
AEROVOX

The Aerovox Hi -Farad Condenser
LOW COST
SELF HEALING
HIGH CAPACITY
500 VOLTS

DRY!

Single Anode Unit
Small Size

The Latest Development in
ELECTROLYTIC

CONDENSERS

Double Anode Unit Triple Anode Unit

MN' DM. a 455' High 5' Dia. s 5e5e High

AEROVOX Hi- Farad Condensers are the latest development
in the field of electrolytic condensers. They are DRY pet.

mining mounting and handling in the same manner as paper
condensers. Any of titese units can be mounted ito am, position.
The cost per microfarad Is very low permitting the use of high
capacity with consequently improved filtering and improved tone
quality at lower cost.

They are extremely compact and light in weight permitting
most efficient utilization of the limited space of receiver chassis.
Their high voltage characteristic (500 volts peak) makes them
adaptable for use in cirmits where ordinary electrolytic condensers
cannot be employed. Their selfffiealing, surge -proof features pro.
vide high safety an and freedom from mrvng troubles. They

Type TAR Type TBR Tele, OCR vtill withstand high temperatures without harm and will not freeze
Universal Mounting Rings for Hi -Farad Condeneers. at low temperatures. The leakage current is very

THIS BOOK GIVES THE LATEST AND MOST COMPLETE INFORMATION ON

Sinla Anode Unit
Large Sipe

Iti" ale. a 4541 High

FREE! ge
ing wealth of in

on all types of electrolytic con
Jensen! will be sem free of charge on
request. Just mail derailoupon below
The book treats M the very

City

ELECTROLYTIC CONDENSERS
portant factors that affect the operation
and life of electrolytic condensers of var.
loos types; the characteristim necessary
in filter and bypass condensers to perform
their functions satisfactorily and many
other subjects of vital importance in the
proper use of such condensers.

If you want to know whether leakage
is a reliable

to
of filtering ads.

ciency; what electrolyte characteristics
are necessary for efficient electrolytic
condenser action; how the filtering effi-
ciency of various types of electrolytic
condensers compares with paper conden-
sers; in short everything you should
know about electrolytic condensers you
will find the information in this book. A
copy is yours for the asking.

Complete Catalog of Aerovox Products May Be Had Free on Request to

Aerovox Wireless Corporation, 70 Washington Street, Brooklyn, N. Y.
Manufacturers of

The Most Complete Line of Condensers and Resistors in the Radio and Electrical Industries

Radio Editors of mach
rims and newspapers
ale hereby &en per
mission to reprint in
whole or in partdrith
proper credit to the
derelict Wireless for
potation, the contonh
of this issue of the
Aerovop Research in

Worker
.414111"

Rov The &toren Research
Winker isa malithlthorse

an the fierovoN
unless Corporation.

It is published tobrief
to the Radio EXPdti-
menter and EnOneor
mithotitative.fintbad
information on conden-
sers and resistances
for radio work..

Vol. 3 July August . September 1930 No. 6

The Essential Factors in the Design of
Receiver and Amplifier Systems

Part
By the Engineering Department, Aerovox Wireless Corporation

IN this article we continue our
"pencil and paper" investiga-

tion in receiver design, with parti-
cular emphasis this month on the
design of audio amplifiers. Read-
ers will recall that last month we
gave a general summary of the
problem of receiver design and
worked out also the basis for the
choice of power tubes. This month
we consider the factors that effect
the design of the circuits between
the grid of the power tube and the
plate circuit of the detector tube.
Although in this series of articles
special emphasis is placed on the
design of radio receiver circuits,
the data given below is applicable
to all types of audio amplifiers,
whether they are used as part of
a radio receiver, public address
systemor talking movie installa-

Before beginning a detailed dis-
cussion of the subject we would
like to point out that we are con-
sidering an audio amplifier to con-
sist of all the apparatus from the
source of audio frequency voltage
up to the grid circuit of the power
tubes. This is perhaps somewhat
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unusual since many of us think
of the power tubes as part of the
audio amplifier. If we do this
however we are grouping under
one name two groups of appara-
tus with entirely different func-
tions. All of the apparatus up to
the grid circuits of the power
tubes functions as a voltage amp-
lifier, whereas the power tubes are
desingned to supply power rather
tha voltage. For this reason the
factors that influence the choice
of the power tubes are altogether
different from the factors that
effect the design of the circuits
preceding the power tubes. It
seems advisable therefore to diff-
erentiate between these two parts
of the circuit, and it was for this
reason that the first part of this
series discussed the considera-
tions nsthat -determine what power
tubes should be used.

The design of an audio ampli-
fier depends upon a number of
factors of which the most import-
ant are

(1) The maximum a. c. output
voltage required.

This is determined by the
type, number and arrange-
ment of the power tubes.

(2) The upper and lower limits
of frequency which must
be uniformly amplified.

(3) The maximum amplification
required.

This is determined by the
maximum required output
voltage and upon the avail-
able input voltage.

(4) The available plate voltage.
Whether a resistance or a
transformer -coupled amp-
lifier is used may depend
somewhat on this factor.

In normal circuits the maximum
a. c. voltage which can be im-
pressed on the grid of a power
tube without producing distor-
tion, will be equal in peak value
to the d. c. bias on the tube.
For example if a particular tube
requires a d. c. grid bias of
50 volts then the maximum
a. c. voltage that the tube can
handle without overloading will
be one whose peak value is 50
volts. The peak value of an a. c.
voltage is equal to 1.4 times the
effective voltage. If two such
tubes were connected in parallel
the maximum a. c. voltage would
be the same, If two such tubes
were connected in push-pull they
could handle, without overload-
ing, twice as much voltage. In
other words the total voltage from
grid to grid could he 100 volts
peak. If we wish to consider that
the push-pull arrangement per-
mits us to somewhat overload the
tubes without producing serious
distortion, then the maximum
permissable a. c. voltage on the
grids will be somewhat greater.
If for example we consider that
two tubes in push-pull can safely
supply say 2.5 times the output of

single tube then the maximum
permissable a. c. voltage becomes
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about 25 per cent greater or, in
this case, 125 volts peak. From
this discussion we can obtain the
following working rules. The
maximum a. c. peak voltage which
a power tube circuit can handle, is

(a) Equal to the d. c. bias on
the grid, for a single tube,
or for two or more tubes
in parallel

(b) Equal to twice the d. c. bias
on the grid, for two tubes
in push-pull.

(c) Equal to 2.5 times the d. c.
bias on the grid, if two
tubes are connected in
push-pull and some over-
loading is considered per-
rnissable.

These maximum permissable
voltages represent the a. c. volt-
ages which must be impressed on
the power tubes. In a transform-
er coupled amplifier they are the
voltages a the secondary of
the last audcrossio transformer. In
the case of a resistance -coupled
amplifier they are the voltages
across the grid leak connected in
the power tube circuit. With
these rules and a knowledge of the
d. c. bias required by various
tubes together with data on the
circuit arrangement of the
tubes it is possible to quickly and
accurately determine the peak a.
c. voltages required in the various
stages of the amplifier to obtain a
desired output from the amplifier
(input to the power stage).

The overall voltage amplifica-
tion or "gain" required in an imp-
lifier is determined by the maxi-
mum output voltage required
and the a. c. voltage available at
the input of the amplifier. If we
need 100 volts peak at the output
and the available input voltage
has a value of 2 volts peak then
the gain required is equal to 100
(the output voltage required) di-
vided by 2 (the input voltage
available). This gives 50 as the
required gain which must be ob-
tained from the amplifier.

Now let us see how we can cal-
culate the gain of an amplifier.
First let us consider the trans-
former coupled circuit. The gain
of a transformer coupled amplifier
is due to two things - the volt-
age step-up that occurs,in the tube
and the voltage step-up that takes
place in the transformers. The
total gain will be a product of all
these individual gains. For ex-
ample if an amplifier consisted of
a tube giving an effective ampli-
fication of 7 connected between

two transformers each with a
turns ratio of 4 then the total gain
would be 4 (voltage step-up of
first transformer) times 7 (effect-
ive amplification of tube) times
4 (voltage step-up of second
transformer). The product of
these is 112, the total gain of the
system.

Now let us assume a definite
problem and work through the
solution. Suppose two type 245
tubes are to be used in push-pull
with 250 volts on the plates and
a bias of 50 volts. Sufficient volt-
age is to be available to operate
them at a slight overload (condi-
tion C above). The input volt-
age is one (1 volt peak. The
amplifier is to) be transformer
coupled. Determine the required
gain, the transformer turns ratio
required, and the voltages at
which the tubes should be operat-
ed. Heater type 327 a. c. tubes
are to be used.

The maximum voltage output
required from the amplifier will
be equal to the d. c. grid bias of
a single power tube (50 volts)
times 2.5 (due to the increased
power handling capacity of the
two tubes connected in push-
pull).

WO;

or approximately 7. Suppose
we use an input push-pull trans-
former to couple the 327 to the
two 345 tubes and that the turns
ratio of this transformer is 4.5.
Then from the tube and this
transformer, the gain will be 7
(the effective amplification factor
of the 327 tube) times 4.5 (the step-
up ratio of the push-pull trans-
former). The overall gain of the
327 tube and the push-pull trans-
former will thus be 31.5.

Since the overall gain required
is 125, the step-up or turns ratio
required in transformer "TI"
which feeds the grid circuit of the
327 tube must be 125 (the overall
amplification required) divided by
31.5 (the amplification obtained
by means of the 327 tube and the
input transformer "T2"), or 3.97
and in practice we would use a
transformer having a 4 to 1 ratio.

If we preferred to use a ratio
of 3 for the first transformer then
the first transformer and the tube
combined would have a gain of 3
(ratio of transformer) times 7

(amplification of the 327 tube) or
21. To get an overall amplifica-
tion of 125 for the amplifier sys-
tem, the ratio required in the in-
put transformer would have to be
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Fig. 1

The product is 125 volts, the
peak voltage which can be im-
pressed across the grids of the
two power tubes connected in
push-pull without causing unde-
sirable distortion.

The gain required in the ampli-
fier is then equal to 125 (the
peak voltage required at its out-
put) divided by 1 (the peak volt-
age available at the input). The
gain required is therefore 125.

From a table of tube character-
istics we can determine that a 327
tube has an amplification con-
stant of 8. The actual amplifica-
tion of the tube in a circuit can be
assumed to be about 90 per cent
of its amplification constant. So
we figure that from a 327 we can
obtain a gain of about 8 times .9
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125 (overall gain required) di-
vided by 21 (combined gain of
tube and first transformer) or
5.95.

Suppose we use the first ar-
rangement i.e. input push-pull
transformer to power stage hav-
ing a ratio of 4.5 and the first
transformer with a ratio of 4. The
circuit that results is given in
Fig. I. Now what d. c. voltage
and bias should be used on the 327
tube?

The peak a. c. voltage across
the secondary of T2 is 125 volts.
Since this transformer has a ratio
of 4.5 the voltage across the pri-
mary of the transformer is 125
divided by 4.5 equals approxi-
mately 28 volts peak.
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Since the effective amplification
of the tube is 7 the voltage across
the grid circuit of the tube is 28
divided by 7 equals 4 volts peak.

Now the peak value of the sig-
nal voltage on the grid of an amp-
lifier should never exceed the d. c.
bias on the tube. If it does the
tube draws grid current and dis-
tortion is produced. Therefore in
this case the bias on the 327 tube
should be at least 4 volts and pre-
ferably somewhat more to prevent
any possibility of the grid of the
tube swinging positive and draw -
grid current. Referring to a
chart of tube characteristics we
find that this type of tube with 6

volts on the grid takes 90 vo is on
the plate and these two voltages
are very satisfactory for use in
this case.

Now let us consider the case of
the resistance coupled amplifier.
Suppose a single 345 type tube is
used in the power stage and the
preceding tubes are to be type 340.
The input voltage available is
one-half (.5) volt peak. Work
out the design of the amplifier.

The equation for voltage ampli-
fication obtained from a tube in a
resistance coupled amplifier is ap-
proximately

RLAV - X A
RL ± RP

where AV is the voltage amplifi-
cation or effective amplication of
the tube in the circuit, RL is the
load resistance, RP is the plate
resistance of the tube and A is
the amplification factor or mu of
the tube.

The recommended plate resistor
for use with the 340 tube is
250,000 ohms (0.25 megohms) and
from a table of tube character-
istics we can determine that the
a. c. plate resistance of this type
of tube is 150,000 ohms and the
amplification constant is 30.

Thereforeti
approximate teunbVI-s

250,000

30 X 250,000 + 150,000
Since the bias required on the

345 type tube is 50 volts, the peak
a. c. voltage across the grid cir-
cuit must be no more than 50 volts.
Therefore the voltage on the grid
of the preceding hi -mu tube must
be 50 divided by 18.8 (the effect -

amplification of the tube under
existing load conditions), which
equals 2.66 volts peak.

This means that a signal with a
peak value of 2.66 volts, impress-
ed on the grid of this tube would

supply the required 50 volts at the
power tube. But the voltage
available to operate the amplifier
is only 0.5 volts. We will there-
fore add another stage. Adding
a stage will give a total gain of
18.8 times 18.8 or 354. The gain
required in the amplifier is 100,
obtained by dividing the peak
voltage (50) required across the
grid circuit of the power tube by
the input voltage (.5) available.

Two stages therefore will give
us more gain than we need. This
is not any great disadvantage
however, for it simply eliminates
any possibility of overloading in
the detector circuit of a radio re-
ceiver by making it possible to
operate with somewhat reduced
input voltage. Now what volt-
ages are required on the tubes?

From a table of tube character-
istics we find that two conditions
of operation for these tubes are
suggested when used in a resist-
ance coupled amplifier with a
250,000 ohms (.25 megohm) plate
resistor. They are:

"B" Battery "C" Bias
Voltage Voltage

135 -1.5
180 -3.0

Page 3

With the aid of the amplifier
circuit which is given in Fig. 2 we
can work out which of the above
two conditions of operation should
be used. The peak voltage across
the power tube is 50 volts and in
working out the problem we cal-
culated that this required 2.66
volts across the grid of the preced-
ing tube. Since the bias must
always be equal to or greater
than the peak signal voltage it
will be necessary to operate this
tube with 180 volts on the plate
and a 3 volt bias. The peak volt-
age across the grid of the first
tube will be 2.66 divided by 18.8
or .14 volts, and this tube can
therefore be operated with a grid
bias of -1.5 volts and a plate
voltage of 135 volts.

Suppose in the above problem
that there was no way to reduce
the input voltage below 0.5 volts.
If we impressed this voltage on
the amplifier, the peak voltage
across the grid of the power tube

ould be .5 (input voltage) times
354 (overall gain of the amplifier)
which would equal 177 volts peak,
and the power tube would be sad-
ly overloaded. If the input volt-
age must be .5 volt, and the maxi -

output 50 volts, then the
amplifier gain should be 50 divided
by .5 which equals 100.

If we use two type 340 tubes
this means that the gain per tube
must be 10 since two tubes each
with a gain of 10 will give a total
gain of 100. What value of plate
resistor will give a gain of 10? We
can determine this from the form-
ula previously given. Substitut-
ing the desired gain of 10 in this
formula we have

RL
10 =.

RL + 150,000 X 30
and solving for the load resistance
we obtain a value of 75,000 ohms
to obtain a gain per tube of 10.

The preceeding discussion has,
we hope, helped to indicate how
to calculate the gain of amplifiers
and determine the correct operat-
ing voltages. The discussion will
be continued next month with
special references to the factors
that influence the frequency re-
sponse of amplifiers.


