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AUDIO FREQUENCY AMPLIFICATION 

INTRODUCTION 

In radio, and in sound work 
in general, where it is desired to 

amplify at audio frequencies, there 

are three principal sources of sound 
to be considered: the microphone, 

the phonograph pickup, and the 

detector output of a radio receiver. 

To these may be added the sound -on- 
film picture and television photo- 

electric pickup device. 

Amplifiers for all the pur- 
poses mentioned above will have 
somewhat similar characteristics 
with the exception of the tele- 
vision amplifier. Video (television 

picture) amplifiers differ widely 
from the ordinary audio amplifier 
because of the very wide band of 
frequencies to be amplified. 

The principal reasons for dif- 

ference in the design of audio 
amplifiers will lie in the amount 

of gain, the power output and the 
degree of fidelity required. The 

audio amplifier to be used in the 
home radio receiver need deliver 
only sufficient power output to 
operate a single dynamic reproducer. 

With modern high -gain i.f. ampli- 

fiers it is possible to assume for 

ordinary purposes a comparatively 
high voltage output from the de- 
tector. Thus, the audio amplifier 

for the ordinary home receiver re- 

quires neither very high gain nor 

very great power output. The de- 

gree of fidelity depends on the 

type of receiver. Obviously, a 

high -fidelity amplifier in a midget 

receiver would be misdirected effort 

since the reproducer in such a re- 

ceiver is incapable of high -fi- 

delity reproduction. In the larger 

receivers fidelity may be a prime 

factor in design. 

On the other hand, it may be 

necessary to design an amplifier 

for a public address system to be 

used in a large stadium, aviation 

field, or for some similar service, 

where a very large output is re- 

quired to operate several repro- 

ducers. It may be necessary to 

operate this amplifier from a mi- 

crophone, phonograph pickup, or 

radio receiver, interchangeably. 

As previously explained, the radio 

receiver and phonograph pickup may 

be expected to give a comparatively 

high output but the output fron 
microphones will ordinarily be 
quite small. Hence, such an ampli- 

fier must be , designed for both high 

gain and large output. The overall 

fidelity will be a function of the 

type of service. An amplifier de- 

signed for inter -communication needs 

or speech broadcast will not re- 
quire the overall fidelity of one 
designed for musical entertainment. 

Somewhat similar conditions exist 
in an audio power distribution 
system where the output of the in- 
dividual reproducer is small but 
where a large number of such re- 
producers must be operated from a 
single amplifier. This condition 
would be exemplified by a large 
hotel installation where a comm'n 
amplifier feeds a reproducer in 
each room. 

DECIBEL CALCULATIONS 

Before taking up the actual de- 

sign of audio amplifiers, some idea of 
the methods of measuring and calcu- 

lating audio voltage gain and power 

output is required. In audio fre- 
quency work, it is customary to speak 

www.americanradiohistory.com

www.americanradiohistory.com


2 AUDIO FREQUENCY ANPLICATION 

of input power level, power output, 

and gain in terms of decibels (abbre- 

viated db) instead of watts. Nu- 

merous tests have indicated that the 

response of the human ear is ap- 

jroximately proportional to the 

logarithm of the stimulus. Hence, 

a logarithmic measure of power will 

more closely approximate the ampli- 

fier performance as interpreted by 

the human ear. The ear can just 

distinguish the difference between 

two sound levels that differ by one 

db. 

A decibel may be defined as ten 

times the common logarithm of the 
ratio of two powers, or mathemati- 

cally p 

Gain in db = 10 logro ? P 
1 

where P2 is the power output, or 

power at the receiving end, and P1 

the power input or power at the 

transmitting end. The decibel may 

be used in either of two ways, first, 

as the measure of the difference 

between any two sound levels, and 

second, as a measure of the dif- 
ference between any given power 
level and an arbitrarily selected 

reference level. In audio frequency 

work this reference level is taken 

as .006 watt, meaning P1 = .006 w. 

As an example of the first 

case find the difference between a 

power level of 20 watts and one of 30 

watts. 

db = 10 logro 

= 10 logro 

= 10 logro 

P243 1 

30/20 

1.5* 

= 10 x .176 

= 1.76 db 

*(Log10 1.5 = .176 from tables) 

Thus, 30 watts is only 1.76 db 

greater than 20 watts. To the human 

ear this would represent a hardly 

distinguishable increase in volume. 

To illustrate the second case, 

assume the maximum undistorted power 

output of an amplifier is 12 watts. 

What is the output level in db? 

db = 10 log P2/P1 

= 10 log 12/.006 

= 10 log 2,000 (Log10 2,000 

3.3 from tables) 

= 10 x 3.3 

= 33 db 

Thus, 12 watts is 33 db above the 
reference level of .006 w. In this 

case a power level of .006 w is 

taken as zero db. In terms of the 

first illustration the difference 
between a power level of .006 watt 
and 12 watts is 33 db. 

Referring to the receiving 
tube manual, it is seen that an 
output of 33 db could be obtained 
from two Type 46 tubes operated in 

push -pull Class B, two Type 6F6 
tubes operated in push -pull Class AB, 

or two Type 6L6 tubes operated in 
push -pull Class A. 

Assume the output voltage of 
a detector developed across a 
120,000 -ohm load resistance is 12 

volts r.m.s. The power output E2/R 

is 122/120,000 or .0012 watt. Ex- 

pressed as a power level in db in 
reference to zero level this will be 

db = 10 log .0012/.006 

= 10 log .2 

= 10 x ( -1 +.3) 
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DECIBEL CALCULATIONS 3 

Since the mantissa of a logarithm 
is always positive, the multipli- 
cation is performed as follows: 

1 + .3 

10 

-10 + 3.0 = -7 db 

Therefore, .0012 watt represents a 

power level of -7 db in reference 
to the arbitrarily selected refer- 

ence level .006 watt. In ampli- 
fier parlance the detector output 
is said to be down 7 db from the 
reference level. 

The gain necessary in an ampli- 

fier, assuming all impedances are 

properly matched, will be the dif- 

ference between the input and out- 
put power levels. Thus, to raise 

the detector output of .0012 watt 

to a level of 12 watts will require 

a total gain of 7 + 33 or 40 db. 

This can easily be checked by solv- 

ing for the difference in power 
levels between .0012 w and 12 w. 

db = 10 log 12 /.0012 

= 10 log 10,000 

= 10 x 4 

= 40 db 

The total gain required in an 

amplifier_ depends on two principal 

factors, the input power level 

available and the output level ce- 
sired. In any practical irisi`- 
lation, the amount of gain must be 

variable over comparatively wide 

limits since there will be times 

when the maximum output will not 

be desired and other occasions, such 

as when a speaker fails to speak 

directly into a microphone, when 

the input level falls well below 

that tarn as average for the micro- 
phone. In the design of an ampli- 

fier the gain should be variable 

over a range of ten to twenty db to 

allow for this variation in input 

level. 

In amplifying the output from 

the detector of a módern radio re- 

ceiver, it is usually possible to 

obtain almost any desired signal P 
level, and for design purposes this ou e- 
output can be assumed as zero db. 

I 

i,,, QA 

Thus, the gain necessary in the re- 

ceiver audio amplifier for an out- O 
put of 12 watts will be approxi- 

mately 33 db. 
The power output of phonograph 

pickups varies over wide limits. 

A good magnetic type pickup may have 

an output approaching zero db while 

one of the crystal ty y have an 

output in the order of -30 db. In 

the absence of definite information 

-15 db may be assumed as average. 
Any vá a ioñ in lr évéT when CWng 
from one type of pickup to another 

can usually be compensated for by an 
adjustment of the gain control. 

The power output levels ob- 

tained from microphones also varies 

over wide limits. The output of a 

good double button carbon microphone 
may vary from -60 to -30 db. The 

output from dynamic and velocity 

microphones will be somewhat lower 

than that of the average carbon 

microphone. For main amplifier 

design purposes an average micro- 

phone output o -45 b mäy e as- 

sumed. A pre -amplifier is usually 
used between the microphone and the 

main amplifier particularly when 

the main amplifier is expected to 

work interchangeably from a micro- 

phone and (or) a pickup or radio 

receiver. In the example pre- 

viously cited, if the main amplifier 
has a gain of 33 db, to maintain 

C 

uk 
'à 

! 

M 

C 

S 
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4 AUDIO FREQUENCY 

an output of 12 watts the preampli- 
fier should have an approximate 
gain of 45 db to bring the output 

of the microphone up to zero level. 

The pre -amplifier should also be 
designed to provide a quite wide 
variation in gain. A variation 
from 15 to 20 db is usually satis- 

factory for control purposes. 

Just how much power do these 

minus db levels represent? It is 

often necessary to know the actual 

amount of power at minus db level 

and, conversely, when the actual 

power is known, it may be necessary 

to express the level in decibels. 

The procedure for making such cal- 

culations is exactly the same as 

in the case ofpositive power levels, 

that is, powers above .006 w, but 

more care is required. If there is 

any difficulty in understanding the 

following examples, the student 
should thoroughly review the as- 

signment oh logarithms. 

EXAMPLE 1: Given an input 

signal level of -30 db. Convert to 

milliwatts. 

P2 
db = 10 logl 

.006 

-30 = 10 logs 

Dividing by 10 

-3 = logro 

P2 

o .006 

P 
2 

.006 

Antilog -3 = .001 

.001 = 

PZ 

.006 

P = .001 X .006 = .000006 w 

or, 
= .006 mw 

-db = 10 logro 
.006 

P2 

AMPLIFICATION 

- ( -30) = 30 = 10 logro 

3 = logro 006 
P 

z 

1000 = 
006 
P2 

.006 

P 
2 

P .006 _ 6 x 10'8 watts 
1000 

EXAMPLE 2: Given an input sig- 

nal of -15 db. Convert to milli - 

watts. Observe the procedure very 

carefully. Remember the mantissa 

is always positive and to divide a 

negative characteristic it must 

first be made evenly divisible by 

the divisor. The decibel is simply 

a logarithm multiplied.by ten and 

so must be treated in every respect 

mathematically as if it were itself 

a logarithm. P 
db = 10 logra 

2 

.006 

P 
-15 = 10 logro 

.006 

2 

-15 
10 -log 10 .006 

If the power level were +15 db, the 

division by ten would result ih a 

quotient of 1.5; however, it is -15 

db and this must be treated as the 

negative characteristic of a loga- 

rithm. 

- 15 + 0.0000 

- 5 + 5.0000 

10 /-20 + 5.0000 
- 2 + .5000 

Adding -5 + 5 to the characteristic 

-15 does not change the absolute 

value of -15 but this procedure does 

make the negative characteristic 
exactly divisible by 10. Therefore 
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DECIBEL CALCULATIONS 5 

P2 -15 

10 = 

log10 
.006 

P 
-2 + .5 = loglo 

2 .006 

Antilog -2 + .5 = .0316 (From tables) 

0316 - 2 

.006 

P2 = .0316 x .006 

= .00019 = .19 mw 

EXAMPLE 3: Given an input of 

-19.8 db. Express in milliwatts. 

This type of problem often causes 
considerable difficulty because it 

is customary to treat the decimal 
part of the db value as a positive 
mantissa. In this case the .8 is 

simply the decimal part of 19.8 db 
and the entire number is considered 

as being negative, that is, the 
characteristic is -19.8. 

P 
db = 10 log10 2 

.006 

P 
-19.8 = 10 login 2 

.006 

-19.8 = P2 

10 
l0g10 

.006 

To make -19.8 divisible by 10 nega- 

tive .2 must be added to it. 

-19.8.+ .000 
- .2 +.200 

1020 + .200 

-2 +.02 

P 
2 -2 + .02 = logl z 

.006 

Antilog -2 + .02 = .01048 

P 
2 

= .01048 x .006 = .00006288 w 

= .0629 mw 

Now suppose it is desired to 

work in the opposite direction. 
that is, to convert a given input 

power level to decibels. Convert 

.03 mw to db. 

-db = 10 logs 
006 

= 10 login 

P2 

.006 

.00003 

= 10 logro 200 

= 10 (2.30103) 

= -23.01 db 

For all practical purposes a power 

of .03 mw represents a power level 

of -23 db in reference to the ar- 

bitrarily selected reference level. 

The transmission unit (decibel) 

can also be used to express the 
difference between two power levels. 

EXAMPLE 5: The input to an 

amplifier is .7 mw and the output 

28 watts. What is the power gain 
in db? 

db = 10 log1 

= 10 log 28 

10 .0007 

= 10 logro 40,000 

= 10 x 4.602 

= 46.02 db 

The method of proving Example 5 
will bring out an interesting point. 
If .7 mw and 28 w are both con- 
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6 AUDIO FREQUENCY AMPLIFICATION 

verted to db in reference to .006 w 

the difference between the two db 

values should be 46 db. 

db = 10 logro 

= 10 logs 
o 

= 10 x ( -1 

Since the mantissa is 

.0007 

.006 

.1166 

+ .0667) 

always posi- 

tive the product of 10 x ( -1 + .0667) 

is -10 + .667 = -9.33 db. Con- 

verting the output 28 watts to db 

db = 10 logro 
28 

.006 

= 10 logro 4,666 

= 10 x 3.669 

= 36.69 db 

Since .7 mw represents a db level 

of -9.333 db below the reference 
level of .006 watt and 28 watts is 

36.69 db above that same level, the 

overall gain will be 9.333 + 36.69 

= 46.023 db which agrees with the 

original answer to Example 5. 

EXAMPLE 6: An amplifier has 

a power gain of 60 db and an out- 

put of 15 watts. What is the in- 

put power level in db and milli - 

watts? 

P 
db = 10 logro 2 

P1 

60 = 10 logro 15 

P 
i 

15 
6 = logro 

1 

Antilog 6 = 106 

106 = 15 

P 
1 

P = 15/106 = 15 x 10-6 
1 

= .015 mw input power level. 

-db = 10 logro 
.006 

= 10 logro 400 

= 10 (2.60206) 

= -26.0206 db input power level 

PROOF: db = 10 logro 
15 

.0000 6 

= 10 logro 2,500 

= 10 x 3.3979 

= 33.979 db 

Since 15 watts is 33.979 db above 

zero level and the amplifier has a 

gain of 60 db, then a signal 60 

- 33.979 = 26.021 below zero db 
will give an output of 15 watts or 

the amplifier will give an output 

of 33.979 db with an input signal 

of -26.021 db. 
The decibel can also be used 

to compare voltage and current 
levels. Since P varies as E2 and 
I2 (P = I2R = E2 /R) then 

E2 
2 

Voltage gain in db = 10 logro 
2 E: 

= 10 x 2 logro 
E 

2 

F,1 

E 
= 20 log 

0 E 

2 (when Z1 = Z2, 
1 

Similarly, current levels can be 
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TYPICAL AMPL I FIER CALCULATIONS 

expressed in db from the formula 

I 

Current gain in db = 20 logro - 
I 

(when Z1 = Z2) 

2 

i 

In both of the above formulas the 
subscript 2 represents the output 
and subscript 1 the input level. 

The gain necessary to raise 
the power, voltage, or current from 

one arbitrary level to another is 
simply the difference between the 

two levels in decibels. Thus, to 

raise a power input from +2 to +22 

db requires an amplifier with a 

power gain of 22 - 2 or 20 db. 

If the input level is -10 db and 

an output of 30 db is desired, the 

amplifier must have a gain of 
30 + 10 or 40 db. In both cases 
the final db values represent the 

power amplification factor of the 

amplifier. If the power gain is 

20 db, the amplifier would raise an 

input level of -10 db to +10 db, 

or an input of -20 db to zero db, etc. 

In the design of an amplifier 

it is often inconvenient to use the 

power unit (watt) in expressing 
gain. The volt is much more con- 
venient since the step -up ratios 
of transformers and the amplifi- 
cation factor of tubes refers to 

the voltage step -up. The trans- 

former itself gives no power gain. 

The u, of a tube is the ratio 
dEP/dE for constant Ip indicating 

that tie amplification factor is 

a voltage ratio. Thus, voltage 
gain ratios are frequently used 
in amplifier design. 

TYPICAL AMPLIFIER CALCULATIONS 

Audio amplifier design can be 

divided into two general stages, the 

7 

preliminary design which deals with 

the selection of tubes and general 

circuit components and the final 

design in which more detailed cal- 

culations are made for circuit com- 

ponents, fidelity, etc. This dis- 

cussion will deal primarily with 
the preliminary design. More ad- 

vanced assignments will give fornnilas 

and methods for the final stage 
by stage design. Quite often the 

preliminary design figures plus a 

little practical experience is all 

that is required to design a satis- 

factory amplifier. By utilizing 

the information available on tubes 

and circuits in the tube manual, 

the design can be greatly simplified. 

As explained in an earlier 
assignment the maximum possible 
voltage gain that can be obtained 

from a vacuum tube cannot exceed 

µ, and the full µ of the tube can 

be approached only when the load 

resistance is sufficiently large 

that R may be neglected. Similarly 

the voltage step -up factor of trans- 
formers is not uniform, being true 

only for one frequency. The step -up 

ratio of audio transformers is 

usually expressed for a frequency 

of 1,000 cycles per second. The 

efficiency of such transformers 
is usually quite low, and will drop 

very rapidly if the current flow 
in any winding exceeds the manu- 

facturer's rating. Very serious 

distortion can be introduced by a 

transformer designed for operation 

between Class A amplifiers, if grid 

current is permitted to flow in 

the transformer secondary. If the 

normal tube plate current flowing 
through the primary of the trans- 

former is increased, the trans- 

former core may tend to saturate 

on signal peaks introducing con- 

siderable distortion into the signal. 
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8 AUDIO FREQUENCY AMPLIFICATION 

In preliminary design it is custom- 
ary to assume an average efficiency 
for an audio transformer of about 
90 per cent for voltage gain. In 

selecting a transsformer the follow- 

f c .o .a._ i t be considered: the 

primary ..jmpeds (usually measured 

at -1,000 c.p.s.) since that factor 

will be used in determining the 
voltage gain of the preceding tube; 
the normal primary current that will 

permit~t ransformer to work well 
below d.c. saturation; and the turns 

ram tió In preliminary design work 
the voltage step -up ratio is usually 

taken as ninety per cent of the 
turns ratio. 

From the above it is apparent 

that the preliminary design of an 
amplifier is only a rough approxi- 
mation. Sufficient additional gain 
is usually provided to allow for 
unpredictable losses that are not 
considered in the early design. 

Consider the amplifier in Fig. 

1. The gain can be calculated as 
20 log E2/E1, if the input and out- 

put impedances are equal. If these 

GCs 

impedances are not equal, a cor- 

rection factor may be used to ar- 

rive at the actual gain. If the 

output impedance is 2,500 ohms 
(value give in the tube manual for 

a single 2A3 tube), and the input 

impedance is a 500 ohm line, then 

the correction factor will be 

Z 
10 log 1 = 10 log 

Z2 

500 

2500 
- 10 log .2 

= 10 (-1 + .302) _ -7 db 

Since T2 is working into a 

Class A 2A3 stage which is drawing 

no grid current from the secondary, 

the primary impedance is essentially 

XL. At 100 c.p.s. XL should be at 

least 3 R , or 30,000 ohms, and at 

1,000 c.p.s. it will therefore be 

ten times as great, or 300,000 ohms. 

The gain of the 6C5 stage at 

100 c.p.s. for a µ of 20 and R of 

10,000 ohms will be 

µXL 
al o o - 1/ (R) 2+/v) 2 

2A3 

Fig. 1.- -Two Stage Amplifier 

www.americanradiohistory.com

www.americanradiohistory.com


 

TYPICAL AMPLIFIER CALCULATIONS 9 

20(30000) 

1/(10000)2 + (30000) 2 

_ 6 x 106 = 18.95 > 
or 0.948 D. 

A similar calculation for the 
gain at 1,000 c.p.s. will yield the 
value ai000 20.0. This indicates 

that over the useful frequency range 
the gain is fairly constant at the 
value of {.L for the tube. 

The gain of the 2A3 stage is 
found from WZI 

Rp + ZL 

where R is 800 ohms, µis 4.2, ZL is 

essentially resistive, and of a value 

of 2,500 ohms. This has been dis- 

cussed in aprevious assigiment deal- 

ing with power amplifier stages. 

Substituting 
- 4.2 x 2500 = 3.18 a 
800 + 2500 

This can be checked from the 

load line for 2,500 ohms and -43.5 

volts bias on the 2A3 curves in 

the Tube Manual. A plate swing of 

105 to 366 gives a total of 261 

volts peak to peak voltage. Divided 

by twice 43.5 or 87 volts grid swing, 

a = 261 = 3.00 
87 

The two methods check closely 

although the latter method is pre- 

ferable for accuracy in all appli- 

cations for a power amplifier stage. 

The total gain at 100 c.p.s. 

will be found as follows, 

.9(2) x 18.95 x.9(2) x 3.00 = 184.2 

in db the gain is, 

20 log 184.2 + 10 log 
500 

2500 

= 20(2.2653) -7= 45.3 - 7 = 38.3 db 

If a high mu tube such as a 

6K5 tube with an R of 50,000 ohms 

and a µ of 70 is used, the gain at 

100 c.p.s. will be increased, using 

the same transformer T2, as follows: 

70 (30000) 2100000 

50000)2 + (30000)2 1134 x 108 

21x106 
= 36 

5.84 X 10- 

the db increase in gain is given by 

20 log 36 = 20 log 1.897 
18.95 

= 20(.27807) = 5.56 db 

The total gain at 100 c.p.s. would 

be 38.3 plus 5.56 or 43.9 db. How- 

ever, at 100 c.p.s. the gain rela- 

tive to that at 1,000 c.p.s. will 

not be in the same proportion for 

the two tubes. The frequency 
response will be quite different, 

which is an important factor in 

audio amplifiers, and the extra 
gain is unimportant in comparison 
for most applications, since fi- 

delity or uniform response is more 

desirable. 

At 1,000 c.p.s. the gain of 
the 6C5 stage was found to be 
practically 20. A similar calcu- 
lation at 1,000 c.p.s. for the 6K5 

yields a value of practically 70, 

and the db increase in gain is 10 

log (70/20) = 20 (.5441) = 10.88 db. 

Thus, if a 60 tube were substituted 
for the 6C5 tube, the gain would be 

increased, but unfortunately only 

5.56 db at 100 c.p.s. and 10.88 db 

at 10,000 c.p.s. Since the gain 
using a 6C5 tube is practically 
flat over the frequency range, this 

means that the gain will have a 

rising characteristic from 100 to 

1,000 c.p.s., when a 6K5 tube is 

used, or to put it another way, the 

low frequencies, such as 100 c.p.s. 

will be attenuated relative to the 
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10 AUDIO FREQUENCY AMPLIFICATION 

higher frequencies. Hence, in spite 

of its lower gain, the 6C5 tube is 

preferable to the 6K5 tube for a 

transformer -coupled stage. 
The average plate swing of the 

output tube, such as the value 261 

given previously for the peak -to- 

peak value, divided by two is 

261/2 = 130.5 volts peak value. 
The input voltage needed can be 
found by dividing this voltage by 

the amplifier gain to determine the 

peak input voltage. 

130 
= .706 volts peak 

184.2 

This is the value needed for the 

gain of 184.2 found for one case 

previously. Knowing the input volt- 

age and output power the amplifier 

design is well under way and it is 

easily seen whether it will meet 

requirements. 
Suppose it is desired to double 

the power output of the amplifier 

shown in Fig. 1. Another Type 2A3 

tube can be connected in parallel 

with the original tube or a push -pull 

amplifier can be used in the power 

stage. No additional voltage gain 

will be obtained from the parallel 

combination and the excitation 

voltage will still remain approxi- 

mately 45 volts peak. Placing two 

,tubes in parallel will -17 ta e 

oing the load resistance but for 

e same excitation the current 

variation in the load will,be 

doubled. 2I x .5R = IR where I is 

the a.c. component of current 

developed by one tube, and R is the 

normal load resistance for one tube. 

Power output is I2R or (2I) 
2 x .5R 

= 4I2 x .5R = 2I2R or double. With 

7 watts output the power level is 

db =10log 7 

.006 

= 10 log 1,167 

= 10 x 3.07 

= 30.7 db for the first case 

= 10 log 3.5 

.006 

= 10 log 583 

= 10(2.77) = 27.7 db 

Doubling the power output 
allowed only a 3 db increase, an 

amount that would just be noticed 

by the ear. However, this slightly 

higher power gain will allow a lower 

input power level for the same 
output. 

Parallel operation of audio 
amplifier stages has two principal 

Fig. 2.-- Parallel output stage. 

disadvantages: the harmonic dis- 
tortion is double that produceby 
one tube and the creased plate 
current through the output trans- 

former primary may be sufficient to 

cause core saturation unless a large 

well designed transformer is used. 

This second disadvantage may be 
avoided by using parallel feed to 

the plates through a large audio 

choke as shown in Fig. 2. A high 
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PUSH -PULL AUDIO ANPLIFIERS 11 

inductance -high current choke is a 

comparatively expensive item, and 

since push -pull operation possesses 

several decided advantages, parallel 

operation of audio amplifier tubes 

is rarely used. 

PUSH -PULL AUDIO AMPLIFIERS 

The principal advantages of 

push -pull operation are fir output 
somewhat greater than that obtain - 

REI from two tubes in parallel, 

cancellation of all even of har- 
moñics, and elimination of danger 

of core saturation in the output 

transformer -. Fig. 3 shows the cir- 
cuit of Fig. 1 arranged for push -pull 

i to 1.5 in each half of the second- 

ary or Np/.5N8 = 1/1.5. The overall 

ratio would then be 1 to 3. 

The voltage gain of a push -pull / 

Class A stage is twice that of a 

single tube. This is because both 

tubes are essentially in series 

the load and the voltage 
developed across one -half the pri- 

mary of the output transformer by 

one tube is in such polarity as to 

add to the voltage developed by the 

other tube across the other half 

of the primary. For Class B ampli- 

fiers this addi Tonal vo age gáin 

is nom t obT wined since yonee Ube 
i considered to be working at 
time. Class AB2 amplifiers are 

treated as Class B amplifiers in 

Fig. 3. --Two stage push -pull output amplifier. 

operation of the output stage. 
Push -pull input and output trans- 

formers have been substituted for the 

single stage transformers used in 

Fig. 1. Such transformers are 

usually rated in accordance with the 

turns ratio of one -half the secondary 

to the entire primary. Thus, a 

push -pull transformer with a 1 to 1.5 

step -up ratio refers to a step -up of 

preliminary design calculations. 
The power output of a push -pull 

stage is usually somewhat greater 

than twice that obtained from a 

single tube as will be explained 

later in this assignment. ForS 
practical puurposes the power output 

may be taken as twice that of one./ 

tube. Assuming an output of 7 watts 

for the amplifier of Fig. 3, the 
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12 AUDIO FREQUENCY AMPLIFICATION 

power output level of the amplifier 

will be approximately 31 db. If an 

efficiency of 90 per cent is taken 

for the transformers and using 
the gain previously calculated for 

the tubes, the approximate voltage 

gain will be: 

.9(2) x 20 x (1.5).9 x 2 x 3 

= 291 at 1,000 c.p.s. 

The greater voltage gain of the 
push -pull amplifier will of course 

permit full output to be obtained 

from an input signal much lower in 

level than is needed for the single - 

ended amplifier of Fig. 1. 

If an output of 50 watts is 

desired, an additional push -pull 

stage using Type 845 tubes can be 

added to the amplifier of Fig. 3. 

Using a 1:1 input transformer, a 

voltage gain of approximately 6 
could be expected from this ad- 

ditional stage. The power output 

level would then be 39 db and the 

voltage gain approximately 6 x 291 

= 1,746. 

A comparison of the 50 -watt 
push -pull amplifier and the push - 

pull 2A3 amplifier of Fig. 3 will 

bring out some interesting points. 

The 2A3 push -pull amplifier has a 

power output level of 31 db and a 

voltage gain of 291. It requires 

an input voltage of 184/291 or 
0.632 that of the single 2A3 ampli- 

fier. The 50 -watt amplifier re- 

quires 184/1,746 or 0.1054 the in- 

put voltage of the single 2A3 ampli- 

fier. These values are based on 

equal input and output impedances. 

This shows that increased output 

with a lower input voltage is pos- 

sible using the same gain in the 

6C5 stage. 
The gain of the 50 -watt ampli- 

fier is sufficient to permit opera- 

tion direct from a phonograph pick- 

up but is not quite enough to per- 

mit operation direct from the 
average microphone. If microphone 

input is to be used, a pre -amplifier 

with an approximate voltage gain of 

30 db would be required. 

30 = 20 log Ea/E1 

1.5 = log E1/E1 

E2 /E3 = 31.63 or 32 (for 

equal input and output impedance). 

A voltage gain of 32 is easily ob- 

tained from another 6C5 stage with 
a 1 to 3 or 1 to 4 input transformer. 

For an inexpensive radio re- 
ceiver where a fairly large power 
output with a minimum number of 
tubes and a simple circuit is de- 
sired, the power amplifier pentode 

is very practical. The type 6F6 
has an amplification factor of 200 
and a power output of 3 watts with 
a plate potential of 250 volts. 
With a 7,000 -ohm load a voltage 
gain of approximately 20 can be ob- 
tained. Using two 6F6 tubes in 
push -pull with a 1 to 1.5 step -up 
transformer, a total voltage gain 

of approximately 60 can be ob- 
tained. This is a gain of 20 log 
60 = 20 (1.78) = 35.6 or 36 db for 
equal impedances. A power output 
of 6 watts is easily obtained from 
the push -pull combination with a 
plate voltage of 250. Six watts 
corresponds to a power level of 30 
db. With a power output of 30 db 
and a voltage gain of 36 db, the 
input signal level may be down as 
much as -6 db for full output. This 

is easily within the range of the 
output of a power detector. It 
should be noted that although the 
output of the push -pull 2A3 amplifier 
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PUSH -PULL AMPLIFICATION 13 

is one watt greater than that of the 

push -pull 6F6 amplifier, the actual 

difference in power levels is only 

.7 db. So far as actual volume is 

concerned, there is little choice 

between the two amplifiers. How- 

ever, the use of the 6F6 tubes with 

their high amplification factor 
permits the elimination of the first 

audio stage, a considerable help 

where economy and space are im- 

portant factors. Pentodes are more 

prone to third harmonic distortion 

than triodes so that i- s á1s a 
fac or to be considered. 

From the foregoing it will be 

seen that the preliminary design 

of an audio amplifier involves only 

a few simple calculations and a 

large portion of common sense. 
Where resistance coupling is used 

the actual gain per stage for 

various tube voltages and circuit 

values can be taken directly from 

resistance amplifier charts in the 

tube manual. Familiarity with the 

various tubes commonly used in audio 

amplifiers will be a great help. 

PUSH -PULL AMPLIFICATION 

In most audio amplifiers, where 

large power output and high quality 

reproduction are required, a push - 

pull circuit is used. This type of 

circuit is also used extensively in 

radio frequency power amplifiers. 

Because of its wide application a 

thorough understanding of the theory 

of the push -pull amplifier is 

desirable. 
Fig. 4 shows a schematic dia- 

gram of a push -pull amplifier. 

First, consider the circuit from 

the d.c. standpoint. Grid bias is 

applied to the grids through the 

center tap of the input transformer 

T1. If the two tubes are well 

matched, they will be adjusted to 

the same operating point on their 

E I curves and identical plate 

currents will be obtained. Since 

the plate voltage is applied to 

the tubes through the center tap 

connection of the primary of the 

output transformer the normal plate 

current of the two tubes will flow 

in opposite direction in the primary 

and the magnetomotive force due to 

this current will be essentially 

zero. Under these conditions there 

will be no magnetic field set up in 

the core of the transformer. In the 

single -ended stage the normal d.c. 

plate current maintains a constant 

flux density in the core and care 

must be taken to insure that the 

core does not saturate during the 

peak excursions of plate current. 

In the push -pull output transformer 

4f. 

Fig. 4. --push -pull amplifier. 

this steady magnetization is not 

present and hence a high perme- 

ability core may be used which al- 

lows the necessary primary in- 

ductance to be obtained with a 

minimum number of primary turns. 

A high permeability core will 

saturate under a small magnetizing 

force so it is very desirable that 
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14 AUDIO FREQUENCY AMPLIFICATION 

1 o 

/nput 

(A) 

Ou/pu/ 

o 

(8) 

(C) 

Fig. 5. -- Various bias circuits for push -pull amplifiers. 
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PUSH -PULL AUDIO AMPLIFIERS 15 

tubes selected for use in a push - 

pull amplifier have identical plate 

currents for the same grid bias. 
When high transconductance tubes 

are used in the amplifier, it is 

best to use a split secondary input 

transformer so that the bias on each 

tube can be adjusted independently 

for identical plate currents. Fig. 

5 shows three methods commonly used 

to obtain balanced plate currents.. 

In Fig. 5(A) a split secondary is 

required on the input transformer. 

In (B) two separate filament heater 

windings are required. (C) is 

similar to (B) except that heater 

type tubes are used and hence 
separate heater windings are not 

required. R in each circuit should 
be2pproximiTely ten per cn£ óf 
the total cathode resistance re- 
quired. By keeping R as small as 

practical only one by -pass con - 
denser connected across R is neces- 

sary. When fixed bias is used, a 

split secondary on the input trans- 

former will permit individual 
biasing of each tube. 

Now consider the push -pull 
circuit from the a.c. viewpoint. 

With an excitation voltage applied 

to the primary of the input trans- 

former the voltage applied to the 

two grids will be 180 degrees out 
of phase because the grids are con- 

nected to opposite ends of the 
transformer secondary. If the volt- 

age on grid one is swinging in a 

less negative direction, that on 

grid two will be swinging more 
negative. Plate current will vary 

in phase with E so that the a.c. 

voltage component across one -half 

of the output transformer primary 
will be increasing above normal 

while the voltage across the op- 

posite half is dropping below 
normal. The a.c. component of 

uoltage across the entire primary 

of the output transformer will be 

the sum of the voltage drops across 

each half. For example, with a 

normal plate voltage of 250 volts, 

if the excitation applied to the 

grid of one tube increases I so 

that the voltage across one -Ralf 

the output primary rises 10 volts, 

then the voltage applied to grid 

two will be of opposite polarity, 

and if the tubes are well matched, 

the plate current in tube two will 

decrease enough to decrease the 

voltage across the second half of 

the primary by an equal amount. 

If the voltage at one end of the 

primary rises ten volts, while that 

at the other end drops ten volts, 

the actual potential difference 

between opposite ends of the pri- 

mary will be 10 + 10 = 20 volts. 

Thus, the voltage developed 

across the entire primary will be 

twice that produced by a single 

tube working into one -half the pri- 

mary. Therefore, the theoretical 

voltage gain of a push -pull ampli- 

fier is twice that of a single tube. 

This is true for the same excitation 

voltage per tube in either case. 

That is, the primary to all the 

secondary for a single tube, is the 

same turns ratio as the primary to 

1/2 the secondary in the push -pull 
amplifier. 

Since the output voltages of 

the tubes add across the load the 

tubes are equivalent to two alter- 

nators connected in series and in 

phase as shown in Fig. 6. Consider 

the conditions that exist in this 

circuit for the voltages shown when 

switch Sw is open. The voltage 

E1 generated by alternator 1 is ap- 

plied across N1. If E1 = 100 volts 

and E is 10 volts, the step down 

ratio of the transformer (N1 /Ns) is 
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16 AUDIO FREQUENCY AMPLIFICATION 

100 /10 or 10 to 1. The current in 

RL is E/R = 10/1 = 10 amperes. 

The power output is I2R or 102 x 1 

= 100 watts. Neglecting transformer 

losses, the current through alter- 

nator 1 is Pa /E = 100 /100 = 1 ampere. 

The effective primary impedance of 

N1 is E/I = 100 /1 = 100 ohms. 

In an earlier assignment it 

was shown that the turns ratio of a 

E,= ' 
/00V 

E7=© 
/00V 

200V 

Amy 2, 

3 
/./1 E5=/0V 

Ns 
B 

/00 

r 

A t,4 
N7..E; 

V á 

t ' 
sw 

Fig. 6.-- Equivalent push -pull 
circuit. 

transformer to work between two 

known resistances was given by the 

equation 

or 

N /N = R /R 
P s p s 

from which 

N2/N2 
s = Rp/Rs P 

R = (Np/Nfi) 2R (1) 

where R is the impedance of N1. 

When the switch Sw is open in Fig. 6 

R = (10 /1) 21 = 100 ohms 

Therefore, alternator i is 

working into a load resistance of 

loo ohms when switch Sw is open. 

When switch Sw is closed, this 

condition no longer holds true. 

If N1 = N2, points A and B are at 

the same potential and no alter- 

nating component of plate current 

will flow in the center tap lead 

AB. The current due to alternator 

1 must return through alternator 2 

and the two alternators are ef- 

fectively in series. Since N1 = N2, 

then N = 2N1. Doubling the turns 

of the primary will double the turns 

ratio of the transformer N 
P 
/N . 

But the voltage across the primary 

is now E1 + E2 = 200 volts, just 

double the value obtained with the 

switch Sw open. Doubling the pri- 

mary voltage and halving the turns 

ratio will maintain E. ai lts òrigl 

nal value of 10 volts. The second- 

ary current will remain at 10 am- 

peres and the power output will 

still be 100 watts. With 200 volts 

across the primary and a power output 

of 100 watts, the primary current is 

now 
P /Ep = 100 /200 = .5 ampere 

The power delivered by each al- 

ternator is EI or 100 x .5 = 50- 

watts. The impedance of N1 is 

now 100/.5 = 200 ohms. Connecting 

alternator 2 in the circuit has 

the effect of doubling the impedance 

into which each alternator works. 

This reduces the power output of 

alternator i to one -half its origi- 

nal value. This rise in the ef- 

fective impedance into which each 

alternator works is caused by the 

coupling or mutual inductance which 

exists between N1 and N2. 

It should be noted that the 

total resistance looking into N 

is 200/.5 or 400 ohms, which is 
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4 times the resistance looking into 

N1 alone. This also follows from 

the rule that inductance varies 

as the square of the number of turns. 

If N1 = N2, when switch Sw is 

closed, the primary turns are 

doubled multiplying the inductance 

and inductive reactance by a factor 

of 4. 

If the two alternators are to 

uce a prod tw ce power output of 

one tube, it is necessary to reduce 

the load resistance to one -half 

that used for one tube. In an/ 

earlier assignment it was explained 

that maximum power output from any 

generator is obtained when R = RL, 
but maximum undistorted power out -' 

put is obtained from a vacuum tube, 

when Reis -approximately _equal to 

2R . In the push -pull amplifier k 
can be reduced until the amplifier 
is working into a load only slightly 

greeter than R without di tortion 

exceeding the usual mits. It is 

this permissible reduction in RL 

which permits the power output of a 

push -pull amplifier to be greater 

than twice the power output of a 

single tube. The statement is often 

made that the output of a push -pull 

amplifier is more than double that 

of a single stage because the tubes 

can be pushed harder. The error of 

this statement is seen in the pre- 

ceding explanation. 

DISTORTION IN PUSH -PULL 
AMPLIFIERS 

As explained in earlier as- 

signments a certain amount of am- 

plitude distortion can be expected 

in any amplifier because of the 

curvature in the characteristic 

curves. A large value of load re- 

sistance will make the character- 

istic more linear but this results 

in a decrease in output. The pre- 

dominating harmonic in a triode 

amplifier is the second, the third 

harmonic being quite small unless 

the tube is pushed to extremes. It 

has been stated previously that the 

second harmonic distortion in a 

push -pull amplifier is cancelled out 

and hence, with triode tubes the 

total distortion will be almost 
negligible if the tubes are well 

balanced and operated in the proper 

manner. 

The alternating voltages de- 

veloped across the two halves of 

the output transformer are in phase 

although the d.c. voltage drops are 

in phase opposition. With no signal 

impressed on the grids of the tubes, 

the effective magnetomotive force 

in the transformer is zero since 

the.d.c. plate currents flow in 

opposite directions through the 

primary. With a signal voltage on 

the grids the magnetomotive force 

acting in the transformer is equi- 

valent to that produced by a cur- 

rent equal to the difference be- 
tween the plate current flowing in 

tube 1 and the current flowing in 

tube 2. At zero signal I 
= 12 

and the a.c. component of I = ó. 

If at some instant Ip1 is 20 ma and 

IP2 
is 30 ma, the effective IP in the 

entire primary of the transformer 
is 30 - 20 = 10 ma. This is shown 

in Fig. 7. The E I curves of two 

tubes are so drawn that one set is 

inverted, that is, Eg increases in 

a negative direction from left to 
right instead of right to left as 

in the case for the upper set of 
curves. The resultant curve is ob- 

tained by noting the plate current 

of each tube for corresponding 
values of E and plotting the dif- 

ference between those plate cur- 

rents. If the two E I curves are 
6 P 
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18 AUDIO FREQUENCY AMPLIFICATION 

identical, the resultant curve 
will be a straight line. The 
amount of deviation from a straight 

line depends on the difference 
in the E I curves although the 
resultant will always be straighter 

than' either curve considered in- 
dividually. 

Study of Fig. 7 will show 
why the second harmonic distortion 

cancels in a push -pull amplifier. 

An earlier assignment explained 
how the second harmonic was caused 
by curvature at the upper and 
lower limits of the linear portion 

of the E I curve. Operating 
into this 

g 
curvature causes I to 

vary more in one direction from 
normal than in the other. 

In Fig. 7 the resultant 
characteristic is practically 
a straight line indicating the 
amplification factor is constant 
over the entire operating range 
and, thus second harmonic dis- 
tortion is practically eliminated. 

This is shown also in the individ- 
ual plate current curves of Fig. 

7. The plate current in tube 1 

tends to vary more above normal 
than below normal resulting in 

positive rectification, that is, 

the operating point tends tc 

shift upward on the E I curve. 

In tube 2 this same cóndition 
exists but since the tubes are 

working back to back, the ten- 

dency for the operating point 
to shift is cancelled. If both 
tubes are well balanced and not 
over- excited second harmonic 
distortion will be practically 
zero. However, over -excitation 
may cause even order harmonics 
to appear since the EgIp curves 

of both tubes will rarely be 
identical in the vicinity of satura- 

tion. Even harmonic cancellation 

in a push -pull amplifier is de- 

pendent on both tubes producing 
the same amount of distortion. 

Third harmonic distortion 
is not cancelled in a push -pull 
amplifier. This type of distortion 

is due to curvature in the so- called 

straight portion of the EgI curves. 

This causes the resultant ciaracter- 

istic to deviate from a straight 
line. Ordinarily third harmonic 
distortion is all that is considered 

in push -pull amplifier operation, 
but if the amplifier is over -excited 

considerable fifth harmonic dis- 
tortion may appear in the output. 

Pentodes, because of their high 

third harmonic distortion, have few 

advantages when used in push -pull 

circuits. The third harmonic dis- 

tortion of a push -pull pentode amp- 
lifier will be approximately twice 

that introduced by a single tube, 
and quite often it is necessary to 
reduce the excitation in order to 

restrict the distortion to the 
customary 5 per_cent limit. _ 
of course, reduces the power output 

and may offset the original advan- 

tage of high gain. However, the de- 

velopment of "degenerative feedback" 
has provided a means of reducing all 
harmonics, odd and even. This sub- 

ject will be discussed in detail 
in a later assignment. Briefly, 
it consists of feeding back into 
the grid circuit a part of the 
plate output voltage, in such po- 
larity that inverse distortion 
voltages are deliberately intro- 
duced at the grid to neutralize 
the distortion developed in the 
amplifier itself. This makes it 
possible to use pentodes and 
beam type power amplifiers in 
push -pull for the development of 
large audio power with comparatively 
small tubes. 
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Fig. 7.-- Push -pull Tube Characteristics. 
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20 AUDIO FREQUENCY AMPLIFICATION 

CLASS B AUDIO AMPLIFIERS 

Where large audio power out- 

put is desired from relatively small 

tubes, the tubes may be operated 
as Class B amplifiers in push -pull. 

In the study of radio frequency 

Class B amplifiers where the plate 

load consists of a tuned circuit, 
it was shown that the plate voltage 

will make two practically identical 

variations, above and below normal 

d.c. plate voltage, and very little 

distortion will result. At audio 

frequencies the "flywheel effect" 

of the tuned output circuit is 

not present: sinusoidal output for 

sinusoidal input will exist only 

during one -half of the excitation 

cycle, the half in which the grid 

excitation is swinging in a positive 

direction. However, if two tubes 

are connected in a push -pull cir- 
cuit so that each tube works on 
one -half of the input cycle, the 
combined output will have practi- 
cally the same form as that of the 

input. 

In a Class A amplifier plate 
current flows at all times, and if 

operated so as to minimize non- 

linear distortion, the grid cannot 

be permitted to swing positive. 
This definitely limits the power 

output and the operating efficiency. 

The power output of a Class A 

amplifier with sinusoidal input is 

equal to: 

P = .707E x.707I = .5E I 
O O 0 O O 

in which E is the maximum plate 

voltage variation, and I, is the 

maximum plate current variation. 

The power input is: 

Pin = EbIb 

where Eb is the d.c. plate voltage 

and Ib is the plate current taken 

from the power supply. The oper- 

ating efficiency is: 

.5EI 
Efficiency - 

Eb Ib 

As E. approaches Eb as a limit, and 

as Io approaches Ib as a limit, the 

maximum efficiency, if the output 

maintains a sine wave form, is 50 

per cent. Since practically the 

plate current and plate voltage 

cannot vary over such wide limits 

without the grid swinging positive 

or into the lower bend of the EIp 
curve, this efficiency cannot be 

obtained, the usual maximum ef- 

ficiency for undistorted output 

betiinn about_ 20 er cent. --..,, 

Zn the case of the Class B 

amplifier, the tube is biased so 

that with no excitation the plate 

current is essentially zero and is 

zero on the negative swings of the 

excitation voltage. On the positive 

excitations swing the peak plate 

current is limited only by the 
emission, the load resistance, and 

the plate voltage, and the plate 

current is essentially proportional 

to the instantaneous value of the 

grid voltage on the positive swings. 

This means that in the case of the 

Class B amplifier, the grid may be 

permitted to swing as far positive 

as the straight portion of the E¢Ip 

curve will permit without the in- 

troduction of distortion so long as 

l/ the source of excitation power is 

2 
sufficiently great to keep the 

excitation voltage in its original 

form, even when the grid takes 

current and the input impedance 

drops. 
So long as the grid is negative 

there is no grid current and the 
input impedance is high, thus, very 

little power is required to vary 

www.americanradiohistory.com

www.americanradiohistory.com


CLASS B AUDIO AMPLIFIERS 21 

the grid voltage, but when the 

grid swings positive, grid current 

flows, the input impedance drops 

rapidly, and considerable power 

is required to effect a change in 

grid voltage. The driving ampli- 

fier must be capable of supplying 

this varying excitation power with- 

out substantial change in the form 

of the excitation voltage. 

So long as the plate current 

is sinusoidal, the current input 

to the two tubes resembles that 

of a full -wave rectifier. The total 

average input current is .636 I , 

° 

and the power input is .636 I°Eb. 

The power output from one tube 

operating Class B is: 

.707E .707 I .5 E I 

P = ° ° _ ° ° 

o 2 2 

It will be seen that this is one - 

half the output of one tube opera- 

ting Class A with equivalent Ep and 

I variations. For two tubes 

operating Class B in push -pull 

the output will be doubled or: 

2 .5 . 5 E 1 E I 
P ° ° _ ° ° 

_ .5 E I 
° ° ° 2 2 

Since the load resistance, RL, is 

equal to E /I and E. is equal to 

I°RL then 

P - ° IRL 
o 2 

Pln = .636 I°Eb 

I 

z 

R Efficiency - °L .636 I 
°Eb 

2 

I°RL 

1.272 I °Eb 

If E° = Eb then 

Po = .5 E.I. 

and 

Efficiency = 
.636 E I 

o ° 

.5 E°I° 1 

1.272 

= 78.5 per cent 

It is thus shown that the 

tà.e efficiency of the Class B 

amplifier with sinusoidal output, 

as E. approaches Eb as a limit, 

becomes 78.5 per cent for either 

half -wave output from one tube 

or for full -wave output from two 

tubes, both the input and output 

being doubled in the latter con- 

dition if all other conditions re- 

main unchanged. Since the power 

output that can be obtained from 

a tube is limited only by the peak 

plate power dissipation or the 

emission, and since the efficiency 

of the Class B amplifier is so 

high, a tube operated in this manner 

can deliver 3 to 10 times as much 

power as when operated as a Class A 

amplifier. For example, two Type 

6L6 tubes operated Class A in a 

push -pull amplifier with fixed 

bias will deliver a maximum output 

of 17.5 watts with 270 volts on 

plate and screen. The same tubes 

operated Class AB2 with 360 volts 

on the plate and 270 volts on the 

screen will deliver 47 watts output. 

Under this latter condition the 

peak instantaneous grid power will 

be about .27 watt. Allowing for 

circuit losses and not overworking 

the preceding amplifier, one Type 

6F6 triode -connected operating as 

a Class A amplifier will drive the 

6L6 tubes in the Class AB2 arrange- 

ment. 

Reference is made above to 

Class AB operation while discussing 

Class B amplifiers. As its name 

implies, the Class AB amplifier is 
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a compromise between Class A and 
Class B. The Class AB amplifier 
is biased more negatively than Class 

A but not to cut -off as for Class B. 

Two methods of operation are used: 

Class AB1 in which the excitation 

is not permitted to drive the grid 

positive, in which case the opera- 

ting conditions are very similar 
to Class A; and Class AB2 in which 

the excitation is allowed to drive 

the grid positive, in which case 

the operating conditions approach 

those of Class B. 
Class B audio amplifiers are 

not used extensively in the average 

home broadcast receivers for several 

reasons. Power in excess of 20 
watts is rarely required in such 

receivers, and sufficient power can 

usually be obtained from an ampli- 

fier operated Class AB. As will 

be explained later, a Class B ampli- 

fier requires very carefully de- 

signed input and output trans- 
formers as well as a power supply 

having excellent regulation if dis- 

tortion is to be held to a minimum. 

A practical example of the use of 

Class B push -pull audio amplifica- 

tion is in broadcast receivers de- 

signed for battery operation on 

farms and other sections where power 

from a lighting circuit is not 

'available. In order to obtain a 

power output comparable to that of 

the modern a.c. operated receivers, 

the drain on B batteries with Class 

A amplification would be excessive. 

With a Class B amplifier the normal 

plate current is very low during 

idle periods and varies with ex- 

citation so that a much longer life 

may be expected from the B batteries. 

Quite large outputs may be ob- 

tained at low plate voltages as in- 

dicated by the Type LI6-0 tube which 

delivers 2 watts output with only 

135 volts plate potential. This 

tube consists of two Class B triodes 
in one envelope and requires a 

filament current of .24 ampere. 

DISTORTION IN CLASS B AND AB 
AMPLIFIERS 

If the proper load impedance 

and tube voltages are used and the 

tubes are well matched, even order 

harmonics are cancelled in a push - 

pull Class B amplifier. In Fig. 8 

if tube 1 and tube 2 are biased 
to operate at points a and b 
respectively, then for small 
signal voltages the amplifier 
operates Class A and the resultant 

characteristic between these points 

is a straight line. If the tubes 

are well matched, the entire 
characteristic will be very nearly 

straight and even order harmonics 

will be essentially zero. How- 
ever, in practice, it is dif- 
ficult to match tubes exactly 
so some second harmonic distortion 

can usually be expected. Third 
harmonic distortion is in general 

much higher in Class B amplifiers 

than in Class A particularly 
if the amplifier is driven to 
near maximum output. This is 

due to the departure of the char- 
acteristic of the tubes from a 

straight line and also to trans- 
former deficiencies. As mentioned 
earlier, the design of input and 
output transformers for Class B 
amplifiers is quite critical. 

Fig. 9 shows a typical Class 

B amplifier with its associated 
driving stage. The resistance 
RL as presented to the tube during 

its operating half -cycle is the 

resistance of RL as viewed when 
looking into one -half the primary; 

that is, the ratio of transformation 
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Fig. 8. --push -pull characteristic curves. 

in the output transformer is N /.5N 

In other words, each tube worts 

into aresistance equal to (.5N 

P/N 

2 

X RL. Because plate current flows 

in only one -half of the primary at 

time and may reach quite high peak 

values, the transformer core must 

be well designed if distortion 
due to saturation is to be avoided. 

The primary must be well balanced 
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24 AUDIO FREQUENCY AMPLIFICATION 

having an equal number of turns 
and identical resistance in each 

half if distortion is to be held 

to a minimum. The two halves of 

the sine wave as produced by the 

input if the driver is incapable of 

maintaining distortionless output 

under the varying load. There 
are three methods of minimizing 
this distortion. If the Class B 

Fig. 9. --Push -pull 

tubes are combined in the trans- 

former primary and any unbalanced 

condition in that winding will in- 

troduce distortion. 

As explained previously, the 

maximal power output of a push -pull 

amplifier is obtained only when 

the grids are swung positive during 

the excitation cycle, which means 

that grid current will flow and 

the input impedance will drop. 

This would not be so bad if the 

drop in input impedance were linear, 

but the grid current curve has the 

general shape of an E I curve so 

that for small valuesPof I the 

input impedance will change slowly, 

but when I6 passes the lower knee 

of the E I curve a small change 

in E causes a large change in Ig, 

and fence a large change in input 

impedance. Thus, the driver is 

working into an impedance that may 

not only vary over very wide limits, 

but also may vary quite abruptly 

at certain points in the excitation 

cycle. Therefore, the excitation 

cycle may be distorted at the tube 

Class B stage. 
v, 

Amplifier tubes are operateA at 

the zero bias point, then grid 
current will flow continuously 
throughout the excitation cycle 
and the input impedance will not, 

vary over such wide limits. The 

second method necessitates using a 

low- impedance driver so that vari- 

ations in load will not affect 
the output to a marked degree. 

Since the input transformer alter- 

nately furnishes power to first 

one grid and then the other, the 

effective ratio of transformation 

is .5N /N , just the opposite to 

that for the output transformer. 

By using a low -impedance driver a 

high -load impedance can be presented 

to the driver tube without using 

an excessive step -down ratio. As 

explained in an earlier assignment, 

a high -load impedance tends to re- 

duce distortion although power out- 

put is reduced at the same time. 

Allowance should be made for trans- 

former losses when computing the 
output of the driver stage. The 

average efficiency will be in the 
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order of 90 per cent on a voltage 

gain basis as mentioned previously. 

The third method of reducing 

distortion in the input to. the Class 

B amplifier is to use high w tubes 

in the amplifier. In that case 

only a small excitation voltage 

will be necessary to drive the 
amplifier to full output and a 

greater step -down ratio is per- 
missible in the input transformer. 

This will permit the driver tube 

to work into a load impedance well 

above normal and thus reduce dis- 

tortion. 

IMPEDANCE MATCHING 

In all vacuum tube power work 

the necessity for impedance matching 

is encountered. At radio fre- 

quencies impedance matching usually 

can be accomplished by changing 

taps on a coil, varying the coupling, 

adjusting a variable condenser, 

or in some other relatively simple 

manner. At audio frequencies this 

is not so easy to do. Here large 

values of fixed capacity and iron 

core transformers are used. It 

is evident that the impedance 

matching requirements must be cal- 

culated before construction and the 

apparatus designed accordingly. 
Impedance matching is usually ac- 

complished by means of a trans- 

former. Just what is meant by 

"impedance matching "? 

As an example, assume that 

it is desired to couple a single 

Type 2A3 power amplifier triode to 

a dynamic reproducer. The plate 

resistance of the tube is 800 ohms; 

assume that the reproducer has an 

impedance of 16 ohms. The turns 

ratio of the transformer to match 

these impedances can be calculated 

from the equation. 

Turns Ratio (Step Down) 
N 

= P 

N 

= Z 

where Z, is the impedance across 

the primary and Zs is the impedance 

across the secondary. With the 

values assumed above, 

Turns Ratio = 1616 = 1/E= 7.07 

Since to obtain the maximum 

undistorted output the tube must 

operate into a load impedance equal 

to two or more times the internal 

tube impedance, the turns ratio 

should be such that it will reflect 

a load from the secondary of the 

desired value. 

2R = 1,600 ohms 

N /1600 10 
_I = Turns Ratio 
N 16 1 

s 

(Actually a higher load impedance 
is recommended for this tube, the 

manufacturer recommending 2,500 
ohms.) 

Now assume that this same re- 

producer is to be operated from two 

Type 2A3 tubes in push -pull, the 

tube manual recommended load is 

5,000 ohms plate -to -plate for 

cathode bias at 300 volts on the 

plate. In this case 

/ 5000 
V 16 

In the case of the output 
transformer of a push -pull Class B 

amplifier where only one -half of the 

primary and one tube iS operating at 

a time, the primary must be considered 

as two separateprimaries alternately 

coupled to the common secondary. 

Turns Ratio = = 17.7 to 1 

www.americanradiohistory.com

www.americanradiohistory.com


26 AUDIO- FREQUENCY AMPLIFIERS 

Assume that in such a circuit 
the tube manual recommends a 

load of 3,000 ohms plate -to- plate, 
then each tube should see a load 
of 750 ohms, and this value is to 

be reflected from a 10-ohm repro- 
ducer or loudspeaker. 

The turns ratio between one - 
half the primary and the entire 
secondary will be, 

Turns Ratio = .5Np /Ny = / 750/10 

= '17-77E- = 8.66 

The primary will then be made 

up of two windings in series, each 

winding having a turns ratio of 

8.66 with respect to the common 
secondary, an overall step -down 
ratio of 17.32 to 1. 

Impedance matching transformers 

are very often designed with taps 

so that a standard telephone line, 

for instance, may be coupled to any 

one of several circuits of different 
impedances. For example, the pri- 

mary may be designed to offer an 

impedance of 500 ohms for con- 
nection to a 500 -ohm telephone line 

with the secondary tapped for 10, 

50, 100, 200, 300 ohms. Or any 

other combination can be arranged. 
It is only necessary that the turns 

ratio for each tap fulfill the 
requirement that, 

Np/N" _ VZ/Z. 

Where attenuation pads are 
used between two circuits of dif- 

ferent impedance to provide a de- 

sired decrease in signal amplitude, 

it is always more desirable to use 

an impedance matching transformer 

than to design the attenuation pad 

for operation between unlike im- 

pedances. 

TONE CONTROL 

By "tone control" is ordinarily 

meant that the listener can, at 

will, vary the proportion of high 
and low audio frequencies that the 

receiver is capable of reproducing. 

Tone control as usually 
employed does not build up the 
lower frequencies, rather, it at- 

tenuates the higher frequencies, 
thus making the lower frequencies 

/A) 

Fig. 10.- -Tone control circuits. 

sound louder in proportion to the 
higher frequencies. A very simple 
arrangement to accomplish this is 

shown in Fig. 10(A), and in Fig. 
10(B) for a push -pull circuit. The 

principle is the same in both cases. 
With the minimum value of R, con- 

e 
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denser C is directly across the tube 

input and the input transformer. 
The higher the frequency the 

lower X., therefore with the mini- 

mum value of R, the higher fre- 
quencies will be short -circuited 
by C, and the higher the frequency 

the greater the signal loss through 

C. As the resistance of R is in- 
creased, the total impedance, 
Z = ti/R2 + X :, increases and less 

high -frequency signal is lost, 

until with a very high resistance 

at R the high frequency loss is 

negligible and, if the amplifier 
and reproducer are well designed, 

the tone is "natural ". The high 

frequency_cut off in such a cir- 

cut depends upon the capacity of 
C, the greater the capacity the 

lower the frequencies at which 
noticeable attenuation will result. 

With most receiver power amplifier 

triodes, C is usually between .01 

4f and .03 pf while R may be from 

50,000 ohms to as high as 1 megohm. 

An investigation of a number of 

standard receivers indicates that 

the most commonly used value of R 

is 50,000 ohms. 
Lower values of C are used 

with the power pentode because of 

its higher input impedance, C 

usually being from .004 {!f to .00 

wf with R from 30,000 ohms t 

100,000 ohms. 

A problem somewhat similar to 

that of tone control is that of 

"tone compensatior4' to make up for 

too great selectivity in the i.f. 

amplifier. If the i.f. selectivity 

is too great, the higher frequency 

side bands will be greatly attenu- 

ated. In order to restore the 

higher frequencies to their normal 

proportion, the audio amplifier 

is so designed as to over - accentuate 

the higher frequencies in the 

proportion in which the r.f. 
amplifier attenuated those fre- 
quencies. How drastic this over - 

accentuation of the higher fre- 

quencies must be depends upon 
the selectivity of the i.f. am- 

plifier, the greater the i.f. 

selectivity the more the higher 
frequencies must be amplified 
in the audio amplifier. One method 

of accomplishing this is by means 

of a high -pass filter connected 
between the detector and first 
audio stage. This is shown in 
Fig. 11. The higher the fre- 

quency, the easier it is passed 
through C, and the lower the fre- 

quency the easier it is by- passed 

through L, therefore the vrIlues 

of L and C can be designed to give 

any desired high -pass character- 
istics. 

Of course, since both "fre- 

quency compensation" and "tone 
control" depend, for their opera- 

tion, on the attenuation of certain 

Fig. 11.- -Tone compensation circuit. 

frequencies in order to make other 

frequencies predominate, they 
require greater over -all gain 
in the amplifier to provide the 

same output in watts from a given 

input signal that would be ob- 
tained if such devices were not 

used. 
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BASS CONTROL AND AUTOMATIC 
BASS CONTROL (ABC) 

In the design of an audio fre- 

quency amplifier for high fidelity 

broadcast reproduction, it is 

necessary that all frequencies be- 

tween about 30 and 7,500 cycles 
(or higher) be reproduced in their 

proper proportion. In audio fre- 

quency reproduction other than 
in broadcast reception, it is de- 

sirable to extend the high frequency 

limit to 10,000 cycles or higher. 

For public address or theatre ampli- 

fiers where the output level is 

normally high, it is desirable that 

the amplifier response be "flat" 
over the entire frequency band. 

However, in the broadcast 
receiver the output level is ordi- 

narily not high, the level usually 

being reduced to comfortable small 
room volume. Under such conditions 

even if the audio amplifier response 

is flat down to quite low fre- 

quencies, the music tends to sound 

"tinny" at low volume. This is 

because the human ear is quite in- 

sensitive to low frequencies at a 

low power level. Thus, it is de- 

sirable, as the volume is decreased, 

to be able to accentuate the lower 

frequencies while still retaining 

full reproduction of the high fre- 

quencies -quite different from the 

operation of the so- called "tone 

control" which simply attenuates 

the higher frequencies. Such 
accentuation may be manual or 

automatic and is called respectively 

Bass Control or Automatic Bass Con- 

trol. Any one of several systems 

may be used, the principle of all 

however being based on separate 

and additional amplification of 

the lower frequencies, ordinarily 

those below about 100 cycles, and 

the introduction of the additional 

low frequency component into the 

input of the main audio amplifier. 

One system of ABC as designed by 

the Hazeltine Corporation is shown 

in Fig. 12. 

The operation of this circuit 

is quite simple. Neglecting 
temporarily the ABC part of the 
circuit, the signal at intermediate 

frequency is applied to the paral- 

led diode units of the Type 55 
tube, this forming the second de- 

tector, the rectified audio fre- 

quency current flowing through 
R1, the potentiometer arrangement 
of this resistor forming the volume 

control. By means of potentiometer 
R1 the desired audio voltage is ap- , 

plied to the grid of the triode 
section of the 55, this forming 1 

the first stage of a.f. amplifi- 

cation. The output of the first 

audio stage is transferred through 

C6 and T1 to excite the second 
audio amplifier consisting of two 

56's in push -pull, this stage in 

turn exciting the final power 
amplifier consisting of two 2Á3's 
in push -pull. Thus far, this is 

a conventional high -quality audio 

amplifier. 

Assume that the volume control 

R1 is adjusted so that the output 
to the reproducer is large. A 

portion of the output of the power 

amplifier is applied, through C4, 

to the diode units of a second 55, 

the ABC tube. The capacity of C4 

is important. If C4 is too small 

the voltage at the ABC diodes will 

be insufficient. If the capacity 

is too large the bass notes which 

it is desired to accentuate will 

over -excite the diode rectifier 
thus tending to decrease the bass. 

With the tubes shown, C4 is .005 {Jf. 
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The rectified current flows through 

Rg making point x negative with 
respect to ground. Point x connects 

through R4 and R3 to the control 
grid of the 57 audio amplifier, 
this grid also connecting through 
C3 to the output of the second de- 

tector through the volume control 

R1. With a large output from the 
power amplifier the voltage de- 

veloped across R6 is sufficient 
to block the 57. However, when 
the output decreases, due to an 

2nd Det. 
A.F 5 

The plate load circuit of the 

57 consists of the parallel cir- 
cuit L1C1 which is resonant to 75 

cycles. This circuit offers in- 

ductive reactance to all fre- 

quencies below 75 cycles and tends 

to by -pass all higher frequencies 

through Cl. Thus, the low fre- 

quencies are amplified to a much 
greater degree than are the high 

frequencies, the quite high fre- 

quencies being almost entirely 
bv- passed. The low frequency out- 

A.F. 56 PA. 2A3 

Fig. 12.-- Automatic 

adjustment of R1 or to very low 
passages in the musical program, the 

voltage across R6 is decreased, the 

57 tube is unblocked and begins to 

amplify the input from R1. 

bass control circuit. 

= A E Output 

o 

put is delivered to R5 and by means 
of the variable contact the de- 
sired amplitude of low frequency 
voltage is used to excite the grid 
of the triode of the ABC 55 tube. 
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The output of the ABC 55 triode 
is connected to the output of 
the 55 triode section which serves 
as the first a.f. amplifier. Thus, 

by manipulation of the potentiometer 

R6, called the Bass Control, any 
desired amount of bass accentuation 

can be obtained by adding a bass 
component into the input of the 
regular a.f. amplifier, without any 

attentuation of the higher fre- 
quencies. This allows the bass 
to be built up to a pleasing de- 
gree to make up for the natural 
deficiency of the ear when the 
volume is reduced to comfortable 
small room level. Switch S may be 
closed when it is desired to cut 
out the bass control without dis- 
turbing a predetermined setting 
of R 

5 
. 

6 

Other bass control systems 
operate in a quite similar manner. 

One system by means of a three point 
potentiometer connection and a con- 
tinuous resistor unit which allows 
the sliding contact to be con- 
tinuously rotated, combines the 

features of the circuits of Figs. 
10 and 12. On one half of the 
potentiometer the circuit is such 
that bass accentuation without high 

frequency attenuation is obtained 
in a manner similar to Fig. 12 but 
without the automatic feature. On 

the other half of the potentiometer 

the bass is not accentuated but 
the high frequencies are attenuated 
as in Fig. 10. This latter ad- 

justment, while it destroys the 
fidelity of reproduction, is often 

very helpful in listening to a 

program through heavy atmospheric 
disturbances, most of the frequencies 

of which are quite high. Thus, 
fairly acceptable reception of a 
very long distance program is often 

possible where it would otherwise 

AMPLIFICATION 

be entirely unfit to listen to due 

to excessive noise. Many tone con- 
trol and bass control circuits are 
used but the principle of operation 

should not be hard for the student 
to analyze. 

TYPES OF AUDIO AMPLIFIERS 

In other assignments mathe- 
matical discussions of amplifier 
design, gain and frequency response 
are taken up. A brief tabulation 
of the conclusions will be given here. 

RESISTANCE COUPLED AMPLI- 
FIER.--The characteristics of this 
amplifier include moderate gain and 
a wide frequency responsé i pró 
perly designed. The gain can never 

exceed the amplification factor of 
the tube and in practice is usually 
between .5 4 and .75 L. The great- 

est gain is at some intermediate 
frequency; the gain can be increased 
by increasing RL,but the increase 
is sl after _RL = _3R R is 

rarely made more than 2 ó 3 times 
R . The low frequency gain is 

limited by the reactance of the 
coupling condenser. The high fre- 
quency gain is limited by the 
shunting input capacity of the next 
tube and the associated circuit 
capacities. 

IMPEDANCE COUPLED AMPLI- 
FIER. -The maximum gain is always 
less than µ but approaches µ more 
closely than in the case of the 
resistance coupled amplifier. 
The low frequency gain is limited 
by the low inductive reactance of 
the load impedance at low fre- 
quencies. The high frequency gain 
is limited, as in the resistance 
coupled amplifier, by the shunting 
capacities of the following tube 
and circuit. The frequency response 
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TYPES OF AUDIO AMPLIFIERS 31 

curve is much less flat than that of 

the resistance coupled amplifier. 

TRANSFORMER COUPLED AMPLI- 
FIER.--The intermediate frequency 
gain over most of the frequency 
band will approximate 4N, where N 
is the transformer turns ratio. 
This is true only if the amplifier 

and its component parts are well 
designed. The gain of such an 
amplifier can be made quite uniform 

over a considerable range of fre- 
quencies. Due to resonance the 

gain can, at certain fairly high 
frequencies, exceed µN. Beyond 
that point the gain curve usually 
cuts off quite sharply. The low 

frequency gain is limited by the 
low inductive reactance of the 
transformer primary at such fre- 
quencies. The high frequency gain 

is limited by the transformer 

40 

bain 

30 

20 
E and 
db 

/0 

high frequency gain to be con - 
sideraably extended. 

The actual audio frequency 
response of a well designed ampli- 

fier is better than the voltage 
gain curve would seem to indicate. 

The ear, being logarithmic in 
response, is not so sensitive to 

even fairly large changes in volt- 

age level, so that a gain curve 
plotted in decibels is a true re- 

sponse curve in terms of the ear. 

Such a curve is much more flat than 

is a voltage gain curve. By proper 

design of a two stage amplifier, 
one stage being peaked beyond the 
high frequency at which the gain 

of the other stage begins to fall 

off, a very flat overall response 

curve can be obtained. Due to the 

higher gain per stage and the simple 

circuit arrangement, transformer 

'---------- 
---` 

\ 

\ 
\ 

db- 
. 
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\ 
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/00 /000 /0, 000 
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Fig. 13.-- Amplifier gain curves. 

leakage reactance and the shunting 

capacities. The use of permalloy 
for the transformer core instead 

of iron permits the obtaining of 
large inductance with the minimum 

number of turns and hence the mini- 

mum capacity, thus allowing the 

coupling is extensively used. The 

voltage and decibel gain curves of 

a stage of transformer coupled 
amplification are shown in Fig. 13. 

While between 50 and 6,500 cycles 
the voltage gain varies over a range 

of from 15 to 38, the total variation 
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32 AUDIO FREQUENCY AMPLIFICATION 

in decibels over this frequency range 

is slightly more than 4 db, or about 

2 db from the mean gain. Since this 

is just about the minimum that the 

average ear can detect, while the 

voltage gain curve looks very poor, 

to the ear the amplifier response is 

almost "flat" over the full range of 

reproduction. The peak at about 

6,500 cycles is due to resonance 

caused by the transformer secondary 

inductance and stray capacities. 
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AUDIO FREOUENCY AMPLIFICATION 

APPENDIX I 

COttRECTION FACTOR FOR 

DIFENCE IN IMPEDANCE 

It is to be noted that in au- 

dio circuits which operate over an 

extremely wide band of frequencies, 

the ordinary a -c wattmeter is inac- 

curate, especially at the higher au- 

dio frequencies, so that one is 

forced to use a voltmeter to indirect- 

ly measure the power in accordance 

with Eqs. (1) and (2) . 

In the case of gain measure- 

ments, the individual input and out- 

put-powers are not required, but 

merely their ratio, so that if volt- 

age measurements can be made, and 

their ratio noted, one can then tell 

what the power ratio is provided 

further that the impedance ratio is 

also known, as is indicated in Eq. 

(4) below as well as in the prece- 

ding text. 

Thus, let 

e1 = input voltage across 

R1 = input resistance of amplifier 

or other four- terminal net- 

work; 

e2 = output voltage across 

R2 = output load resistance. 

Then the power into the amplifier is 

P1 = e2/R. (1) 

And the output power is 

Pa = e:/R 
2 

(2) 

The db gain (or loss) is 

A = 10 log P2/P1 = 

e 
2 
2/R 

2 

a 

e1/R1 

= 10 log [(e22/e12) (R1/%)] 

= 10 log (e2/e)2 + 

10 log (R1 /R2) 

10 log 

(3) 

Since the logarithm of a product is 

equal to the sum of the logarithms 

of the individual factors, Eq.(3) can 

further be written as 

A = 20 log (e2 /e1)+ 

10 log (R1/R2) 
(4) 

since the logarithm of the square is 

twice the logarithm of the number, 

itself. In Eq. (4), the first term 

20 log (e2 /e1) represents the loga- 

rithm ofthe voltage ratio multiplied 

by 20, whereas the logarithm of the 

power ratio is multiplied by 10. 

The second term 10 log (R1/R2) repre- 

sents the correction factor, and is 

due to the fact that the output arid 

input impedances R2 and R1 are in ge- 

neral unequal. 

If, however, R1 = R2, R1/R2 = 1 

and log (1 1/R2) = log (1) 0, and 

the correction factor drops out. In 

the general case of R1 = R2 the log- 

arithm of the number is not zero and 

when the correction factor is added 

to the first term, gives the db gain 

when the measuring instrument is a 

voltmeter and reads voltage, instead 

of being a wattmeter and reading 

power. 
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