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editorial. . . 

TECHNICAL MANPOWER 

by John E. Remich 

Manager, Technical Department 

In recent months a number of articles have appeared in 

newspapers and technical magazines disclosing some alarm-

ing facts concerning technical manpower. All of these arti-

cles, written by experts on the subject, reveal that the U.S.A. 

is not replenishing its technical manpower reservoir in 

keeping with present day needs. In fact, with increased 

technical manpower requirements, the rate at which men 

are being trained for technical positions is less than half 

that of five years ago. The present situation will no doubt 

surprise many people, in view of the fact that the technical 

supremacy of America has always been taken for granted. 

In the past, America not only has had greater numbers of 

technically trained people but also has had people of 

superior skill. 

The TechRep Field Engineer, in his role of training 

specialist for on-the-job and formal training, is a key man 

in the solution of the technical manpower shortage, espe-

cially since new developments in training courses and 

techniques make his efforts more effective than ever before. 

We are confident every TechRep Field Engineer will realize 

the urgency of the training mission and will redouble his 

efforts to increase the quantity and skill level of electronics 

personnel. 
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NOISE 

by Murray Elson 

PhiIco Field Engineer 

A discussion of communication circuit noise, and how 
it can be measured. 

NOISE IS ALWAYS PRESENT in all cir-
cuits. The degree to which noise exists 
determines the grade of the circuit. It is 
frequently required that the field en-
gineer reduce or abate the noise which 
exists within the metallic or carrier por-
tions of a radiotelephone system, to im-
prove the performance of the circuit. 

It is the intent of this article to pre-
sent a readily available method and a 
measurement technique that may be 
used by a field engineer to evaluate the 
condition of an individual circuit. 

The following definitions are offered 
for consideration: 

1. Noise. That group of undesirable 
random voltages, either generated 
within a communications system, 
or received from an outside 
source. 

2. Signal. The desired intelligence, 
message, or effect conveyed by the 
electronic circuit. 

3. RN. The term RN (reference 
noise) is used as the reference for 
noise voltages and is taken to be 
—90 dbm (1 micromicrowatt). 

During the normal course of events, 
the 'field engineer is often forced to face 
the fact that a specific circuit is not per-
forming well. In the search for an an-
swer to the problem, the field engineer 
is led into the consideration of circuit 
noise as the discrepancy within the cir-
cuit. Procedures from that point vary 
almost as widely as the number of field 
engineers. 

Attention is invited to the opening 
statement of this article, "Noise is al-
ways present in all circuits." Since this 
statement is obviously true, it is possible 
that the noise observed may be perfectly 
normal to the circuit under considera-
tion. The first problem facing the field 
engineer is to decide the degree or level 
of the noise in relationship to the known 
effects of noise. 

It is rather obvious that, with the 
presence of both noise and signal, the 
degree of interference by noise to the 
reception of the signal is the most im-
portant factor. Since the type of signal 
transmitted varies from circuit to cir-
cuit, or from time to time within the 
same circuit, while the noise remains 
substantially constant, the type of signal 
being used will limit the signal-to-noise 
ratio. This effect is illustrated in 
TABLE 1. 

The information listed in TABLE 1 
shows the following: in a c-w telegraph 
circuit, a minimum of 1 microvolt per 
meter will be necessary for satisfactory 
reception if the average noise level is 
6 db below the signal level; in a single-
sideband circuit, a signal of 5 microvolts 
per meter will be satisfactory il the 
average noise level is 20 db below the 
signal level. 

It then becomes a question of what 
"satisfactory" communications means. 
According to the various references 
quoted in the bibliography following 
this article, "satisfactory" communica-
tions is defined as those communications 
which progress in a normal manner and 
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TABLE 1* 

Minimum Field Strengths 
and 

Signal-to-Noise Ratio for Satisfactory Reception 

Class of Service 
Minimum Signal 
Field Strength 

(gv/m) 

Minimum Signal-
to-Noise Ratio 

(db) 

Manual C-W Telegraph (30 w.p.m.) ______ 
High-Speed Printer Telegraphy, 1-kc. Bandwidth 
Double-Sideband Telephony — 
Single-Sideband Telephony  ... 
Broadcasting (Standard) — — 

1 
2 
10 
5 

40 

6 
14 
26 
20 
40 

° From Radio Installations, W. E. Pannett, Chapman and Hall, Limited, publisher. 

are completely intelligible with no repe-
tition. It should be noted that if, in the 
case of double-sideband telephony, the 
noise level is raised so that only 15 db 
difference between the signal and noise 
exists, communications will not neces-
sarily be halted, but will be greatly 
impeded. The speed of communications 
will then drop. Many experiments in-
volving hundreds of listeners have estab-
lished the fact that, for ordinary speech, 
a noise level 6 db below that of the re-
ceived signal will render the circuit 
unusuable. Noise levels less than this 
value will allow service, but not neces-
sarily of good grade. It is estimated that 
an average value of 13 db for the signal-
to-noise ratio is approximately the mini-
mum figure that should be permitted as 
an engineering basis of design. 

The field engineer is faced with the 
problem of deciding what limits of noise 
will be tolerable in the circuit under 
examination. The writer suggests that 
the field engineer adopt the figure of 
56 db above RN (-34 dbm) as an 
acceptable figure. This figure is selected 
because the more commonly found test 
equipment will readily measure such a 
level. It is fully realized that this figure 
will not always be obtainable, but it has 
been the writer's experience that work-
ing toward it results in satisfactory 
improvements. 

Atmospheric noise is most difficult to 
reduce. Yet, with considered selection of 
frequencies, a fair amount of transmit-
ted power, and well-tuned directional 
antennas, the effects of atmospherics 
may be reduced to a minimum. The 
noise produced in the components of the 
system frequently exceeds the atmos-
pheric noise and, in all cases, this noise 
may be reduced to a satisfactory level. 
It is this noise, hum, and crosstalk that 
this article is primarily concerned with. 

A radiotelephone system which uti-
lizes transmitters and receivers remote 
from the operating site usually follows 
the plan indicated in figure 1. In such 
a system, there is opportunity for gen-
eration of noise, and for the appearance 
of hum and crosstalk, especially where 
several systems are in use. The field 
engineer must reduce or hold this noise 
to a minimum. 

The first step in reducing noise in a 
system is to find a satisfactory means of 
measuring the noise. The writer once 
had the experience of instituting pro-
cedures that he fondly hoped would im-
prove a circuit, with the embarrassing 
result that nearly a week's work was 
spent without producing any significant 
improvement. Without an accurate yard-
stick, it is almost impossible to effect 
circuit improvement. 
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Figure 1. Typical Radiotelephone System 

There are several instruments which 
will measure noise directly. In most 
cases, however, these instruments are 
inaccessible to the field engineer. Never-
theless, with a small amount of effort, 
adequate results may be obtained using 
a receiver, an audio oscillator, a pair of 
headphones (or speaker), and (most 
important) an oscilloscope. 

To illustrate the writer's method of 
measuring noise, the following proce-
dures are offered — due consideration 
will probably suggest many variations 
of these procedures to the field engineer. 

To check a transmitter system for 
noise, hum, and crosstalk, proceed as 
follows: 

1. Connect the receiver and oscillo-
scope as illustrated in figure 2, 
part A, and key the transmitter. 

2. Tune the receiver, with the b.f.o. 
and a.v.c. on, to the transmitter 
frequency. Use a short antenna 
which will not result in receiver 
blocking. 

3. Adjust the b.f.o. to produce about 
a 1-kc. beat note. 

4. Turn the a.v.c. off, and release the 
transmitter key. 

5. Turn the receiver audio and r-f 
gain controls to zero. Adjust the 
vertical gain of the oscilloscope to 
near maximum. 

6. Slowly increase the audio gain of 
the receiver until noise from the 
receiver begins to appear on the 
oscilloscope trace. Then decrease 
the audio gain until the noise 
barely disappears. 
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RECEIVER 

• 

VERY SHORT 
ANTENNA 

TRANSMITTER 

A 

MODULATOR 

SCOPE 

G 

SHIELDED 
CABLE 

AMPLIFIER 

SPEECH [INPUT CABLE 
REMOVED 

INPUT TERMINALS 
SHORTED AND 
GROUNDED 

Figure 2. Equipment Connection for Noise Determination 

7. Repeat step 6 using the r-f gain 
control of the receiver. 

8. Disconnect the speech input line 
as shown, place a short across the 
input terminals, and GROUND 
THE SHORT. 

9. Key the transmitter. 

10. Adjust the resulting trace on the 
oscilloscope for a convenient size. 
Adjust the sweep frequency of the 
oscilloscope until one or more sine 
waves appear on the screen. DO 
NOT ADJUST ANY CONTROL 
OF THE RECEIVER. 

Appearing on the face of the oscillo-
scope at this time will be the resultant 
signal from the receiver of the trans-
mitter output. If the receiver was care-
fully adjusted, any noise which now ap-
pears will be noise from the transmitter 
and/or modulator-amplifier. Since the 
amplitude of the resultant signal is 
determined by the transmitter power 
output, any noise appearing on the scope 

will be proportional to the signal-to-
noise ratio of the transmitted signal. 
Thus, the noise voltages which may now 
appear, when measured in terms of per-
centage of the carrier (which is indi-
cated by the beat-note output), will give 
a voltage ratio which may be converted 
into decibels of relative noise. It is 
estimated that the minimum percentage 
of noise-to-carrier voltage that may be 
read accurately is 2 percent. This gives 
a 50-to-1 voltage ratio, which is equiva-
lent to 34 db. 

EXAMPLE: Assume that the sine 
wave appearing on the screen has an 
amplitude of 40 squares, and that the 
noise amplitude is 2 squares, giving a 
signal-to-noise voltage ratio of 20 to 1. 
Then, 

db =- 20 log É; = 20 log 20 

-= 20x1.3 = 26 db 

In this case, the noise level is 26 db 
below the signal level. 
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A few precautions must be observed 
when using the method outlined above. 
The receiver should be stable, have a 
stable b.f.o., and be free from hum. A 
small battery-operated portable is desir-
able. If it is found impossible to contain 
the resultant pattern on the screen of 
the oscilloscope, the antenna can be 
shortened, or the receiver gain may be 
reduced, preferably with the r-f gain 
control. When this is done, the receiver 
should be rechecked for freedom from 
noise. It is highly important that the 
receiver, oscilloscope, and connecting 
cables be well shielded from all external 
voltages and that both instruments be 
well grounded. 

This method of measurement may be 
applied equally well to all other com-
ponents of the system. It will be neces-
sary, of course, to measure the noise 
output of the audio oscillator, since it is 
used as a signal source for measurement 
of all noise other than the r-f noise. 
When measuring noise in the audio 
transmission portions of the system, it 
is important that no amplifier be oper-
ated above or below its normal level 
unless it is desired to determine the 
maximum noise figure of that amplifier. 
When making noise measurements in 
cable pairs, it is necessary to terminate 
both ends of the line under test in the 
line's characteristic impedance. This 
may be accomplished by the use of high 
quality noninductive resistors which are 
known to have a low thermal-noise 
characteristic. 

When adding or subtracting noise 
levels of various system units, it should 
be kept in mind that it is not correct to 
add or subtract db values of noise di-
rectly. It is necessary to convert to 
power levels before manipulation. For 
example, 30 db RN (-60 dbm) cor-
responds to a power ratio of 1000, which 
means that the level is 1000 times that 
of the reference level. Similarly, 36 db 
RN (-54 dbm) corresponds to 4000 
times the reference level. Thus, the sum 

of these powers is equal to 5000 times 
the reference level, or 37 db RN (not 
66 db RN). 

Returning to figure 1, the other ele-
ments of the system may be measured 
for noise by using the procedures below 
as examples. To measure noise in the 
cable pair, proceed as follows: 

1. Terminate the transmission line at 
each end in its characteristic im-
pedance, as previously described. 

2. At one end of the circuit, connect 
an audio oscillator, adjusted to 
feed a 1000-cycle signal into the 
line at a level of approximately 
O dbm, as read on a VU or DBM 
meter. 

3. Connect an oscilloscope and a 
VTVM across the terminal end of 
the circuit. 

4. Measure the signal voltage on the 
VTVM. (Note: It may be neces-
sary to increase the output of the 
audio oscillator in order to obtain 
a satisfactory reading.) 

5. With the oscilloscope, measure the 
noise in percentage of the 1000. 
cycle tone present, as in the previ-
ous example. 

6. Both noise and VTVM voltages 
may now be converted to dbm if 
desired. (It should be noted that 
a noise voltage of —30 dbm is 
equal to 60 db RN. Use whichever 
value seems the most convenient.) 

EXAMPLE: Assume that the measure-
ment circuit is set up as described above, 
and that the characteristic impedance of 
the transmission line is 600 ohms. A 
level of 0 dbm is fed to the line from 
the audio oscillator, and the VTVM and 
oscilloscope are connected to the other 
end of the line, as described. The VTVM 
reads 0.137 volt. The pattern on the 
oscilloscope screen shows that the noise 
amplitude is 10 percent of the signal 
amplitude, which means a signal-to-
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noise ratio of 20 db. It also means that 
the noise voltage is 0.0137 volt. Using 
the formula to convert both voltages to 
dbm: 

E2 

dbm = 10 log  Z  

0.001 
or, in this case, 

0.001 

— dbm = 10 log E2 

7 
where E = measured r-m-s voltage and 
Z = characteristic impedance of line 

Calculating the expression E2/Z, and 
dividing the result into 0.001, gives 31 
for the signal value and 3100 for the 
noise. Therefore, 

dbm (signal) -= 10 log 31 = 
10 x 1.4914 -= —15 dbm 
(75 db RN) 

and, dbm (noise) = 10 log 3100 = 
10 x 3.4914 = —35 dbm 
(55 db RN) 

To measure noise in the speech sys-
tem, proceed as follows: 

1. Reconnect the transmission line to 
the amplifier. 

2. Feed the 1000-cycle audio oscilla-
tor output to a speaker. The 
speaker is placed so that it sup-
plies the audio for the microphone 
pickup. 

3. Using a VU or DBM meter, adjust 
the output of the microphone am-
plifier so as to feed the desired 
signal level into the line (usually 
O dbm). 

4. Follow steps 3, 4, 5, and 6 of the 
preceding procedure. 

5. The measured noise at the trans-
mitter location will be the speech 
equipment noise plus the line 
noise. Since the latter is already 
known, the noise figure of the 
speech equipment may be calcu-
lated by subtracting the powers 
and then converting to db RN, as 
explained in a previous paragraph. 
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A CODAN UNIT FOR THE BC-779 
RECEIVER 

by George C. Apostolakis 

Philco Field Engineer 

An effective and easily constructed squelch unit which 
has been employed successfully by certain AACS Wings 

for voice reception on the BC-779 receiver. 

REALIZING THE DELETERIOUS EFFECT 
of noise upon operator efficiency, cer-
tain AACS Wings have made use of a 
codan unit (carrier-operated device, 
anti-noise) in conjunction with the BC-
779 receiver, to mute the audio output 
of the receiver during stand-by periods. 
This unit, which is relatively simple to 
construct, operates very satisfactorily, 
and its use has been valuable in reduc-
ing operator fatigue. 

The codan unit, shown schematically 
in figure 1, incorporates a 6J5 audio 
tube and a 6SJ7 squelch tube; it is de-
signed to connect to the receiver, by 
means of a plug which replaces the 6C5 
first audio tube. Its use requires no 
major circuit changes in the BC-779, 
and it can be disconnected very quickly, 
and normal receiver operation restored 
by simply returning the 6C5 tube to its 
socket. 

When the codan is in use, the 6J5 
functions as the first audio tube for the 
BC-779. The 6SJ7 squelch tube, the 
conduction of which is controlled by 
the receiver a-v-c voltage, controls the 
bias applied to the 6J5 so that the 6J5 
is permitted to operate only when a 
carrier is present at the receiver input. 
Thus the receiver output is heard when 
a signal is received, and is muted when 
no signal is present. 

Referring to figure 1, it will be noted 
that the grid of the 6SJ7 is connected to 
the a-v-c line of the receiver. The ad-

justment of the codan is made under 
no-signal conditions, for which there is 
only a low value of a-v-c voltage on the 
6SJ7 grid. With no signal, the 10K 
screen voltage potentiometer is adjusted 
so that the noise output of the receiver 
is just cut off. The noise silencing takes 
place because the 6SJ7 plate current, 
flowing through the 50K load resistor, 
produces a voltage drop across the re-
sistor which is sufficient to bias the 6J5 
audio tube below cutoff. Thus the first 
audio stage is rendered inoperative. 
Upon reception of a carrier signal, the 
a-v-c voltage rises to a value which 
biases the 6SJ7 squelch tube to cutoff, 
reducing its plate current to zero. This 
removes the high negative bias from the 
6J5, allowing the stage to operate in 
the normal manner. 

Since the successful operation of the 
unit depends upon proper a-v-c opera-
tion, it is essential that the BC-779 re-
ceiver be correctly aligned so as to en-
sure the required a-v-c action. If this 
condition is not fulfilled, adjustment of 
the codan will be very difficult, if not 
impossible. With the 6C5 (V13) in its 
socket and the AVC-MANUAL switch 
turned to AVC, the a-v-c operation 
should be checked, using the following 
procedure: 

1. Apply a 5-microvolt, 30-percent 
modulated, 400-cycle signal to the 
antenna of the receiver. 

2. Connect an output meter to the re-
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Figure I. Schematic Diagram of Codan Unit 

ceiver, and adjust the audio gain 
control until the meter reads 10 
volts. 

3. Increase the input signal from 5 to 
50,000 microvolts. The output volt-
age should remain less than 50 
volts if the a.v.c. is functioning 
properly. 

As shown in figure 1, the signal and 
operating voltages to the codan unit are 
supplied from an octal plug which is 
inserted in the 6C5 (V13) socket of the 
BC-779. In adapting the unit to the re-
ceiver, a few minor wiring changes must 
be made in the BC-779. However, it is 
important to emphasize the fact that 
these changes are merely wiring re-
arrangements and do not alter the orig-
inal circuitry. Because of this fact, the 

BC-779 may be restored to its orig-
inal status at any time simply by replac-
ing the codan plug with the original 
6C5 first audio tube. As shown in fig-
ure 2, the following changes must be 
made: 

1. Remove the wire and resistor from 
pin No. 6 of the 6C5, which is a 
blank pin, and re-terminate them 
on a blank lug on the E23 terminal 
strip, as shown. 

2. Wire pin No. 6 of the 6C5 to the 
third terminal of E23, as indi-
cated. This places the B+ voltage 
on pin No. 6. 

3. Connect a wire from pin No. 4 
(also a blank pin) of the 6C5 
socket to the lug on the E22 ter-
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minal strip, as shown in the draw-
ing. This connection places the 
a-v-c voltage on pin No. 4. 

Figure 3 illustrates the mounting of 
the codan unit. If the receiver has been 
modified with the MC-531 crystal oscil-
lator kit, the unit may be mounted to 
the chassis of the CY-161 console in 
which the receiver is normally mounted. 

The potentiometer adjustment is pur-
posely made inaccessible to the opera-
tor, since it should be handled only by 
qualified maintenance personnel. The 
adjustment should be checked periodi-
cally during the day since the noise 
level at the receiver site may change. 

A list of the materials needed for the 
fabrication of the codan unit is given in 
table 1. 

TABLE 1. MATERIALS REQUIRED FOR CODAN UNIT FABRICATION 

QUANTITY DESCRIPTION STOCK NO. 

2 Capacitor, 0.1 µf., 400v 8800-124470 

2 Capacitor, 20 µf., 250v 8800-125264 

1 Capacitor, 0.25 µf., 400v 8800-124316 

1 Capacitor, 0.01 4., 400v 8800-124210 

2 Resistor, 50,000 ohms, 1 watt 8800-711111. 

1 Resistor, 20,000 ohms, 1 watt 8800-711105 

1 Resistor, 470,000 ohms, 1/2  watt 8800-711122 

1 Potentiometer, wire-wound, 10,000 ohms, 5 watts NSN 

1 Resistor, 1 megohm, 1/2 watt 3RC2OBE105M 

1 Resistor, 1000 ohms, 1 watt 8800-711091 

1 6J5 vacuum tube 2J6J5 

1 6SJ7 vacuum tube 2J6SJ7 

2 Octal tube socket 2Z8678.326 

1 Octal male plug 8850-325225 

4 Lug, 4 terminals 8800-796549 

1 Aluminum sheet, 0.051" x 12" x 12" 8800-141860 

2 Insulated grommet 8800-379000 

1 Wire, two No. 22 AWG solid conductors (1 red, 
1 black) , 6 ft. long 8800-959797 

1 Shielded cable, one No. 22 conductor, 3 ft. long 8800-086862-222 

12 Machine screw, No. 6-32, 1/2 " 6L6032-8.1S 

12 Brass nut, No. 6-32 6L3106-32 

12 Lock washer, steel, No. 6 6L70006-1 

7 Self-tapping sheet metal screw, No. 6, R.H. NSN 
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Figure 2. Wiring Changes Required for the 6C5 Socket To Permit Codon Operation 
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Figure 3. Mounting Position of Codon Unit in the RC-779 
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HIGH-STABILITY 1-MEGACYCLE 
FREQUENCY STANDARD 

A PORTABLE 1-MEGACYCLE FREQUENCY 
STANDARD, stable to a few parts in 100 
million per day, has been developed by 
P. G. Sulzer of the National Bureau of 
Standards. The compact and relatively 
simple assembly, employing inexpensive 
commercially available components, 
makes use of a crystal unit to control 
the frequency of an oscillator. The de-
vice, shown in figure 1, is sufficiently 
rugged for general laboratory and field 
use as a working standard. It is ex-
pected to have wide application in 
checking radio transmitters and mess-
uerments, and in various other indus-
trial and research fields. 

As custodian of the national stand-
ards of physical measurement, the Bu-
reau develops and maintains basic 
standards for electrical quantities at all 
radio frequencies. From these basic 
standards are obtained the secondary 
standards used by research laboratories 
and the radio industry. As science and 
technology advance, research must con-
stantly be conducted to meet increasing 
demands for more precise and reliable 
secondary standards. In its search for 
more accurate secondary standards of 

Figure 1. The NBS 1-Megacycle Frequency Standard. Showing Crystal Oren (Left) 
and Accompanying Electronic Equipment (Right) 

frequency, the Bureau has made a con-
tinuous effort to improve the perform-
ance of crystal-controlled oscillators, 
which appear to offer the best solution 
in the present state of the art. 

The NBS 1-megacycle standard, like 
other crystal-controlled oscillators of 
this type, consists of three elements: the 
crystal unit proper, an amplifier or 
negative-resistance device to supply the 
losses in the crystal unit and to deliver 
power to a load, and an amplitude con-
trol. However, this oscillator was spe-
cially designed to minimize frequency 
changes caused by tube or component 
instability. As a result, the over-all sta-
bility of the unit is nearly that of the 
crystal itself. 

Any phase shift in the amplifier must 
be offset by a corresponding but op-
posite phase shift in the crystal unit, 
which will produce a frequency change. 
Such a phase shift can be caused by an 
actual reactance change or by a vari-
ation in the reactive component of the 
input impedance of the tube. Phase 
shifts can also be produced by the elec-
tronic component of the input capaci-
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Figure 2. Schematic Diagram of the NBS 1-Megacycle Frequency Standard 
(Meacham-Bridge Circuit Shown at Lower Left) 

tance of a tube, by transit time, and by 
the effects of nonlinearity. 

In the NBS oscillator, the effects of 
these amplifier variations are decreased 
by the use of inverse feedback. The 
familiar Meacham bridge oscillator, as 
shown in figure 2, is utilized because it 
gives excellent results with comparative-
ly simple circuitry. 

The Meacham bridge consiste, basi-
cally of a crystal, X1, a pair of resistors, 
R, and R4, and a lamp resistance, R3. 
These components are so arranged that 
negative feedback occurs through X1 
and R2, while positive feedback occurs 
through lamp R3 and resistor R4. The 
capacitors in the crystal leg of the 
bridge permit a precision adjustment to 
cancel the reactive component of the 
circuit. If the amplifier has sufficient 
gain, oscillation will start at the fre-
quency of minimum degeneration, 

which is nearly the series-resonant fre-
quency of the crystal, and the lamp re-
sistance will increase with the amplitude 
of oscillation until the bridge is nearly 
balanced. When equilibrium is reached, 
the bridge attenuation must equal the 
amplifier gain. 

Good phase stability of the amplifier 
requires a large voltage gain (A) and 
a maximum transmission (13) through 
the negative-feedback path. However, 
certain practical considerations limit 
the increase of transmission. With a 
given amplifier, the product of A and fl 
cannot be increased without increasing 
the crystal current or decreasing the 
lamp voltage, both of which are unde-
sirable. The 20-ohm, glass-enclosed, con-
toured AT-cut crystal chosen for the 
present oscillator has a Q of 5 x 105 
and a maximum current limitation of 1 
ma. The Al switchboard lamp, R3, used 
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COPPER TUBE INSERTED 
AND BRAZED TO COPPER 
CYLINDER. 

VACUUM LAYER OF PITCH 

THERMOSTAT 

OCTAL SOCKET 

NICHROME HEATER WIRE 
COILED AROUND COPPER 
CYLINDER. 

NOTE: 

CRYSTAL, OCTAL SOCKET 
AND THERMOSTAT NOT 
SHOWN AS SECTION VIEW. 

INSIDE OF THERMOS BOTTLE 
LINED WITH 1/16" FELT TO 
GIVE SNUG FIT. 

ALUMINUM CYLINDER 

ALUMINUM CAP 

FELT DISC TO 
GIVE SNUG FIT 
(FILL SPACE) 

INSIDE OF COPPER CYLINDER 
LINED WITH 1/16 -FELT TO 
GIVE SNUG FIT. 

SEC. VIEW 

INSIDE OF BRASS 
CYLINDER LINED 
WITH 1/16" FELT TO 
GIVE SNUG FIT. 

SCALE 
1'1 , 1" 

O 2 

LEAD 
EXIT 

Figure 3. Diagram of Oven Used To Maintain Crystal of the NBS 1-Megacycle 
Standard at a Specific Constant Temperature 

in the bridge requires at least 0.7 volt 
for proper operation, so that with a 
crystal current of 0.7 ma., R2 is ap-
proximately 1000 ohms, and the trans-
mission through the degenerative branch 
is approximately 1/50. If the gain 
equals 1000, then the product A times 
13 is approximately 20, and a 20-fold 
reduction in effective phase shift is ob-
tained. 

Sufficient voltage gain for good am-
plitude stability requires the use of two 
amplifier stages. The crystal current 
must be kept constant because the reso-
nant frequency is a function of current. 
With two similar stages the voltage gain 
is squared, while the shift is at most 
doubled, permitting sufficient gain with-
out greatly increased phase shift. 

A two-stage amplifier with a voltage 
gain of 1000 exhibits a maximum phase 
shift of -1-. 10 degrees over a 2:1 supply-
voltage range. Thus, when the Meacham 
bridge is used, the maximum expected 
phase change with feedback becomes Li= 
0.5 degree. The crystal must experi-
ence the same phase shift, and its fre-

quency will be pulled accordingly. A 
simple calculation shows that with Q 
approximately 5 x 108, the correspond-
ing fractional frequency change is ± 1 
x 10-8 c.p.s. Thus, with reasonably con-
stant supply voltages, the short-term fre-
quency stability can be expected to be 
somewhat better than this. The long-
term stability, however, will depend on 
these and other factors, including the 
drift of the crystal resonator itself. 
To obtain the best frequency stabil-

ity, the AT-cut crystal used is kept in 
an oven at a specified, constant temper-
ature. The oven, as shown in figure 3, 
is of a single-stage type, with tempera-
ture control provided by a 50° mercury 
thermostat. A Dewar flask is used to 
isolate the controlled oven chamber 
from outside temperature changes. Con-
sequently, the average power require-
ment is only 0.4 watt at a temperature 
difference of 25°C. Frequency changes 
in the crystal due to oven cycling are 
less than 10 -8 c.p.s., and normal labora-
tory temperature changes are apparent-
ly not reflected in the temperature of 
the crystal. 
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ELECTRONIC COLLISION COURSE 
COMPUTER 

by Russell Wolfram 
Phil«, Field Engineer 

(Editor's Note: This article was submitted by the author 
as an idea for an easily constructed computer for GCI 
—Ground-Controlled Intercept. The computer has not 
been constructed and therefore its practicability is not 
known; however, it should prove to be a useful addition as 
a training aid for directors and as such it was deemed de-

sirable for BULLETIN publication.) 

THE COMPUTER described in this ar-
ticle was designed primarily as an aid 
for the determination of the fighter-
interceptor course required to intercept 
an unknown or hostile aircraft. In fig-
ure 1, T represents the target, F the 
fighter, while line b is the target course, 
and line a is the fighter course. If the 
collision point is at X, then b/a is pro-
portional to St/Sr, where St is target 
speed and St is fighter speed. According 
to the law of sines: 

sin 02 = 

b 

sin 01 

a 

b St 
or: sin 02 = —a sin 01 = ---sin 01 

Sr 

Figure 1. Graphic Collision Course 
Solution 

Figure 2. Basic Bridge Circuit Used in 
Computer 

Angle 01 and the two speeds can be de-
termined from the radar PPI scope 
presentation at GCI stations. Angle 02 
can then be solved using one of the 
above relationships. Since the positions 
of T and F, the speeds of T and F, and 
the target heading are known, the col-
lision course can be determined by 
using 02. 

A balanced bridge circuit, as shown 
in figure 2, can be used to solve elec-
tronically the collision course problem. 
When the bridge is balanced, a/c = 
b/d or a = bc/d. If resistors b and d 
are calibrated in speeds for target and 
fighter, and a and c are calibrated in 
terms of sin 01 and sin 02, then by 
setting the bridge arm with the known 
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variable factors and balancing the 
bridge with the resistor representing the 
unknown variable (in this case sin 02) 
the unknown variable can be read from 
the calibrated dial on that resistor. 

The schematic diagram of the com-
plete computer is shown in figure 3, and 
the dial calibrations of the bridge com-
ponents are shown in figure 4. The 
angle controls are calibrated directly in 
degrees instcad of sine values, so the 
angles can be set or obtained directly. 

An electron-ray tube is used as the 
null indicator, and bridge balance is 
indicated by maximum opening of the 
eye. Each angle control has two ranges 
in order that more accurate settings can 
be obtained. The angle control is a 10K 
precision potentiometer which accounts 
for one half of the total bridge arm re-
sistance. The other half of the arm is a 
10K precision resistor. The angle con-
trol is calibrated from 0 to 30 degrees, 
with the resistor of the arm shorted by 
switch Si or S2 (refer to the schematic), 
and from 30 to 90 degrees with the 
switch open and the entire arm resist-
ance in the circuit. This calibration is 
possible because sin 30° = .50. Four-
teen degrees represents .242 of the total 
arm resistance of the circuit; 45 de-
grees, .707 of the total resistance; etc. 
The relationship between the resistance 
of the angle controls and sin 0 is linear. 
The dial calibrations in degrees, there-
fore, are non-linear. Because it is pos-
sible to short-circuit the bridge when 
two of the variable resistors are set at 
minimum, a current-limiting resistor, 
RI, is required in the bridge circuit. 
Use of the limiting resistor causes the 
voltage across the bridge to vary with 
the settings of the controls and thus de-
creases the bridge sensitivity when low-
resistance settings are required, but this 
should not prove too objectionable. The 
null-indicator tube circuit is conven-
tional. 

The computer can be used in the fol-

lowing manner to solve a collision 
course problem: 

1. Draw a line on the PPI scope face 
from the target position to the 
fighter position. 

2. Draw a line from the target in the 
direction of the target heading. 

3. Using a protractor, preferably an 
adjustable self-indicating type, 
measure the angle between the 
two lines. This is angle 01. 

4. Set this angle on the 01 angle con-
trol on the computer. If angle 01 
is greater than 90 degrees use 
180 degrees minus angle 01 as 
the angle. Be sure the switch in 
the angle 01 arm is in the correct 
position. 

5. Determine the target speed and 
set the proper computer control 
to the value obtained. 

6. Set the fighter speed on the proper 
control. 

7. Balance the bridge by adjusting 
the angle 02 control for maximum 
eye opening. If the bridge will not 
balance, use the other range. 

8. Read angle 02 from the control 
and transfer this angle to the PPI 
with the protractor, using the 
fighter position as the vertex and 
the target-fighter connecting line 
as one side of the angle. The other 
side of the angle will be the col-
lision course. 

The fighter speed should be the aver-
age speed between scramble and inter-
ception for the particular type of fighter 
aircraft being used and the particular 
altitude at which the interception is 
likely to be made. A change of target 
course or speed will, of course, necessi-
tate new settings on the computer. If 
the bridge cannot be balanced at all, 
there is no possible collision course for 
the particular set of conditions. 
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Figure 3. Schematic Diagram of Computer 

Figure 4. Speed and Angle Control Dial Calibrations 
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DESIGN OF JUNCTION TRANSISTOR 
AUDIO AMPLIFIERS 
by James B. Angell and Edwin J. Pode!! 

PhiIco Research Division 

A practical approach to the design of low-level 
transistor audio amplifiers. 

(Editor's Note: in view of the increasing availability and 
reduced cost of junction transistors, this article is con-
sidered quite timely. At present Philco is producing three 
types of PNP transistors in addition to the Surface Barrier 
line. These PNP units, 2N47, 2N49, and 2N62, are cur-
rently available, and technical specifications will be sent 

to Philco Field Engineers upon request.) 

IN RECENT MONTHS, various types of 
transistors, heretofore not generally 
available, have made their appearance 
on the commercial market. Further-
more, improved production methods 
have made possible a reduced price on 
many types. As a result of these two 
factors, it is expected that field engi-
neers will engage in increased experi-
mental activity involving transistor cir-
cuitry. 

From time to time, a number of tran-
sistor articles have appeared in the 
BULLETIN, and from the standpoint of 
transistor circuit design, these articles 
have discussed the resistance (r) para-
meters. An example of this type of dis-
cussion is found in "Transistors Versus 
Vacuum Tubes" (August, 1953, BUL-
LETIN), in which the author compares 
the r parameters of the transistor with 
the static characteristics of the vacuum 
tube. 

In this article, a somewhat different 
approach is used, since it is based upon 
the so-called hybrid (h) parameters. It 
is believed that this type of analysis 
lends itself to considerable simplifica-
tion in the design of transistor circuits. 
Since this discussion is concerned with 
the application of junction transistors 

to low-level audio amplifiers, distortion 
and operation limits need not be con-
sidered; therefore, the transistor can be 
represented by a linear equivalent cir-
cuit. 

Before going into the details of tran-
sistor audio amplifiers, the mechanism 
by which a junction transistor amplifies 
will be considered briefly. A junction 
transistor is basically a device consist-
ing of two diodes connected back-to-
back in a rather unorthodox manner. In 
part A of figure 1, a block of germanium 
is split into P, N, and P regions. The 
left-hand junction is biased in a for-
ward (low-resistance) direction by the 
battery Vee, while the right-hand junc-
tion is reverse-biased by Vce. An equiv-
alent circuit for such a device is shown 
in part B of the figure. The transistor 
device differs from a similar connection 
of two separate diodes in that most of 
the current flowing in the left-hand 
diode passes through the right-hand 
diode despite the ground connection be-
tween them. This is explained by the 
fact that the collector is more negative 
than the base in respect to the emitter, 
as shown in the schematic diagram. In 
other words, if a small signal is injected 
into the left-hand loop by means of 
generator VG, most of the current from 
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the generator flows into the right-hand 
diode and thence into the load. Con-
sequently, it can be seen that the tran-
sistor transforms a signal current from 
a low-impedance circuit to a high-im-
pedance circuit without decreasing the 
magnitude of the current. This imped-
ance transformation, without loss of 
current magnitude, is the basis for am-
plification in a common-base junction 
transistor. It will be shown later that 
more gain can be obtained with other 
transistor connections, but this addi-
tional gain is realized by taking advan-
tage of the feedback characteristics of 
the transistor. 

With this introduction to the ampli-
fication characteristics of the transistor, 
a more rigorous study of transistor cir-
cuits will follow. A linear circuit for a 
transistor and the equations that de-
scribe the circuit will be considered 
first. Then, a set of useful gain and im-
pedance expressions will be derived. 
Next, these expressions will be applied 
to the equivalent circuit of the transistor 
in its three basic connections. 

EQUIVALENT CIRCUIT 

Consider the common-base connection 
of a transistor, as shown in figure 1. 
The circuit in part C of the figure shows 
the symbol normally used to denote a 
transistor, together with the voltage and 
current designations. A set of collector 
characteristics, such as that shown in 
part D of figure 1, can be obtained for 
this connection, where the collector ter-
minal is the lead from the reversed-
biased diode. These characteristics show 
how collector voltage and current vary 
for different fixed values of emitter cur-
rent. Note that for the PNP transistor 
being considered, the collector voltage 
and current, as defined, are negative, 
while the emitter current is positive. If 
an operating point is established by 
means of the supply voltages, a load 
line can be drawn on the collector char-
acteristics, as shown. 

For linear operation about the chosen 
operating point, the transistor may be 
considered as a two-terminal-pair de-
vice. The black-box representation (fig-
ure 2) for a two-terminal-pair network 

Figure 1. Analysis of PNP Junction Transistor Operation 
(Common-Base Connection Shown) 
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Figure 2. Black-Box Representation of 
Transistor 

can be described completely by the h 
parameters. These are defined by the 
equations: 

Vi = hllil 

i2 h2lil h22V2 

h12 V2 (1) 

(2) 

Parameter 11 11 is taken with the output 
considered short-circuited. Thus, V2 is 
zero in equation (1) and 

VI 
h11 =- — = input impedance (3) 

Ii — ohms units 

Parameter h12 is taken with an open 
input circuit. Thus, i1 is zero in equa-
tion (1) and 

hp, = — = voltage feedback ratio (4) 
— no units 

Parameter h21 is taken with the output 
short-circuited, which makes V2 zero in 
equation (2). Thus, 

i2 
h21 = current gain 

li — no units 
(5) 

For h2.,, the input is open-circuited, and 
becomes zero in equation (2). 

i2 
h22 = = output admittance (6) 

2 - conductance units 

It will be noted that these parameters 
are not expressed in the same units; 
hence the term, "hybrid." 

The various h parameters can be 
written for the three usual transistor 
connections — common base, common 

emitter, and common collector. These 
relations are illustrated in figure 3, 4, 
and 5, respectively, with part A of the 
figures showing the transistor connec-
tions, and part B the equivalent circuits. 
The items of special interest in these 
relationships are the comparatively low 
open-circuit output impedance (1/h22) 
in the common-emitter and common-
collector circuits, and the low short-
circuit input impedance (h 11) of the 
common base. 

SIMPLIFIED POWER-GAIN 
EXPRESSIONS 

A set of three power-gain equations, 
based upon the h parameters, may now 
be derived. The first of these relates the 
power delivered to the load to the actual 
input power into the transistor, in terms 
of impedance and circuit current gain. 

The advantage of dealing with these 
simple relationships, rather than the 
more complicated single expressions for 
gain, is that one does not lose the in-
tuition gained from such expressions 
because of their complexity. 

input power =- Rin X ii2 

output power = RL x i22 

RL (i2) 2 
power gain =-G, =- —R (7) 

an ii 

The second relation shows the current 
gain. From equation (2), 

i2 h21i1 h22RLi., 

therefore, 

i2  h21  Ai = 
1 -F h22R/, (8) 

The third expression shows the input 
impedance in terms of current gain. 
From equation ( 1 ), 

V1 = h1 1i1 hl2RLi2 

therefore, 

Rin = 1111 — hi2RL (9) 
11 I 
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h I e I 22= — .7,7 r 
rb c c 

Figure 3. H Parameters for Common-Base Transistor Connection 

The question of what value to make 
the load impedance in order to obtain 
the maximum power gain is not easily 
answered by these expressions. How-
ever, if 11,„ and i2/ii are eliminated 
from equation 7, then with the aid of 
equations 8 and 9, the expression of 
the optimum load impedance may be 
obtained by differentiating equation 7 
with respect to RL in the usual manner. 
This load resistance is shown by 

RL — 
1 

h22.\/1 — hi2h21  
hi ih22 

(10) 

All the basic relationships have been 
derived. It is now a matter of applying 
these equations to the different tran-
sistor connections. 

COMMON-BASE AMPLIFIER 

If the common-base impedance ex-
pressions of figure 3 are substituted in 
the current-gain and input-impedance 
equations (8) and (9), the results 
shown below are obtained. 

12 
a 

a e 

A 

re rc 
rr + 

a rc-r e 
h 

II b re + re(I-a) 

Ire a 
h21' re + re (I- a) 

a -ir e 

r e I 
h22 - 

he ,e +,,c (I-a) 
re 

re + re(I-a) 

I 

fe re(I-a)  

Figure 4. H Parameters for Common-Emitter Transistor Connection 

re re 

h11' rb+ re+ re(1-0) 

re 
.. rb+ i=es 

-r c 
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.- -
I-a 

r e(I -a) I 
h22" re+ re(ha 

I 
e r77:711 
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Figure 5. H Parameters for Common-Collector Transistor Connection 
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Rin = re + rb (1— a) — 111, (4) 
= re + rb (1 + 

11 

GP 
R 

RL (i2) 2 

Rin 

a = current amplification factor 
of transistor 

i2 
= current gain 

In cases where RL < < r, equations 
(11), (12), and (7) may be modified 
as follows: 

Ai = = — a 

Rin = re + r, (1 — a) 

(12) 

(7) 

RL 
GP = — x a2 (7a) 

Rin 

Normally ri is large, on the order of a 
megohm; therefore, the assumption that 
the load impedance is small compared 
with re is often valid. This condition is 
equivalent to the case of the pentode 
vacuum tube, which is seldom matched 
to its load. With negligibly large r„ the 
expressions for input impedance, cur-
rent gain, and power gain become very 
simple, as shown. 

An example of the maximum possible 
gain that can be obtained with a com-
mon-base transistor will now be given. 
Consider that a typical transistor has 
been selected and has the following 
characteristics: 

-= 0.975 =- current amplifica-
tion factor 

re = 1 megohm 

re -= 25 ohms 

r, = 600 ohms 

rb (1 — a) = 15 ohms 

In applying the above values to equa-
tion (10) in order to find the value for 
RL for maximum possible gain, it will 

be found that a factor of rd4 for RL 
is a good compromise which is usually 
close. Consequently, equation (13) can 
be used for equation (10) in most in-
stances. In the calculations below, note 
the great difference between the input 
and load impedances. This makes the 
problem of impedance matching (par-
ticularly in cascaded stages) a difficult 
one. In the example under discussion, 
for maximum gain, 

RL = re/4 = 250,000 ohms (13) 

i2 — 0.975  
(11) 

= 25 + 600(1 — 0.78) = 157 ohms 
(12) 

2.5 x 105  
G, =- 157 x 0.782 = 970 =- 29.9 db 

(7) 

COMMON-EMITTER AMPLIFIER 

Formulas for current gain, input im-
pedance, and power gain for a common-
emitter transistor amplifier, as shown in 
figure 4, are given as follows: 

a 

1 — a 

Rin — r + 

1 + 
re (1 — a) 

(14) 

1 
RL 

re reRL  ( i2 

1 — a re (1 — a) ii 

1., )rb + re (1 + 

G = — 
° Rin ji 

RL ( ) 2 

In cases where RL << r, (1 — a), equa-
tions (14), (12), and (7) may be 
modified as follows: 

(12) 

RI.= rb + 
1 — a 

a 

1 — 

re 

(7) 

(14a) 

(12b) 
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RL   
G, = x ( a a ) 2 (7b) 

Where RL = Rin (direct cascade), 

2 

G, =   = 1520 31.8 db 
Il —al  

(7c) 

In applying the typical transistor val-
ues to equation (10), it will be found 
that the maximum available gain from 
the common-emitter stage is obtained 
with a load resistance of approximately 
twice the open-circuit output resistance. 
It is known that the power gain ob-
tained from an amplifier is not a criti-
cal function of load impedance for val-
ues of load resistance in the vicinity of 
the output impedance. In fact, a 2 to 1 
resistance mismatch results in a loss of 
only 1 db. Consequently, the specifica-
tion for RL in equation (15) will, in 
general, give a gain of within 1 db of 
the maximum possible gain. A similar 
degree of accuracy is realized from 
equation (13) with respect to load im-
pedance in the common-base connec-
tion. Thus, for maximum gain, for the 
typical transistor considered, 

RL = 2re (1 — a) -= 50,000 ohms 
(15) 

Ai — = —39 = 13 (14) 
3 

R „ = 600 + (25 x 14) -= 950 ohms 
(12) 

5x 104  
G, -= x 132 = 8900 =- 39.5 db 

950 
(7) 

Equation (14) shows that the cur-
rent gain is appreciably greater than 
unity, for alpha near unity, and that 
the current gain is positive. This latter 
condition is similar to that in a 
grounded-cathode vacuum-tube ampli-
fier; i.e., the connections give a 180-
degree phase reversal between input and 
output voltage signals. 

From the input impedance equation, 
it may be seen that the input impedance 
of the common-emitter amplifier is 
equal to that of the common-base ampli-
fier when their outputs are open-cir-
cuited. However, it is important to note 
that the input impedance of the com-
mon-emitter stage increases as the load 
impedance is decreased, whereas the 
common-base input impedance de-
creases with decreasing load impedance. 
This fact, together with the fact that the 
output impedance of the common-emit-
ter amplifier is an order of magnitude 
or more lower than that of the common-
base amplifier, makes the problem of 
matching between successive stages of 
amplification much easier with the com-
mon-emitter connection. 
From the expression for power gain, 

it can be seen that appreciable gain is 
obtained even with a direct cascading 
of common-emitter stages. In fact, the 
low-frequency gain of 31.8 db, shown 
for the typical transistor under consid-
eration, is slightly greater than the 
maximum available gain from the com-
mon-base stage. In the example, the 
maximum available gain of 39.5 db is 
about 10 db higher than that of the 
common-base amplifier. This additional 
gain is obtained at the expense of sta-
bility (change in operating point with 
change in temperature) ; the common-
emitter amplifier has a gain which is a 
very sensitive function of alpha. Finally, 
in the example given, the impedance 
ratio works out to only 50, whereas in 
the common-base example, the ratio 
was about 1600. 

COMMON-COLLECTOR AMPLIFIER 

The expressions for current gain, in-
put impedance, and power gain in a 
common-collector amplifier, as shown 
in figure 5, are as follows: 

i2 - 1  
A = 

1 — « 11 

1 

1 + 
RL  

re (1 «) 
(16) 
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111, ( 
r, 
  — 

 r, 
1 — a 

— r1,   
1 — a 111,  

r, 
1 — a 

r, 

1 — a  

RL  
+ re 

1 — « 

/lb ii21 2 
G p = — — 

Rin 

For FIL < < r, (1 — a), the above for-
mulas may be taken as, 

12 —  1  
A1 — (16a) 

1 — a 

RL  
= (17a) 
1 — a 

Gp = 
1 — a 

The expression for the current gain 

1 
(7d) 

is identical to that of the common-
emitter amplifier with the exception of 
the factor —1 in the numerator in 
place of the factor a. The input imped-
ance looks like a parallel combination 
of re and RL/1 — a. Therefore, the 
input impedance of this connection is 
appreciably higher than the load imped-
ance. For load resistances which are 
small compared with the output imped-
ance of the transistor, the input imped-
ance is just 1/1 — a times the load 
impedance. This condition is based on 
the assumption that r, and re are negli-
gibly small; obviously, RL cannot be as 
low as these parameters and still have 
the above-mentioned impedance rela-
tions hold. 

Using the values for the typical tran-
sistor in the examples, the h parameters 
in figure 4 are found to be, 

= 1600 

= 1 

1121 = 4° 

h22 = 4 x 10-5 

Applying these values to formula (10) 
in order to find RL for maximum gain, 

= 
1 

4x 10-5V 

105 
= — = 1000 ohms 

100 

Ai = — 40 (16a) 

1000 

40 
1 — 

1600 x 4 x 10 -5 

- 1 

(10) 

It.n= = 40,000 ohms (17a) 

For design considerations where r,(1 

—a) + < < < < rc(1 — a)9 

RI. = 40111. 

G, = 40 = 16 db (7d) 

The condition for maximum available 
gain is that the load resistance be small 
compared with the open circuit output 
impedance (1/1122 ). This maximum 
gain is small, and is obtained by a cir-
cuit that does not throw away gain in 
a direct trade for stability. It can be 
seen that the transistor device is similar 
to a vacuum-tube cathode follower. For 
current gain, note that the common-
collector circuit is just as sensitive to 
changes in alpha as is the common-
emitter circuit. In the example given, 
r,(1 — a) + re -= 40 and re(1 — a) 
= 25,000. For these conditions, then, 
the specification that RI, = 40R, will 
hold for any value of RL between 400 
and 2500 ohms. Thus RI, may be cho-
sen and RL taken as 1/40 of Rtn, pro-
viding the figure lies within the 40°-
2500 ohm range. 

Because of the factors of small gain 
and alpha sensitivity, the common-col-
lector amplifier has a limited useful-
ness; there are other more satisfactory 
circuits possessing the desirable features 
of the common-collector amplifier. 

24 



LOW-POWER OPERATION 

Among electronic amplifiers, transis-
tors have the unique property of being 
able to function with extremely small 
bias voltages. Vacuum tubes cannot be 
operated at very low voltages because of 
the curvature of the characteristics in 
the region near the origin. Similarly, 

point-contact transistors have character-
istics which lose their identity at very 
low values of voltage and current. How-
ever, the junction transistor has a set 
of characteristics (figure 6) which per-
mit operation even at extremely low 
bias levels. For instance, in part A of 
figure 6, the common-base and common-
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Figure 6. Transistor Collector Characteristics for Common-Base and 
Common-Emitter Connections 
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emitter collector characteristics are 
shown for normal voltage and current 
ranges. In part B, the same character-
istics are shown with both scales ex-
panded by a factor of 10. It can be seen 
that the common-base characteristics 
are almost identical at low level even 
though the full-scale voltage is only 1.5 
volts and the maximum current only 
300 ¿La. From these curves, it can be 
seen that operation with a bias of a few 
tenths of a volt and a current of less 
than 100 ita. is entirely feasible. The 
low-power, common-emitter curves are 
displaced horizontally from the zero-
current axis because of Ie. (collector 
cutoff current), which is the collector 
current that flows with zero emitter cur-
rent and a finite, normal collector-base 
potential. This current is exaggerated 
by a factor, 1/1 — a, in the common-
emitter amplifier. 

While on the subject of I.., it is 
worthwhile to point out that extreme 
care must be taken in the design of a 
common-emitter amplifier to minimize 
its effect. This current is extremely 
temperature sensitive, changing about 
9% per degree centigrade. In view of 
the fact that le. is much more trouble-
some in a common-emitter circuit than 
in a common-base circuit, it is desir-
able to operate with very low d-c re-
sistance in the base circuit and a very 
high d-c resistance in the emitter circuit. 

The characteristics shown in figure 6 
do not tell the whole story of low-power 
operation. One feature that becomes 
very important with very low bias cur-
rents is the emitter resistance. Theory 
states, and experiment verifies, that the 
emitter resistance is inversely propor-
tional to the emitter current, being ap-
proximately 20 ohms with 1-ma. emitter 
current. Consequently, at very low bias 
currents, the transistor input impedance 
increases and the available gain drops. 

One other feature of junction transis-
tors which makes possible their opera-

tion at extremely low levels is their low 
noise. For normal bias currents, of the 
order of 1 ma., common-base or com-
mon-emitter amplifiers can be built hav-
ing a noise figure of approximately 
15 db at 1 kc. The noise in a transistor 
decreases with increasing frequency, so 
that better figures can be obtained at 
radio frequencies. The common-collec-
tor circuit is somewhat noisier than the 
other two connections, another factor 
opposing the use of this connection. 

GAIN CONTROL 

The problem of building a small. 
signal amplifier whose gain can be 
varied by changing the operating point 
seems to be a difficult one when con-
sidering the extreme linearity displayed 
by transistors, as shown in figure 6. 
With such characteristics, the amplifier 
is either full-on, distorting, or full-off. 
What is needed is the transistor equiv-
alent of a remote-cutoff vacuum tube. 
Fortunately, the nonlinear characteris-
tic required for this condition does exist 
in transistors, because of their highly 
nonlinear input impedance. In part A 
of figure 6, the upper family of curves 
shows a linear relationship between 
emitter current and collector current. 
However, because of the inverse rela-
tionship between emitter resistance and 
emitter current (as illustrated in part A 
of figure 7), the emitter voltage-collec-
tor current curves are not linear. Con-
sequently, if the input current is varied, 
and the input voltage is held constant, 
a new set of curves, as indicated in 
part B of figure 7, would result. From 
these curves, it can be seen that uni-
formly varying gain is possible. There-
fore, in order to take advantage of this 
nonlinear characteristic to obtain an 
automatic gain-controllable stage, it is 
necessary to run the input (either com-
mon-base or common-emitter) from a 
low-impedance source, so far as the sig-
nal is concerned. Of course, it makes no 
difference haw the bias for the transis-
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tor is obtained, provided the bias sup-
ply is bypassed at signal frequencies. 

Two circuits for such a gain-controlled 
stage are shown in figure 7. Part C 
shows a simple common-base stage, 
having a generator impedance of less 
than 100 ohms. This circuit requires 
considerable power from the bias sup-
ply. The common-emitter stage, shown 
in part D, requires much less bias 
power. If the emitter is directly 
grounded, the problem of varying I,. 
is acute. Consequently, a bypassed re-
sistor is included in the emitter circuit 
to stabilize the operating point. This 

component is similar to a bypassed 
cathode resistor for vacuum tubes; its 
value should be chosen as a compro-
mise between circuit stability and ease 
of gain control. 

SUMMARY 

The common-base amplifier has a low 
input impedance and a current gain of 
less than unity. It is useful in special-
ized low-level audio circuits, such as a 
preamplifier stage for a dynamic micro-
phone, etc. Common-emitter amplifiers, 
with a 180-degree phase reversal, have 
the greatest gain, and a flexibility which 

Figure 7. Typical Common-Base and Common-Emitter Transistor Audio 
Amplifiers, Showing Gain-Control Circuits 
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allows for a number of all-around audio 
applications. Common-collector amplifi-
ers are similar to cathode followers; 
they have unity voltage gain, high input 
impedance, and low output impedance. 

This article has presented some of 
the basic information associated with 
the application of currently available 
junction transistors to small-signal am-
plifiers. On the basis of this material, it 
can be seen that junction transistors 

lend themselves very capably to the 
problem of audio-frequency amplifica-
tion. As the device-development pro-
grams continue, a greatly expanding 
field of application for junction transis-
tors as amplifiers will become evident. 
The present devices are characterized 
by several features which make them 
uniquely valuable; among these fea-
tures are low noise, low power drain, 
high gain, and inherent freedom from 
circuit oscillation. 

Solution to ... November-December 

"What's Your Answer?" 

The "extra" 25 watts of plate input power comes from a 
power feedback loop and is derived from the amplifier output. 

For example, consider the following block diagram: 

DISSIPATION 
10 WATTS ;7. 

HORIZONTAL 
OUTPUT 

STAGE 

LOSSES • 20 WATTS 
 A  

45 WATTS 
-... 

OUTPUT 

TRANSFORMER 

r 

25 WATTS 

55 WATTS 

DAMPER 

DEFLECTION 

YOKE 

Ii 30 WATTS 
SUPPLY 

First, let us assume that of the 30 watts input from the "B" 
supply 10 watts is dissipated by the output tube and the re-
maining 20 watts is dissipated by the yoke, output transformer 
(including the high-voltage circuit), and damper. Since the 
output tube receives 55 watts, its power output is 45 watts, 20 
watts of which will be dissipated. The remainder (25 watts) is 
fed back, by means of the B+ boost circuit, to the output tube. 
Thus, the additional 25 watts appears as circulating energy in 
the power feedback loop. Obviously, this power is not present 
when the circuit is first energized, but will be a very real factor 
after stable operation is established. Its presence in the circuit 
allows the output stage to operate at a high efficiency that 
could not be realized otherwise except by the use of a much 
higher B+ voltage. 
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"What's Your Answer?" 

The problem for this issue was suggested by Philco Group Leader 
Lawrence Lamm. We must admit that the solution is pretty straight-
forward, but several people here at Headquarters ran into some diffi-
culty in getting the right answer. 

In the circuit shown in the drawing, determine the voltage appear-
ing across the 3-4. capacitor. Assume that the circuit has been 
operating long enough to achieve an equilibrium state. 

9 OHMS 

91 OHMS 

(Solution next issue . . .) 

a a a a a A NEW PHILCO TECHNICAL PUBLICATION 

The latest addition to the series of Philco Tech-
nical Publications, PHILCO FIELD ENGINEERS' 
DATA HANDBOOK, is now ready for distribu-
tion to the field. 

While there are many electronics data hand-
books in print, this new publication is designed to 
meet the specific needs of the field engineer. Con-
sequently, a considerable amount of nonapplicable 
information, carried in general handbooks, has 
been omitted. On the other hand, the new publica-
tion contains a wealth of material, relating to the 
everyday problems of the field engineer, which is 
not to be found in the average data handbook. 
The 104-page handbook is a compilation of form-
ulas, charts, and listings, including 11 nomographs 
pertinent to field-engineering calculations. It in-
corporates special material on radar electronics, 
higher-frequency techniques, Armed Forces speci-
fications, etc. 
The FIELD ENGINEERS' DATA HANDBOOK 

is being made available to BULLETIN readers at 
a price of $1.85. Requests for the publication 
should be addressed to: 

Philco Technical Publications Department 

18th and Courtland Streets 

Philadelphia 40, Pennsylvania 

Remittances should be in cash, check, or money order, payable to Philco Corporation. 
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