
































































































































































































































































at the base of the transistor by the flow of voltage-divider cur­
rent through Rl, R2, and R3. The positive AGC voltage shown 
on C7 is not a composite value of all the voltages at the base of 
the transistor, but only the result of the AGC filter action 
occurring between R2 and C7. You have already seen that four 
other voltages exist at the base, each contributing in some small 
degree to the amount of base-emitter biasing current flowing. 
The AGC voltage makes a fifth one. These five voltages are: 

1. The voltage resulting from voltage-divider current through 
resistors Rl, R2, and R3. This is a fixed, or DC, voltage which 
is negative at the junction of Rl and R2, and consequently 
negative at the base. 

2. The signal voltage, which is alternately positive and negative 
at the intermediate frequency, and which therefore lowers 
and raises the negative voltage at the base. 

3. The voltage resulting from positive feedback caused within 
the transistor by capacitance between the internal elements 
(B, C, and E) and the external wiring of the transistor (IF) . 

4. The voltage due to negative feedback from output circuit 
to input circuit, through capacitor C6. (IF) 

5. The AGC voltage on C7. Although essentially a DC voltage, 
it does vary if and when the signal strength of RF carrier 
varies. 

The combination of resistor R2 and capacitor C7 is chosen 
so that their product will be a "long time-constant" when com­
pared with the duration of a single low-frequency audio cycle. 
If the lowest audio frequency being amplified were 50 cycles per 

AGC VOLTAGE 

® 
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@ 

AUDIO VOLTAGE 

AUDIO 
CURRENT 

Fig. 5-9. AGC portion of the circuit in Figs. 5-4 and 5-5-modulation peak 
during a period of strong signal. 
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second, with a period of .02 second for each cycle, the R2-C7 
combination would be a "long time-constant" combination to 
this frequency if their product were more than five times longer 
than this period-i.e., a tenth of a second or longer. 

The Audio-Output Voltage 
An audio-output voltage is developed across resistor R3, 

by the pulsating DC which continuously flows upward through it. 
This current (in dotted red) also flows through Ml, and as a 
result of the demodulation process previously described, its 
pulsations occur at the audio frequency. The arrow pointing 
into R3 indicates that this is a potentiometer, or variable resistor, 
with which any desired fraction of the total voltage may be tapped 
off for amplification by the next succeeding audio-amplifier 
stage. Potentiometer R3 thus constitutes a manual volume <;:on­
trol for the receiver in which it is installed. 
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INDEX 
A 

Acceptor atoms, 8-10 
AGC dfode, 117-132 

operational details, 120-124 
AGC voltage, controlling gain with, 1'30-132 

formation of, 127-130 
Alpha factor, of transistor, 26 
Amplifier, current, transistor as, 20-21 

direct-coupled, 81-88 
base-emitter current, 85-86 
biasing current, 83, 84-85 
collector-emitter current. 83 
degeneration prevention, 87-88 
filter currents, 87-88 
operational details, 82-86 
voltage-divider current, 83 

push-pull with complementary symmetry, 
98-109 

base-emitter current, 101-102, 107 
biasing current, 101-102 
collector current, 102, 103-104 
degeneration prevention, 108-109 
dynamic operation, 102-107 
filter currents, 107-109 
operational details, 99-102 
signal current, 102-103, 104-105 
static operation, 99-102 
voltage-divider current, 99-101, 105-107 

RC-coupled with negative feedback, 88-98 
base-emitter current, 90-91, 92, 94, 96 
base voltage, 97 
biasing current, 91-97 
collector-emitter current, 91-92, 94, 95 
collector voltage, 94-95 
emitter voltage, 97, 98 
feedback current, 96, 96 
filter current, 96-97 
operational details, 90-96 
signal current, 93-94, 96 
static operation, 90 
thermal runaway prevention, 91-92 
voltage-divider current, 90 

Amplifier circuits, 76-109 
Arsenic, addition to germanium, 10-11 
Atom, acceptor, 8-10 

donor, 10-11 
germanium, 7-8 

Audio amplifier 
Class-A, 76-81 

base-emitter current, 77 
biasing current, 76-77 
collector-emitter current, 78 
detreneration, prevention of, 81 
operational details, 76-81 
signal current, 78-79 

B 
Band, valence, 7-8 
Base, elections in, 17-20 

function of, 16 

Base conductivity, of transistor, 26-27 
Base current, 16, 18 
Base-emitter current Class-A audio ampli-

fier, 76-77 
Colpitts oscillator, 60-61 
common-emitter circuit, 31-32 
effect on collector current. 38 
negative feedback amplifier, 90-91, 92, 94, 

96 
PNP detector, 112-113, 116 
push-pull amplifier, 101-102, 107 

Base voltage, negative feedback amplifier, 
97 

Base width, 27-28 
Basic configurations, 36 
Beta factor, of transistor, 26 
Bias 

forward, di1>0le, 12 
of emitters, 16 

reverse, dipole, 12 
of collectors, 17 

Biasing current, Class-A audio amplifier, 
76-77 

direct-coupled amplifier, 83 
Hartley oscillator, 63-54 
negative feedback amplifier, 91-97 
push-pull amplifier, 101-102 

Boron, adding to germanium, 8-9 

C 
Characteristic curve of transistor, 21-26 

operating point on, 24-25 
Charge carriers, mobility of. 10 
Charge distribution, PNP transistor, 13, 15 
Circuit 

amplifier, 76-109 
common-base, 42-46 

base-emitter current, 42 
biasing current, 41-42 
collector-emitter current, 42 
current gain, 42-43 
input impedance, 44 
output impedance, 44 
resistance gain, 43 
voltage gain, 43 

common-collector, 46-60 
base-emitter current, 49 
current gain, 47 
input impedance, 49 
operation of, 46-60 
output impedance, 60 
power gain, 49 
voltage-divider current, 4 7 
voltage italn, 48-49 

common-emitter, 30-33, 86-41 
circuit operation, 37-41 
current gain, 38 
current Identification, 36-37 
Input Impedance, 39-40 
output Impedance, 89-40 
voltaire italn, 38 
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Circuit-·cont'd 
PNP detector, 111-116 

Class-A audio amplifier, 75-81 
base-emitter current, 77 
biasing current, 76-77 
collector-emitter current, 78 
degeneration prevention, 81 
operational details, 76-81 
signal current, 78-79 

Collector, function of, 16 
reverse biasing of, 17 

Collector-emitter current, 16, 18 
Class-A audio amplifier, 78 
Colpitts oscillator, 61 
common-emitter circuit. 31-32 
Hartley oscillator, 54 
negative feedback amplifier, 91-92, 94, 95 
PNP detector, 113-115, 116-117 
push-pull amplifiers, 102, 103-104 

Collector voltage, negative feedback ampli­
fier, 97-98 

Colpitts oscillator, 58-65 
base-emitter current 60-61 
collector-emitter current, 61 
dynamic operation, 61-65 
feedback, 56-57 
static operation, 59-61 
voltage-divider current, 59-60 

Common-base circuit, 42-45 
base-emitter current, 42 
biasing current, 41-42 
collector-emitter current, 42 
current gain, 42-43 
input impedance, 44 
output impedance, 44 
resistance gain, 43 
voltage gain, 43 

Common-collector circuit, 45-50 
base-emitter current, 47 
current gain. 47 
input impedance, 49 
operation of, 46-50 
output impedance, 50 
power gain, 49 
voltage-divider current, 47 
voltage gain, 48-49 

Common-emitter circuit, 21-22, 30-33, 36-41 
base voltage, 37 
biasing current, 37-38 
circuit operation. 37-41 
current gain, 38 
current identification, 36-37 
input impedance, 39-40 
output impedance, 40-41 
voltage gain, 38 

Complementary symmetry, 81-82 
direct-coupled amplifier, 88 
push-pull amplifier, 98-109 

base-emitter current, 101-102, 107 
biasing current, 101-102 
collector currents, 102, 103-104 
degeneration prevention, 108-109 
dynamic operation, 102-107 
filter currents, 107-109 
operational details, 99-102 
signal current, 102-103, 104-105 
static operation, 99-102 
voltage-divider current, 99-101, 105-107 

Conductivity, base, of transistor, 26-27 
Coulombs law, 81 
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Current, base and collector, 16, 18 
common-emitter circuit, 36-37 
hole-, 9-10 
negative, meaning of. 29-30 

Current amplifier, transistor as, 20-21 
Current &'&in, 36 

formula for, 38, 42 
Curve, characteristic, of transistor, 21-25 

D 

Degeneration, 44-45 
negative feedback amplifier, 96-96 
prevention of, 79-81 

push-pull amplifier, 108-109 
Demodulation process, 126-130 
Density, electron, of base, 18 
Depletion zone, definition of, 12 
Detector circuits, 111-132 

PNP, 111-116 
operational details, 112-117 

with AGC, 117-132 
Diode, junction-, 11-12 
Dipole, forward bias of, 12 

reverse bias of, 12 
Dipole charge layer, 12, 27 
Direct-coupled amplifier, 81-88 

base-emitter current, 86-86 
biasing current, 83, 84-85 
collector-emitter current, 83 
degeneration prevention, 87-88 
filter currents, 87-88 
operational details, 82-86 
voltage-divider current, 83 

Donor atoms, 10-11 
Drift velocity, electrons and holes, 10 

E 

Electron density, of base, 18 
Electron-drift process, 7-8 
Electron flow, principle of, 7-8 

directions, transistor circuits, 16-20 
Electrons, in base of transistor, 17-20 

mobility of, 10 
size of, 28-29 

Emitter, common-, 30-33 
forward biasing of, 16 
function of, 15-16 

Emitter voltage, negative feedback ampli­
fier, 97, 98 

F 

Feedback, Colpitts oscillator, 62-63 
Hartley oscillator, 66 
negative, advantages of, 89 

RC coupled amplifier with, 88-98 
negative feedback amplifier, 95-96, 97 
Positive, 124-126 

Filter currents, direct-coupled amplifier, 87-
88 

long time-constant, 115-116 
negative feedback amplifier, 96-97 
push-pull amplifier, 107-109 

Flow directions, electrons, through tran­
sistors, 16-20 

Formulas, current gain, 38, 42 
power aain, 40 
volta&'e gain, 38, 43 



Forward bias, dipole, 12 
Forward biasing, emitters. 16 
Free-running multivibrator, 65-74 

discharging action, 70-71 
instantaneous current pulses. 70-72 
operational details, 66-69 
thermal runaway prevention, 73 
voltage-divider currents. 66 
waveforms, 72 

G 

Germanium atom, 7-8 
Gain, of transistor, controlling with AGC 

voltage, 130-132 
typical, 36 

Gain formulas. current, 38, 42 
J>ower, 40 
voltage, 38, 43 

H 

Hartley oscillator, 61-68 
biasing current, 63-64 
collector-emitter current, 54 
dynamic operation, 55-58 
feedback, 66 
static operation, 53-55 
voltage-divider current, 54 

Hill, potential, 12 
Hole, definition of, 9-10 

mobility of, 10 
Hole, current, 9-10 

Impedance 
input, common-base circuit, 44 

common-collector circuit, 49 
common-emitter, circuit, 40 

out1>ut, common-collector circuit, 50 
common-emitter circuit, 40-41 

Impedance matching, transformer, 121-123 
lm1>edance values, typical, 36 
Impurity content, semiconductors, 11 
Input im1,edance, common-base circuit, 44 

common-collector circuit. 49 
common-emitter circuit. 40 

Instantaneous current pulses. multivibrator. 
70-72 

J 

Junction diode, 11-12 
Junction transistor, 12-15 

L 

Law, Coulombs, 81 
Law, Ohm's, 40, 64 
Load line, use of, 22-26 

M 

Mobility, of charge carriers, 10 
Multivibrator, 66-74 

discharging action, 70-71 
operational details, 66-69 
thermal runaway prevention. 73 
voltage-divider current, 66 
waveforms, 72 

N 

Negative current. meaning of. 29-30 
Negative feedback 

RC coupled amplifier with, 88-98 
base-emitter current, 90-91, 92, 94, 96 
base voltage, 97 
biasing current. 91-97 
collector-emitter current, 91-92, 94, 95 
collector voltage, 94-96 
emitter voltage, 97-98 
feedback current, 96-96 
filter current, 96-97 
operational details 90-96 
signal current, 93-94, 96 
static operation. 90 
thermal runaway prevention. 91-92 
voltage-divider current. 90 

Neutralization, principle of, 124-126 
N-type semiconductors, 10-11 

0 

Ohm's law, 40, 64 
Operating Point. on characteristic curve. 

24-26 
Operation. common-emitter circuit. 37-41 
Oscillator 

Colpitts, 68-66 
base-emitter current. 60-61 

collector-emitter current. 61 
dynamic operation. 61-66 
feedback, 66-67 
static operation, 69-61 
voltage-divider current. 59-60 

Hartley, 61-68 
biasing current. 53-54 
dynamic operation. 55-58 
feedback, 66 
static operation. 53-55 
voltage-divider current. 64 

Oscillator circuits, 61-74 
Output impedance. common-collector circuit. 

60 
common-emitter circuit. 40-41 

p 

PNP detector circuit, 111-116 
PNP transistor, characteristics of, 12-16 
Positive feedback, 124-126 
Potential barrier, 12 
Potential hill, 12 
Power gain. 36 

formula for, 40 
P-type semi-conductor, 8-10 
Pulses, current. 70 
Push-pull amplifier 
complementary symmetry, 98-109 

base-emitter current, 101-102, 107 
biasing current, 101-102 
collector currents, 102, 103-104 
degeneration prevention, 108-109 
dynamic operation 102-107 
filter currents, 107-109 
OJ>erational details, 99-102 
signal current, 102-103, 104-106 
static operation, 99-102 
voltage-divider current, 99-101, 105-107 
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Q 

Q, of a coil, 123 

R 

RC-coupled am1,lifier 
with negative feedback, 88-98 

base-emitter current, 90-91, 92, 94, 96 
base voltage, 97 
biasing current, 91-97 
collector-emitter current, 91-92, 94, 96 
collector voltage, 97-98 
emitter voltage 97, 98 
feedback current, 95, 96 
filter current, 96-97 
operational details, 90-96 
signal current, 93-94, 96 
static operation, 90 
thermal runaway prevention, 91-92 
voltage divider current, 90 

Regenerative feedback, 125 
Resistance gain, 43 
Reverse bias, dipole, 12 
Reverse biasing, of collectors, 17 
Runaway, thermal, prevention of, 73 

s 
Selectivity, tuned circuit, 123 
Semiconductors, impurity content of, 11 

N-type, 10-11 
P-type, 8-10 

Signal current, Class-A audio amplifier, 
78-79 

common-emitter circuit, 31 
negative feedback amplifier, 93-94, 96 
push-pull amplifier, 102-103, 104-106 

Size, of electron, 28-29 
Space charge layer, 12 
Symbols, transistor, 16-16 
Symmetry, complimentary, 81-82 
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T 

Thermal runaway prevention, 73 
negative feedback amplifier, 91-92 

Transformer, impedance matching, 121-123 
Transformer action, 79 
Transistor, a)i>ha factor of. 26 

base conductivity of, 26-27 
base width, 27-28 
beta factor of, 25 
characteristic curve of, 21-25 

operating point on, 24-26 
circuits, electron-flow directions in. 

16-20 
gain, controlling with AGC voltage, 

130-132 
junction, 12-16 
symbolism, 16-16 

Transistors. as current amplifiers. 20-21 
three basic con figurations. 35 

Transport factor, 25 
Tuned circuit, selectivity of, 123 

V 

Valence band, 7-8 
Voltage, AGC, formation of, 127-130 
Voltage-divider action. common-emitter cir-

cuit, 37 
Voltage-divider current, Colpitts oscillator, 

69-60 
direct-coupled amplifier, 83 
Hartley oscillator, 64 
multivibrator. 66 
negative feedback amplifier, 90 
push-pull amplifier, 99-101, 105-107 

Voltage gain, 36 
formula for, 38, 43 

w 
Waveforms. detector circuit. 115 

multivibrator, 72 
Width, base of transistor, 27-28 


