, or sell or rent it to firms 
requiring such an instrument. 

Circuit Description 
Reference to the schematic diagram 

given in Fig. 3 will show that the 
counter consists of three related but 
independent sections: a sensitive "elec-
tronic" relay featuring a transistor 
amplifier, a low voltage a.c. supply 
(Ti), and an electromagnetic counter. 
The connections from each section are 



brought out to separate terminals on 
screw-type terminal strips, permitting 
maximum flexibility in choosing a 
particular combination. 
Let us discuss each section separate-

ly: 
The "electronic" relay consists of a 

type CK722 p-n-p junction transis-
tor connected as a direct-coupled 
grounded-emitter amplifier. A sensi-
tive relay, RLi, serves as the collector 
"load." Power is supplied by a 6 volt 
battery, Bi, controlled by power switch 
Si. 
Two modes of operation are possible, 

depending on whether the control 
signal is furnished through the closed 
circuit jack J, or "control line" termi-
nals "A." Closed circuit jack J1 is used 
where the control signal consists of a 
small current ( from 150 to several 
hundred microamperes). such as might 
be obtained from a photocell. The "A" 
terminals are used where the actuat-
ing signal is the simple closing (or 
opening) of a circuit. 
Let us first consider the operation 

of the circuit where the "A" terminals 
are used, and where a simple push-
button switch is used to close the 
circuit. 
With power switch Si closed, a volt-

age is applied between the collector 
and emitter of the transistor. How-
ever, there is little or no current flow 
in this circuit since the base-cmitter 
circuit is open ( at the "A" terminals) 
and base current flow cannot take 
place. Thus, relay RI., remains open. 
When the external push-button is 

depressed, shorting the "A" terminals 
together, base current can flow over 
the path consisting of the negative 
terminal of the battery, switch Si, R2, 
through the shorted "A" terminals, 
Ri, through jack Ji (now closed), the 
base-emitter of the transistor, and 
back to the positive terminal of the 
battery. This base current flow per-
mits a corresponding collector current 
flow, though of much greater ampli-
tude due to the current amplification 
of the transistor stage. Relay RLi is 
thus closed and held in until the push-
button is released, stopping base and 
collector current flow. 

Resistor Ri is used to limit the maxi-
mum base current flow, while R, is 
used to set the current flow to a fixed 
value within this maximum limit. 

If the external switch is normally 
closed ("A" terminals shorted to-
gether), the action is just the reverse. 
Relay RLi is normally held closed, and 
"drops out" when the external circuit 
is opened. 
Let us now consider the action of 

the circuit when a current generating 
device is plugged into the "control 
line" jack J1. Since this is a closed-
circuit jack, inserting a phone plug 
immediately disconnects Ri, "A" ter-
minals, and the R2 circuit. 
Two conditions may exist. The ex-

ternal current generating device can 
supply a current only when the "count-
ing" operation is to take place, or it 
can supply a current at all times, with 
the current dropping sharply or ceas-
ing to flow when "counting" occurs. 

In the first case, the relay will 
normally remain open, closing only 
when current is supplied to the base-
emitter circuit of the transistor 
through Ji. In the second case, the 
relay will close and "hold in" until 
the current supplied through Ji drops 
appreciably. 

Since the base-emitter current of the 
transistor is supplied solely by the ex-
ternal circuit, this source should be 
capable of supplying at least 150 
microamperes, and should not supply 
more than 5 ma. If there is a possi-
bility of the current supplied by the 
external source exceeding 5 ma., an 
external current limiting resistor 
should be provided. 
A typical "current generating de-

vice" that might be plugged into Ji is 
an ordinary self-generating ( barrier 
type) selenium photocell. Another such 
device could be a heat-operated ther-
mopile (a series-parallel connection of 
several thermocouples to obtain 
greater current). 

In any case, the connections of the 
external device to the phone plug 
should be such as to apply the nega-
tive terminal to the base of the tran-
sistor. See Fig. 5. 
The low voltage a.c. supply is the 

next section of the "universal" counter 
to consider. This consists simply of a 
6.3 volt transformer ( 7%), a line cord, 
a power switch ( part of Si), and a 
pilot light. 
The electromagnetic counter is a 

commercial unit having "reset" pro-
vision and operating on 6 volts a.c. 
An a.c.-operated supply was not pro-

vided for the transistor amplifier cir-
cuit for several reasons. First, there 
is no real need for such a supply since, 
with normal use, battery life is quite 
long (due to the small power require-
ments of the transistor). Secondly, a 
battery supply permits completely in-
dependent operation of the transistor 
amplifier and relay circuit. This allows 
the circuit to be used alone for con-
trol purposes without requiring line 
connections. Finally, providing an a.c. 
supply would needlessly overcrowd an 
already well-filled cabinet. 

R1-1500 ohm, Vg w. res. 
Rs-100,000 ohm pot ("Sensitivity" adjust-

ment) 
Li—Closed-circuit jack 
IlLs-5500 ohm, d.c. coil, relay (Advance Type 

1200) 
B1-6 volt battery (Mallory 302424 or RCA 

VS068) 
Sr—D.p.s.t. toggle switch ("Power") 
PLI- 6.3 volt pilot light 
Tr— Fil. trans., 6.3 v. 0 1 amp. (Stancor 

P-6134) 
Vs--p-n-p junction transistor (Raytheon 
CK722) 

1—Electromagnetic counter (Mercury MOB-
S4-64) 

1—Cabinet (Bud C-1604) 
1*—Sell-generating ( barrier type) selenium 

photocell 
15—Microswitch 
1—Mercury switch 
1*—S.p.s.t. push-button switch 
•Thise items are optional accessories for use 

with the counter 

Fig. 3. Complete schematic diagram of the 
counter. It uses a Raytheon translator. 

Construction Hints 
The general layout used in the au-

thor's model is clear from the exterior, 
back, and interior views of the instru-
ment, given in Figs. 1, 2, and 4, respec-
tively. The entire counter circuit has 
been assembled within a standard Bud 
sloping panel utility box. The electro-
magnetic counter, the 6.3 volt trans-
former ( TO, the power switch (SI) 
and the pilot lamp socket and jewel 
are all mounted in the "cabinet." All 
other parts, including the relay, tran-
sistor, phone jack (Ji) and battery are 
mounted on the back panel. The Mal-

Fig. 4. Interior view of hie instrument showing components mounted on panel. 
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iory battery is held in place by a large 
cable clamp. 
Layout and wiring are not critical, 

however, and another builder may 
easily vary the layout to suit his own 
requirements. 

Commercially available "decals" 
were used for labeling both the front 
panel (white decals) and the back 
(black decals). After application, the 
decals were protected with several 
coats of clear plastic, applied from a 
"spray can." 
Two methods may be followed when 

installing the transistor. A socket may 
be provided or the transistor may be 
permanently wired into the circuit. 

If the builder prefers to use a socket, 
a standard 5-pin subminiature tube 
socket is satisfactory. Only three of 
the pins are used. 
On the other hand, if the builder 

prefers to solder the transistor direct-
ly into the circuit, he should exercise 
special care to avoid overheating this 
component. Dó not cut the leads any 
shorter than necessary, and complete 
the soldering as quickly as possible. 

Assembling the Accessories 

The versatility of the "universal" 
counter depends not only on the 
counter circuit proper, but on the 
choice and use of various accessory 
"control" units. While the number 
of possible accessory control units is 
limited only by the imagination and 
requirements of the individual user, 
the group of four shown with the 
counter in Fig. 1 should give the 
reader some idea of the possibilities. 
Reading from left-to-right, the ac-

cessories shown in Fig. 1 are as fol-
lows: ( a) selenium photocell, ( b) mer-
cury switch, (c) "Microswitch," and 
(d) push-button switch. 
The photocell is typical of a current 

generating type of accessory and is 
equipped with a phone plug to fit in 
the proper "control line" jack (J.). 
The selenium cell used is of the type 
employed in exposure meters. It has 
been mounted in a small plastic box. 
The connections for the photocell are 
given in Fig. 5. 
The other three accessories are typ-

ical of "simple switch" controls. Each 
has been equipped with a short flexible 
line and spade lugs, for easy connec-
tion to the screw-type "A" terminals 
(see Fig. 3). 
Typical applications of *hese acces-

sories will be discussed later. 

Fig. 5. How the photocell. one of the ac. 
cessories, can be connected to counter. 

MACK) 

'ste.r-oessname 
SELENIUM 
PHOTOCELL 

PHONE PLUG 

Adjustment and Operation 

Once the wiring is completed and 
checked, the counter may be tested for 
proper operation. The first step, how-
ever, is to identify the various screw-
terminals on the back panel. The con-
nections used in the author's model are 
apparent when Figs. 2, 3, and 6 are 
compared. 
Without plugging the line-cord into 

a wall socket, turn the instrument 
"on." Next, with R. set in its maxi-
mum resistance position, temporarily 
short out the "A" terminals ( Fig. 3). 
Gradually adjust R. until the relay 
(RL.) clicks as it is pulled in. Remove 
the short from the "A" terminals and 
the relay armature should drop out. 

If the outlined action is not ob-
tained as each step is carried out, it 
indicates either a defective part in the 
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Fig. 6. Two ways of connecting the electro-
magnetic counter: (A) if relay Is normal-
ly held open. (B) relay normally closed. 

circuit or an error in wiring. Carefully 
recheck all connections and parts. 
Once the relay circuit is operating 

properly, the rest of the counter may 
be checked. This will require connect-
ing the electromagnetic counter, the 
6-volt a.c. power source, and the relay 
circuit together properly. Use the re-
lay contacts to switch the a.c. voltage 
so that it is applied to the electro-
magnetic counter whenever a counting 
operation is to take place. 
Two connections are possible, and 

both are illustrated in Fig. 6. If the 
relay is normally to be held open, and 
to close for each count, the armature 
(Arm.) and "normally open" ( NO) 
contacts are used. This connection is 
shown in Figs. 2 and 6A. 
A typical example where this con-

nection might be employed is where a 
s.p.s.t. push-button switch is connected 
across the "control line" ("A" termi,-
nals), with a count being registered 
each time the button is depressed and 
released. 
On the other hand, if the relay is 

normally to be held closed, and to open 
for each count, the armature ( Arm.) 
and "normally closed" (NC) contacts 
are used. This connection is shown in 
Fig. 6B. 
An example of the second case is 

where the photocell accessory is used 
to count the number of objects mov-
ing along an industrial assembly line. 
The photocell is plugged into the J. 
jack and set up on one side of the line. 
A good light source is arranged on 
the other side of the line so as to strike 
the photocell. 
Under such conditions, the relay is 

pulled in and held in until a moving 
object interrupts the light beam, al-
lowing the relay to drop out and reg-
ister a count. 
A minor circuit modification: The 

electromagnetic counter used is also 
available with a 115-volt coil. If the 
builder prefers to use the 115-volt unit, 
the transformer ( T.) may be omitted 
from the circuit. The pilot light may 
then either be left out or a 115-volt 
unit used instead. 
Should the builder decide to use a 

115-volt coil, a cover should be ar-
ranged for the oacn panel of the in-
strument to avoid accidental short cir-
cuits or electrical shock from the ex-
posed terminals. 

Applications 
As mentioned previously, the pos-

sible applications of the "universal" 
counter are almost unlimited. However, 
reviewing a few typical applications 
should give the reader a sufficient un-
derstanding of the potentialities of 
the unit so that he will have no dif-
ficulty in devising other applications 
of his own. 
The photocell accessory might be 

used for counting the number of ob-
jects passing a given point on a pro-
duction line, or the number of persons 
entering or leaving a specific area or 
room. The mercury switch could be 
used for counting the number of times 
the lid on a tool box or supply cabinet 
is opened and closed. The "Micro-
switch" might be used in a similar 
application, or could also be used for 
recording the number of times a door 
is opened or shut. 
The push-button switch could be 

used advantageously at inventory time. 
Held in the hand, it might be used for 
quickly recording the number of ob-
jects on a merchant's shelves. For each 
count, the user simply depresses and 
releases the button. 

In addition to its uses just as a 
counter, the completed instrument has 
other possible applications. For exam-
ple, the relay and amplifier circuit, 
used alone, could well serve for remote 
or automatic control of solenoids, mo-
tors, lights, or similar equipment. Any 
of the accessories may be used as the 
buic control device in such an appli-
cption. --
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Fig. I. Over-all view of author's unit. A 
discarded exposure meter cell was used. 

WHILE battery-operated, self-con-
tained photocell relays are certain-
ly not new (see "A Photoelectric 

Headlight Dimmer" by P. J. Vogelge-
sang, RADIO & TELEVISION NEWS, Janu-
ary, 1953), the unit shown in Fig. 1 
does possess several unique features. 
First, no resistors, coils, transformers, 
condensers, or vacuum tubes are used 
in its construction. Secondly, a single 
inexpensive, comparatively low volt-
age battery is all that is required for 
its operation and this is contained 
within the small housing shown. The 
battery life is fairly long, due to the 
low current drain. 

All these features are made possible 
by the use of a self-generating photo-
cell, together with a direct current 
transistor amplifier. Only a few parts 
are required for the device, as can be 
seen in the schematic diagram ( Fig. 
2), and the interior view given, Fig. 6. 

Circuit Description 

The operation of the circuit may be 
easily followed by reference to the 
schematic diagram of Fig. 2. The Ray-
theon CK721 transistor ("p-n-p" type) 
is the "heart" of the device, and is 
connected as a direct-coupled grounded 
emitter amplifier. This serves to am-
plify the weak current obtained from 
the photocell sufficiently to operate 
the relay, RLi. 
As long as no light falls on the 

photocell, the base current of the 
transistor is essentially zero, and 
negligible collector current flows 
through RL,, which remains open. 
When light is allowed to fall on the 
photocell, a small base current starts 
to flow, permitting a corresponding in-

R OPERATED 

PHOTOCELL RELAY 

By 

LOUIS E. GARNER, JR. 

Construction details on a simple unit which has many uses 

in the home or shop. Power requirements are low and cheap. 

crease in the flow of collector current 
through the relay. The collector cur-
rent is several times greater than the 
base current, with a current amplifi-
cation of ten comparatively easy to 
achieve. 
As the light intensity increases, 

base current and collector current 
also increase, until the current 
through the relay is sufficient to close 
it. 

If the light intensity falls off, a cor-
responding decrease in base and col-
lector current is obtained. However, 
the relay does not open until the light 
level drops appreciably, since less cur-
rent is required to hold the relay 
closed than is needed to close it. Un-
der normal conditions, the base cur-
rent does not exceed a few hundred 
microamperes, while the collector cur-
rent does not exceed a few milliam-
peres. 

Collector voltage is supplied by bat-
tery B2, with switch S, provided to 
open the collector circuit when opera-
tion of the unit is not desired. 
Thus, only five electrical compo-

nents are used in the entire device— 
a photocell, a transistor, a relay, a 
switch, and a battery. 

Construction Hints 

With the single exception of the 
photocell, all the parts used in build-
ing the device are easily obtained 
from radio-electronic wholesale parts 
distributors. A "self-generating" pho-
tocell may or may not be available at 
a particular distributor, depending on 
local demand. Although this item is 
commercially manufactured, not all 
supply houses have sufficient demand 
for the item to warrant stocking it. 
The photocell used by the author in 

building the model shown is a sele-
nium cell salvaged from a defective 

exposure meter of the type used in 
amateur photographic work. These 
meters consist of the basic photocell 
together with a microammeter. Since 
the meter movement is more suscepti-
ble to mechanical damage than is the 
photocell, it is sometimes possible to 
pick up a "defective" unit in which 
only the meter movement is damaged 
—the photocell is virtually in perfect 
condition. In most cases, the cost is 
negligible. 
Even where it is necessary to pur-

chase an exposure meter in "operat-
ing" condition, the price of a used unit 
is likely to be quite low. A used but 
operating unit offers the further ad-
vantage of supplying the experimenter 
with a sensitive microammeter for 
other work. 
A certain amount of ingenuity may 

have to be exercised by the builder 
in mounting the photocell, depending 
upon its actual shape and size—some 
are round, others square, and still 
others rectangular. The one used by 
the author is shown in Fig. 5. 

In mounting the photocell proper, it 
is best not to attempt to solder leads 
to it. Use spring contacts made from 
phosphor bronze or similar material. 
If a commercial unit is used, it will 
generally have leads or terminals pro-
vided. 
No special precautions are neces-

sary when assembling and wiring the 
circuit, and the builder may follow his 
own inclinations as far as layout is 
concerned. The unit shown in the 
photographs was housed in an old 
shield can, but almost any type of 
housing may be used—a plastic or 
wooden box, a small metal utility box, 
or even a small chassis, with a bottom 
plate used as a "cover." 
A hole must be provided in the 

housing, of course, to permit light to 
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strike the photocell. Generally, no lens 
will be required unless the builder 
wishes to increase the over-all sensi-
tivity somewhat by concentrating light 
from a large area on the cell, using 
a good sized lens. 
The effect of light striking the unit 

from an angle can be reduced either 
by using a lens ahead of the photocell 
or by mounting a closed tube in front 
of the cell, as shown in Fig. 3. The 
interior of the tube should be finished 
in dull black to reduce interior re-
flections. The tube has not been used 
in the model shown in the photo-
graphs. 

Parts Substitutions: A toggle, lever, 
rotary, or almost any type of switch 
may be used in place of the slide 
switch employed in the model. A lock 
switch is particularly good for this 
application, as it permits only the 
owner to turn the unit "on" or "off." 
Other relays may be used in place 

of the one specified in the parts list. 
When choosing a substitute relay, pick 
one having good sensitivity. The relay 
should have a reasonably high coil 
resistance and should close on less 
than 5 ma. However, the so-called 
"plate" relays are not suitable for 
use here due to their high coil re-
sistance, requiring much higher sup-
ply voltages for proper operation. 
Best results will be obtained with sen-
sitive relays having a coil resistance 
of 3000 ohms or less. 

In general, the more sensitive the 
relay, the more sensitive will be the 
complete device (requiring less light 
for operation). 

If other relays are used, it may be 
found possible to use a supply volt-
age of less than 15 volts. 

In any case, the choice of a battery 
should depend on the intended opera-
tion of the unit. A hearing aid type 
battery (Burgess U10) was used in the 
model and is given in the parts list. 
This particular battery was chosen 
because of its low cost, ready avail-
ability, and reasonable life under the 
low current drain required by the 
device. 
Where the unit is to be used in an 

application requiring extreme battery 
life, a larger battery might well be 
employed. 

Adjustment and Operation 

Once the wiring has been com-
pleted, a milliammeter should be con-
nected in series with the relay and 
the unit turned "on." Light should 
then be permitted to fall on the photo-
cell. A marked increase in collector 
current flow should occur, as indicated 
by the milliammeter reading. If this 
current increase does not occur, re-
verse the connections to the photocell 
—base current must have the correct 
polarity. 

Next, the relay's sensitivity must be 
adjusted so that the relay closes when 
light is falling on the photocell and 
opens when the light source is inter-
rupted. Use a focused light source 
supplying the same amount of light as 
will later be used in the intended ap-

plication. The relay's sensitivity can 
be changed by tightening or weaken-
ing the tension on the armature 
spring and by adjusting the armature's 
position relative to the core piece. 
Be sure sufficient light is employed, 

the sensitivity of the completed unit 
may vary considerably, depending on 
the photocell used, the relay used, the 
adjustment of the relay, and other 
factors. 

In the model built by the author, 
the light obtained from a 3-cell flash-
light held two to three feet away 
from the opening in the housing was 
sufficient to operate the relay. This 
light fell through a %" diameter 
round hole in the housing to strike the 
photocell. Because of this, only about 
half the photocell's area was used. 
Greater sensitivity could have been 
obtained by using all of the photocell's 
active area. The set-up employed in 
this test is shown in Fig. 4. 

Applications 

The applications of .the photocell re-
lay described in this article parallel 
the applications of photoelectric relay 
units in general, although there is 
somewhat greater versatility because 
operation is possible anywhere ( spe 
cial power is not required) and be-
cause of the small size possible in as-
sembling a complete unit. However, a 
review of possible applications might 
be of interest to the reader, and may 
aid him in selecting or devising special 
applications of his own. 
In considering applications for the 

photocell relay, the device can be 
considered as a switch that performs 
any one of the following functions, 
depending on how the connections to 
the relay contacts are made: 

1. To open a circuit when light 
strikes the photocell. 

2. To open a circuit when light 
striking the photocell is interrupted. 

3. To close a circuit when light 
strikes the photocell. 

4. To close a circuit when light 
striking the photocell is interrupted. 

Irrespective of the connections 
chosen, it is best to supply power to 
operate the external device from a 
separate power source, rather than to 
attempt to use the small battery in 
the photocell relay circuit proper. 
A few possible applications follow, 

but these should, by no means, be con-
sidered a complete list. 
Burglar Alarm: The light source 

and photocell relay may be arranged 

Fig. 5. Photocell used by author. Other 
sizes and shapes may be used. See text. 

A NC NO 

b l  

VI 
CK72I RU 

Bi 
Rig— Sensitive relay, 2500 ohm coil (Ad-

vance Type 850 or equiv.) 
Sr—S.p.s.t. slide switch 
81-15 volt hearing-aid type battery (Burgess 

Type (110) 
Vi—CK721 "p-n-p" transistor ( Raytheon) 
Photocell—Selenium photocell (salvaged from 

exposure meter) 

Fig. 2. Complete circuit diagram of photo-
cell relay. Only five components are used. 

HOUSING 

PHOTO-
CELL TUBE 

Fig. 3. A shield in front of cell cuts off 
light which might strike cell from an an-
gle. Suitable for door-opener application. 

Fig. 4. Test set-up for photocell relay, 

so that anyone entering a protected 
area causes an alarm bell to sound. 
Doorway Annunciator: A light 

(Continued on page 104) 

Fig. 6. Interior view of photocell relay. 
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TO BATT. CONTROL PUSH BUTTON TRANSMITTER COIL 

TRANSISTOR CONTROL RELAY 

TO TRANSMITTER COIL 

(Above)—The car-transmitter case and loop winding. 

(Right)—Inside layout of the control-relay housing. 

NOTE 

Use of a CK 705 

Germanium Diode in 
place of the IN 34 
is recommended 

THE HEART of this tubeless re-
mote-control relay is the new 
Raytheon CK-722 junction trans-
istor. It will operate garage-door 

openers, lighting circuits, or alarms, 
or will perform almost any type of 
switching operation. The relay can be 
operated by a photocell, radio signal, 
thermocouple, or any device that will 
furnish .00025 watt of power. 
Many transistor-operated circuits 

have been more novel than practical. 
We assure you this one is entirely 
practical—for two reasons. First, this 
transistor relay fills some honest-to-
goodness everyday applications. Sec-
ond, it costs only a little more than 
most vacuum-tube operated circuits. 

Fig. 1—Basic P-N-P junction-transistor 
relay circuit. Relay operates only when 
a positive signal or pulse is applied to 
the emitter electrode of the transistor. 

A tubeless gadget for 

remote switching with 

radio, light-beam, or 

magnetic-field control 

By EDWIN BOHR 

RELAY CONTACTS 

SENSITIVITY 
CONTROL 

INPUT JACK 

I N34 
RECTIFIER 

FILTER CAPACITOR 

The total cost of the unit—including 
the transistor—was only $13.15. 
When you consider that the transis-

tor will probably give years of service 
without attention, with negligible pow-
er consumption, also its ruggedness and 
small size, the transistor-operated cir-
cuit in this instance is a real buy. 

Basic circuit 
The basic circuit is shown in Fig. 1. 

Note that no bias is applied to the 
emitter circuit. Under these conditions 
only a few microamperes of collector 
hole current will flow through the re-
lay. This type of operation is similar 
to biasing a vacuum tube to cutoff. 
With this P-N-P transistor, however, 
zero bias cuts off the emitter current 
and any further negative bias produces 
no effect. 

The transistor will pass only the 
positive half-cycle of an a.c. input 
signal or a positive-polarity d.c. signal. 
These are desirable features in a relay 
circuit. 

Since the current amplification of a 

BK-35 RELAY 

POWER CORD 

TRANSISTOR 

junction transistor is a little less than 
1 (see "Transistors," by John R. 
Pierce, in the June RADIO-ELECTRON-
ICs), the power gain of the unit de-
pends on the resistance of the relay in 
the collector circuit. For a given cur-
rent change through the transistor, the 
voltage change across the relay coil 
depends on the coil resistance. 
A relay with a high-resistance wind-

ing will operate on a much lower cur-
rent than a low-resistance relay. But a 
10,000-ohm relay, for example, that will 
operate on one milliampere of current, 
requires 10 volts across the winding, or 
a power input of 10 milliwatts. It is 
difficult to get this much voltage and 
power from a radio control signal, but 
it is entirely practical with low-fre-
quency magnetic fields. 
The transistor will amplify a signal 

current with a small voltage change to 
a much larger voltage change across 
the relay coil. A 10,000-ohm relay in 
the collector circuit will give a power 
gain of about 10. As the relay resist-
ance is increased, the supply voltage 
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also may be increased with a resulting 
greater power gain. If a 50,000-ohm 
or 100,000-ohm relay were available, 
the sensitivity could be increased 5 to 
10 times. 

(At this point it is well to remember 
that few components have been design-
ed to match the characteristics of the 
transistor. We must still use vacuum-
tube-engineered components. This situ-
ation will change in the months to 
come.) 

The relay circuit 
We found that a surplus relay—the 

BK-35—was the ideal unit for use with 
the CK-722 transistor. This relay has 
been advertised by several dealers for 
about $3, or it can be removed from a 
surplus 75-me marker-beacon receiver. 
The relay will close on less than 0.5 
milliampere without any readjustment 
and has a coil resistance of about 
11,000 ohms. 
A small power supply with a 1N34 

rectifier was built for the relay circuit. 
IOX SENSITIVITY 

ATO H NG 
TRANS PICKUP LOOP 

10Kn. OR MORE 

N34 

 • 
LOAD 

VAC 

Il   
»OTTE COIL-SEE TEXT 

HORN RY 

CONTROL X ITTER BOX 

TO BATT, 

CONTROL BUTTONt: 

Fig. 2—Circuit of the transistor con-
trol relay and tubeless car transmitter. 
The units are linked by inductive coup-
ling between the low-frequency mag-
netic field in the transmitter coil and 
the pickup loop imbedded in the ground. 

The voltage divider across the power 
line assures that the 75-volts peak 
back-voltage rating of the 1N34 will 
not be exceeded. 
A desirable feature of the power 

supply ( in this case) is its poor voltage 
regulation. Its equivalent internal re-
sistance is about 5,000 ohms. This resis-
tance, together with the resistance of 
the relay, prevents the collector rating 
of the transistor from ever being 
exceeded. 
The power-supply output voltage is 

negative to ground, since the collector 
must be supplied with a negative po-
tential. Note that the a.c. input is ap-
plied to the cathode end ( K or cath) of 
the 1N34, and that the positive side of 
the electrolytic is grounded. Check the 
output with a voltmeter for correct 
polarity before connecting it to the 
transistor circuit. A high positive volt-
age applied to the collector can ruin the 
transistor. 
A series-resistance sensitivity control 

is inserted in the emitter circuit. It is 
needed where large control voltages— 
two or three volts—are likely to be 

encountered. This control corresponds 
to an adjustable cathode-bias resistor 
on a triode vacuum tube: increasing the 
series resistance increases the bias and 
limits the current through the tube. 
The emitter input impedance of the 

circuit (grounded-base, zero-bias oper-
ation) was measured and found to be 
about 3,000 ohms for very small sig-
nals, and around 1,000 ohms for signals 
large enough to actuate the relay. A 
signal of 0.5 volt will actuate the relay, 
so this represents a power of .00025 
watt. The BK-35 relay can very prob-
ably be adjusted to close on even less 
input power. 

Operation 
We have been using the relay to turn 

on the yard and garage lights at the 
touch of a button in an automobile. 
It could just as easily operate a garage-
door opener. 
The automobile transmitter uses no 

tubes and is very simple, inexpensive, 
and rugged. About two hours are need-
ed to assemble and install the trans-
mitter and the cost is roughly $6. 

Magnetic coupling is used between 
the automobile and relay. A 6-volt 
vibrator interrupts the battery current 
flowing through a transmitter coil 
mounted under the car. Another coil— 
the pickup loop—buried in the drive-
way has a current induced in it by the 
coil mounted under the car. The cur-
rent in the pickup loop operates the 
relay. 
A horn relay mounted in series with 

the vibrator permits the push-button 
control to be wired with ordinary low-
current hookup wire. This relay costs 
about 75 cents at most auto-supply 
stores. It is not necessary to ground 
the vibrator or relay, but connections 
between coil, vibrator, and battery 
should be as short as possible and made 
with heavy primary wire. 
A convenient place to mount the 

transmitter coil is between the front-
bumper braces under the radiator grill 
of the car. The coil itself is 100 feet of 
No. 14 wire, wound in a rectangle ap-
proximately one foot square. Ordinary 
weatherproof light wire is inexpensive 
and ideal for this purpose. More turns 
can be used in the coil to increase the 
field strength, but if too much resis-
tance is added to the coil the advantage 
of additional turns will be neutralized 
by the reduced current. 
The pickup coil is also 100 feet of 

wire, but is wound in a square 1.5 or 
2 feet on a side. Smaller wire may be 
used for this coil—hookup wire will 
do. We used the wire from an old 6-volt 
speaker field for the pickup coil. 
A matching transformer must be 

used between the pickup coil and the 
transistor input. An ordinary output 
transformer will do the job very well. 
The voice-coil winding goes to the 
pickup coil and the primary leads go 
to the transistor. If the transformer 
has several taps, try changing them 
to find the combination that gives the 
greatest sensitivity. An old vibrator 
or filament transformer also will work 

—sometimes even better than an out-
put transformer—because of the lower 
winding resistance. 
The operating radius of the unit is 

about two feet. The transistor relay 
is actuated as the automobile passes 
over the pickup coil. You may find it 
convenient to use a ratchet-type relay 
in conjunction with the transistor re-
lay. This will allow up-down or on-off 
operation of the controlled device. 

Pulses from the transmitter coil are 
unidirectional or polarized. If the relay 
fails to operate, or lacks sensitivity, 

6C4 
LOOT N•22 DCC ON 
I-1/4" FORM 

L2- IOT N°22 DCC 
WOUND OREO GRID END 
OF LI 12 
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PS Swgz . 
68-300VDC  

Y Y 
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Fig. 3—Low-power 420-kc transmitter 
for r.f. operation of the control relay. 

simply reverse the leads between the 
pickup loop and the matching trans-
former, or the input leads to the tran-
sistor—not both. It is also possible to 
operate two separate transistor relays 
selectively by reversing the direction of 
current flow and pulse polarity through 
the transmitter coil. 

Construction 

A standard five-prong in-line submin-
iature socket is used for the transistor. 
You can push out the second and fourth 
contacts, leaving three contacts with 
spaces between them. The raised dot 
on the socket should line up with the 
red dot on the transistor. Do not solder 
to the socket with the transistor in 
place, since the transistor's character-
istics can be changed by excessive heat. 

Materials for relay 
Resistors: 1-33,000 ohms, I watt: 1-5,600 ohms, 
V2 watt; l- 10,000-ohm potentiometer. 
Capacitor: ( Electrolytic) 1-10 uf, 50 volts. 
Miscellaneous: 1—CK-722 junction transistor; l-5-
pin, in-line subminiature socket; I—BK-35 relay or 
equivalent (see test); I-1N34 germanium diode: 
I plate-to-voice coil output transformer; I-4- prong 
6.3-volt vibrator; I horn relay; push-button switch; 
vibrator socket; chassis; wire; solder; hardware. 

The wires from the pickup coil do 
not have to be shielded, as there is 
not much likelihood of picking up hum 
or other disturbances at these low 
impedances. 

But, if the relay unit is more than 
about 20 feet from the pickup loop, 
mount the transformer at the loop end 
of the circuit to reduce line losses. 

If a greater operating radius for the 
unit is desired, it can be obtained in 
two ways. Either add an extra transis-
tor amplifier ahead of the relay stage 
or install a low-frequency r.f. oscillator 
in the car. An effective and simple 
transmitter operating at about 420 kc 
is shown in Fig. 3. At the relay end 
simply connect the transistor input to a 
parallel resonant circuit instead of to 
the pickup loop and matching trans-
former. The coil and trimmer can be 
the same as in the transmitter. END 
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Fig. I. Transistor (5" x 
4" x 3") timer which is easy to op-

erate, easy to build, rugged, and compact. 

A "natural" for the photo lab, this timer requires no external 

power source and offers a wide selection of timing intervals. 

li OST electronic timers suffer from two disadvantages—they require 
a source of line voltage and they 

become extremely warm when left 
on for any length of time. Both dis-
advantages result from the necessity 
of using vacuum tubes and compara-
tively high voltages. 
Although the necessity of having 

line voltage available seems like a 
small problem, occasions do arise 
when it is desired to control ( turn 
"off" or "on") battery-operated or 
portable equipment over pre-deter-
mined time intervals. 
The second disadvantage men-

tioned is of real importance in some 
applications. Anyone who has worked 
in a darkroom in summer soon real-
izes that any heat is too much! Yet 
it is in the photographic darkroom 
that a large percentage, of electronic 
timers are employed. 
With these problems in mind, an 

effort was made to design a timer 
that would meet the following speci-
fications: ( a) Simple in construction 
and wiring; (b) Easy to operate; (c) 
Completely self-contained, using no 
line power; ( d) Generating as little 
heat as possible; ( e) Rugged, yet 
compact. The result is shown in 
Fig. 1. 
The timer shown in Fig. 1 is rea-

sonably small (over-all dimensions of 
the case are 5" x 4" x 3") and light-
weight, requires no line voltage, is 
easy tc operate (only three controls 
—"Power" switch, "Reset" button, 
and "Time Control"), produces vir-
tually no heat in its operation, and 

yet is fairly simple to wire ( refer to 
the schematic diagram of Fig. 2). 

All of these features have been 
made possible by employing a Ray-
theon Type CK722 junction transis-
tor as a control element in place of 
the usual vacuum tube and provid-
ing for battery operation. Battery 
life is unusually long, since the maxi-
mum current drain is only slightly 
over a milliampere, and this only for 
short periods. In fact, the battery 
life should equal the normal "shelf • 
life" of the units. 

Circuit Description 

The operation of the circuit is not 
at all complex, as can be readily ob-
served by reference to the schematic 
diagram of Fig. 2. 

In operation, when the "Power" 
switch, S., is closed, current can flow 
through R. and Ri, charging conden-
ser C, and permitting a momentary 
surge of base current. The base cur-
rent flow, in turn, permits collector 
current to flow, closing the relay. 
As soon as condenser C, is charged, 

the current flow over the R., R., Ci 
and the base-emitter path ceases. 
The drop in base current flow to vir-
tually zero results in a correspond-
ing drop in collector current flow, 
permitting the relay to open or "drop 
out." 
The time period in which the re-

lay "holds in" depends on the period 
of collector current flow, which, in 
turn, depends on the period of base 
current flow, and hence on the time 
it takes condenser C, to charge. This, 

in turn, depends on the time con-
stant of C,, Ri, R. and the base-emit-
ter impedance. 

If any of the parameters in the RC 
charging circuit thus formed are 
changed, then the time interval may 
be changed. In practice, an adjust-
able time interval is obtained by us-
ing a rheostat for R., keeping R,, at a 
small value simply to limit base cur-
rent flow and hence to protect the 
transistor. However, if fixed time 
intervals are desired instead of a 
continuously adjustable control, a 
single fixed resistor may be used in 
place of R, and R,, and different val-
ues of C, chosen by using a conven-
tional selector switch. 
Once the unit is "set-up" for oper-

ation as described, the desired "tim-
ing interval" is selected by adjusting 
R, The "Reset" switch, S,, is then 
depressed, shorting out and discharg-
ing C,. When the "Reset" switch is 
released, C, starts to charge again 
and the relay closes, opening again 
after C, is charged. The timing in-
terval may be repeated as often as 
desired simply by depressing and re-
leasing the "Reset" button. 
The layout and parts arrangement 

used by the author are readily seen 
by referring to the interior and ex-
terior photographs of the model, 
given in Figs. 3 and 1, respectively. 
As is easily seen, no attempt was 
made to "miniaturize" the model and 
hence there is no crowding of parts. 
Because of this, wiring the unit 
should be simple, even if the builder 
is not highly skilled. 
Leads can be any length desired, 

and the builder may use either 
"point-to-point" or "right-angle ca-
bled" wiring, or a combination of 
both, as he prefers. 
Although the author wirea the 

transistor directly into the circuit, 
soldering the leads, the builder might 
prefer to use a socket—an ordinary 
5-pin flat subminiature tube socket is 
employed. Should the builder follow 
the author's practice, however, take 
care to keep the transistor leads at 
least an inch long and do the solder-
ing as quickly as possible to avoid 
overheating and damaging the tran-
sistor. Use the same "safety rules" 
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that are followed when working with 
germanium diodes. 
The author's model was assembled 

in a standard Bud "Minibox" (5" x 4" 
x 3"), but the unit may be built in 
any way preferred by the reader. A 
plastic, or even a wooden, box might 
well be employed. 
Should the reader wish to incor-

porate the timer circuit in some other 
piece of equipment, the entire assem-
bly may be easily wired on a flat 
metal panel or on a small sub-chassis. 

Inexpensive "rubber feet" were pro-
vided in the model shown by using 
thick rubber grommets, mounted in 
holes drilled in the back of the "Mini-
box." 
The batteries were mounted by using 

a fiat metal strap and two long 6-32 
machine screws. 

Parts Substitutions 

Although the relay used by the au-
thor is moderately expensive, it is 
positive-acting, quite rugged, and can 
handle currents up to 5 amperes at 
117 volts a.c. ( ample for almost all 
uses). A less expensive or a more ex-
pensive relay may be substituted by 
the builder if desired; however, the 
following considerations should be kept 
in mind. 
The relay should be positive acting. 

Another relay tried by the author had 
such a weak spring that the armature 
moved slowly from the "front" to the 
"back" position as the collector cur-
rent dropped. Where a reasonable 
load is connected to the contacts, such 
slow movement would cause excessive 
arcing and pitting of the contacts. 
The relay should be reasonably sen-

sitive. A "very sensitive" relay is not 
required in this application. However, 
the relay should be capable of closing 
on five milliamperes or less, since 5 
ma. is the maximum rated collector 
current for the CK722 transistor. 
Battery voltage should be adjusted 

for the relay coil resistance and sen-
sitivity. The relay used by the author 
has a 5500 ohm coil, requiring 5.3 
volts d.c. to operate, hence the six 
volts provided by the battery is ample 
(there is little drop in the transistor 
when conducting). However, if a dif-
ferent relay is used, it may be neces-
sary to use either greater or less 
battery voltage. 

Resistor R, is used primarily to limit 
base current and hence its size is not 
too critical. As little as 500 ohms 
may be used here, although the larger 
resistor is preferred. 
With the components specified in 

the parts list, the timing range is 
from slightly less than three to slight-
ly less than ten seconds ( ample for 
most photographic enlarger timing, 
where average paper is used). Shorter 
time intervals may be obtained by 
using a small condenser in place of 
Ci, while longer intervals may be ob-
tained by increasing the value of Ci. 
The timing range of another model, 

even using the parts values as given, 
may be found to vary somewhat from 
the values given due to tolerances in 

components. Such variation should be 
considered normal and not as an in-
dication that any part is defective or 
that wiring mistakes have been made. 
Black decals were used to label the 

model. A "factory-built" appearance 
was obtained by spraying three coats 
of plastic on the front panel after 
applying the dedal labels. 

Operation and Adjustment 

No attempt was made to calibrate 
the main "Timing Control" in the 
model. However, the average builder 
will undoubtedly wish to calibrate the 
control settings. This may be done 
accurately by using a stop watch to 
time the relay clicks atid marking the 
dial settings accordingly. 

If a stop watch is not available, 
reasonably accurate calibration may 
be obtained by using a "one-second" 
count — one- pause- two - pause - three-
pause-f our-pause-five, etc. 
To use the unit, the following pro-

cedure may be employed: 
(1) Connect the switch lead of the 

equipment to be turned "on" or "off" 
to the proper relay contacts. 

(2) Turn on the "Timer" and wait 
until the relay drops out. 

(3) Set the "Time Control" (R,) to 
the desired time interval and press 
the "Reset" button. If another time 
interval is desired, press the "Reset" 
button a second time after the relay 
has dropped out. The interval may be 
repeated as often as desired simply by 
pressing the "Reset" button each time 
operation is desired. 

(4) If a different time interval is 
desired, wait until the relay "drops 
out" ( that is, until the unit is ready 
for recycling) and set the "Time Con-
trol" to the new time, pressing the 
"Reset" button to initiate operation. 
If the setting is from a longer to a 
shorter time interval, the "Time Con-
trol" should be moved slowly back, to 
prevent a current surge that may 

. cause the relay to close. 
If the relay specified in the parts 

list is employed, it should not be nec-
essary to change the manufacturer's 
adjustment. If another relay is em-
ployed, however, some change either 
in spring tension or in armature posi-
tion might prove necessary. 
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121-2000 ohm, 1/2 w. res. 
R2-50,000 ohm carbon pot 
C,-100 Ad., 25 v. tubular elec. cond. 
Si—S.p.s.t. push-button sw. ("Reset") 
S2-5 toggle iv. ("Power") 
13i-6 volt battery (two Type 422 Burgess units 

connected in series) 
Relay—Relay, 5500 ohm coil (Advance Type 

1200) 
C1(722—Junction-type transistor (Raytheon) 

Fig. 2. Circuit diagram of transistor timer. 

In general, the armature spring 
tension should be adjusted so that 
really positive action is obtained. If 
it is necessary to increase the spring 
tension to accomplish this, it may also 
be found necessary to change the 
armature spacing with respect to the 
pole piece in order to regain sensi-
tivity. 
The relay's sensitivity may be in-

creased by adjusting the "front" and 
"back" contacts until the armature is 
moved closer to the pole piece. Sensi-
tivity is reduced by moving the arma-
ture away from the pole piece (or 
increasing spring tension, or both). 

Applications 

One major application of a timer 
is in photographic work. In this field, 
the timer is especially valuable when 
making a series of identical prints. 
Once the proper time interval has 
been determined (using test prints or 
an enlarging meter), the timer may 
be set to this interval, and any num-
ber of additional prints made, almost 
"automatically." 
The relay contacts are simply used 

as a switch to turn the enlarger or 
printing box "on" and "off." 

Still another application of the timer 
is in scientific work and in chemistry, 
where it is desired to turn a heater 

(Continued on page 103) 

Fig. 3. Internal view of timer. Layout can be changed to suit the individual builder. 
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RADIO CONTROL CIRCUIT 

A. L. MORGAN 

201 South Walnut Street 

Wilmore, Kentucky 

With the development of the RK61 thyratron, 

Raytheon made a tube available to radio con-

trol hobbyists, which would operate reliably with 

a very simple superregenerative circuit. This tube 

has seen rather extensive use in the radio con-
trol field. The useful life of the tube is governed 

principally by the amount of plate current 

drawn during operation. This indicates the 

desirability of a D.C. Amplifier following the 

RK61 circuit, permitting the thyratron to idle 

at a lower value of plate current and yet retain 
sufficient relay current change for reliable opera-

tion. Several such circuits have been developed 
in the past using vacuum tubes. These circuits 

increase considerably the size of the radio con-

trol receiver and require increased battery 

weight due to the filament current require-

ments of two tubes. 

The CK722 transistor seemed a very logical 

choice for a much improved D.C. Amplifier 

which would overcome these disadvantages. Ex-

hibiting a current gain on the order of ten, it 

would permit the RK61 to idle with a plate cur-

rent of less than 0.5 ma. 

The next task was to apply the CK722 to the 

basic RK61 circuit with a minimum of addi-

tional components, for such a receiver when 

used in a model plane or boat must be compact 

and require a minimum of batteries. 

The final circuit is shown in figure 1 and re-

quires only the addition of one electrical com-

ponent other than the CK722, to the basic 

circuit. The base of the transistor is connected 

through R. to the plate circuit of the RK61 and 

the emitter is returned to B+, resulting in the 

plate current of the RK61 serving as bias cur-

rent for the transistor. 

The relay is located in the collector circuit and 

is returned to the mid-point of the two 22 1/4  

volt batteries, thereby supplying the necessary 

negative potential for the collector. It is neces-

sary that Ryi have a resistance of at least 5000 

ohms in order that collector current of the 

transistor be held below its maximum rated 

value. Ji facilitates metering this circuit for 

tuning and relay adjustment. Adjustment of R. 

results in a reduction of the RK61 plate current 

such that its idling value is on the order of 

0.4 ma. 

The CK722, exhibiting a current gain on the 

order of ten, produces a collector current, under 

these circumstances, of approximately 4.4 ma. 

Upon receipt of a signal the plate current of the 

RK61 drops to 0.1 ma and the transistor col-

lector current is now down in the vicinity of 

1.4 ma. 

We now have a current change available for 
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relay operation which varies from 4.4 ma ( sig-

nal off) to 1.4 ma ( signal on), a difference of 

3 ma. 

This compares with a current difference of 1.4 

ma for the RK61 circuit alone. The idling 

current of the RK61 has been reduced from 

1.5 ma to 0.4 ma which will extend its useful 

life many times. In order to accomplish this it 

is only necessary to add the CK722 transistor 

and R2 to the basic RK61 circuit. 

PARTS LIST 

Ci- 4-30 mmf ceramic trimmer capacitor 

C2- 18 mmf ceramic capacitor 

C4-100 mmf ceramic capacitor 

Ci—.05 mf 200V paper capacitor 

Ri- 3 megohm 1/2  watt 

R2-25,000 ohm subminiature pot. 

Li-8 turns # 14 wire 1/2 inch dia. 

3A inch long-tapped 2V2 turns 

from plate end. ( 6 meter band) 

Ji— subminiature phone jack 

Ryi-5000 ohm sensitive relay 

RFC-3/16" dia. 5/8 long form wound full 

#36 wire close spaced 

Si—D.P. S.T. Switch 

CK722 

 1111111H 

22 5V I 22.5 V 

RYI 
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A SELF-POWERED TRANSISTOR 

C. W. MONITOR 
One of the salient features of transistors that make their use attractive for radio 

transmitter control and auxiliary equipment is the extremely low power requirement 

for their efficient operation. It is this attribute that has made possible the compact, 

reliable instrument described in this paper. The unit should prove especially interest-

ing to the amateur radio C W operator, and is intended to augment a growing number 

of monitoring schemes which use vacuum tubes and power supplies. One popular 

device is currently described in the Radio Amateurs Handbook, 30th Edition, p. 237-

238; and utilizes a power supply, type 6J5 swamping tube, a NE-2 saw-tooth generator, 

and 6SL7 mixer-amplifier. 

The unit described here ¡s simple and effective. A Raytheon type CK-705 or 1N66 

Germanium crystal diode provides the necessary d. c. voltage from the R. F. pick-up 

line for the proper operation of the CK-722 transistor A. F. oscillator. The oscillator 

is capable of driving a 3" PM loud-speaker to comfortable volume. A length of 5" 

pick-up line placed within 3/4 " of the 4D32 power amplifier in the author's transmitter 

(a Viking I), and fed through shielded line to the unit serves to drive the oscillator 

to full output. A gratifying observation made of the transistor oscillator in action is 

its clean make-break characteristics which make it a pleasure to listen to the unit. 

This is in sharp contrast to the inferior keying characteristics of the V/T sidetone 

oscillator which it has replaced. 

CONSTRUCTION DETAILS 

The transistor monitor is self-contained in an ICA sectional box, 11/2" x 2" x 

4". The layout is straightforward and requires nothing more than good wiring prac-

tice. Before mounting the output transformer, the mounting lugs must be filed in 

close to the mounting holes to allow it to be installed as shown. There is just sufficient 

clearance for size 6/40 hex nuts between the transformer and sides of the chassis. 

Be sure, also, to solder a 3" lead to the #1 terminal ( bottom) of the secondary wind-

ing before mounting the transformer. 

A common ground tie point for all return circuits is essential. The first model 

of the monitor depended upon the box for ground returns for the coax connectors, 

R. F. choke, and the transformer. Operation of the unit was quite erratic, and the 

oscillator was affected by hand-capacity. However, all grounds were brought to a 

common tie-point in the final model, and the unit is now completely stable. 

The base resistor used with the transistor is 15,000 ohms, 1/2  watt. With the 
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transformer used, this value proved to be optimum, combining usable output, 

a tone frequency for minimum listening fatigue ( 870cps) , and excellent starting char-

acteristics. However, a transformer of different characteristics from that shown may 

require a base resistor of higher or lower value best determined by trial. In any case, 

the value should not exceed 30,000 ohms, or be less than 8,500 ohms. A miniature 

25,000 ohms variable resistor in series with a 8,500 ohm fixed resistor would provide 

continual adjustment if desired. However, this unit is installed inside the TVI en-

closure of the Viking transmitter, and is therefore fixed. 

It is recommended that the 2.5-mh R. F. choke shown be used in duplicating the 

unit. A 1-mh R. F. choke was used in the development model to conserve space, but the 

developed d.c. voltage from the germanium diode dropped appreciably on the 14 and 

28-mc frequency bands. Replacing the choke with the 2.5-mh value shown provided 

uniform d.c. voltage throughout the range of the transmitter. 

INSTALLATION AND ADJUSTMENT 

The monitor may be conveniently mounted with transmitter enclosures provided 

ambient temperatures do not exceed recommended upper limits for the transistor. 

Sufficient R. F. pick-up may be derived from a 300-ohm twin lead by coupling a length 

of lead to the monitor. Scotch electrical tape provides a neat and effective means of 

fixing the pick-up to the twin lead. 

Adjustment of pick-up should be made carefully, since permanent injury to the 

transistor is possible by over-coupling. First, a pair of head-phones is connected to the 

output jack. The R. F. pick-up, consisting of shielded single conductor cable, or coax 

(RG-59/U) of suitable length with the shield braid stripped back about 5" from the 

end is fitted to the input jack. With the transmitter loaded to rated output, the pick-

up is carefully moved into the R. F. field of the power amplifier. The oscillator will 

operate as the final tank or tube is approached, and volume will increase as the pick-up 

is moved closer to the final tube or tank. It is here that care should be exercised. If 

head-phone operation, or coupling to the receiver A. F., is desired, adjust the distance 

of the pick-up from the final tank for the desired volume level. For loud-speaker 

operation with the unit shown, coupling is adjusted until the d.c. current to the 

emitter reaches 0.5 ma. This is adequate for the output connections shown, and is 

ample volume. For the Viking I, a 5/8" cone insulator is mounted at one of the 4D32 

socket mounting holes, a 1/8" x 5" threaded rod is screwed into the top of the in-

sulator, and connected to the monitor by shielded line. The output of the unit drives 

a Utah 3" PM speaker. 

This device performs a most useful function without the penalty of supplying 

additional power to the unit. 
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DIAGRAM OF SELF-POWERED TRANSISTOR MONITOR 

PARTS LIST 

R1 - 15,000 ohm, IA watt, comp. res. ( IRC) 
Cl - .01 uf, 500-v, disc. ceramic fixed cond. ( Erie) 
C2 - .02 uf, 200-v, paper cond. ( Sprague) 
X1 - CK705 Germanium Diode ( Raytheon) 
Rfc - 2.5 mh r.f. Choke ( National R-100 S) 
Ti - Output Transformer ( Halldarson HVAT-4) 

J1 - Phone tip jack, ceramic insulated, ( ICA) 
J2 - Single conductor mike connector ( ICA) 
1 - Sectional box, 11/2"X2"X4" ( ICA) 
1 - Terminal strip, 5-point ( Cinch) 
1 - CK722 Junction transistor ( Raytheon) 



TRANSISTOR KEYING MONITOR 

Easy to construct, and 

easy to use, the monitor 

makes for clean keying 

By I. QUEEN 

M
ANY c.w. operators monitor 
their keying by listening to 
the blocking of the receiver or 
to the clicks of the key. These 

methods are O.K. when sending 
at slow speeds but are definitely no 
go when sending at 15 words per minute 
and higher speeds. Receivers often 
block for periods long enough to convert 
a dot into a dash and make the operator 
stumble over his own fist. Using a bug 
without a keying monitor is one sure 
way to make the other fellow break off 
the contact with some weak excuse like 
QRM, QRN, or gotta QRT for chow. 

This keying monitor makes it pos-
sible for you to follow your own keying 
with ease so you are more relaxed and 
can really enjoy the contact. Your key-
ing will be cleaner and the fellow on 
the other end will find it easier to copy 
and won't be so eager to run off and 
work someone else. It is so easy to 
construct and use that no c.w. man 
should be without one. 
The circuit is essentially an a.f. oscil-

lator with trigger characteristics. No 
positive emitter bias is used, so the 

transistor tends to remain blocked. I f a 
positive signal energizes the emitter, the 

Upper left, photo of the 
transistor keying moni-
tor. Above, internal 
view shows simplicity 
of construction. 

transistor begins to conduct. Current 
flows in the high- resistance base cir-
cuit. Due to the voltage drop in this 
circuit, a positive bias is placed on the 
emitter. The transistor, once conduct-
ing, tends to remain that way. 
The base resistor is adjustable. It 

may be set to a medium value, so that 
triggering is only temporary. Then the 
circuit oscillates only for an instant 
after its emitter is energized. Removing 
the external signal permits oscillations 
to die out at once and the transistor 
blocks again. This is the correct adjust-
ment for a keying monitor. The monitor 
is coupled very loosely to a transmitter 
antenna or final tank. When the key is 
pushed down, the strong r.f. field trig-
gers the transistor and a tone is heard. 
Releasing the key stops the tone. I 
didn't need a crystal to rectify the r.f. 
field. Evidently the periodic disturb-
ance of the r.f. keeps the circuit trig-
gered and operates the oscillator. This 
circuit will follow dots up to any speed 
Mackay can transmit. 
Few adjustments or controls are 

needed. Finding the proper resistance 
between switch and ground may require 
a little experimenting. I found 330,000 

ohms O.K. If it is too high, oscillations 
will continue with the key up. If too 
low, the circuit may not oscillate. 
The base resistor varies tone. It also 

determines trigger conditions. Near 
zero, the transistor will be too critical. 
It will oscillate at the slightest touch of 
the headphones. Results are best with 
about 4,000 ohms in the base circuit. 
The transformer is the type used in a 

TV vertical blocking oscillator. It 
measures 250 ohms across the primary 
(between GR and BR) and 1,600 ohms 
across the secondary. There is no reason 
why high-ratio audio transformers 
should not work in this circuit. 
I have used this monitor on all bands 

with a low-power ( 30-watt input) 
transmitter. The only coupling proce-
dure required is to wrap the short 
insulated lead from the emitter once or 
twice around the antenna. Placing it 
near the final tank also works fine. 

Schematic of transistor keying monitor. 

Materials for Keying Monitor 

Resistors: I-330,000 ohms, V2 watt; 1-5,000 ohms. 
potentiometer  

Miscell • 1—vertical blocking oscillator type 
transformer, 1—transistor, type CK-722; 1—s•Ps.t. 
toggle switch: l- 1.5-volt dry cell; I—phone jock; 
1-4 x 4 x 2- inch utility box. 

This instrument can also serve as an 
excellent a.f. oscillator. The base re-
sistor varies tone over a fairly wide 
range, almost 3 octaves. With a larger 
resistor, the variation is even greater. 
If much use is to be made of this unit 
as a generator, it might be better to 
add a switch to disconnect the high re-
sistance. This will do away with the 
trigger characteristic and permit the 
transistor to oscillate at all times. 

This circuit has another curious char-
acteristic, mentioned earlier. When used 
as a trigger circuit, you will find that 
the instrument is sensitive to mechan-
ical shock as well as acoustic and r.f. 
signals. For this reason, turn the tone 
control as near to zero as you can 
without oscillations. Now, if you tap 
the headphones ever so lightly, the cir-
cuit will be tripped and oscillations will 
be heard. Speaking or whistling into 
the phones will do the same thing. Once 
oscillations begin, they may be stopped 
by turning off the switch or returning 
the tone control to maximum. This 
resets the trigger. 
Most c.w. men take pride in their sig-

nal quality, and this transistor keying 
monitor will enable them to hear them-
selves as others hear them. Its com-
pactness and ease of installation make 
it a valuable instrument. END 
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A TRANSISTORIZED AUDIO FILTER 
FOR AMATEUR RECEPTION 

An audio filter which will select or reject one audio frequency is a handy accessory 

to a receiver which is to be used in today's crowded amateur bands. On CW it will 

boost a desired signal or reject an undesired signal. On phone it will reject heterodynes 

which will be present until all amateurs switch to single sideband suppressed carrier. 

The audio filter takes the place of the crystal filter in a receiver which does not have 
one and supplements it in a receiver which does have one. 

A vacuum tube circuit, popularly known as the select-o-ject, which will select or 
reject one audio frequency has been described in the literature, 1,2,3 and the circuit 

described here uses the same basic principle with Raytheon CK-722 transistors as the 

active circuit element. The transistorized version has the advantage that it will run 

for a long time on its self contained battery and therefore the only connection necessary 
to the receiver is to plug the filter into the headphone jack. 

A UTC SSO-1 is used as an input transformer in case the filter is to be employed 

with a receiver where the headphone jack is connected to the output of the first audio 

stage. The transformer steps down the high impedance of the audio stage to the low 

impedance of the input of a transistor stage. One volt on the high impedance side of 

the transformer gives good volume in the headphones. The transformer can be omitted 

if the receiver has a low impedance output feeding the headphone jack. In this case 
padding will probably be needed between the receiver and the filter. 

The amplifier consisting of JT1, JT2, and JT3 includes a variable phase shift 

network and will give a phase shift of 0° at one selected frequency and a different 

phase shift but relatively constant gain at all other frequencies. When the switch is in 

the reject position the output of this amplifier is combined with the output of the stage 

consisting of JT4 which gives 180° phase shift and constant gain at all frequencies. 

When the reject control is set so that both channels give the same gain at the selected 

frequency, that frequency will be canceled out in the load. In the boost position the 

stage consisting of JT4 gives regenerative feedback which will be maximum at the 

selected frequency. The selectivity can be varied by the boost control and is greatest 

at the point where the circuit is about to break into oscillation. 

JT1 is a split load phase inverter. It should be noted that when this circuit is used 

with a transistor it will not give perfect balance because there is a finite input current 

into the base and most of this current will flow in the emitter circuit because the 

emitter resistance is much lower than the collector resistance. This balance is not as 



important as some authors think; if the balance were perfect and the frequency 

response of the amplifiers were completely flat, the boost or reject control would not 

have to be readjusted when the frequency control was changed. The author has found 

that these controls do have to be readjusted even in the vacuum tube version in which 

precision resistors are used in the phase inverters. 

JT2 is another split load phase inverter but here the input is returned to the 

emitter to increase the gain of the stage and to improve the balance by preventing 
the input current from flowing through either of the load resistances. Transformers 

are used between each phase shift network and the next transistor to present a high 

impedance to the output of the network and to match the input of the transistor. 

JT3 drives the headphones and also provides an out of phase voltage for JT4 

when the switch is in the boost position. In the boost position, JT4 gives another 180° 

phase shift so that the output of JT4 will be in phase with the input and therefore 

give regenerative feedback at the selected frequency. In the reject position, JT4 drives 

the headphones in addition to JT3. 

It is important in the boost position that the stages have sufficient gain so that the 

device can be made to oscillate and in the reject position it is necessary that all stages 

have low distortion so that harmonics of the undesired frequency will not be produced. 

Such harmonics will not be filtered out when the fundamental is filtered out and the 

usefulness of the device will be reduced. 

The transistorized audio filter is a useful accessory to an amateur receiver and is 

a good starting place for the amateur who wants an introduction to the newest active 

circuit element. 
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D!AGRAM OF TRANSISTORIZED AUDIO FILTER 

Input 

B 

PARTS LIST 

RI - 1000 R 9 - 4700 C 1 - 20 µI'd. Ti - UTC SSO-1 

R2 - 1000 R10 - 100,000 ( section of R's) C2 - .01 T2 - UTC SSO-3 

R3 - 4700 R I 1 - 3900 C3 - 20 p.fd. T3 - UTC SSO-3 

R4 - 4700 R12 - 18,000 C4 - 20 µI'd. JT I - CK722 Transistor 

R5 - 100,000 R13 - 1000 C5 - .01 JT2 - CK722 Transistor 

R6 - 1200 R14 - 1000 C6 - 20 µI'd. JT3 - CK722 Transistor 
R7 - 3900 R15 - 3900 C7 - .02 JT4 - CK722 Transistor 

R8 - 4700 R16 - 22,000 C8 - 20 1.ifd. BATTERY - Mallory TR132 
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TRANSISTOR 
BAND 

SPOTTER 
By PETER G. SULZER. W3HFW 

Notice that the transis-
tor band spotter has 
no power cord and 
needs no ventilation 
holes. The terminal 
posts, potentiometer, 
lettering, etc.. give 
an idea of its size. 

Any amateur can now have a transistor frequency standard 

at low cost. Simple, stable, with no warmup drift, this 

unit runs continuously off its internal flashlight cell. 

T
HE availability of "p-n-p" junction 
transistors, has opened many in-
teresting possibilities in the field 

of compact test equipment. One ex-
ample of such equipment is the small 
frequency standard to be described 
here. Although compactness is in it-
self a virtue in the crowded ham 
shack or service shop, the low power 
consumption of the transistor pro-
vides an additional benefit, of value 
in the fixed station as well as fol. 
portable operation. 
Consider a typical a.c.-powered fre-

quency standard used for locating 
band edges, calibrating receivers and 
v.f.o.'s, and for checking service-type 
signal generators. It contains a rec-
tifier tube, a 100-kc. crystal oscillator, 
and perhaps a multivibrator 'to pro-
duce markers at 10-kc. intervals. It 
consumes about 30 watts, and runs 
hot because it is built in a small 
box. As a result, its frequency drifts 
as it warms up, and its multivibrator 
may have to be readjusted to com-
pensate for circuit-element changes 
during the heating cycle. A better 
design with a sufficient provision for 
heat dissipation would improve mat-

ters, but a crystal oven would really 
be necessary to complete the job of 
stabilizing the oscillator. Unfortunate-
ly, however, the equipment, and par-
ticularly the crystal oven, would have 
to be in operation at all times to avoid 
the warmup problem which would 
run up the power bill and constitute 
a fire hazard. 
Here is where the additional bene-

fit of the low-powered transistor 
comes in. The total power required 
by the band spotter is 300 microwatts, 
1.5 volts at 200 mieroamperes. This is 
so small that a single flashlight cell 

Fig. 1. Cross-sectional representation of 
a 'Pp-n-p" transistor, used in this circuit, 
and standard transistor diagram symbol. 

should operate the unit for years, and 
therefore an "on-off" switch is not 
required. Since the band spotter 
operates at all times there is no 
warmup problem, and an accurate 
frequency calibration is available at 
all times, particularly if there is no 
hot equipment nearby. An additional 
point worth mentioning is the lack of 
a power cord to add to that ever-
growing "tree" at the power outlet. 
The band spotter contains a 100-kc. 

crystal oscillator and a 10-kc. syn-
chronized blocking oscillator, each us-
ing a "p-n-p" junction transistor. Two 
outputs are provided at 100 kc.: a 
clipped sine wave at Terminal 1, 
which provides usable receiver-cali-
bration markers up to 30 mc., and a 
sine wave at Terminal 2 for oscil-
loscope frequency comparison. The 
10-kc. output at Terminal 3 is a 1-
microsecond pulse having strong har-
monics beyond 30 megacycles. 

The " P-N-P" Transistor 

In order to discuss the circuits used 
in the band spotter, a brief and much 
simplified description of the "p-n-p" 
junction transistor2 is in order. This 
type of transistor contains a small 
(0.08 inch by 0.12 inch by 0.005 inch 
thick) wafer of "n"-type germanium. 
It will be recalled that most of the 
conduction in an "n"-type semiconduc-
tor takes place via electron flow, in 
contrast to the "p"-type, in which con-
duction effects occur through the flow 
of holes ( places where electrons are 
missing in the crystal structure). A 
small dot of indium is placed on the 
two opposife flats of the wafer, which 
is then heated, permitting a portion 
of the indium to diffuse into the ger-
manium. In this manner the diffused 
portions of the germanium are con-
verted to the "p"-type. The heating 
process is continued until the thick-
ness of the remaining "n"-type ger-
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manium at the wafer center is small, 
perhaps 0.001 inch, as shown in the 
drawing. Small wires are soldered 
to the dotsp which become the emitter 
and collector connections and a third 
wire is soldered to one end of the 
wafer, which is the base connection. 

Suppose, now, that the collector is 
made negative with respect to the 
base. A very small current will flow 
because of the direction of the electric 
field across the "p-n" junction. Here 
the negative charge on the collector 
will tend to repel electrons back into 
the "n"-type base, while the positive 
charge on the base will repel holes 
(which behave something like positive 
charges) back into the collector. A 
similar situation would exist in an 
imaginary vacuum tube containing an 
electron emitter at its cathode and a 
positive-ion emitter at its anode. With 
the anode negative with respect to the 
cathode, cathode-current cut-off would 
occur because the electrons would be 
repelled back toward the cathode, and 
anode cut-off would occur because 
positive ions would be repelled back 
toward the anode. Since cathode cur-
rent must flow through the anode, and 
vice versa, cut-off in a double sense 
is obtained. 

If, while keeping the collector nega-
tive, the emitter is made slightly posi-
tive with respect to the base, a heavy 
emitter current will flow as electrons 
are drawn out of the "n"-type base 
by the positively-charged emitter, and 
holes are drawn out of the "p"-type 
emitter by the negatively charged 
base. It is seen, therefore, that the 
emitter behaves as a rectifier biased 
in the conducting direction; while the 
collector behaves as a rectifier biased 
in the non-conducting direction, and 
therefore the emitter has a low dy-
namic ( a.c.) resistance, and the col-
lector has a high dynamic resistance. 
However, according to this simple 
theory most of the holes drawn out of 
the emitter can pass right through the 
thin base region, and they will do so 
because they behave as positive 
charges, and are accelerated by the 
negatively-biased collector. These holes 
then constitute the collector cur-
rent, which is almost independent of 
the collector voltage as long as the 
collector is negative. This is another 
way of saying that the collector dy-
namic resistance is very high. 

It is not immediately apparent that 
such a device will amplify, but it does, 
and this is because of the large ratio 
of collector impedance to emitter im-
pedance. If a small a.c. voltage is 
applied between the emitter and base, 
an alternating emitter current will be 
produced and, in a good transistor, 
most of this current will pass through 
the base and appear across a much 
higher impedance in the collector cir-
cuit producing a comparatively high 
voltage between the collector and 
base. 
To consider some typical figures, 

suppose that the input (emitter-base) 
dynamic resistance is 100 ohms, the 

CRYSTAL OSCILLATOR 

;`..Ri 0,721 

Ri 

111 
XTAL 

CE 

re-1( 

LI 
o 

121, 115-33,000 ohm, 1/2 tv. res. 
123— Determined experimentally. See text 
R3-50,000 ohm pot 
CI, C2, C3-33 ottfd. mica cond. 
C.-15 gad. mica cond. 

C3-500 Md. mica cond. 
Ce- 20-200 µs/d. trimmer cond., panel-mount-

ing type 

BLOCKING OSCILLATOR 

R3 
Ti 

CK722 
R4 v2 

o 
4 

C4 
C7-20 µµfd. mica cond. 
C8-3300 µAd. mica cond. 
1.3-8 mhy. r.f. choke (Bud C1281 or equiv.) 
Le-30 mhy. r.f. choke (Bud C1284 or equiv.) 
T-1— Blocking-oscillator transformer ( Utah 

9280) 
Xtal-100 kc. X-cut crystal (See text) 
I3,—Size D flashlight cell 
1,5—C11721 transistor ( Raytheon) 
V3—CX722 transistor (Raytheon) 

Fig. 2. The schematic shows the remarkable simplicity of the transistor frequency 
standard. R, is used if the measured current through L, Is less than the normal 
value (see text). C., a trimmer, is the final front-panel adjustment. The economy 
of parts more than offsets the "expense" of using transistors rather than tubes. 

output ( collector-base) dynamic re-
sistance is 100,000 ohms, and suppose 
that 95% of the emitter signal current 
appears in the collector circuit (a, 

the short-circuit current gain = 0.95). 
Suppose, also, that a 100,000-ohm 
collector load resistance is used. If a 
0.1-volt a.c. signal is applied to the 
emitter, the emitter signal current 
will be 1 milliampere, and therefore 
the collector signal current will be 
0.95 milliampere. One half of this will 
go to ground through the collector 
dynamic resistance, while the other 
half will produce a useful signal of 
47.5 volts across the 100,000-ohm load. 

The voltage gain is thus 475, a very 
substantial figure. 

It has been seen, then, that the 
grounded-base connection can produce 
a large voltage gain at the expense of 
a very low input impedance. A more 
useful amplifier is obtained if the 
emitter is grounded, so that the base 
can be driven.3 Since most of the 
current leaving the emitter passes 
through the base to the collector, the 
base current itself is much smaller 
than the emitter current. Consequent-
ly the base-driven circuit din produce 
a current gain as well as a voltage 
gain, and a much more versatile am-

This internal view shows that the construction, while compact, is "roomy." There 
is no chance of overheating; the unit is left running continuously for its maximum 
stability, without danger of breakdown or running up the power bill. It is as near-
ly independent of external conditions of temperature, etc., as it is of power lines, 

C6 

CRYSTAL CS 
OSCILLATOR 

CK 721 Cl RI 

C7. L2 C4 
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NO CONNECTION TO L2. TIE 
POINT FOR R4, C7, C8. 
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plifier of higher input impedance is 
obtained. The current gain, which de-
pends critically upon the value of a, 

may be 10 or more, while typical 
values for the input and output im-
pedance are 1000 ohms and 100,000 
ohms respectively. 

It should be pointed out that the 
base-driven connection produces a 
phase reversal, as does the grounded-
cathode vacuum tube. In fact, the 
properties of a small voltage-amplifier 
pentode with a resistance on the order 
of 1000 ohms connected between grid 
and cathode resemble those of the 
base-driven transistor, although the 
transistor will operate with a much 
smaller power supply. 
The base-driven connection is used 

in the crystal oscillator and blocking 
oscillator in the band spotter. 

Considering the crystal oscillator, 
one might be tempted to "borrow" the 
conventional Miller vacuum-tube oscil-
lator, connecting the crystal ( con-
sidered as a parallel-resonant circuit) 
between the base ( grid) and ground, 
and tuning the collector ( plate) with 
a parallel-resonant circuit. Perhaps 
a small feedback condenser might 
have to be connected between the col-
lector and base to make it oscillate. It 
will not oscillate, though, because of 
the 1000 ohms between base and ground. 
which shorts the high parallel-
resonant impedance of the crystal. 
Fortunately here the design engineer 
has recourse to the useful concept 
of duality4, which suggests that grid 
voltages should be replaced by emit-
ter ( or base) currents and parallel-
resonant circuits should be replaced 
by series-resonant circuits. This is 
easy here because the crystal can act 
as a series-resonant circuit, and there-
fore it is simply connected in series 
with the transistor base and the rest 
of the circuit. The maximum feed-
back is obtained at the series-resonant 
frequency, where the crystal im-
pedance is minimum, and the base 
current is maximum. 
The rest of the circuit could con-

sist simply of a phase-reversing trans-
former, which could have a one-to-one 
ratio. Such a transformer was not 
readily available and, therefore, a col-
lector choke L,, condensers C. and C., 
and parallel circuit L:C, were used 
to obtain a portion of the phase shift 
necessary for positive feedback. The 
voltage across C. is nearly sinusoidal 
because of the filtering effect of the 
tuned circuit LiCr.C... The small con-
denser C, isolates the oscillator from 
load changes at Terminal 2. The volt-
age at the transistor base, which is 
coupled to Terminal 1 through a simi-
lar small condenser C,, consists of a 
clipped sine wave which has strong 
harmonics throughout the high-fre-
quency range. 

Operation of the blocking oscillator 
is analogous to that of a vacuum-tube 

blocking oscillator, and can be under-
stood if the following facts are re-
stated: In a transistor, collector cur-
rent flows when emitter current flows. 
In a "p-n-p" junction transistor, col-
lector current flows when the emitter 
is positive with respect to the base or, 
since the grounded-emitter connection 
is used, collector current flows when 
the base is negative with respect to 
the emitter ( providing, of course, that 
the collector is also negative with re-
spect to the base). 
Suppose now, that C. is charged so 

that the base is positive with respect 
to the emitter. The collector current 
will be cut off (or nearly so, if it is a 
good transistor), and C. will discharge 
through R., and R, until the base goes 
slightly negative with respect to the 
emitter. Emitter and collector current 
will then flow, and a regenerative ac-
tion will take place through the block-
ing-oscillator transformer Th which is 
connected to produce a phase reversal. 
A heavy collector current flows, and 
the voltage across C. builds up very 
nearly equal to that of the supply 
voltage. At this point the charging 
current must decrease since the charge 
in C. has reached its maximum value. 
The transistor is soon cut off and the 
conditions existing at the start of the 
cycle have been restored. Since the 
charging cycle is much shorter than 
the discharging cycle, the voltage 
across C. is of saw-tooth form. 
A sinusoidal synchronizing current 

is coupled to the emitter by Ch and it 
is the purpose of one (out of 10) of 
the negative half-cycles of this cur-
rent to initiate the regenerative charg-
ing action slightly in advance of its 
normal time, thus effecting synchron-
ization. 
The small condenser C, isolates the 

blocking oscillator from load changes 
at Terminal 3. 

Construction 

The details of parts layout and 
mounting are shown in the photo-
graphs. The box is 21/2" by 3" by 4" 
deep. The depth could have been de-
creased by 1% inches by using a hear. 
ing-aid type mercury cell in place of 
the flashlight cell and by removing the 
blocking-oscillator transformer from 
its case. 
The transistors were mounted by 

means of bent soldering lugs. Although 
subminiature tube sockets could have 
been used, the transistors should last 
as long as the rest of the equipment, 
and therefore there is little reason for 
a change. 
The crystal holder was wrapped in 

a piece of sponge-rubber to decrease 
the effects of shock, and mounted by 
means of a metal "strap." 
Looking at the internal-view photo-

graph, the crystal oscillator, using a 
CK721 transistor, is toward the far 
edge, although the top of the crystal 

holder is visible at the lower right. 
The blocking oscillator uses a CK722 
in this unit. It will be noted that sev-
eral leads are soldered together on 
the edge of one of the chokes, L2 in 
the foreground. This is the junction of 
C2, C, R,, and the transistor base. It 
is not one of the connections of L2 it-
self. It so happened that an extra hole 
in the choke base made a convenient 
tie point for these connections. 

Adjustment 
In setting up the crystal oscillator, the 
crystal and L2 and C. should be discon-
nected, and the current through L. 
should be measured. If it is much less 
than the normal value of 100 micro-
amperes a resistor, R, (shown dashed 
in Fig. 2) should be connected and 
adjusted to obtain 100 microamperes. 

Next the crystal should be 

connected directly between the base 
and the emitter, a large variable con-
denser substituted for C., and C4 ad-
justed to produce the maximum out-
put as observed at Terminal 2. The 
frequency should then be checked, 
and if it is high an inductor, L2, should 
be connected in series with the crystal 
and the frequency adjusted to zero 
beat with WWV. For this test the re-
ceiver antenna terminal should be con-
nected to Terminal 1. A small conden-
ser C. across L2 will facilitate the ini-
tial adjustments while C. is used as 
the final ( external) frequency trim-
mer. 
If the frequency of the oscillator is 

low initially, a condenser should be 
connected in series with the crystal. A 
large variable condenser should be 
used for the initial adjustments. 
Although a small X-cut bar was 

used in the oscillator described here, 
it has been found that 100-kc. loran-
indicator crystals will work in the 
same circuit. 
Adjustment of the blocking oscilla-

tor is comparatively simple, the best 
method requiring the connection of a 
receiver to Terminal 3. Switch on the 
beat-frequency oscillator and, if pos-
sible, tune the receiver to the low end 
of the broadcast band. Note the fre-
quencies of two adjacent harmonics of 
the 100-kc. oscillator, and then adjust 
R, so that nine signals are observed 
between the 100-kc. points. To pro-
duce the best stability R. should be 
set .to the middle of the range pro-
ducing this result. 
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Trallsistor—laristor Modulator 
for low-level audio 

NOTE 

Use of a CK705 
Germanium Diode in 
place of the IN 34 
is recommended 

Semiconductor unit gives excellent results 

UNIT, based on the principles and 
applications of Balanced Mod-
ulators for Low-Level Audio 
(December, 1954) and using a 

transistorized carrier oscillator and a 
varistor modulator containing two ger-
manium diodes, is described in this 
article. 
The transistor oscillator is essentially 

that published by Bohr'. It contains a 
Ferri-Loopstick coil with the core 
fixed symmetrically and ceramic tuning 
capacitors. My transistor self-excited 
r.f. oscillators sound doleful against 
a receiver heterodyne, and I would use 
a crystal in a modification of Queen's 
circuit' if I had one in a small holder 
like his LM crystal. Fortunately the 
quavering r.f. doesn't seem to hurt the 
audio quality and the stability is not 
bad. 
The modulator (Fig. 1) is, from the 

balancing standpoint, a mutual induct-
ance bridge like those commonly used 
in metal detectors. Two identical sec-
ondaries ( L2 and L3) are moved to 
adjust their relative couplings to the 
oscillator coil ( L1) for balance. They 
should by rights be electrostatically 
shielded from it, but I haven't yet made 
a shield that doesn't kill the oscillator. 
Fortunately the amount of unbalance-
able carrier that gets through—even 
with no attempt at capacitance balance 
—is so little that the Pickering pickup 
overmodulates it and the coils must be 
moved off center to increase the un-
balance for better quality. For still 
weaker audio sources, shunt the 1N34 
rectifiers with small capacitors and 
adjust the coil and the variable trimmer 
alternately until the balance is as fine 
as you like. In this, as in the tube 
circuit ("Balanced Modulators," De-
cember, 1954), even harmonics are not 
balanced. 

1.5 

24V 

8.2 

CA 722 
RF 05C 

By ALBERT H. TAYLOR 

The pickup is applied in push-pull 
between the two secondaries and by-
passed for r.f. The bypass capacitors 
are essential to carry the r.f. current 
of the rectifiers. If they reduce the 
audio fidelity, try in their place series-
resonant circuits with smaller capac-
itors, tuned to the carrier frequency. 
To provide the necessary d.c. path 

for the rectifiers, the primary of an 
Ouncer type push-pull output trans-
former from a BC-347-A, interphone 
amplifier serves as a center-tapped 
audio choke. It has a resistance of 
500 ohms. • A pair of resistors would 
probably do if they did not load the 
pickup nor throttle the rectifiers. The 
output load resistor is not critical and 
satisfactory modulation with little 
change in level takes place with any-
thing from wide open to a direct short 
through the receiver's antenna coil or 
an r.f. choke. Too low a resistance 
probably loads the pickup but I can't 
say I missed any highs in a broadcast 
receiver. 
I generally use a 10,000-ohm resistor 

and a 200-µpf coupling capacitor to 
avoid misalignment. A d.c. voltmeter 
across the output conveniently indi-
cates oscillation and reads about 0.5 
volt with the coil turns I am using. 
The output impedance is so low that 
if I make another unit I shall use 
more turns on the twin secondaries 
for a higher carrier-to-audio ratio in 
the diodes. 

Construction 
Any small metal box will make a good 

chassis — I found that of the BC-347-A 
ideal. Simple filtering keeps the trans-
istor oscillator signal where it belongs 
and no shielding is necessary between 
oscillator and modulator sections. 
The only critical job is making and 
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Fig. 1—The varistor modulator—a 
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balanced bridge to cancel the carrier. 

mounting the r.f. transformer, but it 
can be done very neatly even without 
special tools. If you are afraid of it, try 
Fig. 2 instead of Fig. 1. You may get 
away with using an unshielded, stock 
receiver antenna transformer if you use 
trimmers from the bridge corners to the 
live side of the secondary. 

Fig. 2—Diagram of another varistor 
bridge; has grounded input, balanced 

output. 

Fig. 3 shows my transformer in cross-
section. The form for the secondaries 
is a paper tube that just slips over the 
waxed-paper cover of the Ferri-Loop-
stick primary. I made it by wrapping 
two layers of drawing paper onto the 
end of a dowel and binding tightly with 
tape and thread. I dropped this into a 
can of hot coil wax and cooked it till 
it quit bubbling. A piece of dowel 
necked-down to plug into the foot of the 
Loopstick cooked at \the same time. 
When the waxed paper form had cooled 
and stiffened, I mounted it and the 
Llopstick on their brackets, set them 
side by side in the positions they would 
occupy in mid-setting, and marked the 
secondary form with a pencil opposite 
the center of the Loopstick coil. 
The narrow secondary coils are 0.5-

inch apart and are symmetrically 

Ports list for modulator 
Resistors: 1-1,500; 1-8,200; I-10,000. 
ohms, 1/2 watt. 
Capacitors: 1-10, 1-100, 1-250, 1-470 pµf; 2— 
.005, 2-0.1 pf; 1-5-15 mif, trimmer. 

  I —CK722 transistor and holder; 2-
1N34 ; I—Ferri-Loopstick; I—center-tapped audio 
choke (see text); I—chassis; I-2-circuit lack; I— 
rubbe r band • 1-22.5-volt battery; I-1.5-volt cell; 
1—r.f. transformer (see text); hardware. 

1-47,000 
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spaced from this mark. They are wound 
with the Litz wire that comes with the 
Loopstick, which is just enough for the 
two 5-turn coils with a little over for 
leads. I wove them as Turk's heads' to 
hold them in place till they could be 
dipped. Then I plugged the open end 
of the form with a wad of cotton and 
flash-dipped the completed coils into the 
wax, also dipping the butt of the Loop-
stick to hold it onto its dowel. 
The Loopstick primary Li and the 

twin secondaries are held to their 
brackets at identical heights by wood 
screws in the dowels. They must fit 
accurately and squarely so as not to 
bind when the secondaries travel back 
and forth. 

In the assembled modulator ( see 
photo) the transformer takes up a great 
deal of room because the Loopstick must 
be kept away from large pieces of 
metal. If it gets too close, the oscillator 
quits. A single screw holds the 
bracket of the Loopstick at one end of 
the case, while the long-footed bracket 
of the secondaries at the other end has 
two 10/32 screws tapped into it which 
travel in slots in the case, parallel to 
the axis of the coils. A 1-inch 10/32 
adjusting screw through the end of the 
case is tapped into the moving bracket 
and is turned from the outside to move 
the secondaries gradually. A rubber 
band between the brackets pulls against 
the screw to take up backlash, and the 
moving bracket may have to be 
grounded by a pigtail unless the guide 
screws are set up hard after it has 
been set. The oscillator stops and starts 
if the bracket makes intermittent con-
tact. Tie the coil leads to convenient 
points and leave slack for motion. 
Watch the polarity. 

Band Conversion 
This modulator can be used as a 

frequency changer or converter if the 
r.f. input, suitably filtered against 
spurious responses, is applied in place 
of the audio. The bypasses would then 
be tuned to the local oscillator fre-
quency. Fig. 2 appears a little better 
suited for this job. 

Both this and the tube modulator 
save tuning elements and radiation 
worries by connecting directly to re-
ceivers. But they can be used remotely 
by tuning the outputs. The low-im-
pedance transistor—varistor modulator 
should be tapped down on the tank 
circuit. In the tube modulator the tank 
circuit would replace the plate load 
resistor, with small r.f. chokes in place 
of the extra resistors if finer balance 
is needed. But be careful! My father 
worked New Zealand from Washington, 
D.C., 'way back then, with just two 
201-A's. END 
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Transistor A M Test Oscillator 
An extremely small and 
portable instrument for 
servi( ing radio receivers 

T
HIS pocket-size, battery-operated, 
transistor oscillator generates four 
spot frequencies for testing and 
servicing AM receivers. The fre-

quencies are 455 kc, 600 kc, 1 mc, and 
1.4 mc. These signals may be modulated 
or unmodulated. In addition, the oscil-
lator will supply an audio signal for 
testing audio stages. The oscillator, in 
combination with a volt-ohmmeter, will 
lick just about any AM service job. 
The oscillator is fine for i.f. align-

ment, tracking front-ends, and trouble-
shooting by signal injection. In contrast 
to signal tracing, signal injection makes 
the receiver under test supply all the 
amplification. Where a signal tracer 
must have many stages of amplificatimi 
and a loud speaker, the signal injector 
may be a one-stage oscillator. 
For signal-injection testing, hold the 

oscillator in one hand and move it from 
stage to stage, starting from the output 
tube and moving forward into the i.f. 
and r.f. stages. The trouble is located 
immediately behind or in the stage 
where the signal disappears. 

Intermediate-frequency stages can be 
aligned with the 455-kc signal. Track-
ing is checked at the standard test fre-
quencies of 600 kc, 1 mc, and 1.4 mc. 
And remember, the entire oscillator fits 
easily into a shirt pocket. 

"Test Oscillator 
The instrument ( Fig. 1) uses a single 

CK722 junction transistor. At audio 
frequencies this transistor operates on 
even less than 1 volt. However, at 
broadcast frequencies, most CK722 

0(722 s.r.iess.c I *4 40pol 

Fig. 1 — Schematic diagram of the 
transistor AM test oscillator. For stable 
operation, a 22.5-volt battery is used 

for the unit's collector supply. 

By EDWIN BOHR 

transistors require at least 15 volts. 
They are not designed to operate on the 
broadcast band. But, at this voltage, 
the operation is sometimes erratic, so a 
22.5-volt battery is used for the collector 
supply. This voltage assures easy oscil-
lation and greater interchangeability of 
transistors. 
The four test frequencies are ob-

tained by switching capacitors across 
the collector tuning coil Ll. Coil L2 is a 
tickler that feeds energy back into the 
emitter where it is reamplified by the 
transistor. 

Fixed mica capacitors shunt the tun-
ing trimmers for the two lowest fre-
quencies. This "bandspreads" the trim-
mer tuning and makes the calibration 
adjustment easier. 

Switching C3 across R1 produces 
audio modulation of the r.f. carrier and 
the audio test signal. The frequency of 
this modulation varies with individual 
transistors and may vary from a slow 
putt putt to several hundred cycles. The 
more actively the transistor oscillates, 
the lower the frequency of the modula-
tion. If the frequency is too low, the 
oscillator will put harmonics all across 
the broadcast band when switch S2 is 
in MOD position. This is not always de-
sirable. The modulation frequency in 
this case may be raised by decreasing 
the value of C3. The 1-mh choke pre-
vents .the r.f. signal from bypassing to 
ground when C3 is switched in. 
An oscillogram of the oscillator's AM 

carrier is shown in Fig. 2 The modula-
tion is greatly in excess of 100%. The 
r.f. is periodically blocked off complete-
ly. A.f. oscillations decrease the positive 
bias on the emitter until the oscillations 
stop. The emitter then begins to return 
to a higher positive bias as C3 re-
charges. When the bias reaches a high 
enough value, the r.f. oscillations begin 
again. The positive emitter bias comes 
from the divider network R2 and R3. 

Capacitor C6 has appreciable re-
actance compared to the emitter input 
impedance. Therefore, should you wish 
to operate the oscillator at frequencies 
lower than 455 kc, the value of C6 must 
be increased accordingly. 
When the frequency selector is ro-

tated to any of the four spot frequen-
cies, the unit is turned on. A fifth con-
tact is the OFF position. With this 
arrangement, the operator is more like-

ly to turn the oscillator off and not run 
down the battery. 
A single jack serves for both the 

audio and r.f. test signals. The jack is 
isolated from the transistor circuit by 
C5. Since the output is taken from the 
low-impedance emitter circuit, the os-
cillator is virtually immune to loading 
effects. No ground jack is included to 
ground the oscillator to the circuit being 
tested. The reason is this: If the oscilla-
tor case were grounded and the oscil-

lator output jack were accidently con-
nected to a high-voltage a.c. wire in the 
receiver, there might be enough signal 
coupled to the emitter, through C5, to 
damage the transistor. 

Construction 
The design of a good layout for small 

pieces of electronic equipment is more 
difficult than seems obvious. A 1% x 
x 314 -inch aluminum case houses the 
oscillator. Volume-wise there is ade-
quate space, but the size and shape of 
the parts is such as to oppose arrange-
ment. 

If the oscillator is built in the same 
size box that I used, follow the drilling 
details of Fig. 3; this is the only way 
the parts will fit. Some aluminum cases 
are made from 1/16-inch stock; others 
are made of less rigid stuff. 
The measurements of Fig. 3 are based 

on a 1/16-inch wall thickness. Other 
boxes may require a slight revision of 
these measurements to compensate for 
a different thickness. 
The largest component is the selector 

OSOLUTION (itrxeiD twr DuPING THIS Me, 

NEG. SLOPE TO TOP 

111111/1 

id0OuuTeD *AvEPORN 

Fig. 2-0scillogram of oscillator's AM 
carrier. Modulation exceeds 100%. 
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switch—one of the new miniature PA-
1000 series made by Centralab. The 
trimmers and their shunt capacitors are 
wired to this switch. The selector switch 
also acts as the support for the phenol-
board chassis. The chassis contains two 
holes that slip over the switch bolts. 
Two 4-40 nuts then hold the chassis 
board to the switch. 
The exact chassis size is shown in 

Fig. 4. A 5-pin hearing-aid tube socket 
is used for the transistor and the cutout 
dimensions are for this type of tube 
socket. 

Other holes must be cut in the chassis. 

3.1/8 

4 eRE .PUNCHED 
HOLF_S (411/8 DIA 

OMEN. IN INCHES 

9/16 

-S/13 

-13/16 

Fig. 3—Layout 

3/4 

for the aluminum case. 

1/32 PHENOLIC BOARD 
6 

11/32 

7/32 

3/32 X 11/3;2 

FOR AI01.8411NG ON 51 
(2)1/8 

DIUEN. IN INCHES  

I 3/8 
2-1/a 

1.3/16 I- /8 

Fig. 4—Chassis layout dimensions. 

Components are rigidly mounted to the 
board by pulling through and soldering 
their leads to the other side. Even the 
coil is mounted this way. The position 
of these holes is best determined by 
placing the component directly on the 
board and marking the best hole loca-
tion. 

$2 
MODULATION 
ON  

SI TUNING TRIMMERS(4) 

C 5 0 UTPUT JACK 

Fig. 5—Components mounted to case. 

Several of the parts are mounted to 
the case under the chassis board ( Fig. 
5). The loose wires from these parts are 
soldered to appropriate tie points on 
the chassis board once it is in place and 
mounted to the switch. 

Coil Li is a Ferri-Loopstick, modified 
by removing all of the unnecessary coil 
form to reduce the size. The number of 
turns on the coil is unchanged and the 
slug is centered lengthwise in the coil 
for maximum inductance. Coil L2 is 
wound directly over Li as shown in 
Fig. 6. Coil L2 is 7 turns of any con-
venient-size wire. If the coil is wound 
as shown in Fig. 6, the connections can 
be made with the assurance that the 
feedback polarity is correct: for oscilla-
tion. ( But if there are no oscillations, 
try reversing it!) 

Capacitors Cl, C2, and C5 are sub-
miniature paper units made by Aerovox. 
The electrolytics are 3-volt d.c. units 
made by Cornell-Dubilier. C4 may be 
operated slightly beyond its rating but 
there will be no difficulty. It is impor-
tant that the smallest parts obtainable 
be used. The battery is a small unit 
made especially for photo-flash pur-
poses. 

SI 
ON- OFF AND 
FREQUENCY 

Front- panel 
view of test 

oscillator. 

Calibration and use 
An easy way to calibrate the oscilla-

tor is to track it with a communications 
receiver. Ordinary broadcast receivers 
are usually too poorly calibrated. The 
455-kc spot could be set by adjusting it 
until the second harmonic is picked up 
at 910 kc. Another way to set the 455-kc 
trimmer is to feed the oscillator output 
directly into the i.f. stages of a receiver 
and adjust the oscillator until it gener-
ates a 455-kc signal. If this procedure 
is followed it is advisable to short out 
the oscillator section of the receiver 
beforehand. 

There are many stations on 600 kc, 
1 mc, and 1.4 mc and at least one sta-
tion can be received on each of these 
frequencies. These stations can be used 
for calibration. For example, tune in a 
1400-kc station, turn the transistor os-
cillator knob to the 1.4 position, and 
turn the 1.4 trimmer all the way in. 
Now back off the trimmer about % to 
1% turns. The oscillator should be 
heard as it passes 1400 kc. Place the 
modulation switch in the OFF position 
and slowly adjust the oscillator trimmer 
until it zero-beats with the station. All 
the trimmers will be adjusted within a 
turn or so of complete closure when 
they have been tuned to their proper 
frequency. 
The accuracy of the 600-kc adjust-

ment can be ascertained by checking the 
600-kc harmonic at 1200 kc. Also, the 
third harmonic of 455 kc falls in the 
broadcast band at 1365 kc. For most 
work with the oscillator, the calibration 

(Continued on page 106) 
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SIGNAL INPUT 
CALIBRATION C2 

SWITCH 

JACK 

MAIN TUNING c3 
Front view of the transistorized 
frequency meter in its compact 
metal case. 

C5 CK705 T C6 

R2 V 2 

Photograph of the mixer and audio com-
ponents mounted on a terminal board. 

W
ITHIN its frequency and 
power limitations, the junc-
tion transistor offers inter-
esting possibilities of applica-

tion in portable test instruments. In our 
fervor to transistorize amplifiers, re-
ceivers, transmitters, and control de-
vices, we should not overlook the heter-
odyne frequency meter. It is one in-
strument which can be transistorized 
readily, and its operation is not handi-
capped by the limited high-frequency 
response of the type CK722 transistor 
now easily obtained. 

Battery operation of the heterodyne 
frequency meter always has been de-
sirable in the interest of complete isola-
tion from power lines, of portability, 
instant operation, and low heat genera-
tion. But battery operation usually has 
not been feasible because of the cost, 
weight, and size of the A and B bat-
teries required; comparatively short 
battery life, especially if the instrument 
is left running by mistake; and annoy-
ing microphonics in battery-type tubes. 

Heterodyne Frequency Meter 
uses pair of Transistors 

Portable test instruments offer an 

excellent opportunity for tran-

sistors to do their stuff. Small 

size and light weight make them ideal. 

By RUFUS P. TURNER 

C3 C2 

L I, L2, AND L3 

The meter with rear cover removed. All 
parts are visible except Rl, CI, and VI. 

A frequency meter using junction 
transistors has none of those disad-
vantages and has the following desir-
able advantages: ( 1) Complete isola-
tion and portability. ( 2) Small size. 
(3) Light weight. ( 4) Practically zero 
heat generation. ( 5) Low-current oper-
ation from a single battery. (6) In-
stant operation. ( 7) No microphonics. 
(8) Long battery life with small loss 
during accidental left-on periods. ( 9) 
Infrequent "tube" replacements, since 
the transistors are believed to have a 
life of tens of thousands of hours. ( 10) 
Ability of the instrument to take rough 
handling without damage. 

The basic instrument 
The heterodyne frequency meter is 

well known to commercial radio opera-
tors who use it frequently to measure 
transmitter carrier frequency. Hams 
use this instrument supplementarily as 
a c.w. monitor and receiver calibrator. 
The heterodyne frequency meter is a 
common Instrument in radio-frequency 
laboratories where it is used to check 
the frequency of r.f. oscillators and 
signal generators and as a comparator. 
The block diagram in Fig. 1 shows 

the basic arrangement of a heterodyne 
frequency meter. The r.f. oscillator uses 

an inherently stable circuit tunable over 
a single frequency band. Its output 
is fed into an aperiodic detector or 
mixer together with the test signal to 
be measured. The oscillator and test 
signals (or some harmonics of one or 
both) produce a beat note which then 
is amplified by the audio amplifier and 
monitored with headphones or a visual 
indicator. The r.f. oscillator is tuned 
to zero-beat with the signal and the 
frequency is read off the oscillator dial. 
The dial may be directly calibrated. 
The test-signal frequency may be 

lower than the fundamental frequency 
range of the oscillator. Its harmonics 
then beat with the oscillator. Or the sig-
nal frequency may be higher than that 
of the oscillator, in which case an oscil-
lator harmonic will beat with the signal. 
In this way, we use the instrument over 
a wide frequency range extending from 
fln to nf, where f is the oscillator 
fundamental frequency at some suitable 
setting, and n is a multiplier or divisor 
representing the most remote useful 
harmonic or subharmonic which will 
give a sufficiently strong beat note. 
Thus, in one commercial heterodyne 
frequency meter, the oscillator is tun-
able from 100 to 200 mc, and the useful 
measurement range (from f In to nf) is 
10 to 2,000 mc. ( In this instance, the 
factor n is 10.) 

(Continued on page 102) 
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A GENERAL-PURPOSE 
TRANSISTOR VOLTMETER 

G. FRANKLIN MONTGOMERY, W3FQB 

4557 South Chelsea Lane 
Bethesda 14, Maryland 

ABSTRACT 

A compact and rugged voltmeter of moderate 
accuracy and high sensitivity has been designed 

using two junction transistors. Full-scale ranges 
are 1, 10, 100, and 1000 volts d.c. at 100,000 

ohms per volt and 10, 100, and 1000 volts a.c. 
at 10,000 ohms per volt. The instrument is 
based on a one-milliampere meter movement 

and is powered by a single 1.5-volt flashlight 
cell. 

INTRODUCTION 

Vacuum-tube voltmeters have become very 
popular for electronic test and service purposes. 
In general, these instruments are highly sensi-
tive and are of reasonable size for portable work 

but usually require external a.c. power. Those 

that are battery-powered are limited in useful-
ness by the size and relatively short life of the 
battery supply. In contrast to vacuum-tube in-

struments is the portable multirange type of 
voltmeter that needs no supply but whose sensi-

tivity is limited to that of its basic movement, 

generally not exceeding 20,000 ohms per volt. 
The current-amplifying ability of junction 
transistors provides the means for increasing 

the sensitivity of a basic movement more rugged 
than that ordinarily used in either of the first 
two types of instrument to produce a voltmeter 

intermediate in sensitivity and powered by a 
small battery of long life. 

DESIGN 

The capabilities of the CK722 are such that a 
properly designed d.c. amplifier using two in 
cascade to operate a one-milliampere movement 

should provide a sensitivity of about 100,000 
ohms per volt, which is useful for most test 

functions. The junction transistor exhibits 
current amplifications in two amplifier con-
nections, giving a choice of four basic circuits 
for an amplifier of two transistors in cascade. 
Of these four possibilities, only two — the 
grounded-emitter to grounded-collector, and the 
grounded-emitter to grounded-emitter — have 
the advantage that the output current tends to 
be independent of temperature-induced current 
changes in the two transistors. In addition, 
when operated from a low-voltage supply where 
the bias currents for the transistors are fed 
through relatively small resistances, the short-
circuit current amplification of each transistor 
is most nearly approached if each works into as 

low a load resistance as possible. Accordingly, 
the grounded-emitter to grounded-emitter con-
nection was chosen for the amplifier, the basic 
circuit for which is given in Figure 1. 

Feedback seems desirable for ensuring a linear 
relation between meter indication and input 
current, but since the transistor is a current-
amplifying device indeed, as opposed to a volt-
age-current transducer such as the vacuum 
tube, the application of inverse feedback inevi-

tably reduces the amplifier current sensitivity; 
it is therefore not used in the present applica-

tion. Adequate d.c. linearity has been achieved 
by proper choice of transistor operating points, 
although inverse feedback, if it were used, would 
have the additional advantage of tending to 

maintain a given absolute sensitivity. 

THE TRANSISTOR VOLTMETER 

The complete circuit diagram of the instrument 
is given in Figure 2. Resistor Ri, in conjunction 
with the setting of the METER control R5, 
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determines the base bias current of JTi. The 
bias current for JT2 is determined by R., R., 
ani the zero-input collector current of JTi. 
Because of the variability of different trans-
istors, adjustment of the values of Ri, R., and 
R3 will usually be required in setting up the 
circuit initially. In making this adjustment, R2 

and R3 should be chosen so that R. is from five 
to ten times R.. 

Variation of Ri provides a convenient adjust-
ment of the absolute sensitivity. Because of the 
connection of the lower end of R5 to the meter 
terminal, a small fraction of the output current 

is fed back in positive sense to the input through 
R. Meter zero can be attained by setting R5 for 
a large range of Ri, the positive feedback being 
smaller as Ri is increased. The overall gain of 
the amplifier can thus be standardized for a 
considerable variation in transistor current am-

plification factor. For transistors that give ex-
cessive gain with no feedback, the absolute 
sensitivity can be lowered by reducing the ratio 
of R. to R. Accuracy of the completed instru-
ment for d.c. is within five percent of full scale 
and depends mainly upon the care taken in 

selecting precise resistance values for the multi-
plier and in selecting R. 

A.c. rectification is provided by the germanium 

diode, D. Since the diode operates at a low volt-
age level, its d.c. output is not linear with a.c. 

input, and the non-linearity results in calibra-
tion inaccuracies of about ten percent of full 
scale. The inaccuracy could be reduced, of 
course, by providing a non-linear scale for a.c. 
readings. Resistors R., and Rs determine the ab-
solute sensitivity for a.c. and have been adjusted 
in the completed instrument to provide accurate 

readings (sinusoidal r.m.s. values) at about 
mid-scale. Calibration is constant over the fre-
quency range from 30 cps to 150 kc. 

As shown in the photographs, the instrument is 
housed in a 3x4x5-inch utility box. In use, the 

meter is first zeroed with the METER control, 
R5. The test leads are then shorted, and the 
meter is zeroed again with the SHORT control, 
Re. The second zeroing adjustment is usually 
necessary only on the lowest two d.c. ranges; 
for a.c. or high-range d.c. measurements, any 

necessary adjustment can be made with the 
METER control only. Note that if a.c. meas-
urements are to be taken in a circuit containing 

a steady d.c. potential in addition to the a.c. 
term, a series capacitor should be added exter-
nally. Battery drain is about four milliamperes, 
so that a size D flashlight cell should give either 
intermittent or continuous service for 500 hours 

or more. 
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INPUT 

FIGURE 1 (Basic current amplifier) 

VOLTMETER 

B-1.5-volt dry cell, size D. 
C-0.5 iif paper capacitor, 200 volts. 

D—germanium diode, Raytheon CK705. 
JTi,JT2—junction transistor, Raytheon CK722. 
M-0-1 milliampere meter. 
Ri- 330K, 1/2 w ( see text). 
R2-4.7K, 1/2 w ( see text). 
R.-470, 1/2w ( see text). 
R4-470, 1/2 w. 

R2-1000 wirewound potentiometer. 
R6- 200 wirewound potentiometer. 

B 

FIGURE 2 (Voltmeter circuit diagram) 

PARTS LIST 

R2-82K, 1/2 w ( see text). 

R.-15K, 1/2w ( see text). 

R., R., R., R12, R.-20M, 1/2 w. 

R., R., R.-3.3M, 1/2 w. 

Ra2-1M, 1/2 w. 

R.-100K, 1/2 w. 

Ri.- 10K, 1/2 w. 

Si—s.p.s.t. slide switch. 

S2—d.p.d.t. slide switch. 

S. — double-pole, four-position wafer switch. 
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MINIATURE AUDIO 

FREQUENCY METER 
by 

ROBERT T. BAYNE 

As usually constructed, the Audio Frequency 
Meter is rather large and is dependent on 110 
volts, 60 cycles for a source of power. One pop-
ular model weighs 12 lbs. and occupies just 
slightly less than a cubic foot of space.• 

Since the advent of Transistors and Germanium 
Diodes, a very small and light-weight Audio 
Frequency Meter may be constructed which 

has the further advantage of operating entirely 
from self-contained batteries. The Audio Fre-
quency Meter then gains all the portability en-
joyed by the indispensable Volt-Ohm-Millam-
meter and becomes just as convenient to use. 

The Audio Frequency Meter to be described is 
the portable type and uses two CK722 Ray-
theon Transistors and four CK706 Raytheon 
Germanium Diodes. The overall characteristics 
are, as follows: 

Dimensions 
Frequency Ranges 

Accuracy 

Input Impedance 
Input Voltage 

Acceptable Signal 
Wave Forms 

Power Source 

4 by 5 by 3 inches 
o - 300 cycles 
o - 3,000 cycles 
o - 30,000 cycles 
Approximately plus or mi-
nus 5% 
15,000 ohms 
Minimum 5 volts R.M.S. 
Maximum 40 volts R.M.S. 

Sine, Square, Sawtooth, 
Triangular and Irregular 

Shaped Waves. Pulses 
where pulse duration is 
more than 0.3 of the period 

between pulses. 
7 Burgess No. 7 or Ever-
ready No. 912 flashlight 
cells. 

Total Current 
Drain 
Calibration 

Controls 

2.5 Milliamperes 

Internal calibration of bat-
tery voltage before meas-
urement. 
Range Selector Switch 
Calibration Adjust Rheostat 
On-Off Switch 
Cal. — Read Switch 

CIRCUIT OPERATION 

As shown in the schematic Fig. 1, the input sig-
nal is fed to a clipping circuit composed of R. 

and diodes D. and D.. Since there are 1.5 volt 
cells in the diode ground returns, the output of 
the clipper cannot exceed 3 volts peak to peak 
over a wide range of signal input. The primary 
purpose of the clipper is to provide overload 
protection for the limiting transistor P.. Need-
less to say, it also assists in limiting the input 
signal. 

The output of the clipper is connected to the 
base of transistor P. by means of R2. The emit-
ter of P. is grounded, and the entire stage func-
tions as a limiter-amplifier. A small amount of 
negative "bias" current is supplied to the base 
of P. by means of R.. The Collector of P. is 
capacitively coupled to the base of transistor 
P. through C. 

Transistor P2 is used both as a second limiter 
and as a switch to provide pulses of charging 
current to one of the condensers C2, C3 or C4, 
depending upon the position of the Range 
Switch, SW.. 

With no signal impressed on the base, P2 has 
approximately 140 Microamperes of base cur-
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rent supplied through R. The corresponding 
collector current is about 2 Milliamperes so that 
a large voltage drop occurs across R.. This drop 
is almost equal to the total Emitter-Collector 
Potential, 7.0 volts. Under these conditions, the 
only potential across the condenser ( for example 

C2) is the difference between the supply ( 7.0 
volts) and the drop across R. ( 6.6 volts) or 
0.4 volts. 

When a signal is impressed, a positive pulse ap-
pearing at the Base of P2 effectively "cuts-off" 
P2 so that the potential at point A becomes that 
of the supply. C2 is then able to charge through 
R., Diode D4, and Meter Mi to approximately 
7.0 volts. When a negative cycle of signal re-
verses the potential of the Base at P2, the po-
tential at point A falls to a low value and C2 
discharges through Diode D. 

The long time constant of the meter movement 
integrates the uni-directional charging pulses 
to provide a steady meter reading which is a 
linear function of the input signal frequency 

according to the equation: 

im=fCE0 

Since Capacity and E0 ( amplitude of the charg-

ing current pulse) are fixed by choice of capaci-
ty and the action of the limiting circuit, im be-
comes a function of frequency only. The Meter 
Scale can thus be calibrated directly in cycles. 

The single Meter Scale is marked 0-30 and fre-
quency readings are multiplied by 10, 100 or 
1,000, according to the position of the Range 
Selector Switch. This necessitates capacity ra-
tios of 1 : 10:100 between C4, C3, and C2 re-
spectively. Since the accuracy of the entire de-
vice depends upon the accuracy of the 1:10:100 
ratio, C4, C3, and C2 should be selected using 
a bridge to determine their exact capacity. If 
desired, small trimmer condensers may be 

placed in parallel with C3 and C4 and adjusted 
for the proper capacity ratio with respect to C.. 

The amplitude of the charging current pulse 
depends on the Collector Voltage. This potential 
must therefore be of constant value to insure 
accuracy. To accomplish this, a Calibrate-Read 

Switch SW2 and Calibrate Adjust Rheostat are 

included. When SW2 is in the Calibrate posi-

tion, Mi becomes a voltmeter due to R. which 

is in series with its negative terminal and the 

battery supply. The supply potential can then 
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be set to the proper magnitude by adjusting the 

series Rheostat R. The exact point to which 

the voltage is set is indicated by a small arrow 

on the meter scale. 

INPUT 

Chassis 

Ji 
Di, D2, 1-D, D4 

—1-- 1.5V T 1.5 V 

R SW 3 

N? OFF OFF 

7 Y2 V 

R7 

Î vT  

Chassis 

The On-Off Switch SW 5 short circuits the me-

ter terminals in the "Off" position. This damps 

the movement heavily, protecting it from dam-

age due to shock or vibration. 

CK722 

D3 

R6 

MINIATURE AUDIO FREQUENCY METER 

PARTS 

"Channel-Lock" Box, 5x4 
x3 inches 
Amphenol 75-PCIM 

CK706 or CK705 
?Raytheon Germanium 
Diodes 
CK722 Raytheon Junc-
tion Transistors 
SO- 100 Microammeter, 
?Triplett, type 321-T 
Centralab S.P. 3 Pos. 

Type 1461 

LIST 

SW2, SW3 

R7 

Cl 

C2 

C5, C4 

All Resistors 1/3 watt 

IRC Type BTR 
R7 

R2 
R3 

R4 
R5 
R6 
R8 

D4 

cep READ 

SW 2 

CAL. 

Wirt S.P.D.T., Type 724 
Centralab Type B, 500 

ohms 

0.1 MFD., Sangamo 
"Redskin" 400 volts 
.05 MFD., Sprague 400 
volts 
.005 MFD. and 500 
MMF. Centralab TCZ 

15,000 ohms 
8,200 " 

0.1 meg. 
12,000 ohms 
47,000 " 
3,300 " 

0.1 meg. 
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TRANSISTOR AUDIO FREQUENCY 
AND VOLTAGE STANDARD 

by 
Peter G. Sulzer, W3HFW 

10605 St. Paul St. 
Kensington, Md. 

There is a need for a miniature, self-powered 

source of accurate audio frequency and voltage 
suitable for voltmeter and oscilloscope calibra-

tion, signal tracing in radio and television sets, 
and frequency comparison. The oscillator to be 
described fills such a need, since it provides 1 
volt, 1/10 volt, 10 millivolts, and 1 millivolt 
with an accuracy of ±2% at one kilocycle. The 
frequency is accurate to better than TA% over 
the normal range of room temperature. Al-
though it is little larger than a cigarette pack-
age it will operate for more than two years on 
its self-contained mercury battery. The current 
required is but 50 microamperes, and therefore 
an on-off switch is not necessary. Because of 
its small size and lack of power cord the oscilla-
tor should readily find a place in the service 

kit or on the laboratory bench. 

A very interesting feature of the circuit is that, 

as explained below, an accurate audio-fre-
quency voltage is obtained automatically with-
out requiring calibration from any other 
standard. 

Consider the simplified circuit of Fig. 1(a), 
which is a form of the Colpitts oscillator with 
the emitter of the junction transistor receiving 
its drive from a portion of the voltage across 
the tuned circuit. The base is held at ground 
potential. Assuming that oscillation will start, 
an alternating voltage will build up across the 
tuned circuit until limiting takes place some-
where in the circuit. It will be recalled that, in 
a pnp transistor, the collector is biased neg-
atively with respect to the base. This is in the 

non-conducting direction, and therefore the 
signal current flowing in the collector results 
from "holes" injected through the base by the 
emitter. However, a large collector current will 
flow if the collector goes positive with respect 
to the base. This is the form of limiting obtained 
here, and it takes place when the peak voltage 
across the tuned circuit exceeds the supply 
voltage. When the collector clips it does so in 
a very abrupt manner, because it now functions 
as a part of a high-conductance junction diode. 

Consequently, if the feedback and the ampli-
tude are increased, the onset of the clipping is 
readily observed with an oscilloscope or a volt-
meter, and, if the feedback is adjusted so that 
clipping is just detectable, the peak voltage 

across the tuned circuit is almost exactly equal 
to the supply voltage E. An accurate voltage 
E can be obtained with mercury hearing-aid 

cells, which provide 1.34 volts to better 

than 0.5%. 

The actual circuit used is shown in Fig. 1 ( b), 

in which two mallory type RM-1 cells in series 

provide 2.68 volts. As a matter of convenience 

the negative battery terminal has been ground-

ed. The feedback voltage appears across C2, 

while C, is used to adjust the frequency. The 

inductance L is a small, uncased, powdered-

permalloy toroid, which is available from any 

one of several transformer manufacturers. The 

capacitors C,, C2, and C3 are paper-tubular 

units. The resistors in the voltage divider should 

have an accuracy of -. 1% if possible. 
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In setting up the circuit, the resistor R should 
be omitted, and the presence of oscillation should 
be checked with an oscilloscope or a high-impe-
dance voltmeter. If the circuit does not oscillate, 
the dashed-line connection of R should be used, 
and R should be decreased from 1 megohm 
until oscillation starts and clipping commences. 

This will be observed with the oscilloscope or, 
if a voltmeter is used, the output will increase 
but very slowly as the resistance is decreased 
past a given point. If oscillation is obtained with 
R disconnected, the solid-line connection of R 
should be used, and R should be decreased 
until the clipping almost stops. One connection 
or the other will be required depending upon 
the condition of the transistor and the Q of the 
tuned circuit. 

The final frequency adjustment can then be 

made by adjusting C. It is convenient to use 
the 600-cycle modulation from WWV as a 
standard, employing Lissajous figures for fre-
quency comparison. The output across the tuned 
circuit was found to be 1.83 volts rms., which 
is about 3% lower than the battery voltage 

would indicate. The difference results from the 

fact that the base of the transistor is not held 

exactly 2.86 volts positive with respect to 
ground. The resistances in the voltage divider 
have been chosen to compensate for this differ-
ence, which has been found consistent in the 
three breadboard oscillators constructed. The 
distortion is about 1% with the proper circuit 
adjustment. The source impedance of the oscil-
lator must be considered when making a cali-
bration. The impedance at the 1-volt tap is 
approximately 30,000 ohms with loads greater 
than 100,000 ohms. Thus, if a meter with a re-
sistance of 1 megohm is connected to the 1-volt 
tap, it will read about 3% low. The impedances 

at the other taps are approximately 5,000, 500, 

and 50 ohms respectively. 

The oscillator is constructed in a brass tube 3 

inches long and 13/4 inches in diameter. Bakelite 

end caps are used, and the mercury battery is 

held in a small bakelite tube running down the 

center of the brass tube. The negative terminal 

of the battery, which is ground, is located at the 

center of the four audio-frequency-output ter-

minals. The positive terminal of the battery, 

which is recessed to prevent shorts, is available 

at the other end of the oscillator for battery 

checks and also to permit the calibration of dc 

voltmeters. 
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Fig. 1 Transistor Audio Frequency 
and Voltage Standard 

PARTS LIST 

1—Raytheon CK722 
1-0.3 hy toroid 
1-0.1 p.f capacitor ( see text) 

1-2 ittf capacitor 
1-0.5 p.f capacitor 
1-1K 1/2 w resistor 

1-43.3K 1/2 w 1 percent resistor 
1-47K 1/2w 1 percent resistor 

1-4.7K 1/2 w 1 percent resistor 
1-470 ohms 1/2 w 1 percent resistor 
1-52.2 ohms 1/2 w 1 percent resistor 

1-1/2 w resistor R ( see text) 
2—Mallory type RM-1 cell 
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Pig. 1—Exolution 

a 

of the 

TRANSISTORIZED VOLTMETER 

0- I to: A 

0-1 DC IAA CK722 

micros mmeter. 

Operating from a single cell, 

instrument has an input 

resistance of a y. t. 

By RUFUS P. TURNER 

H
IGH values of current ampli-
fication are obtained in the 
grounded-emitter junction tran-
sistor circuit by using the base 

as the input electrode. A small change 
in base current produces a rather large 
change in collector current. 

Such base-to-collector current ampli-
fication is designated by the Greek 
/3 (beta), and in commercial tran-
sistors has a value many times higher 
than the familiar emitter-to-collector 
amplification a (alpha). /3 is equal 
approximately to a/ (1—a). From this 
relationship, we see how a junction 
transistor having an alpha of only 0.909 
can give current amplification of 10 in 
the grounded-emitter circuit. It is clear 
also that junction transistors with the 
highest alphas, approaching 1, also 
show the highest betas. 
High-beta performance permits oper-

ating the grounded-emitter circuit as 
a d.c. amplifier with low power drain. 
The amplifier has a current gain of 10 
when alpha is 0.909 and can have a 
gain of approximately 100 when alpha 
is very slightly greater than 0.99. Tak-
ing advantage of this gain, a d.c. milli-
ammeter in the collector circuit will 
respond to microamperes applied to the 
base-input circuit. 

Fig. 1-a shows such a simple amplifier 
type microammeter. Input current of 
100 microamperes will deflect the 0-1 
d.c. milliammeter to full scale. For 
simplicity, zero-setting circuits for 
bucking the static collector current out 
of the meter have been omitted from 
each circuit in Fig. 1. In Fig. 1-b, a 
second common-emitter amplifier stage 
has been added in cascade for 10-micro-
ampere operation of the meter. Note 
that transistor V2 has been "turned 
over" so that current flows through its 
base in the correct direction to increase 
collector current. The collector current 
of transistor V1 flows directly through 
the base-emitter input circuit of V2, so 
no load resistors are required and inter-
stage impedance-matching problems dis-
appear. Inasmuch as current from both 
batteries flows in the same direction 
through lead X, a single battery may 

be inserted in this lead to supply both 
transistor stages. This has been done 
in the final circuit shown in the Fig. 
1-c diagram. 

It is entirely possible to use low-
priced junction transistors, such as the 
CK722, in this d.c. amplifier circuit. 
However, for a total current gain of 
100, the transistors would have to be 
selected for a minimum alpha of 0.909 
each. There is gain to spare when 
using a combination of one CK722 and 
one higher-alpha unit, such as the 
CK721, in cascade. This combination 
requires no special picking of tran-
sistors. 
An interesting and useful application 

of the transistorized microammeter is 
as the basis of an electronic d.c. volt-
meter—the transistor equivalent of the 
v.t.v.m.—by adding suitable multiplier 
resistors to the input of the d.c. am-
plifier circuit. Since the two junction 
transistors require only about 2 ma 
from a 1.5-volt cell for complete cir-
cuit operation, the result is a com-
pletely portable electronic voltmeter 
having operating economy not obtain-
able with conventional battery-operated 
v.t.v.m.'s. 
A 0-10 d.c. microammeter has been 

shown before as the basis of a d.c. volt-
meter having 100,000 ohms-per-volt 
sensitivity.' A 10-microampere d.c. 
meter is expensive, however, and not 
obtainable except on special order. The 
transistorized d.c. amplifier permits use 
of the more rugged, inexpensive, and 
readily obtainable 0-1 d.c. milliammeter. 
To readers who compare a sensitivity 

of 100,000 ohms per volt unfavorably 
with the input resistance of the conven-
tional v.t.v.m., we would like to point 
out that the 100-volt range has an in-
put resistance equal to that of many 
v.t.v.m.'s, and on all higher ranges the 
transistor voltmeter has a higher input 
resistance than the v.t.v.m.! 

Instrument circuit 
The complete circuit of the transis-

torized electronic voltmeter is shown in 

"New Volt-Ohm Mieroammeter" Ammo-ELEC-
TRONICS, Sept., 1953, page 80. 
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Fig. 2. To the simple two-stage tran-
sistor microammeter circuit of Fig. 1-c 
have been . added the input multiplier 
resistors ( R1 to R6) and the zero-set-
ting meter circuit ( R7 to R10). The 
zero-setting circuit is of the four-arm-
bridge type common in v.t.v.m.'s. 

Resistors R1 to R6 must be selected 
to the exact specified values. The 50-
megohm value required for the 500-volt 
range is obtained by series-connecting 
one 10- and two 20-megohm resistors. 
For highest accuracy on the 1-volt 
range, the input resistance of the CK722 
(approximately 2,000 ohms) should be 
subtracted from the normal 100,000-ohm 
value of RI, making it 98,000 ohms. If 
this is not done, the 1-volt range will 
read 2r/c low. To check the input resist-
ance of the first transistor in the com-
plete circuit, feed in an input current 
of 10 microamperes and measure the 
voltage drop between base and emitter. 
Determine the resistance by dividing 
the voltage by .00001. 
On all but the last range, the 0-1 

scale of the milliammeter can be used 
by merely adding zeros mentally where 
necessary. The author found the 1-, 
10-, 100- and 500-volt ranges suitable 
for his purposes. Other ranges may be 
included if those shown are undesirable. 
The table shows multiplier resistor 
values for common voltage ranges other 
than those shown in Fig. 2. 

ADDITIONAL VOLTAGE RANGES 

Multiplier 
Range Resistance 
(volts) ( megohms) 

2.5 
3 
5 
7.5 
15 
25 
50 

250 
300 
750 

1,000 

0.25 
0.3 
0.5 
0.75 
1.5 
2.5 
5.0 

25 
30 
75 
100 

One pole of the range selector switch 
disconnects the battery. For protection 
of the instrument, the OFF position is 
placed after the highest voltage range. 
Phone jack .1i is provided for the 

"high" d.c. input lead which in this 
circuit is connected to the negative pole 
of the voltage source under test. A 

Fig. 2—The transistorized voltmeter. 

JI REG  

conventional shielded input lead and 
probe are advantageous when working 
around strong fields. The "low" ( posi-
tive) lead is connected to pin jack J2. 
The CALIBRATION control R8 permits 

the instrument to be standardized ini-
tially and provides for its periodic 
recalibration. This control has a slotted 
shaft for screwdriver adjustment and 
is mounted inside the instrument case 
for protection from disturbance. 

Adjusting the zEito ADJUST rheostat 
R7 allows the meter to be set to zero 
against the effects of steady collector 
current through both transistors. Static 
collector current in the CK722 is am-
plified and increases the static collector 
current of the CK721. 

Construction 
Being a straight d.c. instrument, the 

problems of stray coupling and fre-
quency dependence are absent. The 
model shown in the photos is built in 
an aluminum utility box 6 inches high, 
4 inches wide, and 5 inches deep. 
The two transistors and components 

R8, R9, and R10 are mounted on a 1% 
x 4%-inch bakelite board attached to 
an inner wall of the case with long 6-32 
screws. Transistor and resistor leads 
are pulled through small holes in the 
board and connections are made under-
neath. 

Resistors R1 to R6 are soldered di-
rectly to the range switch. The flash-
light cell is held to an inner wall by a 
curved bracket which does not appear 
in the photo. 

Leads from the meter, battery, zero-
set rheostat and battery section of the 
range switch are cabled together and 
run to the component board, underneath 
which connections are made. 
The instrument can be built much 

smaller than shown here. Smaller meter, 
components, battery and case are en-
tirely feasible. 

Initial adjustment 
After the wiring has been inspected, 

make the initial adjustment in the fol-
lowing manner: 1. Set the range switch 
to the 10-volt position, and set R8 about 
halfway between its minimum and max-
imum rotations. 2. Zero the meter by 
adjusting R7. 3. Apply an accurately 
known 10-volt d.c. potential to the input 
terminals. 4. Adjust R8 for exact full-
scale deflection of the meter. 5. Remove 
the voltage. If the meter does not read 

Instrument has high input resistance. 
%Wee  
R7 ZERO ADJ 

10K ww 54 
10 MEG 

SEE TEXT RI R2 e 53 RS 
1005 RAEG 10MEG 2014EG 

IV ,310V 0 IDOV 
A 

'RANGE SW 

o 

R6 
20MEG 
500V c•OFF 

0- OC MA 

198 crue 

CI5721 APA 

CAT22 R9 Ri0 

o OSCREADPIJER ADJ 

I.5V 

exactly zero, reset by adjusting R7. 
6. Reapply the voltage and readjust R8, 
if necessary, for full-scale reading. 
7. Repeat steps 4, 5 and 6 until the 
meter reads full scale when the voltage 
is applied and falls back to zero when 
the voltage is removed. 

Even when substituting transistors, 
the author found the circuit response 
surprisingly close to true linearity. This 
had made it possible to obtain good 
accuracy with the regular meter scale. 
Such operation was not anticipated, 
since we expected alpha and beta would 
vary greatly with input current. How-
ever, where highest possible accuracy 
must be insured, the builder should 
calibrate as many scale points as pos-
sible during the initial adjustment. 
Suggested points would be 1-volt apart 
from 1 to 10 volts. They should be 
checked after completing the full-scale 
adjustment. If the calibration then did 
not follow the milliammeter scale, a 
special meter card might be drawn or 
a calibration chart prepared. 

Performance 
The transistorized electronic volt-

meter will give a good account of itself 
as a completely portable instrument 
having high input impedance and excel-
lent economy of operation. 

It can be used in place of the v.t.v.m., 
which it usually will supplement, espe-
cially in tests involving voltages which 
can be read on the 100-volt and higher 
ranges. The input resistance on these 
ranges equals or betters that of the 
tube type d.c. instrument. 

Ports for electronic voltmeter 
2-500 ohms, 1-100,000 ohms (see text), I-1 meg-
ohm, 2-10 megohms, 2-20 megohms, V2 watt, re-
sistors; 1-2,000 ohms,I-10,000 ohms, potentiometers, 
wirewound or Ohmite AB composition; I-0-1 d.c. 
milliammeter; I—phone jack; I—pin jack; 1- 1.5-volt 
flashlight cell; I-2-pole 5-position single-gang 
rotary selector switch; I—CK721; 1—CK722; 
cabinet; 1—mounting board. 

All operating power is furnished by 
a 1.5-volt cell. Total current drain, at 
full deflection of the milliammeter, is 
approximately 2 ma. A jumbo-size flash-
light cell will give long life even when 
the instrument is accidentally left run-
ning. A penlight cell will give some-
what shorter service, while a mercury 
cell will very nearly give its shelf life 
of several years continuous operation. 
Operation is instantaneous, without 
warmup periods, as a result of battery 
and transistor operation. 
With good transistors, zero-setting 

drift is negligible except during wide 
changes of temperature—the static col-
lector current increases rather severely 
with temperature. However, the author 
finds that resetting zero compensates 
for this drift. The instrument was kept 
in continuous operation for 5 hours at 
a controlled temperature of 30° C with 
no zero drift. 

Other operational features, such as 
current, resistance, and a.c. voltage 
ranges, may be added in the conven-
tional manner, borrowing from v.t.v.m. 
techn iques. END 
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NOTE 

Use of a CK 705 
Germanium Diode in 
place of the IN34 
is recommended 

The pistol-grip tracer in operation. 

PISTOL-GRIP 
SIGNAL TRACER 

This small and 

compact transistorized 

instrument features 

unique desIgn, 

yet is easy 

to construct 

By HOMER L. DAVIDSON 

T
HIS little transistorized signal 
tracer resembles the pistol type 
soldering iron used by many ex-
perimenters and service techni-

cians. It is compact and has only one 
outside lead—an alligator grounding 
clip. The nozzle or pointer of the tracer 
is touched to the circuit being tested; 
the signal is rectified and amplified, 
then reproduced through a 2-inch 
speaker. • 

A .001-pf disc type capacitor couples 
the incoming signal to the amplifier. A 
1N34 crystal rectifies any r.f. signal 
picked up and feeds it to a volume con-
trol. This control is used to reduce 
signal strength when necessary. It is a 
standard type but a midget unit could 
have been used. Had that been done, 
the d.p.s.t. switch could have been 
placed on the control instead of at the 
top of the unit. 
A midget electrolytic capacitor cou-

ples the incoming signal to transistor 
Vi. Both transistors used in this signal 
tracer are CK722's. They are mounted 
in hearing-aid tube sockets that were 
lying around, although regular sockets 
can be used. Be careful when wiring 
the leads because heat from a soldering 
iron can easily damage transistors. A 
good trick is to let long-nose pliers ab-
sorb the heat. This also applies to the 
1N34. 

Resistor R1 is a base return and de-
velops bias for this stage. Since tran-
sistor characteristics vary, R2 should 
be chosen for the value that provides 
maximum volume within the applied 
current limits. To find the correct 
value, use a 500,000-ohm potentiom-
eter in place of R1 and vary it for 
maximum signal. At the same time, 
connect a milliammeter in series—the 
current should not rise higher than 
5 ma. The audio amplifier stage is 
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transformer-coupled to the outpu 
stage. This little transformer is a Stan-
cor UM-113: primary impedance 20,-
000 ohms, secondary impedance 1,000 
ohms. It was designed primarily for 
transistor amplifying stages. A stand-
ard interstage transformer could be 
used if the signal tracer is constructed 
on a chassis where space is not limited. 
A 10-gf electrolytic capacitor couples 
the signal to the base of V2. The base-
return resistor R2 was measured be-
fore being placed in the circuit as R1 
was. A small output transformer steps 
down the amplified signal and feeds it 
into a 2-inch speaker. 

Wiring the unit 
When wiring the signal tracer be 

sure the transistors are properly con-
nected—and be sure neither one draws 
more than 5 ma. The wiring is not 
critical but all leads and components 
must be closely spaced with the leads 
as short as possible. There isn't any 
separate chassis, the two transistor 
sockets being soldered to the speaker 
frame. Pins 3, 4, and 5 of the hearing 

Parts for signal tracer 
1-33,000, 1-220,000 ohms, resistors; 1-1 megohm, 
potentiometer; 1—.001 µf, ceramic disc capacitor; 
2-10 pf, 25 volts, electrolytic capacitor ( small as 
possible); 1—interstage transformer, primary im-
pedance 20,000 ohms, secondary impedance 1,000 
ohms (Stancor UM- I13 or equivalent); I—output 
transformer, primary impedance 2,000 ohms, sec-
ondary 3.2 ohms (Stancor A-3332 or equivalent); 2— 
hearing-aid or transistor sockets; 2—CK722 tran-
sistors; I—sheet of plastic; 3—pieces of 3-ply ply-
wood; I-2-inch speaker; I—d.p.s.t. switch (see 
text); I—IN34; I—alligator clip; 1—plastic tubing; 
I-22.5-volt hearing-aid battery. 

aid sockets are soldered together. A 
heavy piece of brass wire is soldered to 
both sockets and then anchored to the 
2-inch speaker frame. Also, the positive 
lug on the small 22.5-volt hearing aid 
battery is soldered directly to the 1-inch 
bolt fastened directly to the speaker 
frame. 
The transistor sockets are soldered 

directly together. When plugging the 
CK722 transistors into their sockets, be 
sure both red dots or pins are plugged 
in properly. A d.p.s.t. push type switch 
is mounted on top. 

Construction of the gun holder is 
easy. Get a few scraps of three-ply 
wood and draw a gun on each piece. 
On two of the pieces cut off the handle. 
Place the other piece between these 
handleless pieces and glue and nail 
them together. After the assembly 
dries, round the edges, carve and sand, 
giving it the appearance of a pistol. 
The middle section of the pistol is not 
sawed or cut out until the plastic is 
formed around it. 
A small piece of Lucite is used as a 

cover for the pistol signal tracer. It is 

PROBE .001 

LATH 

(BC 

fitted around the pistol assembly while 
heat is applied from a gas flame. Be 
sure to hold the plastic away from the 
flame. Then the plastic can be formed 
around the gun assembly and held 
there until it sets. The speaker holes 
can be drilled before or after the plas-
tic is bent. All protruding corners are 
then cut and rounded off to fit snugly 
around the wooden assembly. 
At this point the center of the gun 

assembly is sawed out. Only a narrow 
border is left and the plastic piece is 
screwed to it. A %-inch hole is drilled 
into the bottom for the volume control, 
which resembles a trigger. A 1-inch 
hole is then drilled for the pistol barrel. 
The barrel consists of a 1-inch piece of 
round plastic tubing with a plastic bot-
tle cap and 2-inch bolt fastened into the 
end as the test probe. To save mount-
ing space the small coupling capacitor 
and the 1N34 can be mounted in the 
plastic tube. 

The results obtained from the small 
transistor signal tracer were surprising. 
Troubles were easily located in small 
radios, TV sets and amplifiers. END 

CK722 PUDIO AMPL 
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II 
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Schematic pistol-grip signal tracer. 

OUTPUT TRANS 

r a l 

Assembly of the signal tracer—unit is compact; completed plastic cover at right. 
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DEMONSTRATION 

TRANSISTOR 

CIRCUITS 

By EDWIN BOTH: 

TRY all of these circuits and really 
get the feel of transistorized equip-
ment. Experiment for personal 

pleasure or for an audience—the lay-
outs are ideal for club demonstrations. 
A single transistor is used in each 

circuit. Other parts are standard and 
easily obtained—if not available from 
the junkbox. Every circuit has been 
checked out with several CK722 produc-
tion transistors and found to be fool-
proof. (A demonstration circuit must 
work without embarrassing tinkering 
and fumbling.) 
Components are mounted breadboard 

style, allowing the individual circuits 
to be connected or torn down quickly. 
Since a single transistor is involved in 
all the circuits, it should be especially 
protected from continuous handling and 
soldering. 
Two types of breadboard mountings 

for the transistor are used. In one lay-
out, the leads are run to Fahnestock 
clips held to a heavy base of clothboard 
or masonite by 6-32 screws. This base 
should be heavy and large enough to 
prevent accidental upsets. The other 
breadboard model sports a small five-
prong hearing-aid tube socket into 
which the transistor can be plugged. 
Only the first, third and fifth pins of 
this socket are used. The other two pins 
are given a slight twist and pushed 
out. It is a good idea to mark clearly 
which lead is the emitter, base and 
collector. Another suggestion: Slip 
spaghetti over all wires that might 
touch or short. 

Microwatt oscillator 

The most remarkable feature of the 
transistor is its ability to perform use-
ful electronic tasks with a minimum of 
power consumption. The first project is 
an audio oscillator requiring a total 
power input of 4 microwatts—a perfect 
example of low power consumption! A 
simple electrolytic cell, constructed from 

Kit for the tran-
sistor experiments. 

a dime and a piece of absorbent paper, 
supplies the energy. 
The circuit ( Fig. 1-a) must use trans-

former feedback to operate at this low 
power level. For this purpose, and in. 
keeping with the size of the transistor, 
a tiny U.T.C. SO-3 or SSO-3 subouncer 
transformer is used. Larger trans-
formers will do, but the data given in 
this article is for the SO-3. 

a 
TO PHONE TO EMITTER ( E) 

SALIVA FOR 
$O-3 OR SSO-3 ELECTROLYTE 

RED BLACK 

ABSORBENT 
PAPER 

ACK 

WIRE LEAD 

TO COLLECTOR (CI TO BASE ( B) LEAD TO DIME 

Fig. 1-a—The microwatt oscillator. 
Fig. 1-b--Wiring diagram for the SO-S. 
Fig. 1-c—Experimental "power supply." 

The exact connections for the SO-3, 
with the correct feedback polarity, are 
shown in Fig. 1-b. One wire from the 
"plate" side of the transformer goes to 
the collector and the other wire is con-
nected to one side of the headphones. 
The two low-impedance wires from the 
transformer are connected to the base 
and emitter. 

Either grounded-emitter (point 2) or 
grounded-base ( point 1) operation is 
available by switching the wet-cell con-
nection. Operation of the two circuits 
is essentially the same, but the 
grounded-base circuit gives a tone of 

slightly higher pitch. The frequency 
of the oscillator changes with the volt-
age of the wet cell. Increasing the 
voltage lowers the tone. 
Make the wet cell ( Fig. 1-c) by plac-

ing a piece of absorbent paper moistened 
with saliva against a dime. The dime 
forms the positive electrode and a wire 
lead held against the other side of the 
moist paper provides the second elec-
trode. A few drops of soft drink also 
make an excellent electrolyte. 

Several of these dime-saliva cells 
were checked on a potentiometer and 
the voltage was always around 0.7. 
When the cell is connected to the tran-
sistor oscillator, the voltage drops to 
about 0.5. With this voltage, the oscil-
lator draws 8 microamps of collector 
current—a total input power of .000004 
watt! 
By making a megaphone out of paper 

and placing it to one of the earphones, 
the tone can be heard several feet away. 
For larger groups, an audio amplifier 
input can be connected directly across 
the earphones for room volume. 
The microwatt oscillator operates 

from other flea-power sources. Replace 
the saliva cell with a self-generating 
photocell and the oscillator will "sing" 
from the power produced by ordinary 
room illumination. Automobile head-
lights at night as far as 30 feet away 
will give enough light for oscillation. 
The tone changes with light intensity. 
This could possibly be used as a blind 
man's light meter or in a steering device 
to bring an electronic animal to its nest. 
A peak a.c. output voltage greater 

than the applied d.c. voltage can be 
obtained from transistor oscillators. 
This offers some novel transistor uses. 
For example, it is often necessary to 
send small d.c. signals over long-wire 
distances from remote locations. The 
microwatt oscillator can operate from 
these small voltages and, at the point 
of origin, change them to a.c. for more 
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Microwatt oscillator with saliva cell. 

convenient transmission and amplifica-
tion. 

High-gain radio 
Astounding! is the only way to de-

scribe the feelings of most people when 
they first hear this set ( Fig. 2) in 
operation. Only a single tuned circuit, 
transistor, SO-3 transformer and a 
battery are used. 
The tuned circuit is coupled to the 

emitter by a tap on the coil, a 6SA7 
oscillator type—only here it is used as 
an antenna coil. A broadcast tuning 
capacitor (410 ilpf) covers the band 
with perhaps only a few stations miss-
ing on the low end of the dial. The 
tuning is broad enough so these stations 
will be picked up anyway. 

ANT 

6SAT OSO COIL 50-3 5 CK722 

UNID 

BLACK 
RE 

+ L5- 3V - 

Fig. 2—High-gain transistor radio. 

Simply connect the set as shown in 
the diagram. The grid connection of 
the 6SA7 coil goes to the tuning capac-
itor stator plates, the ground side of 
the coil goes to the frame ( rotor) and 
the cathode tap to the emitter. 
The emitter conducts only on the 

positive half of the carrier swing, like 
an ordinary diode detector; therefore, 
the instantaneous emitter current fol-
lows the modulation pattern. The 
emitter thus controls the current in 
the high-impedance collector circuit, 
producing amplification. 
The secret of the receiver's perform-

ance is the SO-3 matching transformer. 
Ordinary medium-impedance earphones 
connected directly in the collector cir-
cuit do not realize the full gain possible 
from the transistor. But, with the 
circuit of Fig. 2, much higher gain is 

The high-gain radio demonstration. 

possible. Even Army type moving-coil 
(low-impedance) earphones connected 
across the output winding give very 
good performance. 
A small 0-100-microamp meter con-

nected in series with the collector makes 
a very good tuning indicator. With a 
single dry cell for current, and no sig-
nal, the collector draws about 10 micro-
amps. As a signal is tuned in, the cur-
rent increases. A signal producing 20 
microamps of collector current is loud 
enough to be heard faintly 3 or 4 inches 
from the earphones, while 40-micro-
amp signals are exceedingly loud. Gen-
erally, a ground is not needed, but it 
does eliminate hand-capacitance tuning 
effects. For demonstrations, just touch 
the tip of a transformer type instant-
heat soldering iron (plugged in but not 
turned on) to the antenna terminal of 
the receiver. This makes a very effec-
tive antenna with a whopping big sig-
nal of over 50 microamps. For even 
more volume, simply increase the collec-
tor supply to 3 volts. 

Audio amplifier 
The grounded-emitter circuit has be-

come the established transistor audio 
circuit. There are two reasons for this: 
First, the gain is highest and, second, 
the proper bias voltage can be obtained 
most easily and with the least wasted 
power by grounding the emitter. 
The transistor emitter is basically a 

rectifier circuit and a bias voltage must 
be placed on it to cause forward current 
to flow. For the CK722 this voltage 
must be positive. Without this bias, 
any negative swing of the emitter signal 
would drive the emitter into its "back-
ward" region and produce collector cut-
off distortion. In the grounded-emitter 
circuit, the base is made slightly nega-
tive by a series-dropping resistor from 
the negative collector supply, which is 
equivalent to making the emitter posi-
tive. 

Fig. 3 is a typical amplifier circuit 
of this type. The input impedance be-
ing roughly 1,000 ohms, it can be fed 
from a single magnetic headphone used 
as a microphone, the transistor radio 
or a variable-reluctance cartridge. 
To try out the circuit, connect a 

single earphone to the input and another 
to the output. Place the input earphone 
(microphone) in one room and the out-
put one in another room. Sounds near 
the microphone can be heard clearly. 
The transistor amplifier can be built 
complete with a mercury-cell power 
supply in a volume as small as that of 
the earphone. You can't do this with 
a vacuum tube! On the debit side, the 
transistor amplifier has a noise level 
higher than an equivalent vacuum-tube 
circuit. This noise, heard as a soft 
frying sound in the earphones, is not 
obtrusive. 

PHONE USED 
AS MIKE 

CX722 SO 3 PHONES 

L5 - 3V 

Fig. 3—Transistorized audio amplifier. 

A variable-reluctance pickup con-
nected to the input of the amplifier 
makes a pretty good transistor stetho-
scope for tracing the source of vibra-
tions in solids and machinery. To de-
tect the vibrations, simply touch the 
stylus to the vibrating material or 
machine part. 

Capacitor Cl can be any electrolytic 
with a capacitance larger than 25 pf 
and a voltage rating of 3 or more. The 
unit shown in the picture is 200 id at 
3 volts. Resistor R1 can be from 100,-
000 to 270,000 ohms. 

Utility oscillators 
The utility oscillator is a demonstra-

tion circuit operating from a single-
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cell. It is useful as a self-contained 
signal source for Wheatstone bridge 
circuits, toy musical instruments or an 
audio test generator. When operating 
at very low frequencies (60 cycles or 
less), the output is sufficiently rich in 
harmonics to radiate signals into the 
lower end of the broadcast band. The 
circuit of Fig. 4 is the same as Fig. 1, 
except for the power source and a 
variable resistor inserted in the emitter 
circuit to vary the frequency. Figs. 
5-a, b, c and d give the waveshapes and 
frequencies obtained as the resistance 
is varied from zero to 7,000 ohms. 
Notice that the waveshape improves 
and the harmonic content decreases as 
the emitter resistance is increased. 
Output is sufficient to operate head-

phones or a speaker at very low volume. 
Either earphones or the speaker output 
transformer may be connected to ti.e 
OUTPUT terminals of the oscillator shown 
in Fig. 4. 
A short antenna can be connected to 

the collector for signal radiation. The 
audible tone generated by the oscillator 
can be heard all across the low end of 
the band where it is strongest. Just 
turn on any radio within a few feet of 
the antenna. 

EC 

C K722 SO 3 

NE,' BUTTON ON UP OF OUTPUT 
MERCURY CELL 15 NEGATIVE 

15V DRY OR MERCURY COU. 

Fig. 4—Variation of Fig. 1 oscillator. 
Frequency controlled by potentiometer. 

Another utility oscillator circuit is 
shown in Fig. 6. This is an "easier 
starting" circuit than that of Fig. 4. 
Some circuit disturbance is always 
necessary to start an oscillatory circuit 
in operation. A pendulum or tuning 
fork, for example, must be given that 
first push or impact tb start it oscillat-

Oscillator of Fig. 4 
using mercury cell. 

ing at its natural frequency. Vacuum 
tubes receive this push the instant the 
plate voltage is applied. When the plate 
voltage is switched on, the grid has 
zero bias and heavy plate current flows. 
This heavy surge of current excites 
the tuned circuit which oscillates and 
in turn builds up a grid-leak bias that 
limits the plate current to a lesser value. 
With the transistor, this same situa-

tion is not obtained. Like the vacuum-
tube grid, the emitter also has zero bias 
at the instant the collector voltage is 
switched on. But, conversely, zero 

a 

emitter bias allows very little collector 
current to flow, since a positive emitter 
bias is needed to increase the collector 
current to a point higher than the 
normal back current. 
The Fig. 4 oscillator develops a start-

ing bias across the variable base re-
sistor. As the collector starting current 
flows through this resistor, it places a 
positive bias on the emitter. 

OUTPUT 

Fig. 6—An "easy start" oscillator. 

Loading the circuit with an antenna 
or hand capacitance changes the wave-
shape considerably but causes little if 
any frequency variation. 
These circuits will provide plenty of 

new entertainment and experimental 
material. You will hate to disassemble 
some of them—especially the radio. 

Parts for transistor demonstration 
I—CK722 transistor; 1-50-3 ( U.T.C.) transformer; 
1-654,7 oscillator coil; 1-1-section tuning capaci-
tor, 410 pf; 1-15,000-ohm potentiometer; I—resistor, 
any value from 100,000 to 270,000 ohms; I—electro-
lytic capacitor, 25 pf or g , 1—mercury or dry 
cell; several Fahnestock clips. 

However, even one transistor is too 
expensive to limit to any single circuit. 
Furthermore, the clip-breadboard tech-
nique makes it possible to set up any 
of the other circuits in short order. END 

6 

Fig. 5—Waveforms of Fig. 4 oscillator for variations in emitter resistance. 
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TRANSISTOR "WIRELESS MIKE" 
By A. H. HELLMERS 

CHI 

R,-51.000 ohm, ./2 w. res. ( see text) 
R,,-10.000 ohm, 1/2  w. res. 

R,-22.000 ohm, 1/2 w. res. ( see text) 
C,—.5 ufd., 100 v. cond. 
C,,C,,,-27 gad.. mica cond. 
C,—.01 cId., 100 v. cond. 
C-,—.00.5 !dd., 100 r. cond. 
CH,--.5 to 1 mhy. variable slug-tuned coil 
CH,-10 hy. choke 
S,-,-5.P.s.t. switch 
B,-7 ,/2 volt battery 
Mike— Variable reluctance mike or sound•pow-

ered telephone unit ( see text) 
Vi, V...—CK722 junction-type "p-n-p" transis-

tor ( Raytheon) 

AN ENTERTAINING gadget of dura ble 
popularity is the "wireless mike," a 

voice-modulated r.f. oscillator which can 
be picked up in a standard broadcast re-
ceiver at distances up to 20 or 30 feet. 
In common with "wireless" phonograph 
oscillators and the radio remote-tuning 
devices sold some years back, these unit. 
are not transmitters in the FCC sense of 
the term as long as their range is small 
compared to the wavelength at the oper-
ating frequency. 

The transistor circuit shown operates 
in the low-frequency half of the broad-
cast band, where the wavelength is up-
wards of 900 feet. V, is the r.f. oscillator. 
The Colpitts-type circuit is tuned by 
means of a powdered-iron slug to an 
empty spot in the broadcast band, some-
where in the vicinity of 700 kc. This 
oscillator is "plate" modulated in the 

regular Heising style by a second transis-
tor V,. The microphone was a balanced-
armature magnetic unit having a d.c. 
resistance of 200 ohms, obtained from 
a surplus collection. Since the input 
impedance of V, is on the order of 1000 
ohms, a low-impedance mike is required. 
Crystal microphones will not work. 

It was found that the tank capaci-
tances in the r.f. oscillator circuit shown 
must be small, or the circbit will not 
oscillate at frequencies as high as the 
lower edge of the broadcast band. Hence 
an inductance somewhat larger than the 
usual broadcast coil ( 0.3 millihenri ) is 
needed. The one used here is a 'com-
mercial surplus item. However, it should 
be effective to rewind a broadcast-band 
coil to about twice the original number 
of turns. Experimentation is easy be-
cause no tap is required, and the "Q" 

need not be particularly high. 1st the 
present state of the transistor art there 
is, of course, no assurance that all indi-
vidual transistors of any particular type 
will have the same upper frequency limit 
of oscillation. Broadcast band frequen-
cies are definitely at the high limit, for 
junction transistors, apparently, and all 
that can be said is that two transistors 
worked in this circuit. 
The battery drain for the oscillator 

should be between 0.4 milliampere and 
1 milliampere. Before operating the cir-
cuit, this must be checked. Proper bias 
will vary with different transistors. Bias 
is adjusted by selecting the value of re-
sistor R. The lower it is, the higher the 
collector current. Bias for the modulator 
transistor V, is determined by resistor R,, 
which should be selected to give a col-
lector current of 0.8 to 1.5 milliamperes. 

TRANSISTOR DOT MAKER 

A series of dots gets more attention 
and is less tiring than a continuous 
tone. It can be used to modulate a 
signal generator or as a standby signal 
while adjusting a phone transmitter, 
wireless phono attachment, or inter-
com. A dot generator can also be used 
as a signal source for remotely control-
ling a model plane or for speed key 
practice without a Vibroplex or other 
automatic key. One of the simplest 
possible dot generators can be made 
with a junction type transistor and an 
audio transformer. ( See diagram). 
The transformer is connected in a 

conventional feedback circuit. If it has 

32 ALDO TRANS a third winding (as in a transceiver 
transformer) the added coil may be 
used as the output winding. The tran-
sistor base is isolated by a capacitor. 
Thus the oscillations build up, are 
blocked, and so on. With values shown, 
the dot rate is 2 a second. The power 
supply may be a 3-volt battery. 

311` When the voltage is increased, the 
sound level increases, and the dots 
become more crisp. They become 
shorter with respect to the spaces be-
tween them. The rapidity of dots 
increases when a high resistance shunts 
the collector and base. For example, 
an 8.2-megohm resistor doubles the dot 
rate. 
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A TRANSISTOR 
METRONOME ' 

By 

LOUIS E. GARNER, JR. 

M
ECHANICAL metronomes are 
known to almost every musician 
and student of music and have 

been in use for perhaps two centuries 
or more. In their simplest form they 
consist of a pivoted pedulum with one 
fixed and one movable weight. The 
position of the movable weight deter-
mines the number of oscillations or 
"beats" per minute when the pendu-
lum is set in motion. More compli-
cated versions employ a clockwork 
mechanism to drive the pendulum, 
and it is this version that is perhaps 
the best known. 

In modern times, electrical and, 
later, electronic metronomes have 
seen wider use. Today, electronic 
metronomes are probably more widely 
used than the mechanical versions be-
cause of their lower cost, ease of set-
ting, and ready availability. A number 
or articles have appeared giving con-
struction information on such units. 
Most electronic metronomes suffer 

from a disadvantage not shared by 
the mechanical units—they require a 
line power source. Power may not 
always be available or convenient to 
the musician in his "working" loca-
tion. Battery operated metronomes 
have, in the past, not proven too 
satisfactory because of the large and 
heavy batteries required to deliver rea-
sonable "loudspeaker" volume from 
vacuum tube operated equipment, as 
well as the comparatively short bat-
tery life obtained. 
Today, however, with the ready 

availability of the highly efficient tran-
sistor, it becomes practicable to de-
sign and build a battery operated 
electronic metronome that is simple, 
compact, reliable, light in weight, and 
comparatively low in cost, yet delivers 
sufficient power to give a distinct 
"beat" of sufficient loudspeaker vol-
ume for all normal use. 
The "Transistor Metronome" de-

signed and built by the author is 
shown in Fig. 1. Standard, easily 
available components are used 
throughout. The average technician 
should have little or no difficulty in 
assembling and wiring a similar or 
duplicate unit in a few evenings' time. 

Circuit Description 

A Raytheon CK722 junction tran-
sistor is used in a modified grounded 
emitter "tickler feedback" oscillator 
circuit, as can be easily seen by refer-
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Fig. 1. Front and rear views of 
the "Transistor Metronome" show 
location of controls and parts. 

In addition to its obvious application as an aide to 

musical studies, this instrument can double as a photo 

timer for the darkroom or as a mechanical process timer. 

ence to the schematic diagram, Fig. 2. 
A standard "universal" audio output 
transformer, T,, serves both to provide 
the feedback necessary to maintain 
oscillation and to drive the small 31/2" 
PM loudspeaker. 

In operation, the start of a current 
flow in the collector circuit and 
through the primary of T, induces a 
signal across the secondary winding 
of the transformer. This signal, in 
turn, causes C, to charge rapidly 
through the base-emitter circuit of the 
transistor and the secondary winding 
of Ti. 
As C, starts to charge, the resulting 

base current flow permits an increase 
in the collector current flow, thus in-
creasing the signal amplitude in the 
secondary winding of T,. The net ef-
fect is cumulative, with both base and 
collector currents reaching a peak as 
C, charges. 
The voltage across C, soon reaches 

its maximum value and the charging 
current starts to decrease. This means 
that the base current drops, with a 
resulting drop in collector current. 
The drop in collector current reverses 
the polarity of the voltage induced in 
the secondary winding of T.. 

If the base-emitter of the transistor 
were a bilateral conductor, this re-
versal of signal polarity across the 
secondary of T, would simply result 
in the rapid discharge of Ci. However, 
since the base-emitter passes current 
in only one direction ( that is, acts like 
a diode), C, cannot discharge over its 
charging path and must, instead, dis-
charge through R, and RI. 

The result is a sudden pulse of cur-
rent flow as C, charges rapidly, with 
a comparatively long period of virtu-
ally no current flow as C, discharges 
slowly through R, and R,. The charg-
ing time depends on the value of C, 
and upon the combined impedances 
of the base-emitter circuit of the tran-
sistor and the secondary winding of 
T,. The discharge time depends on 
the value of C, and upon the values of 
R, and R., that is, upon the resulting 
RC time constant of these components. 
Once C, has dicharged sufficiently to 

permit the start of base current flow 
again (over a path consisting of the 
battery, B,, R,, R,, and the base-emit-
ter of the transistor), the charging 
cycle is repeated. 

This action then continues, with 
the pulses repeated at intervals de-
termined primarily by the RC time 
constant (R,, R:, C1) and by the bat-
tery voltage, and with each pulse giv-
ing a "plop" of fairly good volume in 
the loudspeaker. Adjusting R. permits 
the repetition rate ("beats" per min-
ute, or frequency) to be varied. 

Since appreciable current flow occurs 
only during the short time interval of 
the pulses, the average current drain 
from the battery is small, and battery 
life is long, even though a small "hear-
ing aid" type battery is employed. 
The average current drain will de-
pend, however, upon the number of 
"beats" per minute, with high repeti-
tion rates requiring considerably more 
power. 
A stepdown turns-ratio is used in 

the transformer ( 7%) to match the 
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high impedance of the collector cir-
cuit to the low input impedance of 
the base-emitter circuit. A still great-
er stepaown ratio ( taps on the second-
ary winding) is used to match the 
even lower impedance of the loud-
speaker voice coil. 
A toggle switch, S„ is provided to 

turn the unit "on" and "off." 

Construction Hints 

The entire "Transistor Metronome" 
has been assembled in a commercially 
available 3" meter case, with the 
small loudspeaker mounted behind the 
meter opening. Plastic grille "cloth" 
was used by the author to cover the 
speaker opening, but this may be left 
uncovered, if desired, or plain screen-
ing or flock-covered screening used in-
stead. 

In assembling the unit, a small alu-
minum chassis was used to mount the 
transformer, battery, transistor, and 
condenser (C1), with the control (RJ 
and power switch (S.) mounted on the 
cabinet. 
The location of all major compo-

nents except the transistor itself is 
clearly visible in the interior view of 
the unit, Fig. 1. Note that the con-
denser ( C,) is mounted below the 
chassis. The transistor is mounted on 
a terminal strip directly behind the 
small battery. 
When installing the transistor, the 

author simply soldered the unit in 
place. Another builder might prefer 
to use a socket, however. A small 5-
pin subminiature tube socket is suit-
able, with only 3 of the pins being 
needed. 
Should the builder decide to follow 

the author's example and wire the 
transistor into the circuit, he should 
exercise special care when soldering 
the connections. Transistors are easily 
damaged by excessive heat. Each con-
nection should be made as quickly as 
possible, using a very hot, clean, well-
tinned iron. The transistor leads 
should not be cut short. 
A small "Z" bracket was used to 

hold the battery in place. The author 
found that small size paper clips 'made 
almost perfect connection clips for 
the battery, slipping over the project-
ing terminals. However, if the builder 
prefers, battery connections may be 
made by soldering the leads directly 
to the brass battery terminals. Care 
should be taken not to overheat the 
battery if this technique is used. 

Parts Substitutions 

A number of parts substitutions are 
possible, depending on the needs and 
requirements of the individual builder. 
For example, a larger speaker and dif-
ferent case might well be employed (a 
larger speaker will provide somewhat 
greater volume). A wall speaker baffle 
makes an excellent cabinet where a 
wooden case is preferred. 
A type CK721 transistor may be 

substituted for the type CK722 used 
by the author, with no changes in con-
nections or circuit values. ( Both are 
"p-n-p" junction transistors.) 

The prospective builder may prefer 
to use a different battery in place of 
the 15-volt hearing aid type battery 
used by the author. The circuit is 
not at all critical and will operate 
with comparatively low voltages, al-
though the operating frequency as 
well as the output amplitude ( vol-
ume) may change. Other suggested 
batteries are the Mallory 302424 (a 
6.7 volt battery designed specifically 
for transistor applications), the Eve-
ready type 411 ( another 15 volt bat-
tery), and the RCA type VS068 (a 
6.3 volt "A" battery). 
Any standard "universal" audio out-

put transformer should give satisfac-
tory results, although the builder may 
have to experiment somewhat with 
the tapped secondary connections. The 
terminal connections and color-coding 
given in the schematic diagram (Fig. 
2) refer specifically to the Stancor 
unit. 
A slide or rotary switch might be 

used in place of the toggle switch em-
ployed in the author's model, or, if 
preferred, a control type switch on 
R, may be used as a power switch. 
This move would reduce the number 
of controls from two to one. 

Substitutions for Ci, R,, and R, will 
depend on the operation desired. 

Circuit Modifications 

A fairly wide range of "beat" sig-
nals is provided by the component 
values given in the parts list. In the 
author's model, the range is from I 
beat for every 7 seconds to about 20 
beats-per-second. This is a far wider 
range then is needed for musical ap-
plications only—a range of from 1 
beat-per-second to 5 per-second should 
be satisfactory for most musical re-
quirements (60 to 300 beats-per-min-
ute). 
Where the builder has a specific 

application in mind, he will find it 
quite easy to choose parts values 
giving the desired repetition rates 
and range coverage. Different values 
of Ci, Ri, and R, may be used to give 
almost any range desired. 
The fixed resistor, Ri, is chosen to 

Fig. 2. Complete schematic of the metro-
nome which uses one "p-n-p" transistor. 

R1-10,000 ohm, I/2 w. res. 
R2-5 megohm pot (see text) 
Ci- 250 sifd., 25 r. elec. cond. 
Ti— Universal audio output trans. (Stancor 4-

3856 or equiv.) 
I31-15.volt hearing-aid-battery (Burgess U-10) 
SI—S.p.s.t. toggle switch 
Vi—"p.n-p" junction transistor (Raytheon 

CK722) 
Spkr.-3 1/2 " PM loudspeaker (Quern 3407) 

give a particular maximum (or mini-
mum) repetition rate for specific val-
ues of C, and R. 

All three component values may 
vary with different transistors and 
supply voltages, and hence it is diffi-
cult to determine these components in 
advance. Rather, the circuit is built 
up and an easily available value chos-
en for C, ( 50, 100, 150, 200, or 250 
µfd.). This condenser is connected into 
the circuit, and a resistance substitu-
tion box used in place of R, and R.. 
The resistance is then adjusted un-

til the desired minimum repetition 
rate is obtained. This value is the 
total value of R, and R,, and may be 
termed Ri. 

Next, the resistance is varied until 
the desired maximum repetition rate 
is obtained. This value is equal to Ri. 

R.: is a potentiometer having a stand-
ard value most closely approaching 
the difference of the two values deter-
mined experimentally, that is, R:= 
— Ri. 
Where the value of R: does not even 

closely approach a commercially avail-
able potentiometer, a different value 
of C, may be used. 

If several ranges are desired, a se-
lector switch may be provided to in-
sert different values of C, into the 
circuit. 
Another circuit modification is to 

dispense with a continuously adjust-
able control entirely and to provide 
a selector switch inserting fixed val-
ues of C, and R,. In this way, two, 
three or more fixed beat rates may 
be provided (depending on the num-
ber of switch positions available). 

Still another circuit modification is 
to provide earphone, rather than loud-
speaker, output. Simply connect a 
pair of low-impedance magnetic ear-
phones in place of the loudspeaker 
voice coil. 

Calibration 

No effort was made by the author 
to accurately calibrate the settings 
of R: in terms of "beats"-per-second 
(or per-minute), since this was not 
necessary in the application in which 
the author's model was used. 
However, for many applications a 

calibrated control will be desirable. 
Several techniques may be used for 

calibrating the completed instrument, 
depending on the repetition rate and 
the accuracy desired. First, however, 
a scale and a pointer knob should be 
provided for the control. For maxi-
mum accuracy, a large scale is desir-
able, and it may be found best to 
mount the control on the side of the 
meter case, where greater panel space 
is available. 
For low repetition rates and an ap-

proximate calibration, an ordinary 
stop-watch may be employed, the 
operator "counting" between beats (or 
between seconds at higher rates). 
Where a more accurate calibration 

is desired, the builder may borrow 
another metronome (either a mechan-
ical or electronic model) that is ac-

(Continued on page 104) 
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A TRANSISTORIZED APPLAUSE METER 

Build this compact unit for 

be used as an output meter 

WITH the increasing general inter-
est in square-dance competitions, 
amateur shows, and similar con-

tests, the radio-TV service shop is fre-
quently in a position to pick up extra 
money or to obtain good publicity by 
renting or lending and installing p.a. 
systems, record players, and juke 
boxes. General practice is to rent the 
systems or equipment to clubs and 
money-raising groups, and to "lend" 
the systems to churches and similar 
charitable organizations. 
At such contests, prizes are often 

awarded on the basis of "audience re-
agtion." The only fair way to deter-
mine audience reaction to a particular 
act is by means of the impartial judg-
ment of an electronic applause meter. 
In this way, there is no possibility of 
favoritism on the part of the emcee. 
nor any question as to the fairness of 
decisions. 

Since the radio-TV service shop may 
be called on to furnish or operate the 
p.a. system, it is only natural that 
it also be requested to supply or ob-
tain an applause meter or similar de-
vice. Commercial applause meters 
may not only be difficult to obtain lo-
cally but quite expensive, so the serv-
ice organization handling such work 
may find it worthwhile to consider 
building its own instrument. 

In choosing the design for such an 
instrument, several features are de-
sirable. The applause meter should be 
self-contained, compact, light weight, 
sensitive, easy to use, and, preferably, 
independent of both the power line 

Fig. 1. Over-all view of the transis-
to iz=d applause meter. It measures 
4" x 6" x 4'," and is battery-operated. 

rental or "loan." It can 

or for sound-survey work. 

and the p.a. system. These last two 
features are important because the in-
strument may sometimes be used out-
doors where power is not available or 
in small groups where a p.a. system is 
not needed. 
The instrument shown in Fig. 1 

comes close to meeting all of these 
requirements. It is completely self-con-
tained. No extra "mike" or other pick-
up is required. It is compact as the 
over-all dimensions are only 4"x6"x 
4U". It is quite sensitive, yet easy to 
operate and use—only three simple 
controls are provided. It is battery 
operated and no power line connec-
tions are necessary! 
These features have been made pos-

sible by utilizing p-n-p junction tran-
sistors in the design of the instru-
ment. 

Circuit Description 

The complete schematic diagram 
for the transistorized applause meter 
is given in Fig. 2. The basic circuit 
consists of a two-stage transformer-
coupled transistor amplifier followed 
by a single stage combination ampli-
fier-detector. A built-in crystal micro-
phone cartridge (Mic.) serves as the 
pickup. 

In operation, audio signals picked 
up by the microphone are applied to 
the primary of transformer T,, a step-
down unit used to match the high im-
pedance of the crystal microphone to 
the low input impedance of thE first 
transistor amplifier stage. 

In order to adjust the gain of the 

By LOUIS E. GARNER, JR. 

instrument for different sized audi-
ences, a simple step-type attenuator, 
consisting of rotary switch Sa and re-
sistors R,, Ra, Ra, R,, and Ra, is pro-
vided between the secondary winding 
of T, and the input to the CK721 am-
plifier stage. 
The audio signal obtained from the 

"arm" of S, is applied through cou-
pling condenser C, to the base of the 
transistor, connected as a conventional 
"grounded-emitter" amplifier. This 
basic circuit has been used throughout 
the instrument as it provides good 
gain and permits a single battery 
power source to be employed. 

Resistor R« serves as the "base re-
turn" resistor. Connected to the nega-
tive terminal of the power supply, it 
establishes the base current "bias" for 
the first stage. 
Transformer Ta is used to match the 

high output impedance of the first 
stage to the low input impedance of 
the second stage, a CK722 "grounded-
emitter" amplifier. The primary wind-
ing of this transformer serves as the 
collector load for the CK721 stage. 
Coupling condenser C« offers a low 

impedance path for the audio signal 
to the base of the CK722 amplifier, 
yet prevents the secondary winding of 
Ta from acting as a d.c. short from 
base to ground. Ra is the base return 
resistor for the second stage; again, 
the value of this resistor determines 
the base "bias" current. 
Condenser C« serves to bypass the 

higher frequency components of the 
audio signal and thus to reduce the 
effects of high-pitched whistles on the 
final meter reading. This condenser 
also reduces, to some extent, the am-
plitude of the noise "hiss" generated 
by transistor amplifier stages. 

If desired, crystal headphones may 
be inserted in the monitor jack, J,, 
coupled to the second amplifier stage 
through condenser C.. This provision 
permits the operator to hear the sig-
nal as picked up by the applause 
meter. 
Transformer Ta serves to perform 

a function similar to that of Ta, that 
is, its primary winding serves as the 
collector "load" for the second ampli-
fier stage, and it is used to match the 
high output impedance of one stage to 
the low input impedance of the next. 
C« serves as the coupling condenser 

to the last stage, a CK722 transistor 
operated without base "bias" current. 
Note that base resistor Ra is returned 
directly to ground rather than to 
413_11 . 

When a transistor amplifier is op-
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erated without base "bias" current, it 
acts to rectify as well as to amplify 
the applied signal. Thus, collector cur-
rent depends directly on the amplitude 
of the applied audio signal and this 
current is indicated on the microam-
meter, M,. 

Provision is made for "smoothing 
out" the peaks of audio signals by 
means of a large capacity bypass con-
denser, C., across the me Ler. The use 
of this filter is optional with the op-
erator, since it may be thrown out of 
the circuit by means of switch S.. 
Power for the entire instrument is 

obtained from a single 6 volt battery,. 
controlled by a s. p. s. t. power 

switch, S.. 

Construction Hints 

The assembly and wiring of the 
instrument are straightforward and 
should present no problem to the 
skilled technician. The placement of 
major parts is apparent from the in-
terior view of the instrument given in 
Fig. 3. The microphone cartridge and 
the input transformer (Ti) are mount-
ed on the back panel. 
A small chassis is used for the 

transistor circuits. An under chassis 
view is not shown because the final 
wiring, with the author's layout, must 
be done with the chassis in place. 
The subminiature transformers are 

held in place by small "Z" brackets. 
Wiring and layout are not especially 

critical, and the builder may modify 
the layout shown or choose a new one 
to suit his own requirements. Care 
should be taken to follow good _audio 
practice, that is, leads should be kept 
reasonably short and the "input" and 
"output" portions of the instrument 
should be kept well separated. 
Although the author's model has 

been assembled in a standard sloping 
panel utility box, another type cabinet 
may be preferred by the builder. Al-
most any small metal box will serve 
well in this capacity; a Bud "Minibox" 
is a good choice. 
The transformer leads are identified 

by color-coded wires—the proper con-
nections are shown in Fig. 2 for the 
transformers specified in the parts 
list. 

In rare iostances it may be found 
necessary to readjust the values of the 
"base return" resistors R. and R, for 
optimum results with a particular 
transistor. To do this experimentally, 
connect an audio sine-wave generator 
to the input and an oscilloscope to the 
output of the stage to be checked. Ad-
just the value of the resistor for best 
gain with minimum distortion, but in 
no case choose a value which permits 
the collector current to rise above 
5 ma. 
The builder can use one of two 

methods when installing the transis-
tors. He may either use sockets or 
wire the transistors directly into the 
circuit. Should sockets be preferred, 
standard 5-pin subminiature tube 
sockets are suitable. 

If the transistors are to be soldered 
in position, however, special care 

CK72i 
VI 

ATTENUATOR 
BI ,2•1111111-7-1 

POwER 

R.-10 ohm, 6/1 w. res. 
R=500 ohm, 1/ w. res. 
R=300 ohm, Y2 TY. res. 
R.-100 ohm, V2 w. res. 
R.-82 ohm, 1/2 w. res. 
R.-220,000 ohm, 1/2  w. res. 
R=150,000 ohm, V2 w. res. 
R.-10,000 ohm, 1/2  w. res. 
C1, C2, C.-2 ;dd., 6 V. miniature cond. (Basco 

P6-2) 
C..*—.002 tad. cond. 
C.•—.01 stfd. cond. 
C.-500 pi J., 6 v. elec. cond. 

V2c e 722 

1T3 9 ‘c> c° 

MONITOR ft 

CC 722 

.5.—S.p.5-pos. rotary switch 
S,,,53-5.p.s.t. toggle switch 
131- 6 volt battery (RCA VS068 or Mallory 

302424) 
J.—Open-circuit phone jack 
M,-0-500 d.c. microammeter, 2" round case 
T.—"Sub-Ouncer" trans. ( UTC Type SO-6) 
T2, T.—"Sub-Ouncer" trans. (UTC Type SO. 

3) 
V.—"p-n-p" junction transistor (Raytheon 
CK721) 

V., V.—"p-n-p" junction transistor (Raytheon 
CK722) 

Mic.—Crystal microphone (Shure R7) 
•The voltage rating is unimportant. Any ratmg 
over 6 d.c.w.r. is suitable. 

Fig. 2. Complete schematic of the transistorised applause 
type !unction transistor has been used in this construction. 

should be exercised to complete the 
soldering as quickly as possible to 
avoid possible damage by overheating 
these expensive components. 

Circuit Modifications 
A considerable number of modifica-

tions in the basic applause meter cir-
cuit are possible to meet the special 
needs of the individual builder. How-
ever, because the number of possibili-
ties is so large, only a few suggestions 
are outlined here. 

First, the monitor circuit may be 
eliminated entirely if desired. Simply 
remove C. and J,. No other circuit 
changes are necessary. 
Another meter may be substituted 

for the 0-500 microampere unit speci-
fied in the parts list without making 
any other circuit changes. An 0-100 

meter. The "p-n-p" 
Three are required. 

microammeter will provide increased 
sensitivity, while less sensitivity will 
be obtained with a 0-1 ma. unit. Irre-
spective of the meter chosen, however, 
care must be taken to set the atten-
uator so that serious overload will not 
occur. The exact setting will vary 
with different sized audiences. 

In the author's model, the resistors 
in the attenuation network (R,, R,, R,, 
R. and R.) were chosen arbitrarily 
and no attempt was made to provide 
a precise degree of attenuation at 
each switch position. This method was 
employed since the instrument is used 
only to indicate relative peaks and 
exact meter readings are unimportant. 
Some builders might prefer that 

the attenuator switch provide precise 
steps of attenuation, either in terms 

(Continued on page 102) 

Fig. 3. Rear view of instrument. Microphone and transformer are mounted on the panel. 
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Construction details on a compact unit which can be used 

to warn the householder of unusual or dangerous leakage. 

ELECTRONIC experimenters and 
technicians occasionally find it nec-
essary to devise and build some type 

of simple moisture or rain detector. 
The unit may be destined for their 
own use, or may be built at the request 
of a friend, relative, or neighbor. 
There is no doubt that the applica-

tions of a reliable moisture detector 
are quite varied . . . from closing a 
window with the first few drops of 
rain to protecting the family washing 
(by sounding an alarm so clothes may 
be removed from th.b line), or from 
detecting leaks and excessive conden-
sation to giving a signal when "bed-
wetting" occurs. 

Unfortunately, many of the "rain 
detector" designs suggested and used 
in the past required vacuum tubes or 
thyratrons for their operation ... 
making line voltage operation almost 
mandatory, and battery operation, at 
the best, expensive and cumbersome. 
Line voltage operation restricts the 
possible applications of a moisture de-
tector considerably—outdoor use is 
limited, and applications involving pos-
sible body contact may be dangerous. 
By transistorizing a moisture detec-

tor, however, low voltage battery oper-
ation becomes economically feasible, 
and such an instrument has virtually 
unlimited application. A typical tran-
sistorized moisture detector, suitable 
for construction by the home builder, 
is illustrated in Fig. 1, with the com-
plete schematic diagram given in 
Fig. 2. 

Since only a few components are re-
quired, the cost of the completed de-
vice is reasonable and compares favor-

Fig. I. Over-all view of 
moisture detector. The 
"sensor" plate in foreground 
can take other forms, as 
shown in diagram of Fig. 3. 

ably with vacuum-tube operated units. 
Wiring and assembly is straightfor-
ward and simple, and the average tech-
nician should have little or no difficulty 
in assembling a similar unit in an eve-
ning's time. 

Circuit Description 
As can be seen by reference to Fig. 2, 

the basic device consists of a moisture 
sensing element ("sensor"), a p-n-p 
junction transistor connected as a 
"grounded-emitter" direct-coupled am-
plifier, and a relay, used for con-
trolling an external circuit. 

The "sensor" consists of two pieces of 
aluminum foil cemented to a piece of 
plastic, with a very narrow separation 
between the conductors (from 1/16" 
to 5i"). 
In operation, the base-emitter cir-

cuit of the transistor is normally open, 
and little or no collector current can 
flow through the relay. The relay thus 
remains open. 
Should a drop of moisture fall on 

the "sensor" plate so as to contact both 
pieces of foil simultaneously, the base-
emitter circuit is closed, and base cur-
rent may flow. The electron path in 
the base circuit is from the negative 
terminal of the battery, through the 
power switch, Si, through resistor Rh 
through the drop of moisture on the 
"sensor" plate, and through the base-
emitter of the transistor back to the 
positive terminal of the battery. 

This base current flow permits a cor-
responding collector current flow to 
take place, though of much larger am-
plitude due to the current amplifica-
tion of the transistor stage. The col-

TRANSISTORIZED 
MOISTURE 
DETECTOR 

lector current flow closes the relay 
which may be used to switch on some 
external circuit. 
A single battery, Bi, supplies both 

base and collector current. A power 
switch, Si, is provided to turn the unit 
"off" when operation is not desired. 

Series resistor Ri serves to limit base 
current to a safe value, even if the 
"sensor" elements are accidentally 
short-circuited. The high d.c. resist-
ance of the relay coil satisfactorily 
limits collector current well within the 
maximum ratings of the transistor. 

Construction Hints 

The author's model of the moisture 
detector has been assembled on a small 
standard aluminum chassis. Parts lay-
out and wiring are clearly visible in 
the over-all ( Fig. 1) and under-chassis 
(Fig. 4) views. However, this type of 
assembly need not be followed by an-
other builder since the circuit is com-
pletely non-critical—leads may be 
made as short or as long as may be 
desired. 
However, if the builder decides to 

solder the transistor directly into the 
circuit, as in the author's model, he 
should exercise care to avoid over-
heating the transistor leads. The tran-
sistor is quite susceptible to heat dam-
age. Allow the transistor leads to re-
main reasonably long, covering them 
with insulating tubing, and complete 
the soldering as quickly as possible, 
using a hot, clean, well-tinned iron. 
As an alternative, a socket may be 

provided for the transistor. Use a 
standard five-pin subminiature tube 
socket. Only three of the socket ter-
minals are needed. 
The moisture detector might easily 

be assembled in a standard metal 
utility box or Bud "Minibox" to pro-
vide a completely enclosed unit. 

Parts Substitutions: Although com-
paratively few parts are required for 
the construction of this device, it is 
still possible to make a number of 
parts substitutions to utilize com-
ponents that may already be available 
in the builder's "junk box." 
A slide, rotary, lever, or even key-

operated switch may be substituted 
for the toggle switch (Si) used in the 
model. A key-operated switch is an 
especially good selection as it permits 
one or two persons to exercise com-
plete control over the operation of the 
unit. 
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A type CK721 junction transistor 
may be directly substituted for the 
type CK722 shown in the schematic 
diagram, and will provide somewhat 
greater sensitivity. No other com-
ponent changes are necessary. 
Another relay may be substituted 

for the unit specified in the parts list. 
Choose a relay which will not require 
more than about 2 milliamperes coil 
current for operation, and with a 
moderately high d.c. resistance. In a 
few instances it may be necessary to 
use a higher voltage battery should a 
different relay be employed. 

Since very little current is drawn 
from the battery until the moisture 
detector actually operates ( relay 
closes), battery life is quite long. In 
some instances the battery life in the 
detector may approach the normal 
"shelf life." 
Because of this, the builder may 

exercise wide latitude in his choice of a 
battery. A conventional zinc-carbon 
dry battery, a "wet-cell" storage bat-
tery, or a mercury battery may be used 
as the power supply for the unit. 

Assembling "Sensor" Plate 

The "sensor" plate consists, basically, 
of two conducting elements separated 
by a narrow strip of insulating ma-
terial. It may be made up in any one 
of several ways, depending on the in-
clinations of the individual builder and 
the facilities available to him. The 
"sensor" plate used in the author's 
model is clearly visible in the fore-
ground of Fig. 1, and has been made 
up using heavy-duty aluminum foil, a 
piece of Bakelite ( lucite, polystyrene, 
or similar plastic will do as well), and 
cement. 
A piece of aluminum foil was first 

cemented firmly to the flat Bakelite 
plate. A narrow strip ( about U3" wide) 
of the aluminum was then cut out in a 
saw-tooth pattern, leaving two in-
sulated conductors. Contact to the foil 
was made by means of soldering lugs 
held in place by small machine screws. 
A variety of patterns may be used 

in place of the "saw-tooth" employed 
by the author, provided the foil is 
clearly divided into two separate con-
ducting elements. A few possible pat-
terns are illustrated in Fig. 3. 
A "sensor" plate may also be made 

up by using a "sandwich" consisting 
of two pieces of copper or brass screen-
ing separated by a piece of plastic 
screening. Over-all dimensions may be 
as large or as small as is desired. 
However, irrespective of the method 

chosen for assembling the "sensor" 
plate, care should be taken that the 
two conducting elements are not so 
close together that accidental short-
circuits may easily occur (resulting in 
"false alarms"), nor so far apart that 
a single drop of moisture cannot make 
contact with both conductors. 
Once the wiring is completed, the 

moisture detector may be easily 
checked for operation by closing the 
power switch (SI), wetting the finger, 
and touching the "sensor" plate in the 
gap between the two conducting ele-

ments (there is no danger of shock). 
The relay should close. Remove the 
finger and allow the damp spot to dry, 
the relay should then open. 

If satisfactory operation is not ob-
tained, carefully check all connections. 
Look out especially for "cold-soldered" 
joints and errors in wiring. Make sure 
that the battery has been Connected 
with the correct polarity. 

If a different relay has been used in 
place of the unit specified in the parts 
list, it may be that insufficient current 
flows to operate the relay. This may 
call for a larger battery. 
When using a larger battery, take 

care that the maximum ratings of the 
transistor are not exceeded. The col-
lector voltage should not exceed 20 
volts and collector current should not 
exceed 5 ma. In addition, a new value 
should be chosen for Ri. Using Ohnis 
law, calculate a resistance value which 
will not allow more than 5 ma. base 
current flow, even if the "sensor" ele-
ments are shorted together. 
Once the moisture detector is oper-

ating propèrly, it may be set up to per-
form the desired function. Let us 
discuss a few typical applications: 
Rain Alarm: To use the moisture 

detector as a rain alarm, connect the 
relay contacts to operate an alarm bell, 
buzzer, or signal light. Place the 
"sensor" plate on a window sill or in 
a similar exposed location. 
For maximum response two or more 

"sensor" plates should be provided, 
simply connect the additional plates in 
parallel. A separate "sensor" plate may 
be placed on each window sill if de-
sired. 

If the builder prefers, the relay may 
be used to actuate a small electric 
motor ( set up to close the open win-
dow) instead of sounding an alarm 
signal. Should this arrangement be 
employed, a small "limit switch" should 
be placed on the window frame to shut 
off the motor after the window is 
closed. 
Such a "limit switch" may be in-

stalled quite easily by using either a 
Micro-switch or small push-button 
switch in series with the motor leads, 
arranged to open the motor circuit 
when the window is fully closed. 
Condensation or Leakage Detector: 

Fig. 4. Underchassis 
view of detector. Any 
parts arrangement is 
suitable as circuit 
operation is far from 
critical. See article 

CONTROLLED 
CIRCUIT 

R,-1500 ohm, V2 w. res. 
.5,—S.p.s.t. toggle switch 
Relay-3500 or 5500 ohm d.c. coil relay (Ad-

vance Type 1200) 
8,-6 volt battery (RCA VS068 or Mallory 

302424) 
V,—"p-n.p" junction transistor (Raytheon 
CK722) 

1-4 x 31/4 " X 1" chassis (ICA #29082) 
1—"Sensor" plate (made of tinfoil or alumi-
num foils, etc., see text) 

Fig. 2. Complete schematic of moisture 
detector. Parts variations are possibte. 

\AN 
.11> 

Fig. 3. Possible arrangements of " sensor.' 

Where condensation or water leakage 
is a problem, the "sensor" plate may 
be placed under the suspected pipes so 
that the first drop of water to fall will 
sound an alarm. Locate the "sensor" 
at the lowest point under the suspected 
pipe. 
"Bed-Wetting" Alarm: To use the 

moisture detector in this application, 
a flexible "sensor" plate should be 
made up that can be easily slipped 
under bed-sheets. Such a flexible "sen-
sor" may be obtained either by using 
the screen "sandwich" previously men-
tioned or by cementing aluminum foil 
to thin plastic sheeting material. 
The relay may be connected to turn 

on a soft light or to sound a gentle 
bell or chime—harsh, loud, and sudden 
noises should be avoided. 

Controlling Water Level in a Tank: 
The moisture detector may be easily 
used to maintain a constant water 

(Continued on page 102) 
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A TRANSISTOR " ELECTRIC ORGAN" 

Fig. 1. Over-all view of "organ."' Both 
hands are used to operate instrument. 

An interesting project for the experimenter, this battery 

operated unit requires few parts for its construction. 

A
LTHOUGH the device shown in Fig. 
1 is not an "organ" in the truest 
sense of the word, it is capable of 

producing tunes when operated by a 
person of moderate skill. In fact, the 
operator need not be a skilled musi-
cian. The average person, with a lit-
tle practice, can "pick out" tunes, 
playing one note at a time. 
As a toy, the "electric organ" shown 

is of real value. The author has sev-
eral times turned his model over to 
his children, who enjoy playing with it 
in preference to their more conven-
tional toy pianos, toy xylophones, toy 
guitars, and other toy musical "instru-
ments." But the value of the device as 
a toy is not limited to its appeal to 
children. Although the output is ob-
tained through a loudspeaker, the vol-
ume is not so high as to prove dis-
tracting to the parents. The children 
can "make music" to their little hearts' 
content while the parents, in an ad-
joining room, can watch television, 
listen to the radio, or even read, with-
out distraction. 
Another real advantage of the "elec-

tric organ" shown is its independance 
from the power line, and the fact that 
there is relatively no danger of elec-
tric shock. Nor is the design such 
that the battery used has to be re-
placed every day or so. With average 
use, the battery should last its normal 
"shelf life." 
These desirable characteristics, for 

a toy, have all been made possible by 
utilizing a Raytheon junction transis-
tor in a simple oscillator circuit. As 
can be seen by reference to the sche-
matic diagram, Fig. 2, relatively few 
other parts are required for the opera-
tion of the unit. 
Referring to the schematic diagram, 

Fig. 2, a type CK722 transistor is con-

nected as a modified grounded-emitter 
"Hartley" oscillator. The emitter is 
connected through push-button switch 
S, to the positive terminal of a small 
hearing-aid type battery, and the col-
lector is connected through one-half 
of the transformer ( T,) primary wind-
ing to the negative terminal of the 
battery. 
The necessary feedback signal for 

operation is obtained from the other 
half of the transformer primary wind-
ing, which is connected through cou-
pling condenser Ci to the base of the 
transistor. 

Resistors R. to R„ serve as "base 
return" resistors, with the desired re-
sistance selected by depressing the 
proper push-button ( S, to Si). If tog-
gle switch S, is thrown, the "base re-
turn" resistor becomes R, and R, in 
series. Since R, is variable, the total 
resistance value can be adjusted from 
the value of R2 to the sum of R, and 
R, or from 8200 ohms to more than 
2 megohms. 
The 3" PM loudspeaker is connected 

to the proper taps on the secondary 
winding of Ti. Transformer T, thus 
serves both as an "oscillator coil" and 
as an "output transformer." 

In operation, one of the resistor 
switches, S, to S,, and the power 
switch, S., are thrown simultaneously. 
Battery current can then flow over 
two paths. 
Part of the current flows through 

the "base return" resistor and the 
base-emitter of the transistor, estab-
lishing the bias current for the tran-
sistor. The amount of bias current ob-
tained depends on the battery voltage 
and the total impedance of the resis-
tor plus the internal base-emitter im-
pedance of the transistor. Since the 
external resistor generally has a 

greater value than the internal im-
pedance of the transistor base-emitter 
circuit, the base current, for practical 
purposes, can be said to depend pri-
marily on the size of the "base return" 
resistor. 
Current also flows over the path in-

cluding half of the transformer pri-
mary winding and the collector-emit-
ter circuit of the transistor. This is the 
collector current and its value depends 
primarily on the amount of base cur-
rent flow ( as well as on the battery 
voltage). 
Any changes in collector current in-

duce an a.c. voltage in the primary of 
transformer Ti. This voltage is cou-
pled through condenser C. to the base 
of the transistor, adding an a.c. com-
ponent to the d.c. base current, and 
causing corresponding changes in col-
lector current. Thus, the basic con-
ditions for oscillation are set up— 
positive feedback from output to input 
circuit, coupled with stage gain. 
The frequency of operation depends 

on the transistor characteristics, on 
the transformer used, on the value of 
coupling condenser C., and on the size 
of the "base return" resistor. Varying 
any of these factors permits the fre-
quency to be changed. In practice, it 
has been found easiest to vary the size 
of the "base return" resistor, hence a 
selection of resistors (R, to RJ with 
corresponding switches (S, to Si). 
Where a continuously variable re-

sistor is used (R,), the frequency can 
be easily varied over wide ranges. In 
the model shown, the output frequen-
cy can be varied continuously from 
about 20 cps to about 10 kc. simply 
by adjusting 
The frequency of operation bears an 

inverse relationship to the size of the 
"base return" resistor, that is, as the 
resistor value is reduced, the frequen-
cy of operation increases. 
At the same time, the base current 

(and hence the collector current) in-
creases. Thus, at high frequencies the 
battery current drain is several times 
greater than at lower frequencies. It 
is this characteristic that makes it 
necessary to provide a fixed resistor 
(R2) in series with the continuously 
variable control. Thus, R2, although 
limiting the maximum frequency of 
operation when the variable control 
is used, also limits the maximum base 
and collector current and thus serves 
to protect the transistor from damage. 

Since oscillation is obtained by 
means of "brute force" feedback 
rather than by employing a tuned cir-
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cuit, the signal obtained is not a sine 
wave. Rather, it is extremely rich in 
harmonics. The exact waveform ob-
tained varies with frequency, and also 
with the characteristics of the tran-
sistor and transformer used. 

Construction Hints 
Because of the simplicity of the cir-

cuit, duplication of the model should 
not prove at all difficult for the aver-
age technician. The only real care that 
must be exercised is when installing 
the transistor. If the transistor is sol-
dered directly into the circuit ( instead 
of a socket being used), especial care 
must be taken that the transistor 
leads are not overheated. 

Circuit layout, lead length, and lead 
arrangement all are completely non-
critical. It is suggested, however, 
that standard good wiring practice be 
followed. 
The author's model has been assem-

bled in a standard ICA sloping front 
cabinet, and easily obtained push-but-
ton switches used for the various 
"keys." A different color push-button 
(black) was used for the "power" 
key (Ss) than for the "tone" keys 
(S2 to ST—red push-buttons were used 
here). Six notes were provided, plus a 
continuously variable control (Ra. 
The prospective builder may use 

any arrangement of keys and case 
which he feels is desirable. An ingeni-
ous technician should have no diffi-
culty in modifying the keys of a toy 
piano to serve as switches for the 
"electric organ," assembling the rest 
of the components within the case of 
the piano. If space permits, the loud-
speaker could be mounted within the 
toy piano case, otherwise it could be 
mounted separately (a sloping panel 
meter case makes an excellent "baffle" 
for a 2" or 3" speaker). 

If preferred, a 5", 6", 8" or larger 
speaker may be used in place of the 
3" speaker used by the author. 
The transformer used by the author 

is of the "universal replacement" type 
with a multi-tapped secondary wind-
ing. If the builder uses a similar 
transformer, he should experiment 
with loudspeaker connections to the 
different taps, choosing the pair giv-
ing the best results. 
Although only six "keys" (and 

hence six notes) are provided in the 
model shown, any number of keys may 
be used, simply by adding more 
switches and different value resistors. 
Thus, if a child's toy piano is used as 
the basic unit, a different note can be 
supplied by every key on the board. 

Since the frequency ( tone) of the 
note obtained as each key is depressed 
depends not only on the size of the 
"base return" resistor (R, to Rs) but 
also on the individual characteristics 
of the transistor and transformer 
used, there is no simple way of deter-
mining the size of these resistors in 
advance. Rather, they are determined 
experimentally after the unit is wired 
and tested. 
Two methods may be employed for 

choosing these resistors. If the com-

pleted unit is to be used primarily as 
a toy, the resistor values may be 
chosen arbitrarily without regard to 
the notes obtained. This method was 
used in the author's model. A series 
of resistors having values of 150,000, 
170,000, 190,000, 210,000, and 260,000 
ohms were used. 
On the other hand, if the builder 

intends to use the completed unit to 
play actual tunes, each key should 
be adjusted to give the desired musical 
note. This can be done either by using 
a potentiometer to determine the 
proper resistor value, later perma-
nently installing a fixed resistor, or 
by using a rheostat for each resistor. 
The second method is the more flex-
ible as it permits readjustment at any 
time, but is also the more expensive, 
requiring a separate potentiometer 
for each note to be sounded. 

(Note: For the frequency of various 
musical notes, refer to "Fun with a 
Home-Built Electronic Organ," by Jim 
Kirk, RADIO & TELEVISION NEWS, March 
1953.) 
The continuously variable control 

was included in the author's model 
more as a novelty than for any serious 
purpose. However, it does permit un-
usual tonal effects to be obtained, and 
may be either retained or omitted, as 
desired by the builder. Some builders 
may even wish to provide several such 
controls. 

Operation 

In the author's model a separate 
power switch, as such, has not been 
provided. Rather, the power switch 
(SO becomes one of the "playing 
keys." 
To sound a particular note, the de-

sired "tone key" ( S,. to ST) and the 
"power key" (&) are depressed simul-
taneously. They are held down long 
enough to sound the desired interval 
(quarter note, half note, full note, 
etc.) and then released together. 

Either one finger of each hand may 
be used, in approved "hunt and peck" 
typewriter style, or the fingers of both 
hands may be employed to cover all 
the operating "keys." The latter tech-

RI 

R2 <7 eef'iiié 

Sr 52 53 S• 53 56 57 E 

Ri- 2 megohm carbon pot 
125-8200 ohm, V2 w. res. 

R5, Re, R3, R,,—V2 w. carbon res. (see 
text for values) 

C,—.01 µId. disc ceramic cond. 
T,—Output trans., single or push-pull plates, 

4000-10,000 ohms to v.c. (Stancor A-3856 
or equiv.) 

S5—S.p.s.t. toggle sw. 
S, S, .54, 55, S, S:, S..—S.p.s.t. push-button sw. 
E-15 volt hearing-aid battery ( Burgess U-10) 
Spkr.-3" PM loudspeaker 
CK722—Junction-type transistor (Raytheon) 

Fig. 2. Schematic of transistor "organ." 

nique requires considerably more 
practice to be used successfully than 
the former. 
To use the continuously variable 

control, the toggle switch (S,) is 
thrown. One note at a time may be 
sounded by rotating the knob (on the 
side of the case in the author's model) 
to the desired position, then depressing 
and releasing the "power key." If a 
continually changing note is desired, 
the "power key" is held down while 
the control knob is rotated back and 
forth. Quite eerie effects can be ob-
tained by doing this. 
Since depressing more than one 

"tone key" at a time essentially con-
nects two or more resistors in parallel, 
considerable change in resistance, and 
hence in the frequency of the note 
sounded, results. This enables the 
operator to achieve unusual tonal ef-
fects by depressing two, three, or more 
of the "tone keys" simultaneously. 
Other effects may be obtained by us-
ing the continuously variable control 
in conjunction with the individual 
"tone keys" (by throwing toggle switch 
S, and then depressing a "tone key" 
and the "power key" simultaneously). 

Fig. 3. Internal view of unit. The "organ" is housed in a standard instrument cabinet. 
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o It 

Fig. I. Over-all view of the sine-wave 
clipper. It measures just 23/4"x2 1/4 "xl 3/4 ". 

This useful test accessory can be used alone or built into 

an existing audio oscillator. it is compact and reliable. 

THE instrument shown in Fig. 1, al-
though small enough to be held 
comfortably in the palm of the 

hand, is, nonetheless, capable of pro-
ducing good quality rectangular waves 
when driven by a sine-wave signal of 
moderate amplitude. A further fea-
ture of the instrument is that the 
level of the output signal can be easi-
ly controlled, from zero to an ampli-
tude several times greater than the 
input signal. The instrument is com-
pletely self-contained! No external 
power source or batteries are required 
for its operation. 
These features have been made pos-

sible in the compact instrument shown 
by utilizing the new Raytheon CK722 
junction ("p-n-p") transistor in a clip-
per circuit requixing a minimum of 
additional components. This is ap-
parent from the interior view, Fig. 5, 
and from the schematic diagram, 
Fig. 2. 

Circuit Description 

Referring to the schematic dia-
gram of Fig. 2, the CK722 transistor 
has been connected in a conventional 
grounded emitter amplifier circuit, but 

A TRANSISTOR 
SINE-WAVE 
CLIPPER 

' 

OUT 

R1-18,000 ohm, 1/2  w. carbon res. 
R5-10,000 ohm carbon pot, linear taper 
C1—.5 ¡if J., 200 v. metallized paper cond. 
S1—S.p.s.t. switch (on 122) 
Br- 15 volt hearing-aid battery (Burgess U10) 
CK722—Raytheon "p-n-p" junction transistor 

Fig. 2. Complete schematic of the sine-wave 
clipper. CK722 "p-n-p" transistors are used. 

without "bias" voltage between the 
base and emitter. Cz serves as the in-
put d.c. blocking condenser, Rz as the 
input resistor, Rz as the load resistor, 
and battery B, as the power source. 
When a transistor amplifier is 

operated without "bias," and a sine 
wave is applied to its input, the out-
put consists of a series of fairly nar-
row rounded pulses. This effect has 
been noted previously (see "The Tran-
sistor in Simple Circuits" by W. H. 

Fig. 3. Basic instrument set-up for making gain measurements with test unit. 

^ ^. 
AUDIO OSCILLATOR SINE-WAVE CLIPPER AUDIO ANIKAFIER OSCILLOSCOPE 

By 

LOUIS E. GARNER, JR. 

Minor. December, 1952, Radio-Elec-
tronic Engineering Edition of RADIO & 
TELEVISION News). The appearance of 
the output signal when a 10 kc. sine-
wave signal of low amplitude is ap-
plied to the input of the circuit is 
shown in Fig. 4D. 
As the amplitude of the input signal 

is increased, the top of the pulse is 
clipped, and a rectangular waveform 
is obtained, as shown in Figs. 4A, B, 
and C. The frequency of the sine-
wave signals used to obtain these 
patterns are, respectively, 45 cps, 5 
kc., and 25 kc. 
Peak clipping occurs because the 

peak collector current reaches the 
maximum possible with the load re-
sistor and voltage source used and, 
therefore, no further increase in cur-
rent flow is possible. This was demon-
strated in the circuit shown by meas-
uring the peak-to-peak signal across 
load resistor Rz. The measured value 
was approximately 15 volts, or equal 
to the supply voltage. 
With the circuit shown, clipping oc-

curs when the input signal is between 
three and five volts. A good output 
waveform is obtained over the entire 
audio range from 30 cps to 30 kc. as 
long as the input signal level is main-
tained. In addition, the output wave-
form remains of constant amplitude 
regardless of minor variations jn input 
as long as sufficient signal is supplied 
to maintain the clipping action. 
The output waveform is also rel-

atively unaffected by the setting of 
the output control, Rz, except as far 
as amplitude is concerned, due to the 
low value of this potentiometer. An 
output "blocking condenser" has not 
been included in the model. 

In order to prevent even a minute 
current flow when the unit is not in 
use, a switch has been provided in the 
collector circuit (Sz) and is mounted on 
control Rz. When in use, the current 
drain averages only a fraction of a 
milliampere ( the peak is about 1.5 ma. 
drain) and, therefore, the battery life 
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should approach the normal "shelf 
life." 

Construction Hints 

The entire circuit is easily assem-
bled in the smallest of the Bud "Mini-
boxes" (CU-3000, 2 Y.1 "x2 Y4 "x1% " ) if 
reasonable care is taken and the com-
ponents specified in the parts list are 
used. The use of a metallized tubular 
paper condenser in the input is par-
ticularly important as it is virtually 
impossible to fit a conventional paper 
condenser of large capacity (.5 µfd.) 
into a box of this size and still have 
room for the remaining components. 
Leads should be kept reasonably 

short and direct to avoid stray capaci-
ties to ground with resulting deterio-
ration of the output waveform. This 
should not prove too difficult as short 
leads are almost naturally used in a 
circuit wired as compactly as is shown 
in the photographs ( Figs. 1 and 5). 
The arrangement of parts used by 

the author is apparent from the il-
lustrations, but the reader need not 
follow this layout exactly. As long as 
excessively long leads are avoided, the 
layout is non-critical. 
For best results, it is essential that 

a carbon potentiometer be used for Rh 
although a linear taper is not abso-
lutely necessary. If a wirewound pot 
is used, however, deterioration of the 
signal waveform at high frequencies 
(due to residual inductance) is likely. 
In the model shown, connections to 

the battery have been made by solder-
ing leads directly to the battery ter-
minals and wrapping with Scotch elec-
trical tape to prevent accidental 
shorts. The battery is held in place 
by a simple bracket found in a com-
mercial "hardware assortment." 
The "panel" of the instrument has 

been labeled by using standard black 
decals and then spraying with clear 
plastic to provide additional protec-
tion. 
The transistor has been wired di-

rectly into the circuit by its tinned 
leads. Although there are special 
sockets available for the CK722, the 
author feels that their use would only 
be justified in equipment designed for 
continuous 24-hour-per-day operation, 
due to the inherent long life of tran-
sistors. 

Circuit Modification 
The 15 volt hearing aid battery, B1, 

may be replaced by batteries of lower 
voltage without affecting signal wave-
form or the action of the circuit—the 
only difference will be in the ampli-
tude of the output signal. The lower 
the supply voltage, the lower the 
maximum output signal. Voltages as 
low as 3 volts have been tried ex-
perimentally without deterioration of 
output waveform quality. 

If a fixed output signal level is 
preferred to an adjustable output, R. 
may be a fixed carbon resistor, the 1/2 

watt size is satisfactory for use here. 
An output d.c. blocking condenser, 

similar to Ci, but connected between 
the circuit output and the output 

Fig. 4. Waveforms from clipper. (A) 45 cps. (B) 5 kc. (C) 25 kc. (D) Output when 
10 kc. sine-wave signal of low amplitude is applied. (E) Overdriven unit. 

terminal or binding post, may be used 
if desired, and will make it unneces-
sary to check for a blocking condenser 
in the circuit to which the clipper is 
connected for test purposes (or to use 
an external blocking condenser). 
The switch on the output control 

may be replaced by any suitable 
s.p.s.t. switch—a toggle, lever, rotary, 
or slide switch may be used. 

If both input and output blocking 
condensers are used, and a battery 
of larger size than the one given in 
the parts list used, it may be neces-
sary to assemble the unit in a larger 
container. The next largest size Bud 
"Minibox" should be suitable unless 
regular paper condensers and an ex-
tremely large battery are employed. 
Where preferred, the circuit may 

be assembled as part of an existing 
audio oscillator rather than as a 
separate accessory. If this alterna-
tive is adopted, a switch should be 
provided so that a choice of either 
"Sine" or "Rectangular" waves may 
be made by the operator, or separate 
output terminals should be provided 
so that both sine and rectangular 
waves are available on the front panel 
simultaneously. 

Fig. 6. Sine-wave clipper used in conjunction 
with audio generator and scope. See text. 

Fig. 5. Internal view of clipper. All hook-
up leads should be kept as short as possible. 

Operaticm: Once the wiring is com-
pleted, the builder should become 
familiar with the basic operation of 
the clipper before attempting to use 
it in practical test and experimental 
work. The best way to do this is to 
connect the output terminals of the 
clipper to the "Vertical Input" termi-
nals of an oscilloscope. An audio sine-

(Continued on page 101) 
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Chassis of the large 
metal detector. 

Both transistorized r.f. and audio 
circuits are used. The oscillators are 
extremely stable, using a separate-
battery bias form of resistance stabili-
zation. Battery life is long and stand-
ard easily obtained components are used 
throughout. 

Circuit description 
Small circulating eddy currents are 

LOOPSTICK  CK722 ( 4) SHIELD BROKEN AT CENTER 

'200:1HU 11.: 200141 

V i V2 

20 

4 IK 

Clt722l I1aRE3 DOT 

EU)TTERI I ICOLLUCTOR 
‘LaASE 

TWO TRANSISTORIZED 

METAL LOCATORS 

By EDWIN BOHR 

Two lightweight units— one 

small and one large—feature 

stable oscillators, simple 

construction and low cost 

_i
_ HESE two metal locators are built 
with the available low-cost tran-
sistors. The larger locator con-
tains four CK722 transistors, the 

smaller unit two. 
Each locator, although the two cir-

cuits are very much alike, serves a 
different purpose. The smaller locator 
is suitable for finding small objects, 
such as plastered-over conduit boxes; 
the larger locator is designed to detect 
larger masses of metal at greater depth. 
As metal locators go, both units are 

small; in fact, the smaller one is truly 
miniature and, complete with batteries, 
weighs only 81/2  ounces. As shown in 
the photos, each locator can be carried 
with one hand. 

REFERENCE OSC DETECTION OSC 

*oProNAL- SEE TEXT • RM CELLS (MERCURY) 

Fig. 1—The transistorized metal detec- Fig. 2—Schematic of metal detector 
tor uses two heat-frequency oscillators, using additional two-stage amplifier. 

(i 

EXP_ORING LOOP 
(SEE TEXT) 

 o 
PHONES 
o 

•• 

9V 

Chassis of the small 
metal locator. 

generated in metals placed in a radio-
frequency field. These currents oppose 
the back e.m.f. of the coil producing 
the field, lowering its inductance. If the 
coil is part of an oscillator circuit, the 
frequency of oscillation is increased as 
metals are approached. 

Parts for small metal locator 
Capacitors: 2-390 zsisf, tubular ceramic; 
sit disc ceramic; 3—.01 id, metalized paper 
(Aerovox P83Z)• 

Miscellaneous: 2—CK722 transistors; 2-5-prong 
hearing-aid tube sockets; 2-1,000-ohm I/2-watt re-
sistors; I—adjustable Ferri-Loopstick; 1—broadcast-
band loop antenna; 4—mercury cells ( Mallory 
RA4625RT); 1—d.p.s.t. switch; I—aluminum case, 
I% x 2% x 2% inches; I—knob; 2—pin jacks; I— 
Lucite rod. 3/4-inch diameter, 9 inches long; 1— 
sheet Lucite, 

2—.002 

Parts for large metal locator 
Resistors: 4-1,000 ohms, 1-4,700 ohms; 1-250 
ohms, variable ( IRC 911-201). 
Capacitors: 2-200 µid, ceramic or mica; 2—.001 
pr. ceramic or mica; 1—.01 tir, paper; 1-0.1 pf, 
paper; 3-25 sit 3 volts, electrolytic. 

Miscellaneous: 4—CK722 transistors; 4.._.5.pj, heir, 
ing-aid tube sockets; 2-4.5-volt BC batteries ( RCA 
VSO-28); I—mercury cell ( Mallory RAI-401R); 1— 
adjustable Vari-Loopstick; I—audio interstage 
transformer, plate-to- line 50:1 impedance ratio 
(UTC SO-3, SSO-3 or equivalent); I—d.p.s.t. switch; 
2—pin jacks; 1-3 x 4 x 5- inch aluminum box; l-2-
foot length of RG-58A/U (SO ohms) coaxial cable; 
I—length of litz wire ( see text); I— phono plug and 
jack; I—length of I/4.inch diameter copper tubing; 
1—length of 34 s Vu- inch aluminum; I—insulating 
board; 2—knobs. 
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SOCKETS FOR: 

Of several ways for detecting metals, 
this inductance, change method is the 
most simple and requires very little in 
the way of complicated circuits. 
The change in inductance must be 

translated into some sort of signal that 
can be detected by the human mech-
anism. This might seem difficult, since 
the change in inductance is small. But, 
the problem is easily solved by beating 
two oscillators, producing an audible 
indication. 
The two oscillators, in Fig. 1, are 

labeled REFERENCE and DETECTION. The 
reference oscillator operates at a fixed 
frequency, adjustable by an iron core. 
However, the detection Oscillator 
changes frequency when the exploring 
coil comes near metals. The oscillators 
are coupled to headphones where their 
outputs combine to form a different 
beat. The locator in Fig. 2 has an 
additional two-stage amplifier between 
the oscillators and the headphones. This 
requires very stable oscillators. 
Two features increase the stability 

of the transistorized circuit. First, the 
oscillators are similar electrically. Thus, 
their drift rates are similar—the beat 
note change is not so pronounced if 
there is a shift in the oscillator fre-
quencies. Second, the separate-battery 
bias stabilization reduces—as much as 
possible—the drift troubles produced by 

PHONE JACKS 

¡EMITTER 
¡ CELL 

I V2 

- TUNING KNOB 

LOOPSTICK 

COLLECTOR 
BATTERY 

VI 

Underchassis view of the small metal orator, show-
ing major components. Photo at upper left illus-
trates carrying and operating positions of small 
locator. Photo at lower left shows underside of 

mounting board in large model. 

the transistors. 
Why bias stabilization is necessary 

may not be too clear. The problem is 
unique with the transistor and very 
interesting. To clear up the picture, 
special characteristics of semiconduc-
tors must be known. 

Stabilization 
Germanium diodes and transistors do 

not perform well at high temperatures. 
Neither should allow current to flow 
in the reverse direction; but they do, 
and that is a fact we have to live with. 
The amount of back current increases 
with junction temperature and, in the 
case of transistors at a given tempera-
ture, may vary from one unit to the 
next by a factor of 10. 

Because there is resistance within 
the transistor base, part of the back 
current takes a path to ground through 
the emitter, generating positive emitter 
bias. The "hole" current thus gen-
erated cq,uses a further increase in 
collector current. The resistance within 
the transistor base, alone, causes in-
stability. But, many of the published 
circuits add fuel to the fire by placing 
large biasing resistances ( perhaps a 
megohm) in the base circuit. 

With very high performace tran-

sistors, high resistance in the base can 
cause this temperature plus back cur-
rent plus bias effect to become cumula-
tive and destroy the transistor. For 
standard-gain transistors, however, re-
sistance in the base usually does not 
produce anything as drastic. But, it 
does result in a circuit undesirably 
sensitive to transistor variations and 
temperature changes. 

Stabilization is obtained by putting 
as much resistance as possible iii the 
emitter circuit and as little as possible 
in the base circuit. One way to do this 
is to place a voltage divider across the 
collector supply. The base is then re-
turned to the divider, and enough 
resistance inserted in the emitter cir-
cuit to bring the bias current to the 
correct value. 
A better way, and the one used in 

the locator, returns the base directly to 
ground. The bias, then, is supplied by a 
separate emitter battery and resistor. 

The small locator 
A capacitance type dividing network 

across the tuning coil provides the 
feedback and proper impedance match 
between the collector and emitter. There 
is a further advantage in that a simple 
two-terminal coil, without taps or tickler 
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ON-OFF SWITCH 
TUNING CAPACITORS COLLECTOR BATTERIES 

IK BIAS 

RESISTORS 

LOOPSTICK 23)1 SO-3 1/3 

winding, can be used. The value of the 
capacitor for the emitter tap in Fig. 1 
(.002 pf) may seem extremely large by 
vacuum-tube standards, but it is correct 
for the low emitter impedance of the 
transistor. 

Positive emitter bias flows through 
the headphones and the 1,000-ohm 
emitter resistances. This current is 
necessary to start the transistors into 
oscillation. After the oscillations have 
begun, the emitters are self-biased, 
class C. 

Underchassis of 
the oscillator— 
amplifier model. 

The values of the components are 
rather delicately balanced. For example, 
two .01-pf capacitors bypass the collector 
supply. More capacitance than this will 
reduce pulling between the oscillators, 
but will also reduce the loudness of the 
beat note. Less capacitance produces 
severe pulling. If the headphones- have 
too much internal resistance, the oscil-
lators will not start. The headphone 
resistance should be limited to 1,000 
ohms. For higher resistances an extra 

Large metal detector in operation. Low weight increases its portability. 

emitter bias cell, connected in series, 
could be used, but the oscillators may 
lock together more readily. 
The oscillators operate at about 500 

kc. Most transistors will operate to 
this frequency with 4 volts of collector 
supply. The poorest transistor tested 
in the circuit was able to make it to 
GOO kc before it quit oscillating. 

Also, at this frequency an ordinary 
radio can be used to check the locator. 
And the frequency is low enough for 
the locator coil to be used without a 
Faraday shield being absolutely neces-
sary. 

Small locator construction 

The exploring coil for Fig. 1 is an 
ordinary loop antenna salvaged from 
an abandoned portable radio. The loop 
is cemented, with polystyrene coil dope, 
to a Lucite panel. 
Saw off one end of a 9-inch length of 

Lucite rod, at a 60° angle, and weld it 
to the Lucitt loop panel. A 75% ethy-
lene dichloride, 25'", acetic acid solution 
is excellent for welding plastic surfaces. 
Cover each surface with the solution 
and press them together, pushing out 
all air bubbles. The resulting weld will 
be almost as strong as the plastic 
material. 

Tap the other end of the rod for two 
6-32 screws, which mount the aluminum 
case. The switch, coil, and headphone 

jacks are mounted on the case. The 
transistor chassis and other parts are 
mounted by support leads to these three 
components. 
The transistor chassis is a section 

of plastic from the lid of a small radio-
hardware assortment box. Rectangular 
holes for hearing-aid sockets are made 
with the end of an instant-heat solder-
ing iron. While the plastic is still warm 
and soft, the sockets are pushed into 
place. Support and connection wipes 
to the chassis are treated in the same 
way. The wire is heated and pushed 
through the chassis. 
Mercury cells, type RM625RT, power 

the locator. Because of their long life, 
they are wired into the circuit. Three 
cells are wired in series to form the 
collector battery. The tab is bent up-
ward at a right angle, near its tip, and 
soldered to the side of the next cell. 
Tin each surface first, and be quick 
with the soldering iron. The cell is 
small and quickly becomes overheated, 
with possible damage from an internal 
short. 

After the cells are soldered together, 
give them several coats of TV corona 
dope for insulation. A small piece of 
cloth, pressed into the wet dope, im-
proves the insulation. 
To fit a knob to the variable loop-

stick, wind a single piece of solid hookup 
wire, in two layers, near the end of the 
adjusting screw. The solder is then 
flowed into the wire and screw for a 
solid mass. 
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The two leads from the loop run 
through flexible spaghetti into the case. 

Small locator operation 
Turn on the power switch and rotate 

the tuning knob until an audio signal 
is heard in the phones. If no audio 
signal is detected, either or both of the 
oscillators are not operating; or, they 
are too far out of tune to be brought 
to zero beat. 
A few tests will indicate what is 

happening. Short out the earphone 
terminals and bring the locator near 
a radio tuned to the low end of the 
broadcast band. At some point on the 
radio dial a strong carrier from the 
detection oscillator should be received. 
The reference oscillator should also be 
received, but it will be weaker. It can 
be identified since its frequency changes 
when the locator tuning knob is turned. 

If the loopstick can not bring the 
reference oscillator to the same fre-
quency as the detector oscillator, it may 
be necessary to add capacitance across 
either the loop or loopstick. I had to 
add a 100-puf mica capacitor across 
the loopstick. It can be seen in the 
photograph. 

Plug the phones in again. This may 
shift the frequency slightly, but the 
oscillators should continue to work. 
If they do not, the headphone resistance 
is too high. I used a single phone and 
had no trouble. If high-resistance phones 
must be used, short out the regular 
headphone terminals and connect the 
phones in series with the collector bat-
tery. An alternative is to use an addi-
tional emitter bias cell. But, to repeat, 
the oscillator should give no trouble 
with 1,000 ohms in the headphone cir-
cuit. 

Best performance is attained with the 
reference oscillator tuned to the lowest 
possible beat note, just before the oscil-
lators lock together. When the explor-
ing coil comes near metals, the pitch 
will rise. The reference oscillator can 
be set for a constant high pitch note 
that goes down to zero beat as metal 
is approached, but the sensitivity is 
less. 
The operator must practice with the 

locator until the "feel" of operation is 
acquired. Practice first with objects 
that can be seen. 
Maximum range for the locator is 

about a foot in the case of relatively 
large-surfaced metals. The boundaries 
of large objects are easily determined 
within an inch at a distance of 6 inches. 
Retune the beat note to its lowest value 
each time the object is approached 
closer; otherwise, the note will be too 
high for the ear to easily distinguish 
small pitch variations. 

Large locator 

The larger locator varies in several 
respects with the smaller locator. The 
oscillator frequency is 1 mc and the 
search coil is electrostatically shielded 
and of much larger diameter. Also, a 
two-stage a.f. amplifier is included. 
These modifications to the r.f. circuits 
tend to increase the range of the locator. 
Larger search coils spread out the 
magnetic lines of force (the range 
varies roughly as the radius of the coil) 
and the higher operating frequency 
gives an increased frequency change 
for a given inductance change of the 
search coil. 
When a coil approaches a large mass 

of metal, the eddy currents tend to 
reduce the inductance of the coil and 
increase the oscillation frequency. But, 
the increased circuit capacitance, caused 
by the nearness of the metal, tends to 
reduce the frequency. ( The capacitance 
effect is more pronounced at higher 
frequencies.) This opposing capacitance 
effect is removed by shielding the coil 
with an open loop of copper or alu-
minum tubing called a Faraday shield. 

Without the shield—because of the 
increased capacitance—the beat note 
goes down as nonmetals are approached. 
The shield almost completely eliminates 
this and the locator responds only to 
metals. 

Large locator construction 
Assemble the locator circuit on a 

strip of insulating board. Use a No. 
26 drill to cut out holes for the tran-
sistor sockets. Just drill two of these 
holes side by side and square them to 
fit, with a small file. The SO-3 trans-
former is held down with a solid wire 
harness that is pulled through and 
soldered to the terminal board eyelets. 
Take care in soldering to the nega-

tive center pole of the mercury celL 
It is more delicate than tip cell used 
in the small locator, since it has no 
metal tab. Check the cell with a volt-
meter after the leads have been soldered. 
The entire loop-and-handle assembly 

is detachable. Wing nuts hold the 
handle to the locator box and a small 
phonograph jack is used as a discon-
nect to the loop coil. Both leads to the 
coil are above ground. Thus, the jack 
must not be mounted directly to the 
box. Cut out a plastic washer and place 
it between the outside of the box and 
the jack. The connecting cable to the 
loop consists of a small length of coax. 
The coax shield stould be used as the 
coil lead to the collector batteries. 
A 2-foot loop of 1/4-inch copper tubing 

encloses the exploring coil. This tubing 
is grounded at its midpoint to the alu-
minum handle. The two free ends of 
the tube are left floating electrically 
and clamped mechanically to a Lucite 
insulating block. If the loop ends were 
brought together, they would form a 
shorted turn in the r.f. field. 
The coil is made by pulling six strands 

of wire through the tubing. The ends 
are then soldered together to form a 
single six-turn loop. I used litz wire 
(Belden 8817), but almost any small 
size wire will do. 

Other size coils can be built by wind-
ing 38 feet of wire into the loop. For 
this length of wire the smaller loops 
will have larger inductance, but this 
can be adjusted by decreasing the tun-
ing capacitance slightly. Use the same 
methods of checking the oscillators as 
outlined for the smaller locator. 
Try all four transistors in the oscil-

lator circuits. The most active tran-
sistor should be used in the detection 
oscillator, the second most active in the 
reference oscillator, and the other two 
in the audio amplifiers. If there is any 
trouble in obtaining oscillation ( if none 
of the transistors have good r.f. char-
acteristics), the collector supply can 
be increased to 15 volts. 
The small-locator operating proce-

dure is used with the larger locator, 
with one exception. The variable 250-
ohm resistor can be used as a combina-
tion volume control and fine frequency 
adjustment. The bias current varies 
the collector capacitance, changing the 
oscillator frequency. There is plenty 
of audio gain and power output— 
enough for the signal to be heard with 
the headphones hanging about the 
operator's neck. The range of detection 
is around 3 feet. 

Metal locators in many ways are very 
limited. They do not tell what has been 
detected or located, how deep it lies, or 
very much about its exact size—if it 
is very small or deeply buried. Most 
metal-locator operators are surprised at 
first by the amount of trash material 
that has been dug up before they find 
the item in which they are interested. 
The locator has gloved feeling, but it 
certainly does not have eyes. 
To go beyond 3 feet in detection 

depth will require different techniques 
and more elaborate equipment. A few 
of these have been outlined in the Hand-
book of Industrial Electronic Circuits 
(McGraw-Hill). END 
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Front view of the relay. The variable 
bias control is seen on the left side. 

A novel approach 

for eliminating 

the sponsor's message 
The killer in normal position under 
the TV set. Switch is on right side. 

TRANSISTORIZED 
COMMERCIAL KILLER 
By HAROLD REED 

E
XPERIMENTERS often use tran-
sistors in many applications, 
which although neither practical 
nor profitable on a commercial 

basis, prove interesting and satisfying 
to the hobbyist. These experimental ap-
plications contribute to familiarization 
and greater knowledge of transistor 
theory and circuitry. One such applica-
tion is the transistorized commercial 
killer described in this article. 

The unit is essentially a transistor-
ized photoelectric relay that opens or 
short-circuits the voice-coil leads to the 
TV receiver's speaker. When the unit 
is connected and operating, I no longer 
have to get up and turn down the 
volume during commercials or when 
the phone rings. I simply turn on a 
small table lamp beside my favorite 
chair and the relay does the rest. I 
glance at the screen occasionally while 
the set is silenced to ascertain when the 
commercial is over. 
The commercial killer can be used 

also with a radio receiver but the 
listener is at a disadvantage because 
he has no indication when the unde-
sired part of the pi ogram has ended. 
In this application, however, the relay 
may be used to connect a resistor 
across the speaker voice coil to reduce 
the volume to a level where the pro-
gram is barely audible when the table 
lamp is on. 

This photoelectric relay (see Fig. 1) 
is built around the Raytheon CK722 
p-n-p junction transistor connected in 
a grounded-emitter circuit. Two self-
generating photocells are wired in 
series and connected between the base 
and emitter of the CK722. A sensitive 
relay is connected in the output, or 
collector circuit, along with a 50,000-
ohm variable control for adjusting the 
negative voltage to the collector. All 
component parts are mounted in a 4 x 
4 x 2-inch Metal box with room to 
spare. 

Construction 
There is no critical arrangement in 

the mounting of the parts of the unit, 
except of course that the photocells be 
in proper position to allow light to 
strike the active surfaces. The relay, 
a surplus BK-7-B, has an adjustable 
slider and scale for adjusting its sensi-
tivity. With the sliding arm at zero on 
the scale, the relay operates with a 
current flow of 100 eat at 0.4 volt. The 
switch disconnects the battery and also 
prevents base-current flow which would 
occur when light strikes the active 
surface of the photocells. 

The photocells are mounted on a 
strip of bakelite in which holes were 
cut, the exact diameter of the active 
portion of the cell surfaces. A larger 
cut, equivalent to the over-all diameter 
of the cell, is made halfway (counter-

sunk) through the back of the bakelite, 
allowing the cell to be recessed into 
the back of the strip. There is a small 
metallic ring deposit at the outer edge 
of the cell plate. I placed a strip of 
tinfoil under this ring and fastened it 
to a lug for the negative connection of 
the cell. Each plate and tinfoil is then 
held in place by the pressure from a 
spring leaf of a discarded phone jack 
or switch, which also provides contact 
with the back or positive connection 
of the cell, as shown in Fig. 2. Observe 
polarity and take care to prevent short-
ing between the tinfoil and positive 
coating on the back and edges of the 
plate. 

After wiring the unit as in Fig. 1, 
experiment to obtain positive relay 
action when the control light source 
strikes the photocells. Seireral variable 
factors must bé considered: the setting 
of the relay slider arm, the battery 
voltage applied through the variable 
control, the ambient room illumination, 
and the distance between the photo-
relay and the table lamp. 

The following operating character-
istics were obtained with the unit de-
scribed here: With a 25-watt lamp in 
the corner of the room 15 feet from 
the TV set (this lamp is normally 
turned on during a TV program), the 
collector voltage is adjusted to minus 
12 and the relay sensitivity control 
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(Continued from page 72) 

set to 13 on the scale. Collector current 
is 660 pa and the base current is 4 pa. 
The relay is not energized. 

The controlling light source is a 
table lamp with a 100-watt bulb, 10 
feet from the TV set. When this lamp 
is on, the base current drops to 3 pa 
and the collector current increases to 
575 pa. This operates the relay and 
short-circuits or opens the speaker 
voice-coil leads. At 5 feet, the device 
can be operated with just one photo-
cell. Also, using the two cells, a 75-watt 
lamp gives satisfactory operation at 5 
feet. With less illumination and fox 

0022 ra__....TO SKR KM 
COIL 

Kr- SEE TEXT 

Fig. 1—The transistorized photoelec-
tric relay used in commercial killer. 

greater distances, more than 2 of these 
inexpensive cells could be used in 
series. Sensitivity could also be in-
creased by using a larger photocell 
plate or Raytheon's CK721 transistor, 
which has a current amplification of 

Fig. 2—Rear view of photocells counter-
sunk into the bakelite mounting strip. 

40. However, the cost will increase 
considerably. 
A miniature radio tube could be 

made to function in this device, but the 
great advantage of the transistor in 
this application is its ability to operate 
without filament or plate voltages 
which would require a power supply 

Parts for commercial killer 
Mlscxtl. CK722 transistor, I— IS-volt minia-
ture battery ( Eveready type 411 or equivalent), 
1-50.000-ohm linear potentiometer, 1—d.p.s.t. toggle 
switch. 1—Cardwell 5K-7-B relay, 2—photovoltaic 
calls (see text). 

Photo of all parts used in the relay. The transistor, used in other experi-
ments, is cemented to a small plastic block which supports its fragile leads. 

or a means of obtaining these voltages 
from the TV chassis. The unit is small 
and completely self-contained, with 
just two wires to' be attached to the 
TV speaker. Fig. 3 shows connections 
between the relay contacts and the 
speaker voice coil leads. The life of 
the small 15-volt battery in this circuit 
will probably be equivalent to its 
normal shelf life. 
The cost of the unit is minimized 

by using surplus photocells and relay. 
I purchased the photocells for 29c each 
and the relay for $ 1.95, from Burstein-
Applebee Co., in Kansas City, Missouri. 
Olson Radio Warehouse, of Akron, 

Ohio, has rectangular-shaped selenium 
cells which give the same output as the 
round ones used in this, instrument. 
Advance type 850 or Potter and Brum-
field series LS-5, 2,500-ohm relays can 
be used with a CK721 transistor. The 
components listed in the parts list are 
the least expensive. 

While the immediate purpose of this 
unit is as a commercial killer, the basic 
circuit arrangement lends itself to 
many applications. Making use of the 
sensitive relay in the collector circuit, 
this unit csin be used to energize or de-
energize many types of electrical equip-
ment. END 

Raytheon Transistors are 

available through all leading 
parts suppliers. 

Fig. 3—Connections for opening voice 
coil at a or shorting it out as at b. 
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ELECTRONIC 
HEADPHONE 

Baby tending and actor cueing 

are but two of many uses for this 

vest-pocket transistor 

receiver and midget transmitter 

By JOHN A. IRWIN and 
I. QUEEN 

T
HERE are times when some way 
of transmitting a radio signal a 
short distance to a small or in-
conspicuous receiver may be very 

useful. The first application that comes 
to mind is a cueing or prompting device 
for actors. Such apparatus ( which can 
be very costly) is often used by magi-
cians or " mentalists," 

In the home such equipment may be 
used to hear radio or phonograph music 
without disturbing other persons in a 
room. ( True, the listener could wear 
headphones, but they would limit his 
movements and the long leads would be 

Top, the one-tube transmitter— 

unit tunes between 1.5 and 1.8 mc. 

Center, underehassis view of trans-

mitter. A single 1171,7 is used. 

Right, the receiver, containing 

a single audio frequency stage. 
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a safety hazard.) In some cases this 
transmitter-receiver combination might 
even be used as a radio "nurse," with 
the advantage that the mother could 
move from room to room without get-
ting out of the "nurse's" range. 

AF IN 

ifSHORT ANT (5.-I0') 

30Cle II7L7/M7-GT 

12 

II7YAC 

Ti 

E 

6.3V NOT USED 

Fig. 1—One-tube transmitter. Isolation 
transformer reduces shock hazard. 

A 117L7 tube ( actually called a 
117L7/M7-GT) makes a fine oscillator 
for the transmitting end. Its filament 
requires 117 volts which may be sup-
plied directly from the line, avoiding 
the need for a 6.3-volt transformer. 
This tube has, in one envelope, a diode 
and a pentode. The diode is used as 
line rectifier ( Fig. 1). The pentode is 
the oscillator tuned to the high end 
of the broadcast band or slightly above. 
The oscillator will work without isola-
tion transformer Ti, but its use is 
definitely recommended. It prevents a 
shock hazard when the chassis ( or any 
other normally grounded point) is 
touched. The transformer may be any 
small unit delivering up to 150 volts 
at a few milliamperes. 
The pentode screen is not returned to 

B plus as might be expected, but to 
ground. It is varied about 1 volt above 
and below ground potential by the 
modulation input. 

Typical modulation sources are: 
speaker voice coil (working out of a 
radio, phono, or tape machine ampli-
fier), FM or AM tuner, crystal pickup, 
high output mike. In any case the signal 
amplitude should be about 1 volt or 
more. 
The oscillator tunes between 1.5 and 

1.8 mc. The iron core of oscillator coil 
T2 controls the frequency. Adjust it 
while listening in on a near-by broad-
cast or all-wave receiver. Any un-
occupied channel is recommended. Use 
as short an antenna as possible for the 
receiver used. If the antenna is too 
long, you may create radio interference 
over a wide area. With a 5-foot antenna 
on an ordinary home-type radio receiver, 
you should be able to hear the oscil-
lator signal 20 or 30 feet away. 
A simple portable receiver is shown 

in Fig. 2. It is a crystal set followed 
by an audio-frequency stage. The de-
tector is a CK707; it was found more 
efficient than the usual 1N34. The 
amplifier uses a CK722 junction tran-

sistor, although a CK721 provides still 
more gain. Two penlight cells power 
the transistor. 
With this receiver, signals are audi-

ble several feet from the oscillator. Thus 
if the "transmitting antenna" is strung 
across the ceiling of a small room, the 
signals will be heard over most of it. 
A small antenna, perhaps a foot or 
two, may be added at the receiver if 
necessary. Of course the Superloop (at 
the receiver) should be tuned to the 
same frequency as the oscillator. Adjust 
the iron core of the Superloop for maxi-
mum output. 
The receiver uses such tiny compon-

ents that the chief problem is mounting 
them. In the photo shown, parts are 
mounted on a plastic sheet. Leads are 
passed through small holes drilled in 
the plastic. Thus the parts are held in 
place by their own leads. All soldering 
is done under the plastic sheet. If de-
sired, each part may be held in place 
with polystyrene cement. When com-
pleted, the plastic subchassis is put in-
side a plastic box to protect it. This 
may be a cigarette case, for example, 
which can be carried in a shirt pocket. 
The Superloop is an antenna coil now 

available in most radio stores. It has 
an adjustable iron core. The tap is not 
used here. The coupling transformer is 
manufactured by Gramer. It is a tiny 
unit only 11/32 x % x % inch and 
weighs only a fraction of an ounce. 

If your oscillator uses an antenna 
from 5 to 8 feet long, this receiver 
will pick up its signals 3 or 4 feet 
away. With an antenna 15 feet long, 
the effective range is nearly doubled, 

and so on. The length of antenna you 

bt• KEITH SUPERLOOP 

Fig. 2—Schematic of the receiver. 

may use depends upon your location. 
If you live in an apartment house, your 
antenna must be a very short wire. 
Otherwise you may hear from your 
neighbors or even the FCC. 

Parts list for transmitter 
1-10,000 ohm, 1-47,000 ohm, V2 watt, resistor; 
I-100,000-ohm potentiometer; 1-40 µµf, I--50 µµf, 
1-300 µµf, mica, 400 volts, capacitor; 1—.01 µf, 
paper or ceramic, capacitor; 1-20-20 µf, 250 volts. 
electrolytic. I—I 11L7-GT tube; I—octal socket; 
1—slug-tuned broadcast oscillator transformer; 1— 
power transformer, 150-volt secondary @ 15 ma (or 
more); 1—s.p.s.t. switch; I—phone jack; I—pin jack. 

Parts list for receiver 
1-27,000-ohm, V2 watt, resistor; 1-25 µf. 3 volts, 
electrolytic; 1—Keith Superloop antenna coil; I— 
CK707 crystal; 1—a.f. coupling transformer, 20,000 
to 1,000 ohms (Gramer); I—CK722 transistor and 
socket; 2—penlight cells; I—plastic sheet and box; 
2—jacks for phones. 

If a more powerful receiver is needed, 
try a superhet tuner. ( See "A More 
Compact Battery Portable," September, 
1954, page 90). The speaker and out-
put transformer are not needed here, 
and one audio stage may be sufficient. 

Such a portable set may be built 
within a space 3 x 3 x 2 inches or less. 
It will pick up signals from the oscil-
lator up to 20 feet away when a short 
transmitter antenna is used. END 

Raytheon Transistors are 

available through all leading 

parts suppliers. 
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A transistorized 

GEIGER COUNTER 
By NATHAN O. SOKAL* and IRA L. RESNICK* 

/I , OURIST gets $10000 for Urani-um T _ 
um claim staked out with Geiger 
counter." Occasional headlines 
like this dramatize the fact that 

many vacationers now carry Geiger 
counters with them Wherever they go. 

If you don't plan to go in for modern-
style treasure-hunting, this Geiger. 
Mueller counter (see photo) will at 
least make a pleasant project good for 
an evening's education in ionizing radi-
ation physics, Geiger-Mueller tubes, and 
transistors, all in one fell swoop. And 
you might discover uranium in your 
own back yard! 

Geiger-Mueller tubes 
A Geiger-Mueller ( G-M) tube' is a 

metal cylinder with a wire running 
along its axis, as shown in Fig. 1. The 
tube is filled with gas, and a high-volt-
age d.c. source, usually about 900 volts, 
is connected between the cylinder and 
the wire, the wire being positive. Ordi-
narily, there is no current flow in the 
tube. 

Ionizing radiation—alpha rays (he-
lium nuclei), beta rays (fast-moving 
electrons), gamma rays (electromag-
netic radiation similar to light, but of 
much shorter wavelength), or cosmic 
rays (very fast-moving nuclei of hydro-
gen or other elements, or their by-
products after passing through the 
atmosphere) — passing through the 
tube ionizes a gas molecule. The elec-
tron knocked out of the gas molecule 
travels to the center wire, and the now 
positively charged gas molecule travels 
more slowly toward the negative cylin-
der. The moving electron collides with 
gas molecules along its path, knocking 
electrons out of these molecules; these 
electrons in turn knock out others; 
within a few microseconds an electron 
"avalanche" has built up. The electrons 
and ions flowing inside the tube show 
up as a pulse of current drawn from the 
high-voltage source. The pulse for a 
typical G-M tube is shown in Fig. 2. 

If an earphone is connected in series 
with the tube and the voltage source, 
as in Fig. 3, a faint click will be heard 
in the earphone each time a current 
pulse flows. The 1-megohm resistor 
in Fig. 3 is to limit the current drawn 
from the battery in ease of an acci-
dental short-circuit. 

G-M tubes are made from about 1/4 
inch to several feet in length, and with 
metal or metal-coated glass walls. De-
pending on the diameter and the gas 
inside the tube, the operating voltage 
*Lincoln Laboratory. M.I.T. 

The transistorized 
Geiger counter. Re-
sistor appearing 
beneath transistor 
was for experimen-
tal purposes and is 
not required for 
proper operation. 

may be from about 300 to 1,200 volts 
d.c. The price ranges from about $3 
to several hundred dollars, depending 
on many factors. A good choice out of 
all these possibilities is the Raytheon 
CK1026 (used by the authors) which 
operates at 900 volts and costs $3.15. 

Transistor amplifier 
A transistor amplifier can be added 

to the basic circuit of Fig. 3; the clicks 
will then be louder, making for easier 
listening. A circuit using a grounded-
emitter amplifier is shown in Fig. 4. 
In this circuit, the current pulse from 
the G-M tube is drawn out of the 
transistor base. A similar pulse, am-
plified by the transistor, flows through 
the headphone in the collector circuit. 
The amount cif amplification depends on 
the characteristics of the particular 
transistor, and on the pulse rise-time 
and duration. In the authors' equip-
ment, the amplification was about seven, 
times, using a CK721 transistor. 

High-voltage sources 
The authors used batteries for their 

high-voltage source. Three Burgess 
U200 or Eveready 493 300-volt batteries 
in series give the 900 volts required for 
most G-M tubes. 
A way to get the 900 volts without so 

Ports for Geiger counter 

I—CK721 transistor; 1—Raytheon CKI026 tube; 
1—chassis, 31/4 x 21/4  inches; I—magnetic head-
phone set 2,000 to 20,000 ohms; 3—Burgess U300 or 
E dy 493 300-volt batteries. Or, one such battery 
and two 0.b-µt, 400-volt capacitors plus a 4-pole 
2-position switch ( Mallory 72421). If the 1088 tube 
is used, only one 300-volt battery is needed, without 
the capacitors and the switch; l-6-volt battery: 
1—d.p.s.t. switch; 1-7-pin miniature tube socket 
with tall shield; 1—high-voltage connector plug; 
1-1-megohm, 1/2-watt resistor; I—pin jack for 
phones. 

CENTER WIRE 

METAL CYLINDER 

Fig. I—Basic Gei-
ger-Mueller tube. 
The cylinder has an 
airtight seal. 

TIME —.-
Fig. 2—Typical GM current pulse. 

C61026 Ou TUBE pHoNES I MEG 

900V +  

Fig. 3—The basic circuit. The ear-
phones are in series with GM tube. 

C91026 GM TUBE 'MEG  Ce\721 PHONES 

I- 7007 06°7— II 6V -11."—er.':% 
\_  

Fig. 4—Grounded-emitter amplifier. 

Fig. 5----A possible high-voltage 
source—using charged capacitbrs. 

(continued on page 106) 
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Applause Meter 
(Continued from page 84) 

of voltage gain or db level In such a 
case, new resistors may be chosen for 
this network. Refer to Federal's "Ref-
erence Data for Radio Engineers" for 
the necessary design formulas. 
A continuously variable attenuator 

control may be provided if desired. 
Simply use a standard 1000 ohm po-
tentiometer in place of SL and its as-
sociated resistors. 

If the completed instrument is to be 
used in other than "applause meter" 
applications, the builder may wish to 
provide frequency selective filter net-
works so the frequency response of 
the amplifier can be adjusted for spe-
cial measurements. Again, filter net-
work design data will be found in the 
handbook mentioned previously. 

Calibration: As long as the instru-
ment is used only as a peak-reading 
device, there is no need for meter 
scale calibration, either in db or in 
other terms, and none is provided in 
the model. Should the builder wish 
to use the instrument for absolute 
sound level measurements, however, 
not only will scale calibration be 
necèssary, but the attenuator switch 
will have to provide precisely known 
amounts of attenuation. 
Meter calibration is best carried out 

by borrowing a standard sound-survey 
meter or similar instrument and ob-
taining comparative readings. The 
final calibration may either be a chart 
or curve or, if preferred, a new scale 
may be prepared for the meter itself. 

Kpplications 

To use the completed instrument as 
an applause meter, place it on a small 
stand or table with the microphone 
facing the audience. Set the attenua-
tor switch (S,) in the maximum' at-
tenuation (minimum signal) position. 
The meter switch ( Sk) may be set 
either in the "filter" or "peaks" posi-
tion, as preferred by the individual 
operator, but the switch position 
should be left fixed during any series 
of tests. 
The power switch should now be 

turned "on." The meter reading should 
be noted during the program and the 
attenuator switch adjusted for a one-
third to one-half full-scale reading 
during a particularly good "hand" and 
before actual "voting" takes place. As 
an alternative, the audience may be 
asked for a good "hand" before the 
program starts, and the attenuator 
switch adjusted at this time. 
Once set, the switch is left in posi-

tion until all contestant "voting" is 
completed. 

In some cases it may be desirable 
to have two or three "judges" to note 
the meter reading during voting to 
avoid any possibilities of error. 
In addition to its use as'an applause 

meter, the completed instrument has 
many other possible applications. For 
example, when placed in front of a 

receiver's loudspeaker, it may be used 
as a "no connection" output meter. 
Good results can be obtained in this 
application if the background noise 
level is not too high. 
When calibrated, the instrument 

may be used as a sound-survey meter 
and, in this application, is useful for 
checking noise levels in offices, stores, 
schools, and factories. In many cases, 
the background noise level has a defi-
nite effect on workers' efficiency. 
When used in conjunction with a 

fixed audio signal source, the instru-
ment will permit tests of the compara-
tive sound absorption qualities of dif-
ferent types of draperies, acoustic tile, 
and floor coverings. 

Installers of p.a. systems could use 
such an instrument for cnecking sound 
distribution in a particular installa-
tion, both to insure adequate coverage 
and to prevent "loud spots." 
These suggestions cover only the 

more obvious applications, however. 
The reader will undoubtedly think of 
many additional applications both in 
regard to his own work and of a gen-
eral nature. 

Moisture Detector 
(Continued from page 86) 1 

level in a tank. The "sensor" plate is 
not used in this application. Instead, 
a special "sensor" unit is made up by 
mounting two metal rods or tubes a 
short distance apart ( 14" to ',!') in an 
insulating block. 
The "sensor" is then mounted on the 

side of the tank so that the rods pro-
ject downward to the desired level. 
The insulating block, to which termi-
nal connections are made, should be so 
located as not to be dampened by the 
inlet pipe. 
A solenoid-operated valve is placed 

in the inlet pipe, with the solenoid 
connected in series with the "normally-
closed" terminals of the moisture de-
tector relay. 
As long as the water level stays be-

low the two rods, the relay is open 
and the solenoid valve is actuated, per-
mitting water to flow through the inlet 
pipe and into the tank. As soon as the 
water level reaches the predetermined 
point and makes contact with the 
"sensor" rods, the relay is pulled 
closed, opening the solenoid cirCuit and 
permitting the inlet valve to close. 
When the water level drops below 

the two rods, as when water is*drawn 
from the tank, the moisture detector 
relay again drops out, permitting the 
valve to operate. 
Note that this application differs 

from those previdusly discussed in that 
the relay is normally held closed. This 
places a small, but constant, current 
drain, on the battery. 

Because of this, and in any applica-
tion where a current drain may exist 
for comparatively long periods of time, 
a periodic "battery inspection and test" 
schedule should be set-up and followed. 

Sump Pump Control: In this appli-
cation the rod type "sensor" element 
is also employed. Mount the rods in 
the sump at the desired level ( slightly 
above the intake of the pump). 
Connect the moisture detector relay 

contacts to operate the sump pump 
motor when the relay is closed. 
There is very little current drain 

from the battery unless water collects 
in the sump to a sufficiently high level 
to make contact with the "sensor" 
rods. When this happens, the moisture 
detector relay closes, turning on the 
sump pump motor. The relay will stay 
closed, and the motor will continue to 
operate, until the water level drops 
below that of ..the "sensor" rods. 

If desired, a 100,000 ohm rheostat 
may be connected in series with Ri. 
This rh'eostat may be used as a sensi-
tivity control and will permit some de-
gree of operational adjustment. -3A-

Heterodyne Frequency Meter 
(Continued from page 63)  

When using a junction transkstor in 
the r.f. oscillator section of a heterodyne 
frequency meter, the designer is limited 
by the fact that this type of transistor 
ordinarily will not oscillate beyond the 
top of the standard broadcast band. 
However, by tuning the transistor oscil-
lator from 500 to 1,000 kc., the practical 
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Fig. 1—Block diagram of the meter. 

meagurement range is found to be 50 
ke or less to 30 mc. Response at the 
high frequencies is ependent to a 
great extent upon the strength of the 
test signal. 

Fig. 2 shows the complete circuit of 
the transistorized heterodyne frequency 
meter. Type CK722 transistors are used 
in the r.f. oscillator and a.f. amplifier 
stages, and a CK705 germanium diode 
is used in the mixer stage. The r.f. 
oscillator is a high-gain grounded-emit-
ter amplifier provided with inductive 
feedback through the tickler coil Ll. 
The r.f. output from the oscillator is 
coupled to the diode niixer circuit 
through pickup coil L3. Coil L2 is a 
Miller type 20-A antenna coil ( 113 
turns of No. 32 wire closewound on a 
1-inch-diameter form) with the slip-
over primary removed. Li consists of 
40 turns of No. 26 enameled wire close-
wound on top of L2 and wound in the 
same direction as L2. L3 is 15 turns of 
insulated hookup wire jumble-wound 
and cemented inside the form on which 
I...2 is wound. So that the reader may 
phase these coils properly for oscilla-
tion, the tops of Li and L2 have been 
labeled X and Y respectively in Fig. 2. 
X and Y are the beginnings or ends 
of each coil. It is immaterial which is 
chosen as long as they correspond. 
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Construction 

The photographs show construction 
details of the heterodyne frequency 
meter. The entire instrument is built 
into an aluminum utility box 7 inches 
long, 5 inches high, and 3 inches deep. 
Considerable reduction in size is pos-
sible by the use of smaller components. 
Tuning capacitor C3, calibration 

trimmer C2, and the r.f. coil assembly 
are mounted directly to the box (see 
rear-view photo). The mixer and al. 
amplifier components are mounted be-
tween the turret terminals of a Useco 

x 2 inch terminal board. Place-
ment of these parts will be seen in the 
photo of the audio subchassis. Oscillator 
transistor V1, capacitor Cl, and re-
sistor R1 are mounted on a smell bake-
lite terminal strip attached to the front 
of the main tuning capacitor C3, and 
are not visible in the rear-view photo. 
Base resistors R1 and R2 are the 

only critical components. Their values 
vary with individual transistors and 
must be selected for the particular 
transistors used. The resistance values 
given in Fig. 2 worked satisfactorily in 
the author's instrument and will be 
good starting values from which to be-
gin tests. Resistor R1 should be selected 
for lowest collector current which will 
permit strong oscillation over the entire 
range of the tuning capacitor. For this 
test, connect a multirange d.c. milliam-
meter temporarily in the lead from Li 
to the negative terminal of the battery. 
Note the indicated collector current for 
each experimental value of Rl. To test 
for oscillation, touch the collector lead 
of the transistor with the finger. The 
milliammeter should change reading 
vigorously. A slight change shows weak 
oscillation. After each change of R1, 
make this check at each setting of C3. 
To adjust R2, insert a pair of 2,000-

3,000-ohm headphones into the jack. 
Feed in an r.f. test oscillator signal 
(500 to 1000 kc) at the SIGNAL Diem' 
terminals, and obtain a beat note by 
tuning C3. Using this beat note, adjust 
the value of R2 for loudest undistorted 
signal. Remove the headphones and 
plug a d.c. milliammeter into the jack. 
The current reading ordinarily should 
not exceed 1 ma. Choose R2 for the low-
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Fig. 2—Circuit of the transistorized 50-kc to 30-mc heterodyne freqmeter. 
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est current which gives a loud signal 
with low background noise. 

Calibration 

The best final calibration will be 
obtained with a 100-kc frequency stan-
dard. However, follow these steps for 
the initial calibration: ( 1) Feed a 500-
kc signal to the SIGNAL INPUT terminals. 
(2) Set the main tuning capacitor to 
its full-capacitance position. ( 3) Plug 
headphones into the jack and adjust the 
CALIBRATION trimmer C2 for zero beat. 
The C3 dial now may be marked 500 
kc at this point. ( 4) Substitute a 100-kc 
frequency standard for the signal gen-
erator. ( 5) Reset C2, if necessary, to 
establish a more accurate zero-beat with 
the standard. ( 6) Tune C3 slowly from 
this setting until another standard fre-
quency point is brought in on zero-beat. 

'1'he test signal is applied to the 
mixer through coupling capacitor C4. 
Audio output from the mixer is coupled 
through transformer T (a UTC type 
SO-2) to the grounded-emitter a.f. am-
plifier. Note that the interstage trans-
former is connected backward to match 
the low input impedance of transistor 
V2. 
The entire instrument is powered by 

a miniature 15-volt battery. The 15-
volt potential is necessary for high-
frequency oscillation because with 1.5 
to 10 volts, not all CK722 transistors 
will operate up to and including the 
broadcast band. While for size consider-
ations, a hearing-aid-type battery is 
shown here, a larger-sized battery can 
be used and may be more desirable, 
from a life standpoint, to individual 
builders. Total measured current drain 
is 440 microamperes d.c. in this instru-
ment, but this may be expected to vary 
in each direction with individual tran-
sistors. 

Mark this point 600 kc on the dial. 
(7) Repeat at each standard spot fre-
quency, marking the dial 70 ), 800, 900. 
and 1000 kc accordingly. If the fre-
quency standard is equipped also with 
a 10-kc multivibrator. 10-kc points may 
be itzeatteti and marked between ad-
jacent 100-kc graduations on the dial. 

It is advisable to check against a 
standard-frequency source before be-
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Materials for frequency meter 

Capacitors: I-25 nut air trimmer; I-365 Itilt. 
single-section tuning capacitor; 1-50, 1-200 uni, 
midget mico or ceramic; 1—.001 uf, mica or 
ceramic; 1-1.0 uf. 200 volts, matalized paper. 
Miscellaneous: 2--CK772 transistors* 1—CK705 ger-
manium diode: 1—s.p.s.t, toggle switch; 2—resistors 

(see test): 1-3:1 interstage of, transformer ( U.T.C. 
type 50-2 or equivalent); I—J. W. Miller broad-
cast antenna coil type 20A; 1—miniature 15-volt 
battery ( Burgess 010 or equivalent); I—aluminum 
utility box 7:5 x 3 inches; 1—insulated open-circuit 
phone jock; 1-2 x 2,b-inch terminal board with 
10 posts ( USECO or equivalent); I—tuning dial; 
hookup wire, hardware. 

ginning use of the heterodyne frequency 
meter at any subsequent time. A single 
spot check will suffice. A rapid method 
is to set the dial to 1000 kc ( 1 mc) and, 
with the 100-kc standard feeding into 
the SIGNAI. INPUT terminals, adjust 
trimmer (72, if necessary, to re-establish 
exact zero-beat. This compensates for 
any frequency shift due to transistor 
temperature characteristics or to bat-
tery variation. 

Application 
Always use high-resistance magnetic 

headphones ( minimum 2,000 ohms). 
Crystal phones will not work, because 
transistor V2 relies upon the d.c. path 

through the phones for its collector cur-
rent. When using a visual zero-beat 
indicator, such as an oscilloscope or 
meter, complete the d.c. collector path 
by connecting a 2,000-ohm resistor in 
parallel with the jack. 
When checking a transmitter ( and 

sonic oscillators), satisfactory coupling 
into the frequency meter is obtained 
by using 1 or 2 feet of stiff wire. 

Longer ones may cause interference on 
nearby broadcast receivers. Ordinarily, 
such interference is not created because 
of the low power output of the transis-
tor oscillator stage. 
Remember that a relatively low input 

impedance appears at the SIGNAL INPUT 
terminals. This is an important factor 
when the frequency meter is used to 
calibrate an r.f. oscillator or signal gen-
erator connected to those terminals. 
Usually, the only mischief is the re-
quirement of a stiffer signal from the 
oscillator under test. But the situation 
is not much worse than feeding a signal 
generator into the antenna coil of a 
receiver. END 

Transistor Timer 
(Continued from page 46) 

on for a specific short interval ( as 
when warming solutions). Where a 
heating element or other piece of 
equipment requiring large current is 
used, care must be taken that the 
maximum current rating of the relay 
contacts is not exceeded. 

Still another application is in con-
trolling a tape machine or record 
player so that a specific commercial 
message may be delivered when the 
"Reset" button is pressed. A typical 
example would be in the display room 
of a convention or show. When a 
passerby presses the button, a tape 
playback machine operates for a spe-
cific period of time, giving any desired 
message or "sales talk." 
A similar application is in the oper-

ation of mechanical displays. 
THe reader can undoubtedly list 

many other possible applications of 
the timer. Then, too, once the builder 
has had a chance to experiment with 
the completed unit, other possibilities 
will occur to him. 
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Transistor Phase Inverter 
(Continued from page 24) 

phase inverter will handle is ten volts 
peak, which is sufficient for push-pull 
6V6 tubes in class A operation. The 
minimum signal level is determined by 
the noise factor of the transistor. The 
transistor phase inverter may be ex-
cessively noisy, if used directly from a 
low-output microphone; a minimum 
signal level of —40 db should be ob-
tained, by a vacuum-tube stage, if nec-
essary, for good performance. 
For good frequency response the 

phase inverter should be used with 
high-impedance . input and output cir-
cuits, and the shunt capacity should be 
kept low. Short, direct wiring to other 
stages should be used. If the phase in-
verter must be used with an input cir-
cuit or output circuit of low imped-
ance, the input or output coupling con-
densers may be increased, if it is de-
sired to improve the low-frequency re-
sponse. 
A voltmeter of 20,000 ohms-per-volt 

or better, or a v.t.v.m. should be used 
in measuring the voltages. The base 

voltage, measured at the junction of 
R. and R, is ± 70 volts above ground. 
Emitter voltage, at the junction nf R. 
and C. is -I- 72 volts. Collector voltage, 
at the junction of R,, and C, is 18 
volts. 

R,C, form a decoupling and voltage-
dropping network to supply + 90 volts 
at the junction of R. and C.. The input 
signal is fed through C, to the tran-
sistor base at the junction of bias re-
sistors R. and R,. The emitter current 
flowing through load resistor R. devel-
ops the in-phase output voltage, which 
is coupled through the blocking-con-
denser C. to one grid G.. Collector cur-
rent flowing through R. gives the 
phase-reversed output, which is cou-
pled through blocking condenser C, to 
the other grid, G5, of the push-pull 
stage. 

It would appear that the transistor 
will find increasing use as a phase in-
verter in audio amplifiers of the push-
pull class, provided that transistors 
are available at a price competitive 
with the triode. 
When this happy day dawns, we can 

expect to see not only smaller and 
more compact amplifiers but units of 
unparalleled reliability. 

Photocell Relay 
(continued from page 42) 

source may be arranged to fall across 
a doorway so that anyone entering the 
room interrupts the light beam. This, 
in turn, may cause a chime, doorbell, 
or buzzer to sound. Such an arrange-
ment is particularly useful for small 
stores, small offices. etc. 

Door Opener: The photocell relay 
may be arranged in a garage so that 
light striking the unit from an auto's 
headlights acts to operate a door-
opening motor. In this application, 
the long tube (see Fig. 3) should be 
used to prevent operation due to ex-
traneous light from passing cars, 
street lamps, etc. 

Counter: A light source may be ar-
ranged to fall across a hall or area-
way so that anyone passing interrupts 
the light beam. An electromechan-
ical counter can be used to keep a 
record of the number of persons pass-
ing a given spot in a day or for any 
other period of time. 

Light Switch: The photocell relay 
may be arranged so that daylight falls 
on it, and connected so that when the 
light level falls, due to clouds or the 
approach of evening, room lights are 
automatically switched on. 
Smoke Alarm: If the light source 

and photocell relay are arranged 
across the top of a room, smoke from 
a beginning fire will interrupt the 
beam and operate the unit. An alarm 
signal could be sounded if such an 
arrangement seems desirable. 

The Transistor DC Amplifier 
(Continued from page 21) 

Such d.c. amplifiers working from 
low impedance thermal and mechani-
cal transducers and not requiring the 
electrometer input stage will undoubt-
edly pose rather severe problems in 
relation to temperature drift at the 
input transistors—the severity of the 
problem varying according to the 
over-all gain required and the. maxi-
mum drift that can be tolerated. In 
applications where these requirements 
are particularly stringent, the most 
careful attention to the complete 
thermal circuit associated with the 
input stage will be necessary. In those 
extreme cases where temperature con-
trol appears to be unavoidable, the 
separate transistor amplifier associat-
ed with such a control would be a rel-
atively simple and straightforwed 
affair since, as already remarked, a 
transistor amplifier intended to am-
plify a temperature signal is much 
easier to design, circuit wise, and 
construct than one which must pro-
duce nearly zero output for the same 
kind of signal. 
The long-term stability of the tem-

perature characteristics of junction 
transistors has yet to be determined. 
Howevei, to judge by our present 
knowledge of this subject. it appears 
likely that the "zero adjust" control 

commonly found in d.c. amplifiers 
need have no greater ( and quite pos-
sibly less) range in a transistor ampli-
fier than in the vacuum-tube instru-
ment it replaces. 
To those who have not yet touched 

transistors, the meter amplifier de-
scribed earlier in this article may be 
recommended as a relatively painless 
introduction; while the design engi-
neer, steeped in the lore of his own par-
ticular specialty—whether it be micro-
waves, radar, pulse modulation, or 
computers—should not have too much 
difficulty in mastering the intricacies 
of the circuit illustrated in the dia-
gram of Fig. 3. 

Transistor Metronome 
(Continued from page 82) 

curately calibrated. The "Transistor 
Metronome" is adjusted until it is in 
step with known settings of the other 
instrument, and the settings of R. so 
marked. 

Finally, for higher repttition rates, 
the output of the "Transistor Metro-
nome" and that of an audio signal 
generator may be connected to an os-
cilloscope and the calibration points 
obtained by means of Lissajous fig-
ures. The figures obtained will be dis-
torted, since a pulse is obtained from 
the metronome, but the operator 
should have little or no difficulty in 
distinguishing 1:1 ratios. 

Applications 
Although the "obvious" use of the 

"Transistor Metronome" is in music, 
there are numerous other applications, 
depending on the individual needs and 
requirements of the operator, and 
upon his ingenuity in adapting the in-
strument to his use. 
One application, for example, is in 

the photographic darkroom, where the 
metronome may be used to audibly 
"tick" off seconds for timing printers, 
enlargers, and chemical processes. In 
this application, a "switch" type unit 
adjusted to deliver either 1-second or 
5-second "ticks" would be valuable. 

Still another application is in timing 
mechanical processes or work move-
ments where the eye cannot be trans-
ferred to a stop watch or, similarly, in 
timing chemical or biological proc-
esses. Since the unit is battery operat-
ed, it is especially valuable in these 
applications, and can be easily carried 
to the job—even outdoors. 
Battery operation of transistors also 

offers the advantage of virtually zero 
"warm-up" time. Simply turn the unit 
"on," and it starts working. 
Another application is in marking 

time for physical exercises. Here 
again, the ease of obtaining extremely 
slow beats (one for every several sec-
onds) gives advantages over other 
units. 
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Junction Transistors For High 

Frequency Oscillators 
(Continued from page 29) 

resistance to 40,000 ohms dropped the 
frequency to 700 kc. The lower base 
resistance also increased current input 
from 50 pa to 000 pa from the 1.5-volt 
battery. 

Battery voltage affects frequency to 
a great extent. The following table il-
lustrates this. The tank was a slug-
tuned pair of coils wound over the 
same half-inch core. The collector 
winding had about 75 turns No. 28 
enamelled wire and the base winding 
about 30. Each was close-wound with 
7 turns per layer. The coils were about 
1X3 inch apart. 

Voltage Frequency Current 
1.5 700 kc 50 pa 
3.0 770 kc 120 pa 
4.5 800 kc 200 pa 

10.0 830 kc 650 pa 
The frequency control can be oper-

ated at a distance. For example, I used 
a remote 100,000-ohm potentiometer 
across a battery ( Fig. 3). A .01-pf ca-
pacitor bypassed the leads where they 
connect to the oscillator itself. Thus the 
remote network ( potentiometer and bat-
tery) are bypassed. Of course, the pow-
er increases as we raise the frequency. 
If the circuit is to be used as a fre-
quency modulator its output may be 
fed into a limiter to keep the power 
coristant. 

Frequency may also be controlled by 
a resistance in series with the battery. 
A 1,000-ohm resistor shifted frequency 
from 610 to 600 kc. This method is not 
suitable for remote control. It seems 
that the capacitance between leads can-
cels out some of the resistive effect. Un-
less the resistor is right at the circuit, 
much of its effect is lost through this 
capacitance. 
The combination of an active transis-

tor high-voltage supply ( 4.5 or more) 
and a high base resistor gives rise to 
an unusual effect. The circuit goes into 
multiple oscillations like a superregen-
erator or multivibrator. The output is 
composed of a strong carrier ( at the 
frequency of the tank coil) and numer-
ous sidebands. These frequencies may 
be spaced by about 3 kc or less. Thus, 
as the band is tuned, one signal comes 
in just as the next is leaving, so there 
is a more or less continuous signal. 
With a certain adjustment here, we ob-
tained the carrier at 800 kc. The side-
bands occupied a width of about 200 
kc on either side. 

Of course the multiple signal appears 
on the short-wave bands as harmonics. 
Thus we hear a maximum signal at 1.6 
mc, 2.4 mc, etc. In each case the noise 
signal is maximum near these frequen-
cies but drops off to zero on either side. 
For a good noise signal, adjust the cir-
cuit so that the individual side f re-
quencies merge or blend to become con-
tinuous. Such a noise is fine for align-
ment or adjustment of a receiver, and 
for many test purposes. END 

Guitar Amplifier 
(Continued from page 18) 

Because battery life is long, due to 
the small current requirements of 
transistors, the author soldered lead 
connections directly to the battery ter-
minals. Some builders might prefer 
to provide a simple socket, however, 
so that the battery could be easily re-
moved and replaced without using a 
soldering iron. 
No attempt was made to obtain 

either maximum gain, maximum over-
all frequency response, minimum dis-
tortion, or maximum power output in 
the model assembled by the author 
but, rather, parts values were chosen 
experimentally to give a good com-
promise between these factors con-
sistent with the characteristics of the 
transformers and speaker employed. 
Because of this, the builder may ex-
ercise wide latitude of judgement in 
making circuit modifications to obtain 
especially desired characteristics. 
For example, the 10 pfd. coupling con-

densers used in the model (C., C.., C., 
and C.) were chosen because of ready 
availability. Much smaller coupling 
condensers will do as well, and values 
as low as 4 pfd. or even 2 pfd. may be 
used without changing the low fre-
quency response appreciably. 
The low frequency response of the 

model is limited primarily by the low 
frequency response of the miniature 
interstage transformers employed ( 7',. 
T., and 7',) rather than by the size of 
the coupling condensers. This does 
not indicate that the transformers are 
of poor quality. The small transform-
ers used are of excellent quality, but 
are simply not designed as "hi-fi" 
transformers. Their small size pre-
cludes using enough iron in their 
cores to insure good low frequency 
response. 
Should the builder have, or be able 

to obtain, proper interstage trans-
formers having a wider frequency re-
sponse, he should not hesitate to use 
them. 
The builder may also find it worth-

while to experiment somewhat with 
the sizes of those resistors affecting 
"bias" current and hence individual 
stage characteristics (R2. R., R., R,). 
The following technique may be used: 

(a) Connect an 0-10 milliammeter 
in the collector circuit of the stage 
to be checked. 

(b) Connect the "Vert. Input" ter-
minals of an oscilloscope to observe 
the signal appearing across the out-
put load of the stage (generally the 
primary or secondary winding of a 
transformer). 

(c) Connect a variable resistor or a 
resistance substitution box in place of 
the "base return" rèsistor. 

(d) Connect an audio sine-wave 
generator to supply a signal to the 
stage being checked. When connect-
ing the generator, use a blocking con-
denser if necessary to avoid a change 
in the d.c. value of the input circuit. 

Whether or not a blocking condenser 
will be required will depend on the 
output circuit of the generator. 

(e) Applying a sine-wave signal to 
the stage, and observing the output 
signal on the scope, adjust the value 
of the "base return" resistor for the 
desired characteristic — maximum 
gain, minimum distortion, etc. When 
making gain checks, be sure to keep 
the input signal level constant. When 
checking distortion, be sure the input 
is not overloaded. 

(f) Do not use any value of "base 
return" resistor that permits more 
than maximum collector current to 
flow (5 ma. for the CK721 and CK-
722). 
A number of possible parts substi-

tutions have already been mentioned 
but several others are possible. Let 
us review a few of these. 
The Mallory type 302424 transistor 

power supply battery may well be 
substituted for the battery specified 
in the parts list. This is a long-life 
6.7 volt mercury cell unit. 
A larger speaker might well be 

used instead of the 6" PM speaker 
used by the author. If a larger speak-
er is employed, it will be necessary to 
use a larger case, of course. 

If the builder prefers, any other 
type of cabinet might be substituted 
for the wall speaker baffle. A stand-
ard speaker cabinet, an old receiver 
cabinet, or even a small "overnight" 
case might well be used. 
The rotary power switch may be 

left out and a control type switch 
mounted on either the "Gain" or 
"Tone" control used instead. 
As mentioned previously, the guitar 

amplifier ts not powerful enough to 
be used as a substitute for a standard 
vacuum-tube amplifier. Rather, it is 
designed primarily to supplement the 
guitar in small gatherings and in the 
home. 
When used in this application, it 

gives good results, and even permits 
the guitarist to achieve some interest-
ing musical effects by adjusting the 
tone control. 

In addition, the guitar amplifier has 
sufficient over-all gain to permit its 
use with a standard crystal micro-
phone, provided thé "mike" is not held 
too far from the mouth of the 
speaker, that is, provided a reasonably 
strong output signal is obtained from 
the "mike" Used in this application, 
it permits the technician to perform 
a number of interesting experiments. 

Still another application of the 
guitar amplifier is to provide loud-
speaker output from a crystal or 
trarísistor receiver ( a resistive load is 
connected in place of the usual mag-
netic headphones, and the audio sig-
nal appearing across this resistor 
connected to the input of the arne 
plifier). 
Even where the amplifier is not 

assembled for a specific application, 
it makes an excellent construction 
project for the student, technician, or 
engineer desiring greater familiarity 
with transistor circuits. 
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Transistorized Geiger Counter 
(Continued from page 99) 

many batteries is to use a single bat-
tery to charge two capacitors in paral-
lel. If the capacitors are then con-
nected in series with each other and 
with the battery, you have a high-volt-
age source which decays slightly each 
time the G-M tube draws current. The 
larger the capacitance, the longer the 
unit operates between recharges. The 
capacitors and the battery can be con-
nected to a 4-pole, 2-throw, nonshorting 
switch as shown in Fig. 5, giving the 
equivalent of a 900-volt battery from 
only a 300-volt battery and two capaci-
tors. One switch position is used for 
charging the capacitors, and the other 
is for operation. Of course, the 
switches must be capable of withstand-
ing the voltages placed on them. 
High voltage can be obtained from 

the low-voltage transistor battery by 
using a vibrator, a step-up transformer, 
and a rectifier. 

(Note that 900 volts—especially 
from batteries—can be dangerous. Be 
careful !— Editor) 
A transistor oscillator can be used 

instead of the vibrator; full details on 
such a unit are given by G. W. Bryan' 
in en article in the Proceedings of the 
I.R.E., November, 1952. A high-voltage 
power supply of this type is manufac-
tured by Technical Operations, Inc., 
Arlington, Mass. 
The CK1026 tube can be mounted in 

a 7-pin miniature tube socket by push-
ing the center wire through the hole in 
4h^ ^enter of the socket. A tall tube 
shield ( such as for the 6AQ5) holds the 
G-M tube in the socket. ( Drill holes 
in shield to pass radiation.) A strip 
of spring copper can be fitted inside the 
shield to connect the shield (and thus 
the chassis) to the outside of the tube 
envelope, the negative connection for 
the tube. The negative side of the high-
voltage source is also connected to 
chassis, thus completing the high-volt-
age circuit. Provide insulation be-
tween chassis and the headphones and 
transistor adequate for 900 volts, or 
else connect the positive side of the 
high voltage to chassis and insulate the 
negative connection of the G-M tube 
from chassis. 

When soldering the transistor into 
the circuit, hold the lead with pliers 
between the transistor and the solder-
ing iron to prevent damaging the tran-
sistor by excessive heat from the iron. 

The headphones used in the authors 
unit were 2,000 ohms impedance. Bet-
ter results can probably be obtained 
with 20,000-ohm headphones if they are 
available. If the utmost in portability 
is desired, a hearing-aid earphone can 
be used instead of the larger head-
phones shown in the photograph. END 

AM Test Oscillator 
(Continued from page 62) I 

TUNING 

C3 

52 

53 

TRINUERS(4) OUTPUT JACK TUNING COILe 

\ C4 C2. Li" 

RFC 

Parts layout— 
top side of 

chassis. 

CHASSIS GROUND LEAD HOLES FOR MOUNT-
ING ON Si 

CI 

does not have to be particularly precise. 
Drift is very small. There is some 

drift when the oscillator is first turned 
on, but it takes only about a minute to 
stabilize. Compared to the 15 or more 
minutes warm-up for a vacuum-tube 
oscillator, this is very good. The large 
amount of tuning capacitance used at 
455 kc lowers the tuned circuit imped-
ance and gives the greatest stability. 
The oscillator is simple to use. Sup-

pose we want to check the audio stages 
of a receiver. Plug a short length of 
stiff wire or test-lead into the output 
jack and place S2 at MOD. Whenever the 
oscillator is in that position the audio 
test signal is available at the jack since 
C5 is large enough to pass both audio 
and r.f. In other words, both the modu-
lated r.f. and audio are available at the 
same time. 
The wire or probe can now be touched 

to various points of the audio circuit 
and the test signal should be heard. For 
example, if the signal disappears on one 
side of a coupling capacitor and is pres-
ent on the other side, the capacitor is 
obviously open. If by signal injection 
one of the stages is shown to be inopera-
tive, a voltage check usually locates 
the trouble. Essentially the same pro-
cedure is followed in servicing r.f. 
stages by signal injection. 

Under-chassis 
view of test 

oscillator. 

MIN US 
BATTERY 
LEAD 

A strong inductive field is t.reated 
around the test oscillator by the Ferri-
Loopstick. Receivers with loop antennas 
are very sensitive to this field and can 
pick up the oscillator many feet away, 
even though it has no probe or antenna 
plugged into the output jack. As the 
oscillator is slowly rotated in one hand, 
the signal strength from the inductive 
coupling to the loop-antenna will change 
tremendously. In some positions a com-
plete null will be reached and In others 
the signal will be terrific. A 455-kc sig-
nal can be fed into some i.f. transform-
ers this way. 

Parts list for AM test oscillator 
Resistors: 1-8,200, 1-22,000, 1-100,000 ohms, 1/2 
watt. 
Capacitors: 1-300 pstf, 1-350 µpi, mica; 1-750 
µµf, ceramic; 3—.01 pp.f, 200 volts, paper 3-4-80 
µW. I-45-380 µpi, trimmer; 2-25 pf, 3 volts, elec-
trolytic 
Miscall • I CK722 fraosistor; 1-5-pin sub-
miniature tube socket; I—Ferri-Loopstick; 1-1-mh 
r.f. choke; 1-22.5-rolt battery; I—Centralab switch, 
PAI002; 1—s.p.d.t. slide switch; I—aluminum case, 
11/2 lc 21/4 s 31/4  inches; I—knob; I—insulating board; 
I—output jack. 

There are other uses for the oscilla-
tor. You can make a wireless code-
practice oscillator out of the test unit 
by substituting a telegraph key for S2 
and reducing the value of C3 for a 
sharp practice tone. END 

106 



RAYTHEON TECHNICAL INFORMATION 

The CK722 is a PNP ¡ unction transistor intended primarily for use in audio or low rodio frequency 

applications. The tinned flexible leads may be soldered or welded directly to the terminals of 

circuit components without the use of sockets. Standard inline subminiature sockets may be used by 

cutting the leads to a suitable length. 

MECHANICAL DATA 

CASE: Plastic and Glass 

BASE: None ( 0.016" tinned flexible leads. Length: 1.5" min. 
Spacing: 0.08" center.to-center) 

TERMINAL CONNECTIONS: (Red Dot is adjacent to Lead 1) 

Lead 1 Collector 
Lead 2 Base 
Lead 3 Emitter 

MOUNTING POSITION: Any 

ELECTRICAL DATA 

RATINGS - ABSOLUTE MAXIMUM VALUES:  

Collector Voltage (9c ) 
Peak Collector Voltage ( Vc ) 9 
Collector Current 
Collector Dissipation * 
Emitter Current 
Ambient Temperature 

AVERAGE CHARACTERISTICS:  

Collector Voltage 
Emitter Current 
Collector Resistance 
Bose Resistance 
Emitter Resistance 
Base Current Amplification Factor 
Cut-off Current ( approx. ) 
Noise Factor ( max. )• 

AVERAGE CHARACTERISTICS- COMMON EMITTER:  

Collector Voltage -1.5 
Emitter Current 0.5 
Input Resistance 1400 
Load Resistance 20000 
Power Gain ( Matched Input) 37 

AVERAGE CHARACTERISTICS COMMON COLLECTOR: ( at 27 °C) 

Collector Voltage 
Emitter Current 
Input Resistance à 
Load Resistance 
Power Gain ( Matched Input ) 

AVERAGE CHARACTERISTICS - COMMON BASE:  

Collector Voltage 
Emitter Current 
Input Resistance 
Load Resistance 
Power Gain( Matched Input) 

(1) 

(at 27 °C) 

(at 27 °C) 

(at 27 °C) 

-22 volts 
- 44 volts 
-10 ma. 

10 ma. 
70 ° C 

-6 volts 
1.0 ma. 
2.0 meg. 
350 ohms 
25 ohms 
22 
6 ua. 

25 db. 

•6 volts 
1.0 ma. 
800 ohms 

20000 ohms 
39 db. 

-6 volts 
1.0 ma. 

0.35 meg. 
20000 ohms 

13 db. 

.6 volts 
1.0 ma. 
50 ohms 

20000 ohms 
32 db. 

GERMANIUM 
TRANSISTOR 

h0.29"i Tax* 

0.24" 
max. 

3 2 1 

o 
fl 

Red Dot 

11 This is the maximum operating or storage temperature recommended. 

• *Measured 'under conditions for grounded emitter operation at Vcb= - 2.5 volts for a 1 cycle bandwidth at 1000 cycles. 

• Higher input impedances, without appreciable loss in gain, can be achieved by operating at lowered collector current. 

* This is a function of maximum ambient temperature ( TA) expected. It is approximately equal to 4 (20 °C- TA) milliwarts. 

f Collector voltage Vce at which lc rises to 2 ma. in common emitter circuit with base lead connected directly to emitter lead. 
Ambient Temperature= 25° C. 

19 in circuits stabilized for lc or le and which do not have critical distortion requirements, absolute maximum peak voltage is. 
75 volts. 

Tentative Data 
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TYPICAL CHARACTERISTICS AS 
A FUNCTION OF JUNCTION TEMPERATURE 
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GERMANIUM TRANSISTOR 

GROUNDED BASE 

Typical Collector Characteristics 
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I Typical Collector Characteristics 
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RAYTHEON TECHNICAL INFORMATION 

CCLLeJLCC _L. 

The CK721 is o PNP junction transistor intended primarily for use in audio or low rodio frequency 

applications. The tinned flexible leads may be soldered or welded directly to the terminals of circuit 

components without the use of sockets. Standard inline subminiature sockets may be used by cutting 

the leads to a suitable length. 

MECHANICAL DATA 

CASE : Plastic and Glass 

BASE : None ( 0.016" tinned flexible leads. Length: 1.5" min. 
Spacing : 0.08" center - to- center ) 

TERMINAL CONNECTIONS: (Red Dot is adjacent to Lead I ) 

Lead 1 Collector 
Lead 2 Base 
Lead 3 Emitter 

MOUNTING POSITION: Any 

EL ECTRICAL DATA 

RATINGS - ABSOLUTE MAXIMUM VALUES:  

Collector Voltage (Qc ) -15 volts 
Peak Collector Voltage ( V c ) e -30 volts 
Collector Curent -10 ma. 
Collector Dissipation * 
Emitter Current 10 ma. 
Ambient Temperature• 70 °C 

AVERAGE CHARACTERISTICS: (at 27 °C) 

Collector Voltage - 6 volts 
Emitter Current 1.0 ma. 
Collector Resistance 2.0 meg. 
Base Resistance 700 ohms 
Emitter Resistance 25 ohms 
Base Current Amplification Factor 45 
Cut-off Current ( approx.) 6 µa. 
Noise Factor ( max.) • 22 db 

AVERAGE CHARACTERISTICS COMMON EMITTER: ( at 27 °C) 

Collector Voltage -1.5 -6 volts 
Emitter Current 0.5 1.0 ma. 
Input Resistance 2400 1500 ohms 
Load Resistance 20,000 20,000 ohms 
Power Gain ( Matched Input ) 39 41 db 

AVERAGE CHARACTERISTICS - COMMON COLLECTOR: ( at 27 °C) 

Collector Voltage -6 volts 
Emitter Current 1.0 ma. 
Input Resistance à 0.6 meg. 
Load Resistance 20,000 ohms 
Power Gain ( Matched Inpu t ) 15 db 

AVERAGE CHARACTERISTICS - COMMON BASE:  ( at 27 °C) 

Collector Voltage • 6 volts 
Emitter Current 1.0 ma. 
Input Resistance 70 ohms 
Load Resistance 0.1 meg. 
Power Gain ( Matched Input) 31 db. 

• This is the maximum operating or storage temperature recommended. 

• Measured under conditions for grounded emitter operation at Vcb = - 2.5 volts for a 1 cycle bandwidth at 1000 cycles. 

• Higher input impedances, without appreciable loss in gain, can be achieved by operating at lowered collector current. 

* This is a function of maximum ambient temperature ( T A) expected. It is approximately equal to 4(70 ° C- TA ) milliwatts. 

I In circuits stabilized for i or le and which do not have critical distortion requirements, absolute maximum peak voltage is 
60 volts. 

ED Collector voltage Vce at which I rises to 2 ma. in common emitter circuit with base lead connected directly to emitter 
lead. Ambient temperature = 25 C. 

GERMANIUM 
TRANSISTOR 

h 0.29" 
Max. 

3 2 1 

0.24" 
max. 

Red Dot 
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TECHNICAL INFORMATION 

The CK727 is a PNP junction transistor intended for use in low level audio applications where low 

noise factor is of prime importance. The tinned flexible leads may be soldered or welded directly 

to the terminals of circuit components without the use of sockets. Standard inline subminiature 

sockets may be used by cutting the leads to a suitable length. 

MECHANICAL DATA 

CASE : Plastic and Glass 

BASE : None ( 0.016" tinned flexible leads. Length: 1.5" min. 
Spacing: 0.08" center- to- center) 

TERMINAL CONNECTIONS: (Red Dot is adjacent to lead 1) 

Lead 1 Collector 
Lead 2 Base 
Lead 3 Emitter 

WEIGHT: 0.025 ounces 

MOUNTING POSITION: Any 

ELECTRICAL DATA 

RATINGS - ABSOLUTE MAXIMUM VALUES:  

Collector Voltage -6 volts 
Collector Current -10 ma. 
Collector Dissipation * 
Emitter Current 10 ma. 
Ambient Temperature 70 ° C 

CHARACTERISTICS: ( at 27 °C) 

Collector Voltage -1.5 volts 
Collector Current -0.5 ma. 
Current Amplification Factor ( min.) 25 
Collector Resistance ( min.) 1.0 meg. 
Collector Cutoff Current ( max.) a 12 ¡to. 
Noise Factor ( max.) • à 12 db 

AVERAGE CHARACTERISTICS - COMMON EMITTER CIRCUIT: ( at 27 °C) 

Collector Voltage - 1.5 volts 
Collector Current -0.5 ma. 
Generator Resistance 1000 ohms 
Load Resistance 20,000 ohms 
Gain 36 db 
Noise Factor • 10 db 

AVERAGE CHAR/. ,: iERISTICS • COMMON BASE CIRCUIT: ( at 27 °C ) 

Collector Voltage -1.5 volts 
Collector Current - 0.5 ma. 
Generator Resistance 100 ohms 
Load Resistance 0.2 meg. 
Gain 28 db 
Noise Factor • 10 db 

AVERAGE CHARACTERISTICS • COMMON COLLECTOR CIRCUIT: ( at 27 °C) 

Collector Voltage -1.5 volts 
Collector Current - 0.5 ma. 
Generator Resistance 0.1 meg. 
Load Resistance 10,000 ohms 
Gain 14 db 
Noise Factor • 25 db 

GERMANIUM 
TRANSISTOR 

Max. 

3 2 

0.24" 
max. 

o 

Red Dot 

MI With zero emitter current in grounded base connection. 

• In a one- cycle bandwidth at 1000 cycles. 

• Measured under conditions described in ' Common Emitter Circuit'. 

* This is a function of maximum ambient temperature ( TA) expected. It is approximately equal to 4 (70 ° C. TA ) milliwatts. 

Tentative Data 
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RAYTHEON GERMANIUM PNP JUNCTION TRANSISTORS 

CHARACTERISTICS MEASURED AT 27°C 

TYPE Typical 
A Application 

Collector 

Voltage 

(volts) 

Emitter 

Current 

(ma) 

Average 

Collector 
. 

Rest. m 

(megohms) 

Average 

Base 

Resist. 

(ohms) 

Average 

Emitter 

Resist. 

(ohms) 

Average 
Base 

Current 
Ampl. 
Factor 

Average 

Cut-off 

Current 

(Approx.) 

(Fa) 

Max. 

Noise 

Factor 

(d1))t 

Alpha 

Cutoff 

(vIc) 

,s,n , 
i I rr 

*2N63 
A MAPF1-.IRFFI ER 6 1.0 2.0 350 25 22 6 25 0.6 *2N63 

*2N64 AMAPFilRFFI ER - 6 1.0 2.0 700 25 45 6 22 0.8 *2Nb4 

*2N65 AMAPFilRFFI ER - 6 1.0 2.0 1500 25 90 6 20 1.2 *2N65 

*2N106 
LOW NOISE AF 

AMPLIFIER - 2.5 0.5 1.0 700 50 25 6 12 0.8 *2N106 

*2N112 (CK760) 
HI Omf ip L IFFRI EEC:. 6 1.0 75 25 40 1.0 5 *2N112 (CK760) 

*2N113 (CK761) 
HI ?AMP L IFFRIEECR). 6 1.0 75 25 45 1.0 10 *2N113 (CK761) 

*2N114 (CK762) HI GH  AMPLIFIERFREO. 6 1.0 75 25 65 1.0 20 *2N114 (CK762) 

2N130 AF-RF AMPLIFIER 6 1.0 2.0 350 25 22 6 25 0.6 2N130  

2N131 AF-RF AMPLIFIER 6 1.0 2.0 700 25 45 6 22 0.8 2N131 

2N132 
AF-RF 

AMPLIFIER 6 1.0 2.0 1500 25 90 6 20 1.2 2N132 

2N133 
LOW NOISE AF 

AMPLIFIER 2.5 0.5 1.0 700 50 25 6 12 0.8 2N133 

CK721 
AF-RF 

AMPLIFIER 6 1.0 2.0 700 25 45 6 22 0.8 CK721 

CK722 
AF-RF 

AMPLIFIER 6 1.0 2.0 350 25 22 6 25 0.6 CK722  

CK725 
AF-RF 

AMPLIFIER 6 1.0 2.0 1500 25 90 6 20 1.2 CK725 

CK727 
LOW NOISE AF 

AMPLIFIER - 2.5 0.5 1.0 700 50 25 6 10 0.8 CK727 

NOTES 

HERMETICALLY SEALED. 

t MEASURED UNDER CONDITIONS FOR GROUNDED EMITTER OPERATION AT Vci; = - 2.5 VOLTS 

FOR A 1 CYCLE BANDWIDTH AT 1000 CYCLES. 

 MECHANICAL DATA 

•2N63 
'2N64 
'2N65 
'2N106 
2N112 
'2N113 
'2N114 

•HERMETICALLY 
SEALED 

0.195" 
0.390'1 max. h 
max. 

EMITTER -I LCOLLECTOR 

Nominal 
Radius 

ç 0.200"_1 

(Batton' 0.140" 
0.070" max. 

2N130 
2N131 
2N132 
2N133 

1 Red Dot 1  
EMITTER L COLLECTOR 

BASE 

CK721 

CK722 

CK725 

CK727 

0.24" 
Max. 

Red Dot 

Adjacent 
to lead I 

EMITTER L COLLECTOR 
BASE 

BASE 



RAYTHEON POINT CONTACT GERMANIUM DIODES 
These diodes combine good transient response, low capacity and high frequency capa-
bilities with low cost and dependability. Ambient temperature range -50 to + 100°C. 

Type 

General Purpose 
Dimension 
Outline 

Peak 
Inverse 
Volts 

Average 
Rectified 
mA 

(max.) 

Peak 
Rectified 
.mA 
(max.) 

Maximum Inverse Currents Forward 
in j,A mA 

at - 5v at - I0v at - 50v at - 100v at + Iv 

I N66 (C K705) 
1N67 
IN68 (CK708) 
1N294 (CK705A) 
1N297 (CK707) 
1N298 (CK713A) 
CK801 
C K802 

A 
A 
A 
A 
A 
A 
A 
A 

60 
80 
100 
60 
80 
70 
60 
80 

50 
35 
35 
50 
35 
50 
50 
50 

150 
100 
100 
150 
100 
150 
150 
150 

5 

10 

50 

10 

800 
50 

800 
100 

2500% (max ) at - 40v. 
50 
100 

625 

(50°C) 

S. 
4. 
3. 
5. 
3.5 

30mA (min.) at + 2v. 
5. 
7.5 

VHF and UHF 
IN82A 
1N295 (CK706A 
CK7I5 

A 
A 

5 
40 
40 

50 
35 
35 

150 
125 
125 

UHF mixer It db max. noise - see data sheet for test circuit 
200 Video detector 
Special tests for VHF to UHF freq. multiplier 

Multiple Assemblies 
CK709 
CK711 
CK7I7 
CK719 

Four IN66 matched within 2.5% at + 1.5 and - 10 volts for bridge circuits 
Four IN67 matched from 0 to +3 volts. 30pa (max.) at - 50v. for bridge circuits 
Four IN66 matched within 2.5% at + 1.5 and - 10 volts for common anode circuits 
Four IN67 matched from 0 to +3 volts. 30j.ia (max.) at - 500 

RAYTHEON GOLD BONDED GERMANIUM DIODES 
This group of diodes features small s ze, high forward conduction, high back resistance, and good temperature characteristics. 
Becausejunction area is increased over that of point contact types, capacityis slightly higher, transient response slightlystower. 

Type 
Dimension 
Outline 

Peak 
Inverse 
Volts 
(max.) 

Average 
Rectified 
mA 

(max.) 

Peak 
Rectified 
mA 

(max.) 

Maximum Inverse Currents 
in mA 

at - I0v at - 20v at - 50v at - 100v 

Forward 
mA 

at 0.8v at 1.0v 

Ambient 
Temperature 

Range 
°C 

1N305 (CK739) 
1N306 (CK740) 
1N307 (CK742) 
1N308 (CK74I) 
1N309 (CK747) 
IN310 (CK745) 
114312 (CK748) 
1N313 (CK749) 

D 
D 
D 
A 
A 
A 
A 
A 

60 
15 

125 
10 
40 
125 
60 
125 

125 
150 
50 

100 
100 
40 
70 
40 

300 
300 
300 
350 
300 
100 
250 
100 

2.0 
2.0 
5.0 20 

5001A at - 8 volts 
100 
20 

10 
50 

20 

100 

50 

100 
100 

100 
300 
100 
15 
30 
15 _ 

-55 to + 70 
-55 to + 70 
-55 to + 70 
- 55 to +90 
- 55 to +90 
-55 to +90 
-55 to + 90 
-55 to +90 

Note: 1N305-6-7 have very high back to forward ratio, high back resistance, sharp Zener characteristic, average transient response 
IN308-13 have good transient response with good forward characteristics, high back resistance 

RAYTHEON BONDED SILICON DIODES 
Raytheon Bonded Silicon diodes provide high back resistance, a sharp Zener characteristic and fair tran-
sient response (large overshoot, fasit recovery) over an ambient temperature range of - 55 to + 150°C. 

Type 
Dimension 
Outline 

Peak 
Inverse 
Volts 

Average 
Rectified 
mA 

Peak 
Rectified 
mA 

Maximum Reverse Currents 
in j.A 

at - 5v at - I0V at Volts shown 

Forward 
mA 

at + Iv 

100°C 
Average 
Rectified 
mA 

Max. 
Reverse 
mA 

at - 10v 

1N300 (CK735) D 15 40 120 0.001 8 15 0.01 
1N301 (C14136) D 70 35 110 0.01 0.05 at - 50 5 12 0.2 
114302 (CK737) D 225 25 80 0.01 0.2 at - 200 1 8 0.2 
1N303 (CK738) D 125 30 100 0.01 0.1 at - 100 3 10 0.2 
1N432 (CK856) D 40 40 120 0.005 10 20 0.05 
111433 (CK860) D 145 30 100 0.03 0.3 at -125 3 15 0.5 
114434 (CK861) D 180 30 100 0.05 0.5 at - 160 2 15 1.0 
1N438 (CK852•) D 7 100 200 10 50 50 

•8 volt Zener regulator Note: All ratings at 25°C unless otherwise Ind' ated. 

RAYTHEON SILICON POWER RECTIFIERS 
This new Raytheon silicon rectifier is the first to give high current rectifying capacity in extremely small volume. The 
rectifiers operate to I75°C, to 200 volts peak and to over 99% efficiency. Back to forward resistance ratio is over 100,000. 

Type Dimension 
Outline 

Maximum Voltage 
RMS Volts Peak Volts 

Maximum Current 
Peak Ave. 3 ge 

Amperes Amperes 

Typical 
Dissipation 

Watts 

CK775 E Case Temp. 30°C• 40 
Case Temp. 170°C• 40 

No Heat Radiator 
Ambient Temp. 25°C 40 
Ambient Temp. 170°C 40 

60 
60 

60 
60 

50 
15 

6 
2.0 

15 
5 

2.0 
0.5 

40 
10 

3.0 
0.5 

CK776 E Case Temp. 30°C• 125 
Case Temp. 170°C• 125 

No Heat Radiator 
Ambient Temp. 25°C 125 
Ambient Temp. 170°C 125 

200 
200 

200 
200 

50 
15 

6 
2.0 

15 
5 

2.0 
0.5 

40 
10 

3.0 
0.5 

*maintained by external heat radiator 

ADDITIONAL RATINGS (25°C) 
Both CK775 and CK776 have maximum drop at 5 amperes of 1.5 volts 

C1(225 has maximum reverse current at - 60 volts of 25 mA 
CK776 has maximum reverse current at - 200 volts of 25 mA 
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