
2533 N. Ashland Ave.; Chicago 14, Illinois 





Radio Reception 
and Transmission 

LESSON RRT -1 

AUDIO AMPLIFIERS 

CHRONOLOGICAL HISTORY OF RADIO 
AND TELEVISION DEVELOPMENTS 

1600 -Dr. Gilbert of England announced his dis- 
coveries of the fundamental principles of 
magnets and magnetism. He also was the 
first to introduce the term "electric " from 
which our modern word electricity was 
derived. 

1745 -Von Kleist discovered the action 'of the 
Leyden jar, as a device in which electrostatic 
charges can be stored. It became the fore- 
runner of our modern fixed condenser. 

1752 -Ben Franklin disclosed that atmospheric 
static is a form of frictional electricity, and 
that lightning is merely a discharge between 
two heavy static accumulations. 

1771 -Galvani in Italy discovered what is now called 
in his honor "Galvanic electricity ", electricity 
resulting from chemical action. The galvanic 
cell also is named after him. 
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AUDIO AMPLIFIERS 
TYPES OF AUDIO CLASS A AMPLIFIERS 

AMPLIFIERS 

In an earlier lesson, audio 
amplifiers were divided into three 
types in accordance with the 
method of coupling the stages, 
namely : Resistance, Impedance 

A "class A amplifier" is one 
in which the input signal and the 
cl -c control grid bias voltages are 
such that plate current exists at 
all times. If the amplifier is a 
push -pull stage, then plate cur- 

P -A system equipped with two speakers and connecting cable. The control 
panel contains a tone control and three input attenuators, two for microphones 

and one for a phonograph pickup. 
Courtesy Stromberg- Corlson Company 

and Transformer. As standard- 
ized by the Institute of Radio 
Engineers, amplifiers are classi- 
fied according to the length of 
time that plate current exists 
during each cycle of the input 
signal. There are the three major 
classes : "A ", "B" and "C ", and 
a number of variations and com- 
binations of these three. 

rent exists at all times in both 
tubes. Another characteristic of 
class A operation is that the 
values of a -c and d -c grid volt- 
ages are chosen so that the varia- 
tions are confined to the straight 
or linear portion of the iP e, 
characteristic curve. This is done 
to minimize distortion, and is il- 
lustrated by the curve of Figure 1. 
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As explained in an earlier les- 
son, this curve is plotted by main- 
taining a constant voltage on the 
plate of a tube and then record- 
ing the corresponding values of 
plate current for various values of 
d -c grid voltage. Here, with a 
negative d -c bias of -3 volts, the 
"no signal" plate current has a 
value of 2.3 ma. When the 3 volt 
a -c signal es is applied to the grid, 
the plate current ip will vary be- 
tween the values of 0.5 and 4.2 ' 

milliamperes. Notice that the 
waveform of the plate current 
variation is an exact reproduc- 
tion of the grid signal voltage. 
Any variation from the waveform 
of e5 would constitute some type 
of distortion. In an audio ampli- 
fier, this distortion would be ob- 
jectionable, and thus the main 
advantage of the class A amplifier 
is the low distortion operation 
which can be obtained. 

If the amplitude of the input 
voltage, es in Figure 1, is in- 
creased, the grid will swing into 
the positive region and produce 
grid current which "robs" the 
plate circuit of some of its current 
and results in distortion of the 
i waveform. If, to prevent this 
action or to reduce the no- signal 
plate current, the value of d -c 
grid bias is increased, the tube 
will operate on the lower curved 
portion of its characteristic, 
again producing distortion. Other 
causes of distortion are improper 
plate loads and operating poten- 

tials. Longer and straighter 
characteristic curves are obtain- 
able with larger values of plate 
voltage and greater values of load 
resistance which, in turn, permit 
somewhat greater output signal 
amplitude. 

Due to its fairly large value of 
average plate current, the class A 
amplifier is characterized by low 
operating efficiency. Also, its out- 
put is relatively low because of 
the fact that it is limited as to 
the amplitude of input it can 
handle without distortion. 

The numeral "1" is sometimes 
added to the letter or letters of 
amplifier classification and de- 
notes that no grid current exists 
during any part of the input cycle. 
Thus the operation discussed 
above may be designated as "class 
Al ". The numeral "2" attached 
to the classification letter, denotes 
that grid current exists during 
some part of the cycle. A "class 
A2" amplifier is operated about 
the same as a class Al amplifier, 
except that in the former, input 
voltage may be allowed to drive 
the grid slightly into the positive 
region. 

This is accomplished by operat- 
ing the tube at a lower negative 
value of d -c grid bias than that 
used for class Al operation, and 
therefore a somewhat higher out- 
put is obtainable. However, the 
increased average plate current 
results in even lower efficiency in 
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addition to some distortion due to 
grid current. Therefore, class A2 
operation is seldom used, and 
when the term class A amplifier 
is stated, usually it is assumed 
that class Al operation is meant. 

CLASS B AMPLIFIERS 

To overcome these limitations 
and also secure more efficient 
operation, amplifier tubes can be 
operated under different condi- 
tions known as class B. A "class 
B" amplifier is one in which the 
grid bias voltage is approximate- 
ly equal to the plate current cut- 
off value, so that with no signal 
voltage input the plate current is 

practically zero. In the class B 
tube, or in each tube of a push - 
pull stage, plate current exists for 
approximately one -half of each 
cycle of the a -c grid voltage. 

To illustrate the action, in Fig- 
ure 2 we again have a curve like 
that of Figure 1, but by increas- 
ing the d -c grid bias to negative 
8 volts, have moved the operating 
point down to plate current cutoff. 
Thus, with no signal there will be 
no plate current, and the drain on 
the power supply is reduced. 
Here, during the positive alterna- 
tions, a 7 volt signal e, reduces 
the negative grid bias to -1 volt, 
causing the plate current to in- 

P -A unit equipped with phonograph turntable. The panel contains two microphone 
input controls, a phonograph input control, and a tone control. 

Courtesy The Rauland Corporation 



Page 6 Lesson RRT -1 

crease from 0 to 3.75 ma as 
shown by the i loops. For the 
negative alternations, the signal 
voltage increases the grid bias 
from -8 to -15 volts but as cut- 
off occurs at -8 volts on the grid, 
there will be no plate current 
during these alternations. 

The same action takes place for 
the following alternations, with 
the result that there is plate cur- 
rent only during those alterna- 
tions of signal voltage which re- 
duce the negative grid bias. 
Checking back on the earlier les- 
sons, you will recall that when 
one a -c alternation is cut off by a 
tube it operates as a rectifier. 
Working this way, a single class 
B tube would produce too much 
distortion to be of use as an audio 
amplifier, but by using two tubes 
connected in the conventional 
push -pull arrangement, it is pos- 
sible to obtain the conditions 
shown by the curve of Figure 3. 

Here the upper half is similar 
to the curve of Figure 2, and the 
lower half is also like that in Fig- 
ure 2 but is drawn in an inverted 
position. You can think of the 
upper part of this curve as repre- 
senting the ip -eg characteristic of 
tube V3 shown at the right of 
Figure 5, while the lower part of 
the curve represents the ire, 
characteristic of tube V4. 

As the signal voltage reduces 
the negative bias on the grid of 
tube V3, it increases the negative 

bias on the grid of tube V4 and 
vice versa. Thus, there is current 
first in the plate circuit of one 
tube and then in the other. For 
the complete action, the i loops of 
Figure 3, which represents the 
output transformer primary cur- 
rent, are about the same as those 
of Figure 1, and consequently the 
signal is carried over to the out- 
put circuits with but little dis- 
tortion. 

With zero signal voltage, in 
Figure 1 the plate current is 2.3 
ma. Then, when a signal voltage 
is impressed across the grid cir- 
cuit, the increases and decreases 
of plate current are equal there- 
fore the average current has the 
same value as the no signal cur- 
rent. With zero signal voltage in 
Figure 2, the plate current is zero 
but, as a signal voltage is applied, 
the resulting pulses of plate cur- 
rent cause an increase of its 
average value. 

With no distortion in the class 
A operation of Figure 1, the sig- 
nal voltage does not change the 
value of average plate current 
while in the class B operation of, 
Figure 2, the value of average 
plate current varies with the 
amplitude of the signal voltage. 
Also, to cause the same value of 
maximum plate current, class B 
operation requires a higher sig- 
nal voltage than class A. Thus, 
class B operation makes it pos- 
sible to handle greater signal 
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strength and, at the same time, 
greatly reduce the value of aver- 
age plate current. 

To handle even greater signal 
voltage, it is customary to allow 
the signal to drive the grids posi- 

The main difference between 
the operation of the tubes in class 
A and class B is the position of 
the operating point, but this 
brings up other problems. For 
class A, the constant value of 
average plate current can be used 

Multiple -unit variable resistors used as volume controls and attenuators in 
sound amplifier systems. 

Courtesy Allen- Bradley Company 

tive with respect to the cathodes, 
that is, to- operate the push -pull 
tubes in class B2. To prevent dis- 
tortion under these conditions, 
the driver transformer, T; of Fig- 
ure 5, is designed to furnish the 
necessary power to the grid cir- 
cuits. This power must be sup- 
plied by the plate circuit of a 
preceding power amplifier tube 
called the "Driver ". 

to provide the d -c grid bias volt- 
age as explained in the earlier 
lessons. In Class B, with the 
average plate current at a very 
low value, it is necessary to pro- 
vide a separate source of grid 
bias voltage, or else use tubes 
with an amplification factor high 
enough to cause approximate plate 
current cutoff with zero grid bias 
voltage. 



Page 8 Lesson RRT -1 

Class B operation of tubes in- 
troduces some distortion due to 
the curvature of the characteris- 
tic curve near plate current cut- 
off. However, the push -pull output 
connections tend to cancel the 
even harmonics introduced at this 
point but the odd harmonics can- 
not be eliminated by push -pull 
operation, and thus this factor 
limits the maximum undistorted 
power output which can be ob- 
tained. The efficiency of class B 
operation is greater than that for 
class A because each tube of a 
class B (push -pull) circuit oper- 
ates only one half the time, where- 
as in class A the tubes carry plate 
current during the entire signal 
cycle. 

CLASS AB AMPLIFIERS 

A "class AB" amplifier is one 
in which the grid bias and alter- 
nating grid voltages are such that 
there is plate current in a specific 
tube for appreciably more than 
half but less than the entire elec- 
trical cycle. This type of operation 
employs two tubes connected in 
push -pull, with a value of nega- 
tive grid bias that lies approxi- 
mately midway between that used 
for class A and cutoff. 

With this arrangement, usually 
the plate and screen voltages can 
be made higher than for class A, 
because the increased negative 
bias prevents the plate current 
exceeding the limit of the dissipa- 

tion rating of the tube. As a re- 
sult of these higher plate and 
screen voltages, more power out- 
put can be obtained than with 
class A operation. 

A "class AB1" amplifier is one 
in which the grid bias and peak 
signal voltage are in such pro- 
portion that it operates as a class 
A amplifier for low input signal 
levels and as a class B amplifier 
for strong signals. A "class AB2" 
amplifier is one in which the sig- 
nal is permitted to drive the grid 
slightly into the positive region, 
but not enough to require appre- 
ciable power from the driver 
stage. This mode of operation can 
be accomplished by operating two 
tubes in push -pull at slightly less 
than the cutoff bias and applying 
a peak signal equal to the d -c 
bias. Thus, AB2 operation pro- 
vides a large power output with 
somewhat lower distortion than 
is generally obtained with the 
class B arrangement. 

CLASS C AMPLIFIERS 

A "class C" amplifier operates 
with a d -c grid bias equal to twice 
the cutoff or more, so that plate 
current in the tube exists for 
appreciably less than half of each 
a -c cycle. This arrangement show- 
ing the short duration, high am- 
plitude, plate current pulses, is 
illustrated in Figure 4. The ef- 
ficiency of this type of amplifier 
is greater than that of any of the 
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other classes because of the short 
part of each cycle that plate 
current exists. Due to the greater 
amount of distortion of the plate 
current waveform, the class C 

amplifier is not used in audio 
circuits. However, it finds appli- 
cation as an r -f amplifier in 
transmitter circuits where the 
distortion can be reduced by the 
"flywheel" effect of resonant tank 
circuits. 

CLASS B CIRCUITS 

In Figure 5 we have the cir- 
cuits of a class B amplifier suit- 
able for installations requiring 
high output levels. Although we 
show but one speaker, amplifiers 
of this type usually have sufficient 
power output to drive several. As 
far as the actual connections are 
concerned, you will find little dif- 
ference between those of Figure 
5 and those used for class A 
operation ; however, there are 
several points which require ex- 
planation. 

We will assume that tube V2 
has a power output of 1.25 watts, 
and thus there is this amount of 
power available in the primary 
winding of transformer T.. As 
with an output transformer, the 
interstage or driver transformer, 
Ti is designed with a secondary 
of comparatively low impedance 
in order that it can deliver power 
which, in Figure 5, is applied to 
the grid circuits of the push -pull 

output tubes V3 and V4. These 
output tubes are designed to have 
a very high amplification factor 
so that their plate current is 
small even when their grid bias 
is zero. Therefore, these tubes can 
be operated in class B at zero 
volts bias, thereby eliminating 
the bias supply. 

Under these conditions, with no 
input signal voltage, the plate 
current does not drop to zero but 
has a comparatively low value. 
Operating at zero bias, alternate 
half cycles of input voltage will 
drive the grid positive to cause 
large increases of plate current 
and also appreciable values of 
grid current. To prevent distor- 
tion in the plate circuit, the power 
to furnish the grid current is ob- 
tained from the secondary of 
transformer Ti. 

To furnish the large surges of 
plate current without greatly re- 
ducing the supply voltage, the 
power supply and output trans- 
former are of special design. 
Because of their very low internal 
resistance, and the fact that the 
voltage drop across them does 
not increase to any great extent 
when heavy current is drawn, the 
mercury vapor type of rectifier 
tube is employed in the power 
supply. 

Also, the filter choke has a very 
low d -c resistance, and thus the 
voltage drop across it is small. 
The output transformer primary 
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has a very low impedance, a low 
d -c resistance, and wire large 
enough to carry the heavy plate 
current. 

The other parts of the circuit 
do not differ greatly from the 
types previously explained, and 

The range of power output may 
vary from a fraction of a watt, 
as used in hearing aid amplifiers, 
to hundred's of watts, such as re- 
quired in various military equip- 
ment and large public address 
systems. 

Portable sound recording and reproducing console. 

Courtesy Presto Recording Corporation. 

we mention the points above to 
prevent you from making the 
common mistake of trying to 
build a class B amplifier with 
parts designed for class A opera- 
tion. 

The present day selection of 
tubes and electronic equipment 
makes it possible to meet the re- 
quirements of almost any audio - 
frequency amplification problem. 

VOLUME CONTROL 

In the earlier lessons we gave 
you a general explanation of the 
simple types of volume control 
used in a -f systems. However, 
there are many different types of 
volume control circuits, and be- 
cause of their importance, more 
detailed descriptions will'be given 
at this time. 
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Starting with Figure 6, we 
show a phonograph pickup "P ", 
connected to the input of an 
amplifier tube. As will be ex- 
plained in a later lesson, a phono- 
graph pickup is really a special 
form of electric signal generator. 
Variations in the groove of a 

erated voltage will cause a current 
which produces a voltage .drop 
across R. The current will vary 
with the generated voltage, and 
the voltage drop across R will 
vary with the current in it. In 
this way, the voltage generated 
in the pickup coil will appear 

Open rear view of portable console shown in preceding illustration. 
Courtesy Presto Recording Corporation 

record cause needle vibrations 
which generate a voltage of like 
frequency. Thus, as far as fre- 
quency is concerned, the output 
voltage of a pickup is like the 
output of a radio receiver de- 
tector. 

Here, variable resistor R is con- 
nected across the pickup to act 
as a loád and, with a complete 
circuit through P and R, the gen- 

across the resistor. By making 
this resistance of the potentiom- 
eter type and connecting the 
grid circuit of the tube across 
the movable contact and lower 
grounded terminal, we have a 
simple volume control. 

According to Ohm's Law, volt- 
age drop is equal to the current 
times the resistance, and moving 
the arm of potentiometer varies 
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the amount of resistance across 
the grid circuit of the tube. Thus, 
my moving the arm it is possible 
to vary the grid voltage from 0 

to the full drop across the entire 
potentiometer. 

For Figure 7, we again have 
the units of Figure 6, but the con- 
nections are changed so that the 
pickup connects from one end of 
the potentiometer to the moving 
arm, while the entire resistance 
of the control is across the grid 
circuit at all times. As the arm 
is moved, the value of resistance 
across the pickup is varied, thus 
changing both the current and 
voltage drop. 

The grid circuit consists of the 
entire resistor R, the grid, cath- 
ode, and bias resistor R1. Under 
usual operating conditions, the 
grid circuit carries no current, 
thus there will be no voltage drop 
(d -c) across that part of the po- 

tentiometer resistance which does 
not carry the pickup current. It 
is the plate current of the tube 
that causes the grid bias voltage 
drop across R1. 

In circuits like those of Fig- 
ures 6 and 7 the value of the re- 
sistor R is usually three times 
the impedance of the pickup at a 
frequency of 1000 cycles. The grid 
circuit of the tube has a very high 
impedance, running into hun- 
dreds of megohms and therefore 

has practically no current at any 
voltage generated in the pickup. 

For the circuit of Figure 6, the 
entire resistance of the potentiom- 
eter is connected as the load on 
the pickup; but as the movable 
contact is adjusted for different 
volume levels, the amount of re- 
sistance in the grid circuit will 
be varied. In Figure 7, the entire 
resistance of the potentiometer is 
always in the grid circuit, but as 
the movable contact is adjusted 
for different volume levels, the 
load on the pickup will be 
changed. 

This variation of either input 
or output impedance, especially 
at low volume settings, may cause 
changes in the frequency response 
of the stage and therefore, a con- 
trol of this kind will not be 
suitable in circuits which require 
a constant impedance. However, 
you will find this type of control 
commonly used both in radio re- 
ceivers and p -a amplifiers, be- 
cause the variations of frequency 
response caused by changes of 
volume setting are not sufficient 
to be objectionable. 

The circuit of Figure 6 is per- 
haps the most common because 
the tube in this stage generally 
operates as a class A amplifier, 
and thus there is practically no 
grid current. Under these condi- 
tions, the position of the movable 
contact will have a minimum 
effect on the frequency response. 



Lesson RRT -1 Page 13 

L -TYPE VOLUME CONTROL 

Many of the troubles caused by 
changes of load in the circuits 
already explained, are overcome 
by means of the L -type slide wire 
volume control of Figure 8. Here 
we have two separate resistors, 
R1 and R2, with a common slider 
which makes contact with both. 

Form of precision resistor used as an 

attenuator in sound systems. 
Courtesy Technology Instrument Corporation 

Checking over this circuit, you 
will notice R1 is connected per- 
manently across the pickup P, the 
same as the potentiometer of 
Figure 1. Instead of connecting 
directly to the grid of the tube, 
the slide also operates on the 
other resistor R2, which is in 
series with the grid. As the vol- 
ume is reduced by moving contact 
A toward the lower end of R1, 

contact B moves toward the lower 
end of R2. Thus, as that part of 
R1 which is in the grid circuit is 
reduced, this loss of resistance is 
compensated by adding more of 
R2. 

Using more technical terms, at- 
tenuation is accomplished by de- 
creasing the shunt resistance of 
R1 and at the same time increas- 
ing the series resistance of R2. 
The series resistance not only in- 
creases the attenuation, but keeps 
the input impedance of the grid 
circuit constant. 

When properly designed, a vol- 
ume control of this type will 
maintain a constant impedance 
across the pickup, and also a con- 
stant impedance across the grid 
or input circuit of the tube. It 
has been used with very good re- 
sults both as an input control and 
volume control for individual 
speakers and headphones. 

T -TYPE VOLUME CONTROL 
An improved type of constant 

input and output impedance vol- 
ume control is the T arrangement 
of Figure 9. Here we have three 
separate resistors, R1, R2 and 
R3, each with a sliding contact 
represented by the bar "B ". All 
three sliding contacts are con- 
nected electrically as well as 
mechanically and move together. 

With bar B moved to the top of 
Figure 9, resistor R2 is shunted 
across both the pickup and trans- 
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former primary, while R1 and R3 
are not in the circuit. For best 
results the value of R2 should 
be equal to the impedance of the 
pickup P1, and primary of the 
transformer T. As we will explain 
later, resistors R1 and R3 should 
each have a value equal to that of 
R2. In our drawing, all of these 
resistors are "linear" but the 
arrangement also gives very good 
results when the "tapered" type 
of variable resistor is used. 

A tapered variable resistor is 
one in which equal movements of 
the sliding arm cause unequal 
changes of resistance. For exam- 
ple, suppose R1 in Figure 9 has 
a resistance of 200,000 ohms, and 
the arm travels two inches when 
moved from one end to the other. 
Instead of causing a change of 
50,000 ohms for each half inch of 
movement, the first half inch 
might contain but 20,000 ohms, 
the second half inch 40,000 ohms, 
the third half inch 60,000 ohms 
and the last half inch 80,000 
ohms. 

Starting with bar B at the top, 
there is the maximum coupling 
between the pickup and trans- 
former primary because the maxi- 
mum pickup voltage is across 
them both. As the bar is moved 
down, resistor R1 is cut in series 
with the pickup and resistor R3 
is cut in series with the trans- 
former primary. As these re- 

sistors are equal and the sliding 
contacts are fastened together, 
an equal amount of resistance has 
been cut into each circuit. At the 
same time, an equal amount of 
resistance, R2, has been cut out 
of the circuit; therefore, while 
the value of resistance across the 
pickup or transformer primary 
has not been changed, the cou- 
pling between them has. 

For example, suppose the pick- 
up and transformer primary each 
have an impedance of 500 ohms 
and for proper matching R1, R2 
and R3 also have a value of 500 
ohms each. With the contact arm 
set exactly in the center, as shown 
in Figure 9, there will be 250 
ohms of R1 plus 250 ohms of R2, 
or a total of 500 ohms across the 
pickup. At the output side of the 
circuit there will be 250 ohms of 
R3 and 250 ohms of R2, or a total 
of 500 ohms across the trans- 
former primary. 

With the contact arm four - 
fifths of the way down, there will 
be 400 ohms of R1 and 100 ohms 
of R2 or a total of 500 ohms 
across the pickup. At the same 
time, there will be 400 ohms of 
R3 and 100 ohms of R2 for a total 
of 500 ohms across the trans- 
former primary. At any position 
of bar B, the resistance across the 
pickup will always be the same 
and equal to the pickup imped- 
ance. In the same way, there will 
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always be equal resistance across 
the transformer. 

Suppose now the pickup pro- 
duces 5 volts. With the bar all 
the way up, this voltage will be 
across R2 and also across the 
transformer primary. With the 
bar half way down, part of this 
5 volts will be lost by the drop 
across that part of R1 which is 
in series with the pickup. The 
remaining voltage across R2 will 
not all be applied across the trans- 
former primary because there will 
be a drop across that part of R3 
in series with the transformer. 

In this way, without changing 
the value of resistance across 
either the input or output cir- 
cuits, adjustment of bar B con- 
trols the output. Thus, the T -type 
of volume control does not pro- 
duce any noticeable attenuation 
of any frequency at any setting 
because the input and output 
impedances are matched at all 
times. 

MIXER CIRCUITS 

When it is desired to mix the 
signals of two or more phono- 
graph pickups, microphones or 
other input devices, the audio 
amplifier must contain some type 
of mixing system. One simple 
arrangement, employing two po- 
tentiometers, is that of Figure 
10 -A. Here, when the sliding con- 
tact of R1 is moved to the lower 
or ground end, there will be no 

signal input from source A to the 
grid circuit of tube Vl, and the 
input from source B is regulated 
by the slider of R2. On the other 
hand, when the slider on R2 is 
moved to its lower end, there will 
be no input from source B, and 
the input from source A may be 
adjusted with the slider of R1. 

Intermediate positions of the 
sliders will allow the desired pro- 
portion of both signal sources to 
be impressed on the grid circuit. 

The arrangement of Figure 
10 -A has certain disadvantages 
however. First, both sides of 
input B are above ground. Sec- 
ond, stray capacitances between 
ground and channel B tend to 
cause attenuation of the high fre- 
quencies of channel A. Also, hum 
picked up in channel B will feed 
through the grid of the amplifier 
tube. A remedy for these condi- 
tions is to connect the slider of 
R1 to the grid of the tube rather 
than to R2 as shown, and then 
ground the lower end of R2. This 
places R1 and R2 in parallel in- 
stead of in series, and to prevent 
either control short -circuiting the 
other, a resistor of 100,000 to 
500,000 ohms is placed between 
the sliding contact of each poten- 
tiometer and the grid of the tube. 

Possibly the most satisfactory 
mixer arrangement is to feed 
each input to the grid of separate 
tubes which have a common plate 
load. This results in isolating the 
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input circuits sufficiently so that 
the setting of one volume control 
has absolutely no effect on the 
other. An arrangement of this 
kind is shown in the circuits of 
Figure 10 -B. 

Here, the signal from source A 
appears across R1 and is applied 

from both sources, and will be 
coupled through condenser C3 to 
the first tube of the a -f amplifier 
proper. The overall frequency re- 
sponse of this mixer circuit can 
be improved considerably by the 
omission of the cathode bypass 
condenser Cl. However, this omis- 

Amplifier unit with microphone and phonograph input. An output tone control 
also is provided. 

Electronic Sound Engineering Company 

to the control grid of V1, causing 
the usual variations in the plate 
current. Also, the signal from 
source B appears across R2 and 
is applied to the control grid of 
V2, resulting in similar variations 
in the plate current. Since the 
plate currents of both tubes pass 
through the common load resistor 
R5, the voltage variations across 
it will correspond to the signals 

sion will also reduce the stage 
gain by about half. 

In order that similar settings 
of the controls will produce simi- 
lar output voltages, in any mixing 
system it is desirable that the 
input voltages to all channels be 
as nearly equal as possible, but 
as you will learn later, the output 
voltage of modern types of micro- 
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phones is much lower than that 
of phonograph pickups. There- 
fore, where the output of a low - 
level microphone is to be mixed 
with that from a phono pickup, 
generally it will be desirable to 
incorporate one stage of amplifi- 
cation between the microphone 

R3 and R4 respectively, which are 
connected in parallel with the 
series resistors R6 and R7 to pre- 
vent them from shorting out one 
another. 

The microphone outputs are im- 
pressed separately on the grids 
of a double triode tube, thus pro- 

Bottom view o' amplifier chassis shown on preceding page. 
Electronic Sound Engineering Company 

and the mixer stage to raise the 
level of the microphone output 
to that of the pickup. 

Following this plan, a some- 
what larger mixing system which 
provides adequate control of two 
microphones and two pickups is 
shown in Figure 10 -C. The out- 
put from the two phono pickups 
is controlled by potentiometers 

viding complete isolation as ex- 
plained for Figure 10 -B. As each 
section of the double triode tube 
has a separate plate load, switch 
S1 provides for coupling the sig- 
nal from either microphone into 
tube V3 of the mixing stage. Note 
that no controls -are used in the 
grid circuits of V1 and V2, since 
the low -level microphones can 
never overload these tubes. How- 
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ever, the input of V3 is controlled 
by means of the potentiometer 
R10. 

Isolation between R10 and the 
phono volume controls R3 and 
R4 is provided by feeding the 
microphone signals into V3 and 
the phono signals into V4. Finally, 
all the signals are combined across 
the common plate load resistor 
R13, and coupled to the following 
amplifier stage through condenser 
C5. Thus, the circuit of Figure 
10 -C provides for the mixture of 
two phono inputs with either of 
two microphone inputs which are 
selected by switch Si. 

The overall purpose of a mixer 
is to control the relative ampli- 
tude of two or more sources which 
are combined to form a single 
signal. For example, in the circuit 
of Figure 10, a phonograph pick- 
up connected across R3 could sup- 
ply a musical background for a 
person talking into a microphone 
connected across R2. Then, with 
switch S1 in the proper position, 
controls R3 and R10 could be 
adjusted to provide the proper 
relative amplitudes of the com- 
bined voice and music signals 
which would appear across R13. 

FADERS 

There are other popular forms 
of entertainment such as sound 
movies and long recorded pro- 
grams which require uninter- 
rupted sound although the source 

of the signals must be changed 
periodically. To make the change 
from one source to another, with- 
out any audible break in the re- 
production, requires a circuit ar- 
rangement known as a Fader. For 
continuous reproduction of rec- 
ords, two turntables are neces- 
sary, each having a pickup con- 
nected on the general plan of Fig- 
ure 11. Tracing the circuits, pick- 
up P1 is connected across resistor 
R1, while pickup P2 is connected 
across resistor R2. Mechanically, 
both these resistors are built in- 
to a single potentiometer which 
is provided with a fourth termi- 
nal. The moving arm or slider, 
connected to terminal 4, can be 
turned continuously from termi- 
nal 2, along R1 to terminal 1 and 
then along R2 to terminal 3. 
Terminal 1 connects to both re- 
sistors, also to one side of 
both pickups, and therefore is 
grounded to form a common re- 
turn for the grid and pickup 
circuits. 

To follow the action, suppose 
pickup P1 is in operation and the 
potentiometer arm is turned over 
to terminal 2 for full volume. 
When the record is nearly fin- 
ished, the second turntable is 
started with another record in 
place and pickup P2 set at the 
starting position. The potentiom- 
eter arm is then moved slowly 
from terminal 2, and in the posi- 
tion of Figure 11 will reduce the 
volume of Pl. This action con- 
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tinues until the arm reaches ter- 
minal 1, when the grid circuit is 
grounded and has no voltage from 
either pickup. 

With the arm still moving in 
the same direction, as it leaves 
terminal 1, the signal from P2 
is applied to the grid of the tube 
and this voltage increases until 
full volume is secured at terminal 
3. By moving the potentiometer 
arm at the proper speed, the 
change over from one record to 
another can be accomplished 
without any noticeable pause or 
break in the sound. 

With the potentiometer arm at 
terminal 3, pickup P1 can be 
lifted off its record and that turn- 
table stopped. A new record can 
be put in place so that when the 
record under P2 is nearly fin- 
ished, the operation can be re- 
versed, fading from P2 back to 
P1 without any interruption. In 
addition to its action as a fader, 
the potentiometer can be used as 
a volume control by moving the 
arm to some intermediate posi- 
tion between terminal 1 and 
terminals 2 or 3. 

TRANSFORMER- COUPLED 
FADER 

The circuits of Figure 10 -C 
and 11 show the respective mixer 
and fader connections for high 
impedance phono pickups and 
microphones. However, in case 
the units are of low impedance 

types, they must be coupled to 
the high impedance grid circuits 
of the audio amplifier by means 
of impedance matching trans- 
formers. One such fader circuit 
employing matching transformers 
is shown in Figure 12. 

In a former explanation it was 
mentioned that a high resistance 
is necessary for the grid circuit 
of the tube, and here in Figure 
12 the transformer secondaries 
can have an impedance much 
higher than that of the primaries. 
The potentiometer is like that of 
Figure 11, but resistors R1 and 
R2 should have a value a little 
greater than the impedance of 
the transformer winding across 
which they are connected. The 
circuit of Figure 12 is operated 
exactly like that of Figure 11, 
but with step -up transformers 
the distance between the pickups 
and fader can be increased with 
less loss. Fader resistors are 
usually tapered in value to pre- 
vent a sudden jump in volume as 
the arm passes the center termi- 
nal or point of no sound. 

STEP -BY -STEP FADER 
All sliding contact rheostats 

and potentiometers, such as those 
indicated in Figures 10 to 12 in- 
clusive, have a tendency to be- 
come noisy as dust and dirt col- 
lect on the wire and contacts. 
In sensitive circuits, the fact that 
the resistance element and slid- 
ing contact are made of different 
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materials will sometimes cause 
noise. 

For most professional installa- 
tions, these troubles are over- 
come by using a fader on the 
general plan of Figure 13. The 
circuit here is similar to those 
already explained, but a single 
set of resistors is used for both 
pickups. Notice also that the total 
resistance is made up of several 
resistors, each of which is con- 
nected to substantial switch con- 
tacts. 

Mechanically the resistors, 
transformer and contacts of 
Figure 13 are all mounted in a 
metal cabinet, while knob "E" is 
brought out in front with an indi- 
cator showing the position of arm 
C -D. Knob "E" is fastened to the 
contact arm C -D and both turn at 
the same time. The "C" end of 
the arm makes contact with seg- 
ments "A" or "B" while end "D", 
insulated from the segments, com- 
pletes a circuit through the num- 
bered contacts. As seen, segment 
"A" connects to Pickup Pl, and 
segment "B" to pickup P2. Thus 
the pickup from which a signal 
is being taken at any time de- 
pends upon whether knob E is set 
so that arm C is contacting seg- 
ment A or B. With E in the posi- 
tion shown, the circuit is com- 
pleted from the upper end of Pl 
to A, through the arm C -D to con- 
tact No. 6, to the junction be- 

tween R1 and R2, down through 
R2, R3, R4, R5, R6 and R7 to the 
lower end of Pl. 

The series resistors RI through 
R7 form a voltage dividing net- 
work, all or part of which is con- 
nected across the used pickup de- 
pending upon the position of knob 
E. If E is set so that arm D 
touches contact 7, then all the re- 
sistors are in series across the 
pickup. Notice that the part of 
the pickup voltage appearing 
across resistors R1 to R6 inclu- 
sive is applied to the primary of 
matching transformer T, while 
that part dropped across R7 is 
not. Thus, as far as T is con- 
cerned, the pickup output is al- 
ways divided into two parts : (1) 
that across R7, and (2) that 
across whatever resistors are in 
series between arm D and point 
"X" on the divider. 

When arm D is on the No. 7 
contact, a maximum voltage 
exists on the portion of the 
divider above X and is applied, 
therefore, to T. As arm D is 
moved to contacts of lower num- 
bers, fewer and fewer sections 
of the divider are between D and 
X, while the value of R7 remains 
constant. Thus, a step -by -step 
change in the voltage ratio takes 
place, with that part dropped 
across R7 increasing and that 
across the used section (above X) 
decreasing. Finally, when arm D 
touches contact No. 1, all of the 
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pickup output is across R7 and 
none is applied to T. 

A second attenuating action oc- 
curs due to the fact that as arm 
D is moved to lower numbered 
contacts, more and more resis- 
tance is placed in series between 
the upper end of the primary of 

of the divider below the junction 
between R1 and R2, and resistor 
R1 is now in series between this 
junction and the upper end of the 
primary of T. Therefore, the 
used portion of the signal (from 
the top of R2 to X) is applied to 
the transformer primary and R1 
in series. The part of this voltage 

De Luxe amplifier equipped with two microphone input channels and one phono- 
graph pickup channel. The panel also contains a tone control and 

power on -off switch. 

Courtesy Radio Corporation of America 

T and the junction on the divider 
to which D connects. For ex- 
ample, with D at contact 7, the in- 
put voltage is across the entire 
divider and there is no resistance 
between the upper end of Rl and 
T. However, with D at contact 
6, as shown in the Figure, the in- 
put voltage is applied across all 

which is dropped across R1 is lost 
as far as T is concerned, and only 
that across the primary of T is 
coupled to the amplifier tube V. 
With D at contact 5, the junction 
between R2 and R3 becomes the 
top end of the used part of the 
divider, while both R1 and R2 are 
placed in series with the primary 
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of T, therefore still less of the 
input voltage is impressed across 
the primary. 

Thus, the arrangement of Fig- 
ure 13 performs the function of 
a fader as well as a volume con- 
trol, and usually has enough steps 
or contacts so that the change in 
volume when moving from one to 
the next is not noticeable to the 
average ear. 

T -TYPE FADER 

To use the T -type volume con- 
trol as a fader, two units are re- 
quired with the connections of 
Figure 14. The six resistors are 
all mounted around a control 
shaft which carries the contact 
bar C. This bar is arranged so 
that it makes contact with three 
resistors at all times. For one- 
half of its movement it contacts 
R1, R2 and R3, and for the other 
half it contacts R4, R5 and R6. 
Electrically the movement is con- 
tinuous from the upper end of 
R2 to the lower end of R5 as 
drawn in Figure 14. 

As the bar passes over the con- 
nection between R2 and R5, re- 
sistors R1 and R3 are discon- 
nected and thus pickup P1 is out 
of the circuit. However, P2, R4, 
R5 and R6 and T form another 
circuit exactly like that for Pl, 
and as the bar continues to move 
down, P2 is connected in the cir- 
cuit. The arrangement of Figure 

14 is such that for both pickups 
there is minimum volume with 
the bar at the connection between 
R2 and R5. 

PHASE INVERSION 

In Figure 15 we show the cir- 
cuits of a common type of trans- 
former coupled push -pull ampli- 
fier stage which was explained in 
an earlier lesson. You will re- 
member that as the control grid 
of one tube becomes more positive 
with respect to the secondary 
center tap, the control grid of the 
other tube becomes more negative. 
In other words, when the negative 
voltage on one grid is decreas- 
ing, it is increasing on the other, 
and as these changes are in op- 
posite directions, they are said to 
be 180° out of phase. Circuits 
designed to supply signal volt- 
ages that differ in phase by 180° 
are known as "Phase Inverters ". 

To reduce both cost and weight 
of a transformer and still obtain 
good frequency response, many 
modern amplifiers employ various 
arrangements of resistance -ca- 
pacitance coupling to obtain the 
180° out -of -phase signal voltage 
required for push -pull operation. 
One of the simplest of these, often 
called a "split plate load" or 
"cathode resistor method" is 
shown in the circuits of Figure 
16. 

Here the load resistor of the 
input tube V1 is divided into two 
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parts of equal value, R3 in the 
cathode section and R4 in the 
plate portion of the plate circuit. 
Resistor R2 and condenser C2 
provide the grid bias in the usual 
manner, and merely fix the oper- 
ating point of the tube. The grid 
of the output tube V2 is coupled 
to the plate end of R4 through 
condenser C3, while the grid of 
the output tube V3 is coupled to 
the cathode end of R3 through 
condenser C4. In push -pull opera- 
tion it is necessary that the volt- 
ages on the opposite control grids 
be of equal amplitude, and in 
order to obtain equal signal volt- 
ages here, R3 is made equal to 
R4, C3 equals C4, and R5 equals 
R6. Usually, the d -c voltage drop 
across the bias resistor R2 is not 
sufficient to cause any appreciable 
unbalance. 

To understand the operation 
more fully, assume an instant 
when the input signal voltage is 
in such a direction as to make 
the grid of V1 less negative and 
cause an increase in plate cur- 
rent which, in accordance with 
Ohm's Law, will increase the volt- 
age drops across R3 and R4. With 
ground as the reference point and 
B+ at a constant potential, an 
increase of voltage drop across 
R4 will cause a reduction of V1 
plate voltage while an increase 
of voltage drop across R3 will 
cause an increase of cathode volt- 
age. 

The reduction of plate voltage 
allows coupling condenser C3 to 
discharge and, carried by R5, the 
displacement current produces a 
voltage drop which causes the 
grid of V2 to become more nega- 
tive in respect to its cathode. At 
the same time, the increase of 
cathode voltage charges coupling 
condenser C4 and, carried by R6, 
the displacement current pro- 
duces a voltage drop which causes 
the grid of V3 to become more 
positive in respect to its cathode. 
Thus, conditions are correct for 
the push -pull operation of tubes 
V2 and V3. 

On the following alternation of 
the input signal voltage, the grid 
of V1 is driven more negative and 
causes a decrease of plate current. 
With reduced plate current, the 
voltage drops across R3 and R4 
decrease and therefore condenser 
C3 charges while condenser C4 
discharges. As this action is op- 
posite to that explained previous- 
ly, the drop across R5 will cause 
the grid of V2 to become more 
positive, while the drop across R6 
will cause the grid of V3 to be- 
come more negative in respect 
to their cathodes. 

It is also possible to achieve 
phase inversion by making use of 
the opposite phase relations be- 
tween the a -c grid and the a -c 
plate voltages of a tube. That is, 
when the signal voltage causes 
the grid to become more positive, 
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Complete industrial rack used for large 
interior sound distribution system. 

Bell Sound Systems, Inc. 

the plate becomes less positive, 
both with respect to a common 
reference point, usually the cath- 
ode. Thus, the action in the plate 
and grid circuits nre 180° out of 
phase and by amplifying the sig- 
nal in one tube and picking off 
a part of the output voltage equal 
to that of the input, we have sig- 
nal voltages of the correct phase 
relationship for push -pull opera- 
tion. 

A circuit of this type is shown 
in Figure 17, where the output 
voltage of V1 is applied to the 
grid of V3 through the coupling 
condenser C3. A portion of the 
output voltage of V1 is also ap- 
plied to the grid of V2 from the 
tap on R5. Then, the voltage 
output of V2 is applied through 
the coupling condenser C4 to the 
grid of V4. 

As explained for the circuit of 
Figure 16, a reduction of plate 
current in tube V1 causes an in- 
crease of plate voltage which 
charges coupling condenser C3 
a,nd the resulting drop across R5 
drives the grid of V3 more posi- 
tive in respect to its cathode. Here, 
a part of the drop across R5 is 
impressed on the grid of V2 which 
is driven more positive in respect 
to its cathode and thus causes 
an increase of plate current. This 
increase of plate current reduces 
the plate voltage of V2, allows 
coupling condenser C4 to dis- 
charge and the resulting drop 
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across R6 drives the grid of V4 
more negative in respect to its 
cathode. 

The voltage output of V2 is 
made equal to the voltage output 
of V1 by adjusting the tap on R5. 
For example, if the voltage ampli- 
fication of V1 and V2 is 10, the 
tap on R5 is adjusted to supply 
one -tenth of the audio- frequency 
voltage across R5 to the grid of 
V2. Also, in order to balance the 
circuit, R3 equals R4, C3 equals 
C4, and R5 equals R6. Under 
these conditions, the a -f voltage 
across R6 is equal in amplitude to 
that across R5. Thus, the signal 
voltage inputs to the push -pull 
grids of V3 and V4 are equal in 
amplitude and 180° out of phase. 

In the above explanation of 
phase inversion circuits we have 
not mentioned the output connec- 
tions of the push -pull tubes or 
their bias resistances and capaci- 
tances because these are the same 
as those previously explained for 
the transformer type of push -pull 
amplification. 

SELF -BALANCING 
PHASE INVERSION 

Although the phase inversion 
circuits just described operate 
satisfactorily if the engineered 
constants of the various com- 
ponents do not change, after a 
period of service, a noticeable un- 
balance of operation may occur. 
If, for example, resistor R6 in 

Open rear view cf industrial sound rack shown 
on preceding page. The radio receiver can be 
seen at the top, the phonograph turntable at 
the center, and the power supply for the 

entire system at the bottom. 
Bell Sound Systems, Inc. 
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Figure 17 should change consider- 
ably in value, or the phase in- 
verter tube V2 alter its character- 
istics, the pre- determined value 
of the R5 tap would not be correct 
and unequal signal voltages would 
be applied to the grids of V3 and 
V4. 

To overcome such faults, the 
circuit arrangement of Figure 18 
has been developed. You will 
notice the tube at the left is a duo - 
triode, although we have labeled 
the separate triode sections as V1 
and V2 in order to make refer- 
ences to the tube easier to follow. 
The overall action here is essen- 
tially the same as explained for 
Figure 17 therefore correspond- 
ing tubes are identified by the 
same numbers. The difference be- 
tween the circuits is found in the 
connections between ground and 
the grids of V2, V3 and V4. 

In Figure 17, the grid of V3 
connects to ground through R5, 
which has a tap connected to the 
grid of 2, while the grid of V4 
connects to ground through R6. 
In Figure 18, the grid of V3 con- 
nects to ground through R5 and 
R8 while the grid of V2 connects 
to the junction between them. The 
grid of V4 connects to ground 
through R6 and R8. Thus, the 
grid voltage for tube V2 is sup- 
plied by the drop across R8 which 
is in series with R6 as well as R5. 
Therefore, when the voltage drop 
across R5 tends to make the grid 

of V2 more positive, the resulting 
out -of -phase increase in voltage 
across R6 will tend to make it 
more negative. 

For example, if the circuit con- 
stants should change to cause a 
higher than normal voltage across 
R8, the increased output of tube 
V2 will cause a proportionally 
higher out -of -phase voltage across 
R6. This will reduce the effective 
drop across R8 thereby reducing 
the output of tube V2 until the 
drop across R6 is equal to that 
across R5. Hence the term "Self 
balancing" is properly descrip- 
tive of the action of this circuit, 
and changes in resistor values 
and tube characteristics will auto- 
matically be corrected by the de- 
generative or regenerative voltage 
fed back to the input grid circuit 
of V2. 

INVERSE FEEDBACK 

From the explanations of the 
earlier lessons, you know that 
the impedance of a transformer 
varies with frequency. That is, 
due to the inductance of the wind- 
ings, the reactance will increase 
as the frequency increases and 
decrease as the frequency de- 
creases. 

Therefore, with a transformer 
employed to couple the plate of 
an output tube to a loudspeaker, 
the load impedance on the tube 
varies with the frequency. If the 
output tube is a pentode or beam 
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power type with a high plate re- 
sistance, the variation in plate 
load impedance produces consid- 
erable distortion as a result of 
the introduction of harmonic fre- 
quencies. Likewise, changes of 
signal frequency will cause the 
impedance of the speaker to vary 
appreciably, and hence it will re- 
flect changes of load back to the 
tube. 

The common method of correct- 
ing this condition is by feeding 
back to the input, in the correct 
phase, a certain portion of the 
output voltage. Such an arrange- 
ment is generally referred to as 
an "inverse feedback amplifier ". 
However, it is known also as 
audio degeneration and degener- 
ative or negative feedback. 

Also in the early lessons, it was 
stated that in order to increase 
the signal output of simple radio 
receivers, variations of plate volt- 
age were fed back to the grid cir- 
cuit, and the arrangement was 
called a regenerative detector. 
However, for audio amplification, 
in order to reduce distortion 
caused by a varying load imped- 
ance, a portion of the signal from 
the output stage is fed back to 
the grid circuit in ttie opposite 
phase relationship to cause a de- 
crease of amplification and there- 
fore is known as "Degeneration ". 

To follow the action, in a tube 
circuit like that of Figure 13, the 

grid bias is developed by the volt- 
age drop caused by the plate cur- 
rent in the resistor connected be- 
tween cathode and ground. The 
condenser connected across the 
resistor acts to reduce the varia- 
tions of plate current in the re- 
sistor and thus provide a more 
uniform or d -c bias. If the con- 
denser is removed, the negative 
grid bias voltage will vary with 
the plate current. 

Under these conditions, a posi- 
tive pulse of signal voltage on the 
grid will cause a corresponding 
increase of plate current which 
in turn will cause a corresponding 
increase of negative bias voltage. 
This increase of bias will reduce 
the plate current and thus the 
action is degenerative and, by 
causing a reduction of effective 
grid signal voltage, will reduce 
the overall amplification or gain 
of the tube. This is perhaps the 
simplest form of negative feed- 
back and it is employed in many 
small receivers by omitting the 
bypass condenser across the cath- 
ode resistor of the output tube. 

As long as the changes of plate 
current are exactly proportional 
to the variations of grid signal 
voltage, the action remains as ex- 
plained, but suppose the condi- 
tions mentioned above produce 
distortion in the plate circuit. To 
illustrate, we will assume that 
at some point of the positive sig- 
nal voltage alternation there is 
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an excessive increase of plate cur- 
rent. This excess plate current 
will cause a correspondingly large 
increase of negative grid bias, 
which in turn will tend to prevent 
any further increase. Although 
the negative feedback reduces all 

phase with the input or signal 
voltage on the grid and therefore 
they tend to cancel, but the feed- 
back voltage is of lower ampli- 
tude and causes only a reduction 
of effective input voltage. How- 
ever, irregularities in the output 

Audio oscillator such as can be used for checking the frequency response 
of an audio amplifier. 

Jackson Electrical Instrument Company 

variations of plate current, the 
action is more pronounced for 
variations which are not propor- 
tional to the signal voltage on the 
grid and thus distortion is re- 
duced. 

Using more technical terms, the 
feedback voltage, developed across 
the cathode resistor, is 180° out of 

cause increased feedback action 
and thereby reduce distortion. 

CURRENT FEEDBACK 

Reviewing the explanation just 
given, the amplitude of the feed- 
back voltage is always propor- 
tional to the plate current and 
therefore the action is known as 



 

Lesson RRT -1 Page 29 

"current" feedback. The overall 
action provides an increase in the 
effective internal resistance of the 
amplifier. 

VOLTAGE FEEDBACK 

Another popular inverse feed- 
back arrangement for a single 
beam power output stage is shown 
by the circuits of Figure 19. The 
transformer Ti is of the audio 
interstage type, and the resistor 
R1 with its bypass condenser Cl 
provide the grid bias voltage. 
C2, R2, and R3 form a voltage 
divider with R3 in the grid or in- 
put circuit, so that the desired 
feedback voltage amplitude can 
be obtained. The condenser C2 
acts to block the d -c plate voltage 
from the grid but allows a path 
for the a -c signal, while trans- 
former To couples the output tube 
to a loudspeaker. 

Reviewing former explanations 
of tube action, as the signal volt- 
age drives the grid in a positive 
direction there is an increase of 
plate current which causes a 
larger drop across the plate load 
and thereby reduces the plate 
voltage. Thus, the grid and plate 
voltages are 180° out of phase. 
In Figure 19, the changes of plate 
voltage appear across the series 
circuit, made up of C2, R2 and 
R3 and, as mentioned above, re- 
sistor R3 is in the grid circuit 
also. Thus, by means of R3, 

changes of plate voltage are fed 
back to the grid circuit. 

You will remember that the 
voltage drop across a resistor is 
proportional to its ohmic value, 
and thus, neglecting any losses in 
C2, the feedback voltage will be 
equal to the total a -c plate voltage 
times the ratio R3/ (R2 + R3) . 

The amount of feedback voltage 
should be such that the distortion 
is satisfactorily reduced without 
too great a sacrifice of amplifica- 
tion. 

In the circuit of Figure 19, the 
feedback voltage is proportional 
to the plate or output voltage, 
therefore the arrangement is 
known as "Voltage" feedback and 
its overall action provides a re- 
duction in the effective internal 
resistance of the amplifier. 

VOLTAGE -CURRENT 
FEEDBACK 

Some circuits provide both 
current and voltage feedback and 
this can be accomplished in Fig- 
ure 19 simply by removing the 
cathode bypass condenser Cl. Un- 
der these conditions there will be 
three series connected a -c voltage 
sources in the grid circuit. The 
signal voltages will appear across 
the secondary of transformer T1, 
the feedback voltage across R3 
will be proportional to the a -c 
plate voltage and the feedback 
voltage across R1 will be propor- 
tional to the plate current. 
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The reason for including both 
types of feedback in one circuit 
is that they produce somewhat 
different effects on the perform- 
ance of the amplifier. Referring 
to the circuit of Figure 19, as 
shown, the voltage feedback tends 
to make the voltage across the 
output transformer secondary an 
accurate reproduction of the sig- 
nal voltage on the grid. As al- 
ready explained, this reduces am- 
plitude distortion but in addition 
it improves the frequency re- 
sponse at low frequencies much 
more than at high frequencies. 
Removing condenser Cl of Fig- 
ure 19 provides current feedback 
which tends to make the wave- 
form of the output transformer 
primary current the same as that 
of the signal voltage. The effect 
is to improve the high frequency 
response with no improvement 
of low frequencies. With both 
types of feedback in the same cir- 
cuit, amplitude distortion is re- 
duced while both high and low 
frequency response is improved. 

To simplify the explanations 
of this lesson, the feedback cir- 
cuits include only one amplifier 
stage but the same principles may 
be applied to two or more stages. 
In every case the feedback volt- 
age must be applied at some point 
where it is 180° out of phase with 
the signal voltage. 

While this phase difference has 
been assumed, it is not com- 

pletely accurate at hif h and low 
frequencies due to the changes 
of reactance in the circuits. This 
is a form of distortion known as 
"phase shift" which is not ob- 
jectionable in ordinary amplifiers 
but must be considered for high 
fidelity. However, if the feedback 
circuits include two or more 
stages, the phase shift may be 
sufficient to cause regeneration 
instead of degeneration, thereby 
defeating its purpose. In addition, 
the regeneration may be sufficient 
to produce oscillation with its 
resulting howls or squeals. 

ADVANTAGES OF 
FEEDBACK 

In addition to the reduction of 
distortion, inverse feedback pro- 
vides greater stability, even with 
changes of tube characteristics 
and applied operating voltage. 

Another advantage of negative 
feedback is the "flatter" and ex- 
tended frequency response range 
of the stage. For example, if an 
audio amplifier without inverse 
feedback amplifies a certain fre- 
quency, say 300 cycles, 200 times, 
and a frequency of 1000 cycles, 
500 times, the application of neg- 
ative feedback will cause the 
amplification of these two fre- 
quencies to be more identical, 
much in the same way that dis- 
tortion is reduced. 

Inverse feedback is not recom- 
mended for use with amplifier 
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tubes drawing grid current be- 
cause of the load resistors that 
must be used in the grid circuit. 
Also, the feedback is not generally 
applied to a triode amplifier be- 
cause the variation of load im- 
pedance with frequency does not 
produce much distortion in a 
triode stage having low plate 

paratively small input voltage, 
inverse feedback is especially ap- 
plicable to this type of tube. By 
means of inverse feedback, the 
high efficiency and high power 
output of the beam power tube 
can be combined with freedom 
from the effects of varying load 
impedances. 

Types of fixed and variable resistors used in audio amplifier systems. 

Courtesy P. R. Mallory Company 

resistance. It is, however, some- 
times applied to pentode stages, 
but this is not always convenient. 
As we explained above, when 
inverse feedback is applied to an 
amplifier, the driving voltage may 
have to be increased to give full 
power output. With a pentode, 
this driving voltage for rated 
power output, may become so 
large that it is impracticable. 

Because a beam power tube 
gives full power output on a com- 

LOFTIN -WHITE AMPLIFIER 

A basic circuit of the Loftin - 
White amplifier, shown in Figure 
20, is similar to resistance- capac- 
itance coupling except that the 
plate of input tube V1 is connected 
directly to the grid of output tube 
V2. Therefore it is known as a 
"direct coupled" or d -c amplifier. 
The usual plate resistor, grid 
resistor and coupling condenser 
are replaced by the single resistor 
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R,. This arrangement provides 
for greatly improved low -fre- 
quency response due to the omis- 
sion of the coupling condenser 
which, in conventional a -f ampli- 
fiers, offers a high reactance to 
the low frequencies, thereby tend- 
ing to prevent their passage 
through the circuit. 

In all of our former explana- 
tions we told you that the plate of 
a tube must be positive with re- 
spect to the cathode, while in 
most cases the grid requires a 
negative bias. In Figure 20, the 
plate of tube Vl is connected di- 
rectly to the grid of tube V2, and 
both will have the same d -c poten- 
tial with respect to B -. There- 
fore, to provide the proper values 
of voltage, between the various 
tube electrodes, it becomes neces- 
sary to maintain the respective 
cathodes at different voltages 
with respect to B -. For filament 
type tubes, each requires an iso- 
lated source of filament voltage, 
such as a separate power trans- 
former secondary, as indicated 
by the "x -x" and "y -y" connec- 
tions in the diagram. 

The power supply is about the 
same as in conventional a -c am- 
plifiers, but a difference is seen 
in the arrangement of the resis- 
tors which form the voltage di- 
vider. This divider is shown 
across the lower part of the dia- 
gram with its positive end at B+ 
and extends through resistors R7, 
R6, R5, R4 and R3 to the 

grounded B -. It is due to the re- 
spective connections to this volt- 
age divider that it is possible to 
supply each tube electrode with 
the correct d -c operating poten- 
tial, even though as mentioned 
above, the plate of V1 is connec- 
ted directly to the grid of V2. 

The bias between the grid and 
cathode of tube V1 is obtained in 
the usual manner by means of 
the voltage drop due to plate cur- 
rent in R2. The divider current in 
R3 causes point L to be positive 
with respect to point K, and thus 
the VI screen grid which is con- 
nected to L, is maintained at the 
desired positive value above 
ground. Due to the drop across 
the divider resistors, point M is 
positive with respect to point L 
and point N is positive with re- 
spect to point M. The plate of 
tube V1 is connected through re- 
sistor R1 to the positive point N, 
but its d -c potential is that of 
point N minus the drop across 
R1 due to V1 plate current. 

The polarity of this drop is 
indicated in Figure 20 but the 
minus sign does not mean that 
the plate end of R1 is negative 
with respect to ground, but rather 
that this end is less positive than 
point N on the divider. For ex- 
ample, suppose the total drop 
from point N to ground point K 
(across R3, R4 and R5) is 200 
volts, and the drop across R1 is 
40 volts. Then the plate of tube 
Vi will be at a d -c potential of 
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200 -40 =160 volts positive with 
respect to ground. 

However, as mentioned, the 
grid of V2 is at the same potential 
as the V1 plate, and in order to 
secure the proper operating con- 
ditions for the V2 stage, its cath- 
ode must be made more positive 
than its grid. This arrangement 
results in the grid being effec- 
tively "negative" with respect to 
the cathode, thus providing the 
necessary bias requirement for 
proper operation of the V2 stage. 

The V2 cathode connects to 
point M on the divider, and if, 
for example, the drop across R5 
is 15 volts, then the cathode is 
15 volts "negative" with respect 
to point N. But, with a drop of 
40 volts across R1 as mentioned, 
the total effective bias on the V2 
grid will be equal to the differ- 
ence between 40 -15 = 25 volts 
negative (the drops across R1 
and R5) with respect to the V2 
cathode. Finally the V2 plate 
voltage is equal to the drop be- 
tween points M and B+ less the 
small drop across Ll of the out- 
put transformer. 

The operation of this circuit 
is similar to that of the other 

types of amplifiers. Changes of 
voltage on the control grid of the 
tube V1 cause changes of its plate 
current. The changes of plate 
current cause changes of voltage 
drop across resistor R1 and thus 
cause like changes of voltage on 
the grid of tube V2, etc. 

Direct- coupled amplifiers have 
major applications in Industrial 
Electronic fields where the ampli- 
fication of very low frequencies 
is desired. Although audio ampli- 
fiers of this type have excellent 
frequency response characteris- 
tics, they have not become popu- 
lar because of the requirement of 
high plate supply voltages which 
make the unit more costly. In ad- 
dition, variation of tube charac- 
teristics and component parts 
have a tendency to affect the 
voltage distribution within the 
amplifier and lead to some in- 
stability. 

The advent of more efficient 
tubes requiring lower operating 
potentials, and the use of self - 
balancing circuits, much like the . 
phase inverter explained in this 
lesson, open the field toward more 
common use of high fidelity, 
economical, and dependable direct 
coupled amplifiers. 
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IMPORTANT WORDS USED IN THIS LESSON 
ATTENUATOR -An assembly of variable resistors for controlling 

the strength of an audio or radio -frequency signal in a circuit. 
Sometimes also referred to as a pad. 

CLASS A AMPLIFIER -An amplifier tube that is biased so that the 
normal operating point falls midway on the straight portion 
of the characteristic curve, and the tube conducts through the 
full 360° of the grid voltage cycle. 

CLASS B AMPLIFIER -An amplifier in which the tube is biased 
practically to cut -off, and conducts during approximately 180° 
of the grid voltage cycle. 

CLASS C AMPLIFIER -An amplifier tube that is biased to twice 
cutoff or more, and plate current exists for only 90° to 120° in 
each grid voltage cycle. 

COUPLING -The association between two related circuits that per- 
mits the transference of energy from one circuit to the other. 

DIRECT -COUPLED AMPLIFIER -An audio amplifier in which a 
d -c conducting element is used between the plate circuit of one 
stage and the grid of the next. 

FADER -A multiple -unit variable resistor used for shifting an 
amplifier gradually from one input channel to another. 

INVERSE FEEDBACK -The process of feeding back part of the 
output of an amplifier into the input so that the feedback and 
incoming signals are opposite in phase and hence partially 
neutralize each other. Also known as negative or degenerative 
feedback. 

L -TYPE VOLUME CONTROL -A volume control consisting of two 
variable resistors mounted on a common shaft, and having a 
practically constant impedance at all settings. Also known as 
an L -pad. 

MIXER -An amplifier input control consisting of one or several 
potentiometers arranged for combining the signals from several 
audio sources in any desired proportion. 
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RESISTANCE -COUPLED AMPLIFIER -A type of audio amplifier 
in which a resistor forms the common coupling element between 
two adjacent stages, and the signal is transferred from the plate 
of one to the grid of the next through a coupling condenser. It is 
frequently referred to as a resistance -capacitance coupled 
amplifier. 

RESPONSE CHARACTERISTIC -A graphic illustration showing 
how an amplifier responds to the various frequencies in the range 
over which it is designed to operate. 

TAPER -The manner or rate at which the value of a variable resistor 
changes as the shaft is rotated. If the resistance varies in equal 
amounts for equal changes in shaft rotation, the taper is said to 
be linear. 

TRANSFORMER -COUPLED AMPLIFIER -An audio amplifier in 
which the plate circuit of one stage is coupled to the grid of the 
next through an audio transformer. 

T -TYPE VOLUME CONTROL -A volume control consisting of three 
variable resistors mounted on a common shaft, and electrically 
connected so that two of them operate in one side of the line 
and the third between their junction and the other side of the 
line. Also frequently referred to as a T -pad. 
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