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otarioaook 

THE EDITORS of RADIO long have been convinced of the need 
for a radio handbook that is authoritative technically, yet one 
which is journalistically sound and substantially new, one that 

represents far more than a mere condensation of previously published 
magazine articles with the same illustrations, the same mathematics. 

The history of this handbook, now in its fourth edition, gratify-
ingly has supported this view. Within the short period during which 
it has been published, sales have approached closely the 100,000 mark, 
and this despite the fact that changes in the book's title have occurred 
twice. Called last year the Jones Radio Handbook by reason of its 
being a separate publishing venture, this issue the book returns to 
its former title, RADIO HANDBOOK. 

This fourth edition of the handbook comes in an enlarged and 
revised form. No chapter remains unchanged; all, we believe, are 
improved. With patience and perseverance Frank C. Jones, the prin-
cipal author, and the editors of RADIO have sought to determine the 
clearest methods of presenting all technical information. Even the 
fundamentals of the theory have been simplified, made more under-
standable. The new mathematical formulae, based upon laboratory 
experience, are more clear and far more workable. 

As the reader turns through these pages he will find chapter 
after chapter of vital information. 

New methods have been evolved for the presentation of the 
buffers and amplifiers. By means of them the reader will be able to 
select the oscillator, buffer, and doubler or final amplifier he prefers, 
regardless of the type of tube he has or desires to use. This will 
permit the design of a transmitter employing one of several suitable 
combinations of the respective units. It is no longer necessary to 
adhere to one complete set of instructions in constructing a trans-
mitter unless the reader wishes to do so. For those who do so desire, 
several pages devoted to completely-built transmitters also will be 
found. 

Taken in all, no effort has been spared in this attempt to compile 
a more comprehensive source of reference than has ever been pub-
lished previously. We are confident that this edition will meet with 
the reader's approval. 

THE PUBLISHERS. 
LOS ANGELES, CALIFORNIA. 
November, 1937 

The authors' appreciation for helpful advice and cooperation is 
extended to Prof. F. E. Terman of Stanford University, Mr. Clayton 
F. Bane, D. B. McGowan, and to the Radio Corporation of America 
for its permission to reprint certain of the formulae in the theoretical 
pages of the handbook. 



Chapter 1 

FUNDAMENTAL ELECTRICAL 
PRINCIPLES AND RADIO 

THEORY 
I T IS difficult for anyone to advance in 

the study of radio without a first-hand 
knowledge of electrical phenomena. Elec-
tricity can be considered as a movement of 
extremely minute negative charges; an un-
derstanding of electricity can therefore be 
acquired from a knowledge of the action 
and nature of infinitesimal units. These 
small particles of energy are known as 
electrons. 

• The Electron 

Our food, clothing, houses, our entire 
world—in fact, the human being himself— 
is a combination of approximately ninety-
two substances, called elements. In spite of 
this large number of elements, each in turn 
is composed of two basic units, the positive 
proton and the negative electron. The differ-
ence between iron and copper, for example, 
lies not in the basic units of which they are 
composed, but rather in the quantity and the 
position of these units. 

In combination, these electrons and pro-
tons are known as atoms. The proton ( one 
or more) represents the central or neuclear 
positive charge, while the electron ( or elec-
trons) represents the outer or negative 
charge. These electrons revolve around the 
central unit in an elliptical path or orbit, in 
much the same manner as the planets in our 
solar system revolve about the sun. The 
atoms which make up the various elements 
differ mainly in the fact that some have 
several "rings" of electrons, rather than a 
single ring. 
The electrons in the orbits which surround 

the positive nucleus have a charge that is 
exactly equal to the central unit, and, since 
they are opposite in polarity, a perfect state 
of balance exists. It is this same general 
state of balance which exists throughout na-
ture, generally speaking. 

It is important to understand that an 
atom ( or atoms) containing several orbits 
of electrons around the central portion ( nu-

cleus) will have many of its electrons at a 
considerable distance from the nucleus, and 
consequently these electrons will not be so 
strongly held as those in the nearer orbits. 

In relative size the proton is considered 
to be approximately 1,845 times larger than 
the electron. Any attempt to visualize the 
actual physical mass of either is quite im-
possible, the realization becoming evident 
when it is considered that countless billions 
upon billions of electrons and protons make 
up a tiny piece of copper wire. 
When this enormous quantity of atoms in 

any particular object is taken into consid-
eration, it is easier to understand why, when 
electrons in some far-removed orbit are not 
so strongly held by their central positive 
proton, such electrons are very apt to be 
attracted by some other atom which has pre-
viously lost its outer electron. This is pre-
cisely what happens. 
As was previously related, the atom at all 

times seeks to maintain a state of balance; 
this is accomplished only when an atom has 
the proper number of electrons. If one 
electron is lost to some other atom, balance 
is quickly restored by attracting another. 
Consequently, there is a continuous helter-
skelter movement of electrons, a constant 
shifting from one atom to another. The 
electrons which move about in a substance 
are called free electrons, and it is these free 
electrons that make possible the electric cur-
rent. 

• Insulators and 
Conductors 

If the atomic structure of a certain ma-
terial is such that all of the electrons in an 
individual atom are tightly held by their 
positive proton and tend to remain within 
their own orbits, the material or substance 
will have very few free electrons and becomes 
what is known as an insulator. Mica, glass, 
porcelain, and dry air are examples of such 
insulators. On the other hand, materials 
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that have a large number of free electrons 
are known as conductors. Most metals, such 
as copper, silver and aluminum are conduct-
ors. The ability of a material to pass an 
electric current is known as its conductivity. 
Metals which have high conductivity may be 
said to have low resistance to the flow of an 
electric current. 

• The Electric Current 

The free electrons in a conductor move 
constantly about and change their position 
in a haphazard manner. If, however, the 
conductor is connected between the positive 
and negative terminals of a battery, there 
will be a steady movement of electrons from 
the negative to positive terminal, in addition 
to the irregular movement of the electrons. 
This flow constitutes an electric current, but 
as soon as the battery is removed, the cur-
rent will cease. 

In explanation, it can be said that when 
the battery was first connected to the wire, 
there existed a shortage of electrons at one 
terminal, which the electrons at the other 
terminal attempted to supply. 

It must always be remembered that the 
constant movement of electrons in a definite 
direction creates an electric current. In the 
previous example, the constant electron 
movement was brought to a halt when the 
battery was disconnected, since the surplus 
electrons immediately supplied the deficiency 
existing at one end and established a bal-
ance throughout the entire conductor. 

• Resistance 

The molecular structure of certain metals 
is such that when the free electrons are made 
to flow in a definite direction, there are fre-
quent collisions between them and the indi-
vidual atoms in the material. The result of 
these collisions is to decrease the total num-
ber of electrons flowing out of the material. 
This ability of a substance to resist the 
steady electron flow is called its resistance. 

It will require a greater electromotive 
force to produce a given current through a 
substance with high resistance than to pro-
duce the same current in a good conductor. 
In the case of the conductor, virtually all of 
the electromotive force is effective in pro-
ducing current, whereas in the resistor a 
portion is wasted in the form of lost energy, 
due to electron collisions. These collisions 
cause the material to become heated, and 
part of the initially-applied electromotive 
force is thus ultimately lost in the form of 
heat. This same phenomenon of heat is ex-

HanDBOOK 

hibited when a metal is repeatedly struck 
by a hammer. 
The resistance of a uniform length of ma-

terial is directly proportional to its length. 
and inversely proportional to its cross-sec-
tion. A wire with a certain resistance for a 
given length will have twice as much re-
sistance if the length of the wire is doubled. 
For a given length, doubling the size ( cross 
section) of the wire will halve the resistance. 
It is also important to note that the re-
sistance of most materials will increase as 
the temperature is increased. Thus, the re-
sistance of the filament in a vacuum tube, or 
in a tungsten electric lamp, is many times 
higher when brought to operating tempera-
ture than when it is cold. 
The resistance of a material or circuit can 

be expressed by a constant, R, which is equal 
to the ratio of the applied electromotive force 
to the current produced. Expressed as an 
equation : 

R 
electromotive force 

current 
This equation constitutes the basis for 
Ohm's Law, which is treated at length in 
the succeeding text. 
The commonly-used unit of resistance is 

the ohm, although the expression megohm 
(1,000,000 ohms) is sometimes used when 
very large quantities are involved. 

• The Ampere 

The strength of an electric current de-
pends upon the rate at which electrons pass 
a given point. The units of measurement are 
the ampere and the coulomb, one ampere 
being equal to 6.28 X 10" electrons passing 
a given point in one second. The generally-
used term in electrical practice is the am-
pere, in which the time element is already 
implied and need not be stated, as would be 
the case when referring to current in terms 
of coulombs (coulombs per second). 

• The Volt 

The electrons are driven through the 
wires and components of a circuit by a force 
called an electromotive force, usually abbre-
viated e.m.f. or ElLIF. The unit that denotes 
this force is called the volt. This force or 
pressure is measured in terms of the differ-
ence in the number of electrons at one point 
with respect to another. This is known as 
the potential difference. The relationship 
between the electromotive force ( voltage) 
to the flow of current ( amperes), and the 
resistance which impedes the flow of cur-
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rent ( ohms), is very clearly expressed in a 
simple but highly valuable law, known as 
Ohm's Law. 

e Ohm's Law 

This low states that the current in am-
peres is equal to the voltage divided by the 
resistance in ohms. Expressed as an equa-
tion : 

E 
I =   

If the voltage ( E) and resistance ( R) are 
known, the current ( I) can be readily found. 
If the voltage and current are known, and 
the resistance is unknown, the resistance 

E 
(R) is equal to —. When the voltage is 

the unknown quantity, it can be found by 
multiplying I X R. These three equations 
are all secured from the original by simple 
transposition. The expressions are here re-
peated for quick reference: 

E E 
I = — R = — E = IR 

where I is the current in amperes. 
R is the resistance in ohms, 
E is the electromotive force in volts. 

• Practical Problems 

A typical example for the application of 
Ohm's law would be a resistance-coupled 
amplifier whose plate resistor has a value of 
50,000 ohms, with a measured current 
through this resistor of 5 milliamperes. The 
problem is to find the actual voltage applied 
to the plate of the tube. From Ohm's law, 
the resistance R is 50,000 ohms. The current 
/ is given as 5 milliamperes; milliamperes 
must, therefore, first be converted into am-
peres; .005 amperes equals 5 milliamperes. 
The electromotive force or voltage, E, is 
the unknown quantity. Ohm's law is applied 
as follows: 

Formula : E=IXR 
R = 50,000 ohms 
I = .005 amperes 

Solution: .005 X 50,000 = 250 volts drop 
across the resistor. 

If the power supply delivers 300 volts, the 
actual voltage on the plate of the tube would 
be only 50 volts. This means that 250 volts 
of the supply voltage would be consumed in 
forcing a current of .005 amperes through 
the 50,000 ohm plate resistor. 
Example ( 2) 
Given the same amplifier, suppose it is de-

sirable in this case to have a voltage of 150 
on the plate of the tube. The known quanti-
ties are a plate current of 10 milliamperes 
(.010 amperes), and a supply voltage of 300 
volts. It is desired to find the value of plate 
resistor to provide this drop in voltage. 

It is obvious from the foregoing that with 
300 volts plate supply available, the voltage 
that must be consumed across the plate re-
sistor is 150 volts, so that 150 volts will re-
main at the plate of the tube. The problem 
is solved as follows : 

E 
From Ohm's law, R = — 

I 
E in the above example is equal to the 

difference between supply and desired volt-
ages, or the "voltage drop" across the re-
sistor, R. 

Therefore: 
150 

R or 15.000 Ohms. 
0.010 

Example ( 3) 
The given supply voltage is 300, and the 

(measured) voltage on the plate of the tube 
is 100 volts. Find the current flowing 
through the plate resistor of 20,000 ohms. 

E 
From Ohm's law, l = —. E again equals 

the difference between supply and measured 
plate voltages. 

Therefore: 
200 

I = , 
20,000 

= .01 amperes. or 10 milliamperes. 

• Resistances in Series 

The total resistance of several resistances 
in series is equal to the sum total of the in-
dividual resistances. A 50,000-ohm resis-
tance in series with a 25,000-ohm resistance 
would give a total resistance of 75,000 ohms. 
Formula: 12, R = R, 

Pi R 2 

I  R3 

Figure 1 

• Resistances in Parallel 

When two resistances of equal value are 
connected in parallel, the total resistance 
will be one-half the resistance of one. Two 
100,000-ohm resistances connected in parallel 
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would have a total resistance of only 50,000 
ohms. 
When two or more resistances are con-

nected in parallel, the effective total is al-
ways less than the value of the lowest re-
sistance in the group. The value of three or 
more unequal resistances in parallel is solved 
from the following formula: 

R 
1 1 1 

Ri R2 R2 

Figure 2 

• Three or More Parallel 
Resistors All Having 
the Same Value 

When three or more resistors of the sanie 
value are connected in parallel, the effective 
resistance is the common value divided by 
the number of resistances connected in 
parallel. 
Examples: 

Three resistances of 75,000 ohms each, 
connected in parallel, would have an 

75,000 
effective resistance of   or only 

3 
25,000 ohms. 
Four resistances of 200 ohms each, con-
nected in parallel, would have an effective 

200 
resistance of — , or only 50 ohms. 

4 

• Two Unlike Resistances 
In Parallel 

When two resistances have the same value. 
the above formula applies. When the re-
sistances are of unequal values, the following 
formula is used : 

Ri X R2 
R =   

Ri -I- R2 
where R is the unknown quantity, 

R, is the resistance of the first re-
sistor, 

R2 is the resista ice of the second 
resistor. 

A typical example wou d be an a.v.c. re-
sistor of 500,000 ohms, wh.ch is to be shunted 
(paralleled) with another resistor of some 
value, in order to bring the effective resis-
tance value down to a value of 300,000 ohms. 
Substituting these values in the equation for 
two unequal resistances in parallel: 

500,000 X R2 
300,000 =   

500,000 ± R2 
By transposition, factoring and solution, the 
effective value of R will be 750,000 ohms. 
Thus a 750,000-ohm resistance must be con-
nected across the 500,000-ohm resistance in 
order to secure an effective resistance of 
300,000 ohms. 

In solving for values other than those 
given, the simplified equation becomes: 

R, X R 
R2 =  

R R, 
where R is the resistance present, 

Ri is the resistance to be obtained, 
R2 is the value of the unknown re-

sistance necessary to give Ri 
when in parallel with R. 

• Resistances in 
Series-Parallel 

Resistances in series-parallel can be solved 
from the equation: 

R 
1 

1 1 1 

Rt + + R. Rs 

Figure 3 

• Power Measurements 
and Formulas for 
Resistive Circuits 

It was previously stated that when a volt-
age causes a given current to flow through 
a resistor, heat is generated or dissipated by 
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the resistor. This loss is attributable to the 
molecular structure of the material through 
which the current is made to pass. In other 
words, if the constant flow of electrons is 
always coming into contact with the atoms 
of the material through which the electrons 
flow, there will be countless collisions and 
the electrons must, therefore, be forced 
through in order that a given number will 
constantly move from the conducting me-
dium. This phenomenon results in heating of 
the conductor, and this heating results in a 
loss of power or energy. 

From Ohm's law, E = I X R, it can 
readily be seen that if the resistance of a 
circuit is doubled, it will require twice the 
voltage to maintain the same current flow 
through the added resistance. This expendi-
ture of power can be considered as the 
product of the voltage and current in the 
circuit and is expressed in watts. Hence. W 
(watts) E x I. Since it is very con-
venient to express power in terms of the re-
sistance and current, a substitution of I X R 
for E (E = I X R) in the above formula, 
gives: W = IR X I, or I'R. 

In terms of voltage and resistance, W 
E' E 

Here I = — and when this was sub-

stituted for I, the formula became W = E 
E E' 

X — or W —. These three expressions 

are repeated for quick reference: 

W = E X I, W = I' X R. \V =• -, 

where W is the power in watts, 
E is the electromotive force or 

voltage, 
I is the current in amperes. 

This equation is used in a typical example. 
as follows: The voltage drop across a cath-
ode resistor in a power amplifier stage is 
50 volts; the plate current flowing through 
the resistor is 150 milliamperes. The num-
ber of watts the resistor will be required to 
dissipate is found from the formula: W 
(watts) = E X I, or 50 X .150 = 7.5 watts. 
(.150 amperes is equal to 150 milliamperes). 
From the foregoing it is seen that a 7.5-watt 
resistor will safely carry the required cur-
rent, yet a 10- or 20-watt resistor would or-
dinarily be used to provide a safety factor. 

In another problem, the conditions being 
similar to those above, but with resistance 
and current being the known factors, the so-

lution is obtained as follows: W = I- X R 
=. .0225 X 333.33+ = 7.5. 

If only the voltage and resistance are 
E2 2500 

known, W = = = 7.5 watts. It 
R 333.33 

is seen that all three equations give the same 
result; the selection of the particular equa-
tion depends only upon the known factors. 

• Voltage Dividers 

A voltage divider is exactly what its name 
implies: a resistor or a series of resistors, 
connected across a source of voltage from 
which various lesser values of voltage may 
be obtained by connection to various points 
along the resistor. A voltage divider serves 
a most useful purpose in a radio receiver, 
transmitter or amplifier, because it offers a 
simple means of obtaining plate, screen and 
bias voltages of different values from a com-
mon power supply source. It may also be 
used to obtain very low voltages of the or-
der of .01 to .001 volts with a high degree 
of accuracy, even though a means of meas-
uring such voltages is lacking. The proce-
dure for making these measurements can 
best be given in the following example: 

It is assumed that an accurately calibrated 
0-150 voltmeter is available and that the 
source of voltage is exactly 100 volts. This 
100 volts is then impressed through a re-
sistance of exactly 1,000 ohms. It will then 
be found that the voltage along various 
points on the resistor, with respect to the 
grounded end, will be exactly proportional 
to the resistance at that point. From Ohm's 
law, the current would be 0.1 ampere; this 
current remains unchanged, since the orig-
itml value of resistance ( 1,000 ohms) and 
the voltage source ( 100 volts) are un-
changed. Thus, at a 500-ohm point on the 
resistor ( half its entire resistance), the volt-
age will likewise be halved or reduced to 50 
volts. 

The equation gives the proof: E = 500 X 
0.1 = 50. At the point of 250 ohms on the 
resistor, the voltage will be one-fourth the 
total value or 25 volts ( E = 250 X 0.1 = 
25). Continuing with this process, a point 
can be found where the resistance measures 
exactly one ohm, and where the voltage 
equals 0.1 volt. It is, therefore, obvious that 
if the original source of voltage and resis-
tance can be measured, it is a simple mat-
ter to predetermine the voltage at any point 
along the resistor, provided that the current 
remains constant. 
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• Bleeder Resistors 

Resistors are often connected across the 
output terminals of power supplies in order 
to "bleed off" a constant value of current or 
to serve as a constant, fixed load. The regu-
lation of the power supply is thereby im-
proved and the voltage is maintained at a 
more or less constant value, regardless of 
load conditions. When the load is entirely 
removed from a power supply, the voltage 
may rise to such a high value as to ruin 
the filter condensers. The amount of current 
which can be drawn from a power supply 
depends upon the current rating of the par-
ticular power transformer in use. If a trans-
former will carry a maximum safe current 
of 100 milliamperes, and if 75 milliamperes 
of this current is required for operation of a 
radio receiver, there remains 25 milliam-
peres of current available to be "wasted" in 
the bleeder resistor. 

An example for calculating bleeder resistor 
values for safe wattage rating is as follows: 
The power supply delivers 300 volts. The 
power transformer can safely supply 75 mil-
liamperes of current, of which 60 milliam-
peres will be required for the receiver. The 
problem is to find the correct value of re-
sistance to give a bleeder current of 15 mil-
liamperes. Ohm's law gives the solution: 

E 300 
R = — =. — .= 20,000 ohms. ( 15 milli-

1 .015 

amperes is equivalent to .015 ampere.) There-
fore, it is seen that the bleeder resistor 
should have a resistance of 20,000 ohms. 

Another problem would be to find the re-
quired safe wattage rating of the bleeder, 
under the same conditions as given in the 
previous example. The answer is secured 
as follows : W=E X I= 300 X.015 = 
4.5 watts. It is considered good practice to 
allow an overload factor of at least 100 per 
cent, since the voltage will increase some-
what when all load except the bleeder is re-
moved. Therefore, a 10-watt resistor should 
be chosen. 

• Design of 

Voltage Dividers 

The design of a voltage divider for any 
type of radio equipment is a relatively simple 
matter. The first consideration is the amount 
of bleeder current to be drawn, which is dic-
tated largely by the examples previously 
given. In addition, it is also necessary that 
the desired voltage and the exact current at 
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each tap on the voltage (Ikider be knoml. 
The current does not flow from the tap-on 
point through the resistor to ground or nega-
tive terminal, but rather from the positive 
side, then out through the tap, then through 
the device to ground. This explanation can 
be more easily followed by referring to fig-
ure 4, wherein the arrows indicate the direc-
tion of current flow through the external 
load. 

Figure 4 

The device which secures current from 
the voltage divider is indicated as C. The 
current drawn by C flows through section A 
of the bleeder resistor, then through C, and 
back to ground. The bleeder current, how-
ever, flows through the entire divider, i.e., 
through both A and B. Therefore, it becomes 
apparent that when a tap-on point is chosen 
to give the voltage desired, it is necessary to 
consider not only the current drawn by the 
device C, but also the bleeder current. 

The design of more complex voltage di-
viders can best be illustrated by means of 
the following problems: 

A power supply delivers 300 volts and is 
conservatively rated to supply all needed 
current for the receiver and still allow a 
bleeder current of 10 milliamperes. The fol-
lowing voltages are wanted: 250 volts at 20 
milliamperes for the plates of the tubes, 100 
volts at 5 milliamperes for the screens of 
the tubes, and 75 volts at 2 milliamperes for 
the detector tube. The voltage drop from the 
300-volt value to the required 250 volts 
would be 50 volts; for the 100-volt value, 
the drop will be 150 volts; for the 73-volt 
value, the drop will be 225 volts. These 
values are shown in the diagram of figure 
5. The respective current values are also 
indicated. 
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Tabulating the abovu 

Voltage Drop 

Current 

50 

= 1,351 ohms. 
.037 

Dissipation = .037 y 7•0 
= 1.85 watts. 

Voltage Drop 
B =   

Current 

300 
VOLTS 

10+2+3 + 20 MA A SO VOLTS DROP 

230 VOLTS AT 20MA 

10 + 2+3 MA Et 430 VOLTS DROP 

400 VOLTS AT 5 Al A 

40+2 1.4A < C 23 VOLTS DROP 

73 VOLTS AT ZMA 

BLEEDER 
CURRENT 
10 MA 

150 

— = 8,823 ohms. 
.017 
Dissipation = .017 X 150 -= 2.25 watts. 

Voltage Drop 26 

C =   =—  = 2,083 ohms. 

Current .012 

Dissipation = .012 X 25 = 0.3 watts. 

Voltage Drop 75 
= =—  = 7,500 ohms. 

Current .010 

Dissipation = .010 X 75 = 0.75 watts. 

The total resistance of the divider is 19,757 

ohms; this value is secured by adding to-
gether the four resistance values of 1,351, 
8,823, 2,083 and 7,500 ohms. A 20,000 ohm 
resistor with three sliding taps will, there-
fore, be of the approximately-correct size 
and therefore would ordinarily be used be-
cause of the difficulty in securing four sep-
arate resistors of the exact, odd values in-
dicated, and because no adjustment would be 
possible to compensate for any slight error 
in estimating the probable currents through 
the various taps. 

Although the wattage dissipation across 
all the individual sections is only 5.15 watts, 
the selection of a single resistor, such as a 
large resistor with several sliders, should 
be based not only on the wattage rating but 
also on the current that it will safely carry. 
In the above example, the wattage of the 
section carrying the heaviest current is only 
1.85 watts. The maximum dissipation of 
any particular section is 2.25 watts. Yet, 
if a 5-watt resistor were selected, it would 
very soon burn up. The reason for this is 
that part of the divider must handle 37 ma. 
The selection for wattage rating is there-
fore made on the basis of current, because 
wattage rating of resistors assumes uniform 

Figuie 5 

D 75 VOLTS DROP 

current distribution. Most manufacturers 
rate their resistors in this manner; if not, 
it can be calculated from the resistance and 
wattage rating. 

Once the sliders on the resistor are set to 
the proper point, as in the above example, 
the voltages will remain constant at the 
values shown as long as the current remains 
a constant value. One of the serious dis-
advantages of the voltage divider becomes 
evident when the current drawn from one of 
the taps changes. It is obvious that the 
voltage drops are inter-dependent and, in 
turn, the individual drops are in proportion 
to the current which flows through the re-
spective sections of the divider resistor. The 
only remedy lies in providing a heavy, 
steady bleeder current, so as to make the 
individual currents so small a part of the 
total current that any change in current will 
result in only a slight change in voltage. 
This can seldom be realized in practice be-
cause of the excessive values of bleeder cur-
rent which would be required. 

When a power supply is used for C-bias 
service, still another factor must be taken 
into consideration. The rectified grid cur-
rent from the amplifier stages will flow 
through the divider, in addition to the 
bleeder current. If this current changes, 
the voltage applied to the grid will also cor-
respondingly change. When adjustments of 
a C-bias supply are made, the amplifier 
should be operated in the condition where 
it draws its proper amount of grid current; 
otherwise, the C-bias resistor setting will 
be greatly in error. Heavy bleeder currents 
are thus required for C-bias supplies, espe-
cially where the grid current is changing 
and the bias must remain constant, as in 
certain types of phone transmitters. 
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• Resistances for Operating 
Filaments in Series 

When computations are made for the op-
eration of vacuum tube filaments or heat-
ters in series-connection, it should be remem-
bered that each has a definite resistance and 
that Ohm's law here again holds true, just 
as it does in the case of a conventional re-
sistance. 

No particular problem is involved when 
two exactly similar tubes of the same volt-
age and current rating are to be operated 
with their filaments or heaters connected in 
series in order to operate them from a source 
of voltage twice as high as is required for 
the tubes. If two six-volt tubes, each re-
quiring 0.5 ampere for heater operation, 
are connected in series across a 12-volt 
power source, each tube will have the same 
voltage drop (6 volts), and the total cur-
rent drawn from the power . supply will be 
the same as for one tube or 0.5 ampere. By 
making this connection, the resistance has 
actually been doubled; yet, because the volt-
age is doubled, each tube automatically se-
cures its proper voltage drop. In this ex-
ample, the resistance of each tube would be 
12 ohms (6 divided by 0.5). In series, the 
resistance would be twice this value or 24 

12 
ohms. The current I would then equal — 

24 

or 0.5 amperes, from which it can be seen 
that the current drawn from the supply is 
the same as for a single tube. 

It is important to understand that in a 
series connection the sum of the voltage 
drops across all of the tubes in the circuit 
cannot be more than the voltage of the sup-
ply. It is not possible to connect six similar 
6-volt tubes in series across a 32-volt sup-
ply and expect to realize 6 volts on the fila-
ments of each, since the sum of the various 
voltage drops is equal to 36 volts. The 
tubes can, however, be connected in such a 
manner that the correct voltage drop will be 
secured, as will be explained later. 

The following examples and diagrams give 
all needed design information for series- and 
series-parallel connections: 

Example—One 6F6 and one 6L6 tube are 
to be operated in a low-power aeroplane 
transmitter. The power supply delivers 12.6 
volts. The problem is to connect the heat-
ers of the two tubes in such a manner that 
each tube will have exactly the same volt-
age drop across its heater terminals. The 
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tube tables show that a type 6F6 tube draws 
0.7 ampere at 6.3 volts. Its resistance, ac-

E 6.3 
cordingly, equals R = — = — = 9 ohms. 

I 0.7 

The 61-6 tube draws 0.9 ampere at 6.3 volts, 

6.3 
and its resistance equals — = 7 ohms. 

0.9 

If these tubes are connected in series with-
out precautionary measures, the total resist-
ance of the two will be 16 ohms (9 7). 
A potential of 12.6 volts will pass a current 
of 0.787 ampetes through this value of 16 
ohms. The drop across each separate re-
sistor is found from Ohm's law, as follows: 
9 X 0.787 := 7.083 volts, and 7 X 0.787 = 
5.4 volts. Thus, it is seen that neither tube 
will have the correct voltage drop. One of 
the resistor values must, therefore, be 
changed so that it will be equal to the other, 
in order that the voltage drop will be equal 
across both tubes. If the larger of the two 
resistors is taken, and another resistor con-
nected in parallel across it, the value of the 
larger resistor can then be brought down to 
that of the smaller. 

Substituting these values in an equation 

7 X 9 
previously given, R = — = 31.5 ohms. 

7-9 

By connecting a resistance of 31.5 ohms in 
parallel with the 9-ohm resistance, the ef-
fective resistance will be exactly 7 ohms or 
equal to that of the other resistor. 
The problem is made more simple by the 

following procedure: 
If the tubes are regarded on the basis of 

their respective current ratings, it will be 

6F6 = 9 OHMS 6 L 6 = 7 OHMS 

9 OHMS 

31.5 OHMS 

12.6 VOLTS 

Figure 6 

7 OHMS 
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found that the 6L6 draws 0.9 ampere and the 
6F6 0.7 ampere, or a difference of 0.2 am-
pere. If the resistance of the 6F6 is made 
equal to that of the 6L6, both tubes will draw 
the same current. Simply take the differ-
ence in current, 0.2 amperes, and divide this 
value into the proper voltage drop, 6.3 volts; 
the answer will be 31.5 ohms, which is the 
exact same value which was obtained in the 
previous round-about method of calculation. 

6.39 

0.9A. 

PARALLEL 

RESISTOR 

9 

SECTION 

A 

r iv 
0.30. 

6.3V 

0.3A 

12.6 VOLTS 

Figure 7 

6.3V 

0.7A 

6.3V 

0.7* 

The diagram in figure 7 shows other pos-
sible connections for tubes of dissimilar 
heater or filament current ratings. Although 
section B in figure 7 appears formidable, it 
is a simple matter to make the necessary cal-
culations for operating the tubes from a 
common source of supply. In section B 
there are three tubes, with their heaters 
connected in parallel. The current, there-
fore, will be 0.3 -I- 0.3 + 0.7 = 1.3 amps. 
The two tubes in parallel draw 0.3 -I- 0.3 = 
0.6 amps. The difference between 1.3 and 
0.6 is 0.7 amps. The drop across each sec-

6.3 
tion is the same or 6.3 volts; therefore, — 

0.7 

= 9 ohms. This value of resistance across 
the two parallel-connected tubes gives their 
sections the same resistance as that of the 
three tubes; consequently, all tubes secure 

the proper voltage. 
When tube heaters or filaments are oper-

ated in series connection, the current is the 
same throughout the entire circuit. The 

sistance of all tube filaments must then be 
made the same if each is to have the same 
voltage drop across its terminals. The re-
sistance of a tube heater or filament should 

never be measured when cold, because the 
resistance will be only a fraction of the re-
sistance present when the tube functions at 
proper heater or filament temperature. The 
resistance can be satisfactorily calculated by 
using the current and voltage ratings given 
in the tube tables. 

Conversion Table for Volts, 
Amperes and Watts. 

1 kilovolt = 1,000 volts. 
1 volt = 1/1000 kilovolt, i0-3 

kilovolts, or .001 kilovolts. 
1 millivolt = 1/1000 volt, 10-' 

volts, or .001 volts. 
1,000 millivolts = 1 volt. 
1 microvolt = 1/1,000,000 volt, 

10 volts, or .000001 volts. 
1,000,000 microvolts = 1 volt. 
1,000 microvolts =_ 1 millivolt, 
or 104' volts. 

1 milliampere = 1/1,000 am-
pere, le amperes, or .001 
amperes. 

1,000 milliamperes = 1 ampere. 
1 microampere = 1/1,000,000 
ampere, 10' amperes, or 
.000001 amperes. 

1,000 microamperes = 1 milli-
ampere, or 10' amperes. 
1 kilowatt = 1,000 watts. 
1 watt =1/1,000 kilowatt, 10' 

kilowatts, or .001 kilowatts. 
1 milliwatt = 1/1,000 of a watt, 
10' watts, or .001 watts. 

1,000 milliwatts = 1 watt. 
1 microwatt = 1/1,000,000 of 
a watt, 10' watts, or .000001 
watts. 

1,000 microwatts = 1 milliwatt 
or 10-s watts. 

• Alternating Current 

In all previous portions of this text, con-
sideration was given only to a steady flow 
of electrons in one direction. Such currents 
are known as uni-directional or direct cur-
rents, abbreviated d.c. Radio and electrical 
practice also makes use of another and al-
together different kind of current, known as 
alternating current abbreviated a.c. 
An alternating current begins to flow in 

one direction, meanwhile changing its ampli-
tude from zero to a maximum value, then 
down again to zero, from which point it 
changes its direction, and again goes through 
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the same procedure. Each one of these zero-
maximum-zero amplitude changes in a given 
direction is called a half cycle. The com-
plete change in two directions is called a 
cycle. The number of times per second 
that the current goes through a complete 
cycle is called the frequency. The frequency 
of common house-lighting alternating cur-
rent is generally 60 cycles, meaning that it 
goes through 60 complete cycles ( 120 re-
versals) per second. 
High radio-frequency currents, on the 

other hand, go through so many of these 
changes per second that the term cycle be-
comes unwieldy. As an example, it can be 
said that a certain station is operating on 
14,000,000 cycles. However, it is simpler to 
say 14,000 kilocycles, or 14 megacycles. A 
conversion table for simplifying this termi-
nology is given here: 

1,000 cycles = 1 kilocycle. The ab-
breviation for kilocycle is kc. 

1 cycle = 1/1,000 of a kilocycle, .001 
kc. or 10-s kc. 

1 megacycle = 1,000 kilocycles, or 
1,000,000 cycles, 10" kc. or 10" 
cycles. 

1 kilocycle = 1/1,000 megacycle, .001 
megacycles. or 10 Mc. The abbre-
viation for megacycles is Mc. 

• Ohm's Law Applied to 
Alternating Current 

Ohm's law applies equally to direct or 
alternating current, provided that the cir-
cuits under consideration are purely resistive, 
i.e., circuits ; which have neither induct-
ance ( coils) nor capacitance ( condensers). 
Problems which involve tube filaments, drop 
resistors, electric lamps, heaters or similar 
resistive devices can be solved from Ohm's 
law, regardless of whether the current is 
direct or alternating. When a condenser or 
a coil is made a part of the circuit, a prop-
erty common to each, called reactance, must 
be taken into consideration. Reactance will 
he treated under a separate heading. 

• Electromagnetic Effects 

\Vhen an electric current flows through a 
conductor, the moving electrons which com-
prise this current set up lines of force in the 
surrounding medium. These are termed 
lines of magnetic force, and they extend out-
wardly from the conductor in a plane at 
right angles to its direction. It is these lines 
of magnetic force that make up the mag-
netic flux. In drawing an analogy of volt-
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age, current and resistance in terms of mag-
netic phenomena, magnetic flux might be 
termed magnetic current; magneto-motive 
force, or magnetic voltage. The reluctance 
of a magnetic circuit can be thought of as 
the resistance of the magnetic path. The 
relation between the three is exactly the 
same as that between current, voltage and 
resistance (Ohm's law). 
The magnetic flux depends upon the ma-

terial, cross-section, and length of the mag-
netic circuit, and it varies directly as the 
current flowing in the circuit. The reluct-
ance is dependent upon the length, cross-
section, permeability, and air-gap, if any, of 
the magnetic circuit. 

In the electrical circuit, the current would 
equal the voltage divided by the resistance, 
and so it is in the magnetic circuit. 

Magnetic Flux (0) 

magneto-motive force ( m.m.f.) 

reluctance ( r ) 

• Permeability 

Permeability describes the difference in 
the magnetic properties of any magnetic sub-
stance as compared with the magnetic prop-
erties of air. Iron, for example, has a per-
meability of around 2,000 times that of air, 
which means that a given amount of mag-
netizing effect produced in an iron core by 
a current flowing through a coil of wire will 
produce 2,000 times the flux density that the 
sanie magnetizing effect would produce in 
air. The permeabilities of different iron 
alloys vary quite widely and permeabilities 
up to 100,000 can be obtained, if required. 

Permeability is similar to electric conduc-
tivity. There is, however, one important 
difference: the permeability of iron is not 
independent of the magnetic current ( flux) 
flowing through it, although electrical con-
ductivity is usually independent of electric 
current in a wire. After a certain point is 
reached in the flux density of a magnetic 
conductor, an increase in the magnetizing 
field will not produce a material increase 
in flux density. This point is known as the 
point of saturation. The inductance of a 
choke coil whose core is saturated declines 
to a very low value. 
The magnetizing effect of a coil is often 

described in ampere turns. Two amperes of 
current flowing through one turn is equal 
to two ampere turns. From this it can be 
seen that the flux can be increased by either 
increasing the current through the conductor 
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Figure 8-A 
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or by making the conductor into the form 
of a coil of many turns. As a means of 
showing why the flux is increased when the 
conductor is put into the form of a coil, two 
figures are given here: 

Figure 8-B 

In .1 of figure 8, an arbitrary point "P" 
is chosen to represent a point at some fixed 
distance from a straight conductor, X-Y. 
Upon examination, it will be seen that the 
maximum effect will be exerted on X-Y by 
the lines of force which are nearest this 
point, or at D. The field intensity at the 
fixed point is the resultant or vector sum of 
all the fields due to the individual electron 
flow along the conductor. Other fields than 
those at the shortest distance will then have 
less and less effect as they lie farther along 
the conductor. If the conductor is arranged 
in the shape shown in B of figure 8, it will 
readily be seen that all of the fields along 
the conductor will act equally on the cen-
tral point, I', with the result that the field 
is greatly strengthened. 
When a conductor is wound into a num-

ber of turns in the form of a coil, the flux 
which encircles the current flowing through 
an individual turn also links the turns adja-
cent to it. Thus, in a multi-turn coil, the 
magnetic field which is produced will be 
much greater than if only a single turn were 
used. This flux increases or decreases in 
direct proportion to the change in the cur-
rent. The ratio of the change in flux to the 
change in current has a constant value, 
known as the inductance of a coil. 

It is a fundamental law of electricity that 
Nehen lines of force cut across a conductor, 
a voltage is induced in that conductor. 
Therefore, it can be readily seen that in the 
case of the coil previously mentioned, the 
flux lines from one turn cut across the adja-
cent turn, and a voltage is induced in that 
turn. The effect of these induced voltages 
is to create a voltage across the entire coil 

of opposite polarity or in the opposite direc-
tion to the original voltage. Such a voltage 
is called counter e.m.f. or back e.m.f. 

If a direct current potential such as a 
battery is connected across a multi-turn coil 
or inductance, the back e.m.f. will exist only 
at the instant of connection, at which time 
the flux is rising to its maximum value. 
While it is true that a current is flowing 
through the turns of the coil and that a 
magnetic field exists around and through 
the center of the inductance, an induced volt-
age may only be produced by a changing 
flux. It is only such a changing flux that 
will cut across the individual turns and in-
duce a voltage in them. By a changing flux 
is meant a flux that is increasing or decreas-
ing, as would occur if the e.m.f. across the 
coil were alternating or changing its direc-
tion periodically. 
As the current increases, the back e.m.f. 

increases; as the current decreases, the back 
e.m.f. decreases. This back voltage is al-
ways opposite to the exciting voltage and, 
hence, always acts to resist any change in 
current in the inductance. This property of 
an inductance is called its self inductance and 
is expressed in henrys, the henry being the 
unit of inductance. A coil has an inductance 
of one henry when a voltage of one volt is 
induced by a current change of one ampere 
per second. The unit, henry, is too large for 
reference to inductance coils such as those 
used in radio-frequency circuits; millihenry 
or microhcnry are more commonly used, in 
the following manner: 

1 henry = 1,000 millihenrys, or le milli-
henrys. 
I millihenry .= 1/1,000 of a henry, or .001 
henry, or 10' henry. 

1 inicrohenry .= 1/1,000,000 of a henry, or 
.000001 henry, or 10" henry. 

One-one-thousandth of a millihenry = .001 
or 10" millihenrys. 

1,000 microhenrys = I ntillihenry. 

• Mutual Inductance 

When two inductances are so placed in 
relation to each other that the lines of force 
encircling one coil are interlinked with the 
turns of the other, a voltage will be set up 
or induced in the second coil. As in the case 
of self-inductance, the induced voltage will 
be opposite in direction to the exciting volt-
age. This effect of linking two inductances 
is called mutual inductance, abbreviated M. 
and is also expressed in henrys. Two cir-
cuits thus joined are said to be inductively 
coupled. The magnitude of the mutual in-
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ductance depends upon the shape and sizc oi 
the two circuits, their positions and distances 
apart, and the permeability of the medium. 
The extent to which two inductances are 
coupled is expressed by a relation known as 
coefficient of coupling. This is the ratio of 
the mutual inductance actually present to the 
maximum possible value. 

• Inductances In Parallel 

Inductances in parallel are combined ex-
actly as are resistors in parallel, provided 
that they are far enough apart so that the 
mutual inductance is entirely negligible, i.e., 
if the coupling is very loose. 

• Inductances in Series 

Inductances in series are additive, just as 
are resistors in series, again provided that 
no mutual inductance exists. In this case, 
the total inductance L is: 

L Li ± 1,2 ± etc. 

Where mutual inductance does exist: 

L = Li + L2 + 2M, 

where M is the mutual inductance. 
This latter expression assumes that the coils 

are connected in such a way that all flux 
linkages are in the same direction, i.e., addi-
tive. If this is not the case, and the mutual 
linkages subtract from the self linkages, the 
following formula holds: 

L = L, ± L., — 2M, 

where M is the mutual inductance. 

• Formulas tor 
Calculating Inductance 

The inductance of coils with magnetic 
cores can be determined with reasonable ac-
curacy from the formula: 

L = 1.257 X N2 X P X 10-' 

where 
L is the inductance in henrys, 
N is the number of turns, 
P is the permeability of the core material. 

From this formula it can be seen that the 
inductance is proportional to the square of 
the number of turns, as well as to the per-
meability. Thus, it is possible to secure 
greater values of inductance with a given 
number of turns of wire wound on an iron 
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core than would be pos,ible if an air-core 
coil were used. 
Ordinary magnetic cores cannot be used 

for radio frequencies because the eddy cur-
rent losses in the core material become enor-
mous as the frequency is increased. The 
principal use for magnetic cores is in the 
audio frequency range below approximately 
15,000 cycles, whereas at very low fre-
quencies ( 50 to 60 cycles) their use is man-
datory if an appreciable value of inductance 
is desired. 
An air core inductor of only one henry 

in inductance would be quite large in size, 
yet values as high as 100 henrys are com-
monly available in small, iron core chokes. 
The inductance of a coil with a magnetic 
core will vary with the amount of direct 
current which passes through the coil. For 
this reason, iron core chokes that are used 
in power supplies have a certain inductance 
rating at a predetermined value of d.c. 
One exception to the statement that metal 

core inductances are highly inefficient at ra-
dio frequencies is in the powdered iron cores 
used in some types of intermediate fre-
quency transformers. These cores are made 
of very fine particles of powdered iron, 
which is first treated with an insulating com-
pound so that each particle is insulated from 
the other. These particles are then molded 
into a solid core, around which the wire is 
wound. Eddy current losses are greatly re-
duced, with the result that these special iron 
cores are entirely practical in circuits which 
operate up to 1,500 kc. in frequency. 
The inductance of an air core coil is pro-

portional to the square of the number of 
turns of wire, provided that the length and 
diameter remain constant as the turns are 
changed (actually an impossibility, strictly 
speaking). The formula for inductance of 
air core coils is given with good accuracy, 
as follows : 

L = N' X d X F. 

where 
L = inductance in microhenrys, 
d = diameter of coil, measured to center 

of wire, 
F = a constant, dependent upon the ratio 

of length-to-diameter. 

This formula is explained under the head-
ing of Coil Calculation, where a graph for 
the constant F is given. 

• Mutual Conductance 

The unit of conductance is the mho, 
which can be recognized as ohm spelled hack-



'RADIO 
'Hem:snook 

Transformers 19 
ward. Transconductance, or mutual conduct-
ance, is expressed in micromhos; the latter 
is 1/1,000,000 of a mho. A mutual conduct-
ance of 5,000 micromhos would be .005 mhos. 

• Energy Stored in a 
Magnetic Field 

The stored energy in a magnetic 

expressed in joules, and is equal to 

• Transformers: 
Primary—Secondary 

When two coils are placed in such induc-
tive relation to each other that the lines of 
force from one cut across the turns of the 
other and induce a voltage in so doing, the 
combination can be called a transformer. 
The name is derived from the fact that en-
ergy is transformed from one coil into an-
other. The inductance in which the original 
flux is produced is called the primary; the 
inductance which receives the induced volt-
age is called the secondary. In a radio re-
ceiver power transformer, for example, the 
coil through which the 110-volts a.c. passes 
is the primary, and the coil from which a 
higher or lower voltage than the a.c. line 
potential is obtained is the secondary. 
Transformers can have either air or mag-

netic cores, depending upon whether they 
are to be operated at radio or audio fre-
quencies. The reader should thoroughly im-
press upon his mind the fact that current 
can be transferred from one circuit to an-
other only if the primary current is changing 
or alternating. From this it can be seen 
that a power transformer cannot possibly 
function as such when the primary is sup - 
plied with non-pulsating d.c. 
A power transformer usually has a mag-

netic core which consists of laminations of 
iron, built up into a square or rectangular 
form, with a center opening or "window." 
The secondary windings may be several in 
number, each perhaps delivering a different 
voltage. The secondary voltages will be 
proportional to the number of turns and to 
the primary voltage. 

If a primary winding has an a.c. potential 
of 110 volts applied to 220 turns of wire on 
the primary, it is evident that this winding 
will have two turns per volt. A secondary 
winding of 10 turns, wound on an adjacent 
"leg" of the transformer core, would have a 
potential of 5 volts. If the secondary wind-
ing has 500 turns, the potential would be 
250 volts, etc. Thus a transformer can be 

field is 
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designed to have either a step-up or step-
down ratio, or both simultaneously. The 
same applies to air core transformers for 
radio-frequency circuits. 

• Inductive Reactance 

It was previously stated that when an al-
ternating current flows through an induct-
ance, a back- or counter-electromotive force 
is developed; this force opposes any change 
in the initial e.m.f. The property of an in-
ductance to offer opposition to a change in 
current is known as its reactance or induc-
tive reactance. This is expressed as XL: 

XL = 2srfL, 

where XL = inductive reactance expressed in 
ohms, 

n= 3.1416 ( 2s = 6.283). 
f = frequency in cycles, 
L = inductance in henrys. 

Since it is very often necessary to com-
pute inductive reactance at radio frequencies, 
the same formula may be used, except that 
the units in which the inductance and the 
frequency are expressed will be changed. 
Inductance can, therefore, be expressed in 
millihenrys and frequency in kilocycles. For 
higher frequencies and smaller values of in-
ductance, frequency is expressed in mega-
cycles and inductance in microhenrys. The 
basic equation need not be changed, since 
the multiplying factors for inductance and 
frequency appear in numerator and denomi-
nator, and hence are cancelled out. How-
ever, it is not possible, in the same equation, 
to express L in millihenrys and f in cycles 
without conversion factors. 

When it becomes desirable to know the 
value of inductance necessary to give a cer-
tain reactance at some definite frequency, a 
transposition of the original formula gives 
the following: 

XL 
L   

2 f 

or, when XL and L are known : 

XL 
f =  

2 n L 

e Capacity; Condensers 

When two metallic plates are separated 
from each other by a thin layer of insulating 
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material (called a dielectric, in this case). 
the combination becomes a condenser. When 
a source of d.c. potential is momentarily ap-
plied across these plates, they may be said 
to become "charged." If the same two plates 
are then joined together momentarily, by 
means of a wire, the condenser will "dis-
charge." 

When the potential was first applied, elec-
trons immediately started to flow from one 
plate to the other through the battery or 
such source of d.c. potential as was applied 
to the condenser plates. However, the cir-
cuit from plate-to-plate in the condenser was 
incomplete (the two plates being separated 
by an insulator) and thus the electron flow 
ceased, meanwhile establishing a shortage of 
electrons on one plate and a surplus of elec-
trons on the other. 

It will be recalled that when a deficiency 
of electrons exists at one end of a conductor, 
there is always a tendency for the electrons 
to move about in such a manner as to re-
establish a state of balance. In the case of 
the condenser herein discussed, the surplus 
quantity of electrons on one of the condenser 
plates cannot move to the other plate, be-
cause the circuit has been broken; i.e., the 
battery or d.c. potential was removed. This 
leaves the condenser in a "charged" condi-
tion; the condenser plate with the electron 
deficiency is positively charged, the other 
plate being negative. In this condition, a 
considerable stress exists in the insulating 
material ( dielectric) which separates the 
two condenser plates, due to the mutual at-
traction of two unlike potentials on the 
plates. This stress is known as electrostatic 
energy, as contrasted with electromagnetic 
energy in the case of an inductance. This 
charge can also be called potential energy. 
because it is capable of performing work 
when the charge is released through an ex-
ternal circuit. 

When the external circuit of the two con-
denser plates is completed by joining the 
terminals together with a piece of wire, the 
electrons will immediately rush from one 
plate to the other through the external cir-
cuit and establish a state of equilibrium. This 
latter phenomenon explains the discharge 
of a condenser. The amount of stored en-
ergy in a charged condenser is dependent 
upon the charging potential, as well as a 
factor which takes into account the size of 
the plates, dielectric thickness, nature of the 
dielectric, and the number of plates. This 
factor, which is determined by the foregoing. 
is called the capacity of a condenser and is 
expressed in farads. 

Stored energy in joules 
C X E" 

2 

u here C = unit of capacity, the farad, 
E = potential in volts. 

The farad is such a large unit of capac-
ity that it is rarely used in radio calculations, 
and the following more practical units have, 
therefore, been chosen: 

microfarad -= 1/1,000,000 of a farad, or 
.000001 farad, or 10-6 farads. 
micro-microfarad -= 1/1,000,000 of a mi-
crofarad, or .000001 microfarad, or 10' 
microfarads. 
micro-microfarad = one-million-millionth 
of a farad, or .000000000001 farad, or 1We 
farads. 

If the capacity is to be expressed in micro-
farads in the equation just given, the factor 
C would then have to be divided by 1,000,-
000, thus: 

C X E' 
Stored energy in joules =   

2 X 1,000,000 

This storage of energy in a condenser is 
c,ne of its very important properties, particu-
larly in those condensers which are used in 
power supply filter circuits. 

• Dielectric Constant 

The capacity of a condenser is largely de-
termined by the thickness and nature of the 
dielectric separation between plates. Certain 
materials oiler a greater capacity than others, 
depending upon their physical makeup. This 
property can be expressed by a constant K, 
called the dielectric constant. A table for 
some of the commonly-used dielectrics is 
given here: 

Material Dielectric Constant 

Air   1.00 
Mica   2.94 
Hard rubber   2.50 to 3.00 
Glass   4.90 to 7.00 
Bakelite derivitives   3.50 to 6.00 
Celluloid   4.10 
Fiber  4 to 6 
Wood ( without special prepara-

tion) : 
Oak   3.3 
Maple   4.4 
Birch     5.2 

Transformer oil   2.5 
Castor oil 
Porcelain 

 o 

  4.4 
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• Breakdown in Dielectrii•. 

The nature and thickness of a dielectric 
has a very definite bearing on the amount of 
charge of a condenser. If the charge be-
comes too great for a given thickness of di-
electric, the condenser will break down, i.e., 
the dielectric will "puncture." It is for this 
reason that condensers are rated in the man-
ner of the amount of voltage they will safely 
withstand. This rating is commonly ex-
pressed as the d.c. working voltage. 

• Calculation ol Capacity 

The capacity of two parallel plates is 
given with good accuracy by the following 
formula: 

A 
C = 0.2244 X K X —, 

where C _—_- capacity in micro-microfarads, 
K = dielectric constant of spacing ma-

terial, where r = radius in inches. 
A = area of dielectric in square inches, 
t = thickness of dielectric in inches. 

t = thickness of dielectric ( plate spac-
ing) in inches. 

Where the area of the plates is definitely 
set, and when it is desired to know the 
spacing needed to secure a required capacity: 

t = 
A X 0.2244 X K 

where all units are expressed just as in the 
preceding formula. This formula is not con-
fined to condensers having only square or 
rectangular plates, but also applies when 
the plates are circular in shape. The only 
change will be the calculation of the arca 
of such circular plates; this area can be 
computed by squaring the radius of the 
plate, when multiplying by 3.1416, or "pi". 
Expressed as an equation: 

An examination of this formula will show 
that the capacity is directly proportional to 
the area of the plates, and inversely propor-
tional to the thickness of the dielectric ( spac-
ing between the plates). This simply means 
that when the area of the plate is doubled, 
the spacing between plates remaining con-
stant, the capacity will be doubled. Also, if 
the area of the plates remains constant, and 
the plate spacing is doubled, the capacity will 
be reduced to half. The above equation also 
shows that capacity is directly proportional 
to the dielectric constant of the spacing ma-
terial. A condenser that has a capacity of 
100 in air would have a capacity of 500 when 
immersed in castor oil, because the dielectric 
constant of castor oil is 5.0, or five times 
greater than the dielectric constant of air. 

In order to determine the capacity of a 
parallel plate condenser, the following trans-
position is of value when the spacing be-
tween plates is known: 

C X t 
A = • 

0.2244 X K 

where A = area of plates in square inches, 
K = dielectric constant of spacing ma-

terial, 
C = capacity in micro-microfarads, 
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Figure 9 

Multi-plate condenser capacity can be cal-
culated by taking the capacity of one section 
and multiplying this by the number of die-
lectric spaces. In such cases, however, the 
formula gives no consideration to the ef-
fects of "edge capacity," so that the capac-
ity as calculated will not be entirely accurate. 
These additional capacities will be but a 
small part of the effective total capacity, par-
ticularly when the plates are reasonably 
large, and the final result will, therefore, be 
within practical limits of accuracy. 
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Equations for calculating capacities of 
condensers in parallel connection are the 
same as those for resistors in series: 

C G, etc. 

TC TC 2 

1. 

CONDENSERS IN PARALLEL 

Figure 10 

• Condensers In Series 

Again, as in resistor calculations, condens-
ers in series connection are calculated in the 
same manner as are resistors in parallel. 

C4 C2 

 II -II  

 > C 
CONDENSERS IN SERIES 

Figure 11 

The formulas are repeated: ( 1) For two or 
more condensers of unequal capacity in 
series : 

C= 
1 1 1 1 1 
 , or — = — — — 
1 1 1 C C. C. C. 
— — -F — 
C, G C: 

(2) Tz,•,, condensers of unequal capacity ih 
series: 

G x 
C =  

C, -F G. 

• Condensers in Parallel (3) Three condensers of equal capacity in 
series: 

Cl 

C = —, where Ci is the common capacity. 
3 

(4) Three or more condensers of equal ca-
pacity in series: 

Value of common capacity 
C =  

Number of condensers in series 

(5) Condensers in series parallel: 

1 1 1 
C =  

1 1 1 1 • 1 1 

— +—+ -

C.  C: C. C. C. 

1 I 1 

T1CC 1C3 5 
2 TC4 TC6 I 

CONDENSERS IN SERIES - PARALLEL 
Figuse 12 

• Voltage Rating of 
Series Condensers 

A well-made paper dielectric filter con-
denser has such a high internal resistance 
(indicating a good dielectric) that the exact 
resistance will vary considerably from con-
denser to condenser even though they are 
made by the same manufacturer and are of 
the same rating. Thus, when 1000 volts d.c. 
is connected across two 1-ed. 500-volt con-
densers, the chances are that the voltage will 
divide unevenly and one condenser receive 
more than 500 volts and the other less than 
500 volts. By connecting a half-megohm 
1-watt carbon resistor across each condenser, 
the voltage will be equalized, because the re-
sistors act as a voltage divider and the in-
ternal resistances of the condensers are so 
much higher (many megohms) that they 
have but little effect in disturbing the volt-
age divider balance. 

Because carbon resistors of the inexpen-
sive type are not particularly accurate ( not 
being designed for precision service), it is 
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advisable to check several on an accurate 
ohmmeter to find two that are as close as 
possible in resistance. The exact resistance 
is unimportant, just so it is the same for the 
two resistors used. 

When two condensers are connected in 
series, alternating current pays no heed to 
the relatively high internal resistance of each 
condenser, but divides across the condensers 
in inverse proportion to the capacity. Be-
cause, in addition to the d.c. across a ca-
pacitor in a filter or audio amplifier circuit, 
there is usually an a.c. or a.f. voltage com-
ponent, it "is inadvisable to series-connect 
condensers of unequal capacitance, even if 
dividers are provided to keep the d.c. within 
the ratings of the individual capacitors. For 
instance, if a 500-volt 1-µfd. capacitor is 
used in series with a 4-µfd. 500-volt con-
denser across a 250-volt a.c. supply, the 
1-µfd. condenser will have 200 volts a.c. 
across it and the 4-µ1d. condenser only 50 
volts. An equalizing divider to do any good 
in this case would have to be of very low 
resistance, because of the comparatively low 
impedance of the condensers to a.c. Such a 
divider would draw excessive current and he 
impracticable. 

The safest rule to follow is to use only 
condensers of the same capacity and voltage 
rating and to install matched, high resis-
tance proportioning-resistors across the 
various condensers to equalize the d.c. volt-
age drop across each condenser. This holds 
regardless of how many capacitors are 
series-connected. 

Similar electrolytic capacitors, of the 
same capacity and made by the same manu-
facturer, have more nearly uniform (and 
much lower) internal resistance, though it 
still will vary considerably. However, the 
variation is not nearly as great as encoun-
tered in paper condensers, and an odd com-
pensating effect automatically puts the low-
est voltage across the weakest electrolytic 
condensers of a series group. 

As an electrolytic capacitor begins to 
show signs of breaking down from excessive 
voltage, the leakage current goes up, which 
tends to heat the condenser and aggravate 
the condition. However, when used in series 
with one or more others, the lower resistance 
(higher leakage current) tends to put less 
d.c. voltage on the weakening condenser and 
more on the remaining ones. Thus the ca-
pacitor with the lowest leakage current, 
usually the best capacitor, has the highest 
voltage across it. For this reason, dividing 

resistors are not essential across series-con-
nected electrolytic capacitors. 

Electrolytic condensers use a very thin 
film of oxide as the dielectric and are ''po-
larized"; that is, they have a positive and a 
negative terminal which must be properly 
connected in a circuit; otherwise, the oxide 
will boil, and the condenser will no longer 
be of service. When electrolytic condensers 
are connected in series, the positive terminal 
is always connected to the positive lead of 
the power supply; the negative terminal of 
the condenser connects to the positive ter-
minal of the next condenser in the series 
combination. The method of connection is 
illustrated in figure 13. 

POLARIZED CONDENSERS. ( ELECTROLYTIC) IN SERIES 

Figure 13 

• Condensers in a. c. 
and d. c. Circuits 

When a condenser is connected into a di-
rect current circuit, it will "block" the d.c. 
or stop the flow of current. Beyond the ini-
tial movement of electrons during which the 
condenser is charged, there will be no flow 
of current, because the circuit is effectively 
broken by the dielectric of the condenser. 
Strictly speaking, a very small current may 
actually, flow, because the dielectric of the 
condenser may not be a perfect insulator. 
This minute current flow is the "leakage 
current" previously referred to and is de-
pendent upon the internal d.c. resistance of 
the condenser. This leakage current is 
usually quite noticeable in most types of 
electrolytic condensers. 
When an alternating current is applied to 

a condenser it will charge and discharge a 
certain number of times per second in ac-
cordance with the frequency of the alternat-
ing voltage. The electron flow in the charge 
and discharge of a condenser when an a.c. 
potential is applied constitutes an alternating 
current, in effect. It is for this reason that 
a condenser will pass an alternating cur-
rent, yet offer practically infinite opposition 
to a direct current. These two properties 
are repeatedly in evidence in a radio cir-
cuit. 
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e Capacitive Reactance 

It has been explained that inductive re-
actance is the ability of an inductance to op-
pose a change in an alternating current. Con-
densers have a similar property, although in 
this case the opposition is to the voltage 
which acts to charge the condenser. This ac-
tion is called capacitive reactance and is ex-
pressed as follows : 

X,. = 
1 

2 :I fC 
where X,. = capacitive reactance in ohms, 

:t = 3.1416, 
f = frequency in cycles, 
C = capacity in farads. 

Here again, as in the case of inductive re-
actance, the units of capacity and frequency 
can be converted into smaller units for prac-
tical problems encountered in radio work. 
The equation may be written: 

1,000,000 
X„ 

2 a fC 
where f = frequency in megacycles, 

C = capac it y in micro-micro-
farads. 

In the design of filter circuits, it is often 
convenient to express frequency ( f) in 
cycles and capacity ( C) in tnicrofarads, in 
which event the same formula applies. 

• Comparison of Inductive 
to Capacitive Reactance 
with Changing Frequency 

From the equation for inductive reactance, 
it is seen that as the frequency becomes 
greater the reactance increases in a corre-
sponding manner. The reactance is doubled 
when the frequency is doubled. If the re-
actance is to be very large when the fre-
quency is low, the value of inductance must 
be very large. 
The equation for capacitive reactance 

shows that the reactance varies inversely 
with frequency and capacity. With a fixed 
value of capacity, the reactance will become 
less as the frequency increases. When the 
frequency is fixed, the reactance will be 
greater as the capacity is lowered. In or-
der to have high reactance, it is necessary 
to have low capacitance, although in power 
filter circuits the reactance is always made 
low so that the alternating current compo-
nent from the rectifier will be bypassed. 
The capacitance must be made large in this 
case, because the frequency is quite low ( 60-
120 cycles). 

comparison of the two types of re-
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actance, inductive and capacitive, shuus tha 
in one case ( inductive) the reactance in-
creases with frequency, whereas in the other 
(capacitive) the reactance decreases with 
frequency. 

• Reactance and Resistance 
in Combination 

\\ hen a circuit includes a capacity or 
an inductance or both, in addition to a re-
sistance, the simple calculations of Ohm's 
law will not apply when the total a.c. re-
sistance of the circuit is to be determined. 
Reference is here made to the passage of an 
alternating current through the circuit; the 
reactance must be considered in addition to 
the d.c. resistance, because reactance offers 
an opposition to the flow of alternating cur-
rent. 
When alternating current passes through 

a circuit which contains only a condenser, 
the voltage and current relations are as fol-
lows : 

= I X„, and I 
X, 

where E = voltage, 
I = current in amperes. 

1 
capacitive reactance or 

2 :rfC 
(expressed in ohms). 

When the circuit contains inductance only, 
yet with the same conditions as above, the 
formula is as follows: 

E 
E = I Xt., and I = 

where E = voltage. 
I = current in amperes, 
X1, = inductive reactance or 2:r fL 

(expressed in ohms). 

When a circuit has resistance, capacitive 
reactance and inductive reactance in series, 
the effective total opposition to the alternat-
ing current flow is known as the impedance 
of the circuit. Stated in another manner, 
the impedance of a circuit is the vector sum 
of the resistance and the difference between 
the two reactances. This is expressed: 

= 

= r 4- (NI -- X,)' or 

(2:rfl. ----) 

where Z = impedance in ohms. 
r = resistance in ohms. 

= inductive reactance ( 2:r f1.) 
in ohms. 
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Xc = capacitive reactance — 
2.7tfC 

in ohms. 
An example will serve to clarify the relation-
ship of resistance and reactance to the total 
impedance. If a 10-henry choke, a 2-12f d. 
condenser, and a resistance of 10 ohms 
(which is represented by the d.c. resistance 
of the choke) are all connected in series 
across a 60-cycle source of voltage: 

for reactance XL = 6.28 X 60 X 10 = 
3,750 ohms (approx.), 

1,000,000 
X, ---- 

6.28 X 60 X 2 

1,300 ohms (approx.) 
r = tO ohms 

Substituting these values in the impedance 
equation: 

Z = V 10' + ( 3750 — 1300) =- 2450 ohms. 
This is nearly 250 times the value of the 
d.c. resistance of 10 ohms. The subject of 
impedance is more fully covered under 
Resonant Circuits. 
Again recalling previous text, an alter-

nating current is one which rises to a maxi-
mum, then decreases to zero from that point, 
and then goes through a negative-maximum-
to-zero in the opposite direction. This con-
tinual change of amplitude and direction is 
maintained as long as the current continues 
to flow. The number of times that the cur-
rent changes direction in a given length of 
time is called the frequency of change, or 
more generally, it is simply called the fre-
quency. Alternating currents which range 
from nearly zero to many millions of cycles 
per second are commonplace in radio appli-
cations. Such a current is produced by the 
rotating machine which generates the com-
mon 60-cycle house-lighting current; it is 
likewise produced by oscillatory circuits for 
the high radio frequencies. A machine that 
produces alternating current for house-
lighting, industrial and other purposes is 
called an alternator. It is also commonly 
referred to as an a.c. generator. 
Figure 14 shows an alternator in its very 

basic form. It consists of two permanent 
magnets, M, the opposite poles of which face 
each other, and the poles being machined so 
that they have a common radius. Between 
these two poles, north ( N) and south (S). 
magnetic lines of force exist; these lines of 
force constitute a magnetic field. If a con-
ductor in the form of C is so suspended that 
it can freely rotate between the two poles, 

Figure 14 

and if the opposite ends of conductor C are 
brought to collector rings, R. which are con-
tacted by brushes, there will be a flow of al-
ternating current when conductor C is ro-
tated. This is the basic method of producing 
alternating current. 
When the conductor loop is rotated so that 

it cuts or passes through the magnetic lines 
of force between the pole pieces (magnets), 
a current will be induced in the loop, and 
this current will flow out through the col-
lector rings R and brushes B to the ex-
ternal circuit, X-Y. As the rotation con-
tinues, the current becomes increasingly 
greater as the center of the pole pieces are 
approached by the loop. The field intensity 
of the magnets is greatest at the center, and 
gradually falls to a low value either side of 
center. 

T.E 

Figure 15 

Figure 13 will serve to clarify the opera-
tion of the alternator. The point P is taken 
as the revolving conductor, which is C in 
figure 14. As point P is revolved in a cir-
cular manner, the change in field intensity 
with consequent change in voltage can be 
visualized. It will be seen that as the con-
ductor P begins its rotation, it starts through 
the lesser field intensity, gradually coming 
into the maximum field, then away again to 
another field of minimum intensity. The con-
ductor then cuts the magnetic field in the 
opposite direction, going through the same 
varying intensity as previously related, then 
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reaching a maximum, and then falling away 
to zero, from which point the current again 
increases in the original direction. When the 
conductor has completed its 360° rotation, 
two complete changes—or one cycle—will 
have been completed. 
The voltage does not increase directly as 

the angle of rotation, but rather as the sine 
of the angle; hence, such a current has the 
mathematical form of a sine wave. Al-
though most electrical machinery does not 
produce a strictly pure sine curve, the de-
partures are usually so slight that the as-
sumption can be regarded as fact for all 
practical purposes. 

CYCLE 

CYCLE CYCLE 
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PER SECOND 

Referring to figure 16, it will be seen 
that if a curve is plotted for an alternating 
voltage, such a curve would assume the 
shape of a sine wave and by plotting ampli-
tude against time, the voltage at any instant 
could be found. When dealing with alter-
nating current of sine wave character, it be-
comes necessary to make constant use of 
terms which involve the number of changes 
in polarity or, more properly, the frequency 
of the current. The instantaneous value of 
voltage at any given instant can be calcu-
lated as folllows: 

e = Em.. sin 2,tft, 

m here e = the instantaneous voltage, 
sin = the sine of the angle formed by 

the revolving point P at the in-
stant of time, t. 

E= maximum crest value of voltage 
(figure 16). 

The term 2rf should be thoroughly under-
stood, because it is of basic importance. 

Returning again to the rotating point P 
(figure 15), it can be seen that when this 
point leaves its horizontal position and 
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begins its rotation in a counter-clockwise 
direction, through a complete revolution back 
to its initial starting point, it will have 
traveled through 360 electrical degrees. In-
stead of referring to this movement in terms 
of degrees, mathematical treatment dictates 
that the movement be expressed in radians. 
If radians must be considered in terms of 

wNERE 

O (YALTA) • PNASE ANGLE U PR, 

A=1 RADIANS OR 90r 

B. e RADIANS OR 400r 

C . WRADIANS OR 27e 
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I - R•DIAN • $7.324 DECREES 

Figure 17 

degrees, there are approximately 57.32 de-
grees to one radian. In simple language, the 
radian is nothing more than a unit for divid-
ing a circle into many parts. In a complete 
circle ( 360 degrees) there are 2xradians. 
Figure 17 shows lesser divisions of a circle 
in radians. 
When the expression 23- radians is used, 

it implies that the current or voltage has 
gone through a complete circle of 360 elec-
trical degrees; this rotation represents two 
complete changes in direction during one 
cycle, as was previously shown. 2:tf then 
represents one cycle, multiplied by the num-
ber of such cycles per second or the fre-
quency of the alternating voltage or current. 
The expression 2111 is a means of showing 
how far point P has traveled from its zero 
position toward a possible change of 2nra-
dians or 360 electrical degrees. In the case 
of an alternating current with a frequency 
of 60 cycles per second, the current must 
pass through 120 changes in polarity in the 
sanie length of time. This "time" can be 
expressed as: 

2 f 

However, the only 
point is one-half of 
because the wave is 
0-and-90-degrees rising 
to-zero when falling, 
fore becomes: 

1 

4 f 

consideration at this 
one alternation, and 
symmetrical between 
. and from 90-degrees-
the expression there-
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The actual time t in the formula is seen 

to be only a fractional portion of a second: 
1 

a 60-cycle frequency would make — equal 
1 41 

to —  of a second at the maximum value, 
240 

and correspondingly less at lower ampli-
tudes. 2rrf t represents the angular velocity, 
and since the instantaneous voltage or cur-
rent is proportional to the sine of this angle, 
a definite means is secured for calculating 
the voltage at any instant of time, provided 
that the wave very closely approximates a 
sine curve. 

Current and voltage are synonymous in 
the foregoing discussion, since they both 
follow the same laws. The instantaneous 
current can be found from the same formula, 
except that the maximum current would be 
used as the reference, viz.: 

i = Im. sin 2,3tft, 
where i = instantaneous current, 

I = maximum or peak current. 

• Effective Value of 
Alternating Voltage 
or Current 

The fact that an alternating voltage or 
current in an a.c. circuit is rapidly changing 
in direction and that since it requires a 
definite amount of time for the indicator 
needle on a d.c. measuring instrument to 
show a deflection, such instruments cannot 
be used to measure alternating current or 
voltage. Even if the needle had such negli-
gible damping that it could be made to fol-
low the a.c. changes, it would merely vi-
brate back and forth near the zero point on 
the meter scale. 

Alternating and direct current can be ex-
pressed in similar terms from the standpoint 
of heating effect. In other words, an alter-
nating current will have the same value as 
a direct current in that it produces the 
same heating effect. Thus, an alternating 
current or voltage will have an equivalent 
value of one ampere when it produces the 
same heating effect in a resistance as does 
one ampere of direct current. This is known 
as the effective value: it is neither the max-
imum nor the instantaneous value, but an 
entirely different value. 

This effective value is derived by taking 
the instantaneous values of current over a 
cycle of alternating current, then squaring 
these values, then taking an average of this 
value, and then taking the square-root of 
the average thus obtained. By this pro-

cedure, the effective value becomes known 
as the root mean square or r.m.s. This is 
the value that is read on alternating cur-
rent voltmeters and ammeters. The r.m.s. 
value is approximately 70 per cent of the 
peak or maximum instantaneous value and 
is expressed as follows: 

= 0.707 X E..., or 
It := 0.707 X 

where E... and Im,. are peak values of 
voltage and current, respectively, and Eoff 
and If f are effective or r.m.s values. 
The following relations are extremely 

useful in radio and power work: 

Em = 0.707 X 
E.,.. = 1.414 X E.... 

In order to find the peak value when the 
effective or r.m.s. value is known, simply 
multiply the r.m.s. value by 1.414. When 
the peak value is known, multiply it by 
0.707 to find the r.m.s. value. 

• Rectified Alternating 
Current or Pulsating 
Direct Current 

When an a.c. current is passed through 
a full-wave rectifier, it emerges in the form 
of a current of varying amplitude which 
flows in one direction only. Such a current 
is known as rectified a.c. or pulsating d.c. 
A typical wave form of a current of this 
nature is shown in figure 1S. 

OUTPUT FROM FULL- WAVE RECTIFIER 

Figure 18 

A d.c. measuring instrument will not read 
the peak or instantaneous maximum value 
of the pulsating d.c. output from the rec-
tifier; it will read only the average value. 
This can be explained by assuming that it 
could be possible to cut off some of the 
peaks of the waves, using the cut-off por-
tions to fill in the spaces that are open, 
thereby obtaining an average d.c. value. A 
milliammeter and voltmeter connected to 
the adjoining circuit, or across the output 
of the rectifier, will read this average value. 
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It is related to peak value by the following 
expression: 

= 0.636 X 

It is thus seen that the average value is 
approximately 63 per cent of the peak value. 

• Phase 

When an alternating current flows 
through a purely resistive circuit, it will 
be found that the current will go through 
maximum and minimum in perfect step with 
the voltage. In this case the current is said 
to be in step or in phase with the voltage. 
For this reason, Ohm's law will apply equally 
well for a.c. or for d.c. where pure resist-
ances are concerned, provided that the ef-
fective values of a.c. are used in the calcu-
lations. 
When a circuit has capacity or inductance, 

or both, in addition to resistance, the cur-
rent does not reach a maximum at the same 
instant as the voltage; Ohm's law will, 
therefore, not apply. It has been stated that 
inductance tends to resist any change in cur-
rent; when an inductance is present in a 
circuit through which an alternating cur-
rent is flowing, it will be found that the 
current will reach its maximum behind the 
voltage. In electrical terms, the current will 
lag the voltage or. conversely, the voltage 
will lead the current. If the circuit is 
purely inductive, i.e., if it contains neither 
resistance nor capacitance, the current does 
not start until the voltage has first reached 
a maximum: the current therefore lags the 
voltage by 90 degrees as in figure 19. The 
angle will be less than 90 degrees if resist-
ance is present in the circuit. 

When pure capacity alone is present in an 
a.c. circuit ( no inductance or resistance of 
any kind), the opposite effect to inductance 
will be encountered; the current will reach 
a maximum at the instant the voltage is 
starting and, hence, will lead the voltage by 
10 degrees. The presence of resistance in 
the circuit will tend to decrease this angle. 

• Power Factor 

It should now be apparent to the reader 
that in such circuits that have reactance as 
well as resistance, it will not be possible 
to calculate the power as in a d.c. circuit, 
or as in an a.c. circuit in which current 
and voltage are in phase. The reactive com-
ponents cause the voltage and current to 
reach their maximum at different times, as 
was explained under "phase." 
The power fa -tor in a resistive-reactive 
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Figure 19 

a.c. circuit may be expressed as the actual 
watts ( as measured by a wattmeter), di-
vided by the product of voltage and current 
or: 

E I 
where W = watts as measured. 

E = voltage ( r.m.s.), 
I = current in amperes ( r.m.s.). 

Stated in another manner: 

 = cost, 
E X I 

The character O is the angle of phase 
difference between current and voltage. The 
product of volts times amperes gives the 
apparent power of the circuit, and this must 
be multiplied by cos0 to give the actual 
power. This factor cos° is called the power 
factor of the circuit. 

When the current and voltage are in 
phase, this factor is equal to 1. Resonant 
or purely resistive circuits are then said 
to have unity power factor, in which case 

E 
E x w w 

• Resonant Circuits 

Before proceeding with this text, the 
reader is advised to review the subject mat-
ter on inductance, capacity, and alternating 
current in order that he may gain a com-
plete understanding of the action of resonant 
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circuits. Once the basic conception of the 
foregoing has been mastered, the more com-
plex circuits in which they appear in com-
bination will present no great problem. 

The accompanying diagram shows an in-
ductance, a capacitance, and a resistance ar-
ranged in series, with a variable frequency 
source E of a.c. applied across the com-
bination. 

Figure 20 

Resistance is always present in a circuit. 
because it is possessed in some degree by 
both the inductance and capacitance. If the 
frequency of the alternator E in figure 20 
is varied from nearly zero to some high 
frequency, there will be one particular fre-
quency at which the inductive reactance 
and capacitive reactance will be equal, This 
is known as the resonant frequency, and 
in a series circuit it is the frequency at 
which the circuit current will be a maximum. 
Such series resonant circuits are chiefly 
used when it is desirable to allow a cer-
tain frequency to pass through the circuit 
(low impedance to this frequency), while 
at the same time the circuit is made to 
offer considerable opposition to currents of 
other frequencies. 

If the values of inductance and capacity 
both are fixed, there will be only one res-
onant frequency. If, however, both the in-
ductance and capacitance are made variable. 
the circuit may then be changed or "tuned," 
so that an unlimited number of combina-
tions of inductance and capacitance can res-
onate at the same frequency. This can be 
more easily understood when one considers 
that inductive reactance and capacitive re-
actance travel in opposite directions as the 
frequency is changed. For example, if the 
frequency were to remain constant, and the 
values of inductance and capacitance are 
then changed, the following combinations 
would have the same reactance: 

Frequency is constant at 00 cycles. 
L is expressed in henrys 

C is expressed in microfarels (.000001 
farad). 

XI. Xc 

.265 100 26.5 100 

2.65 1,000 2.65 1,000 

26.5 10,000 .265 10,000 

265.00 100,000 .0265 100,000 

2.650.00 1,000,000 .0026 1,000,000 

In the above table there are five rad-
ically different ratios of L to C (inductance 
to capacitance) each of which satisfies the 
resonant condition, XL = Xe. When the fre-
quency is constant, L must increase and C 
must decrease in order to give equal re-
actance. Figure 21 shows how the two 
reactances change with frequency; this il-
lustration will greatly aid in clarifying this 
discussion. 
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SERIES CIRCUIT REACTANCE VARIATION WITH 
CHANGE OF APPLIED FREQUENCY 

Figure 21 

For mechanical reasons it is advisable to 
change the capacitance rather than the in-
ductance when a circuit is "tuned," yet the 
inductance can be made variable, if desired. 

• Formula for Frequency 

From the formula for frequency, where 
1 

27f1, =  , the resonant frequency can 
2;tf C 

readily be solved. In order to isolate f on 
one side of the equation, merely multiply 
both sides by 2srf, thus giving: 

1 
4:ef2L = 

Dividing by the quantity 4:r1... the result 

is: 1-2 =   
47rzl.C. 
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Then by taking the square-root of both 
1 

sides : f =  
2a V LC 

where f = frequency in cycles, 
L = inductance in henrys, 
C = capacity in farads. 

It is more convenient to express L and C 
in smaller units, especially in making radio-
frequency calculations; f can also be ex-
pressed in megacycles or kilocycles. A very 
useful group of such formulas is: 

25,330 25,330 25,330 
f2=  or L=  or C   

LC rc PL 
where f = frequency in megacycles, 

L = inductance in microhenries, 
C =capacity in micro-microfarads. 

In order to clarify the original formula, 
1 

f = , take two values of inductance 
27cV LC 

and capacitance from the previously given 
chart and substitute these in the formula. 
It was stated that the frequency is 60 cycles; 
therefore, f = 60. Substituting these values 
to check this frequency: 

1 1 
60 = ; 3,600 =  • 

2.7rVLC •1;t2LC 
1 

L = • 
3600 X 4x2 X .000026 

L = 0.265 
The significant point here is that the 

formula calls for C in farads, whereas the 
capacity was actually in microfarads. Re-
calling that one microfarad equals .000001 
farad, it is, therefore, possible to express 
26 microfarads as .000026 farads. This 
consideration is often overlooked when com-
puting for frequency and capacitive react-
ance, because capacitance is expressed in a 
totally-impractical unit, viz.: the farad. 

• Impedance of Series 

Resonant Circuits 

The impedance across the terminals of a 
series resonant circuit is 

Z = Vie (Xr, — Xc)2, 
where Z = impedance in ohms, 

r = resistance in ohms, 
Xc = capacitive reactance in ohms, 
XL = inductive reactance in ohms. 

From this equation it can be seen that the 
impedance is equal to the vector sum of 
the circuit resistance and the difference be-
tween the two reactances. Since at the res-
onant frequency XL equals Xc, the difference 

lietN‘cen them is obviously zero, so that at 
resonance the impedance is simply equal to 
the resistance of the circuit . . . and, be-
cause the resistance of most normal radio-
frequency circuits is of a very low order, 
the impedance is also low. 
At frequencies higher and lower than the 

resonant frequency, the difference between 
the reactances will be a definite quantity and 
will add with the resistance to make the 
impedance higher and higher as the circuit 
is tuned off the resonant frequency. 

• Current and Voltage in a 
Series Resonant Circuit 

Formulas for calculating series resonance 
are similar to those of Ohm's law. 

E 
I E = IZ. 

The complete equations: 
E 

=  
Vt.' -I- (XL— Xc)" 

E'ye+ (XL—Xc)" 

A careful consideration of the above formu-
las will show the following to apply to se-
ries resonant circuits: When the impedance 
is low, the current will be high; conversely, 
when the impedance is high, the current 
will be low. 

Since it is known that the impedance will 
be very low at the resonant frequency, it 
follows that the current will be a maximum 
at this point. If a graph is plotted of the 
current against the frequency either side of 
resonance, the resultant curve becomes what 
is known as a resonance curve. Such a curve 
is shown in figure 22. 

Several factors will have an effect on the 
shape of this resonance curve, of which re-
sistance and L-to-C ratio are the important 
considerations. The curves B and C in fig-
ure 22 show the effect of adding increasing 
values of resistance to the circuit. It will 
be seen that the peaks become less and less 
prominent as the resistance is increased; 
thus, it can be said that the selectivity of 
the circuit is thereby decreased. Selectivity 
in this case can be defined as the ability 
of a circuit to discriminate against fre-
quencies adjacent to the resonant frequency. 
Again referring to figure 22, it can be 

seen from curve A that a signal, for in-
stance, will drop from 19 to 5, or more than 
10 decibels, at 50 kc. off resonance. Curve 
B, which represents considerable resistance 
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in the circuit, shows a signal drop of from 
4 to 3, or approximately 2.5 decibels, when 
the signal is also 50 kilocycles removed from 
the resonant point. From this it becomes 
evident that the steeper the resonant curve, 
the greater will be the change in current 
for a signal removed from resonance by a 
given amount. The effect of adding more 
resistance to the circuit is to flatten-off the 
peaks, without materially affecting the sides 
of the curve. Thus, signals far removed 
from the resonance frequency give almost 
the same value of current, regardless of 
the amount of resistance present. 

• Voltage Across Coll 
and Condenser in 
Series Circuit 

For the reason that the a.c. or r.f. volt-
age across a coil and condenser is propor-
tional to the reactance (for a given cur-
rent), the actual voltages across the coil 
and across the condenser may be many 
times greater than the terminal voltage of 
the circuit. Furthermore, since the individ-
ual reactances can be very high, the voltage 
across the condenser, for example, may be 
high enough to cause flash-over, even though 
the applied voltage is of a value consider-
ably below that at which the condenser is 
rated. 

• Circuit "Q" 

An extremely important property of an 
inductance is its factor-of-merit, more gen-

crally called its Q. This factor can be ex-
pressed as the ratio of the reactance to the 
resistance, as follows: 

2f1. 
• Q = 

where R = total d.c. and r.f. resistances. 
The actual resistance in a wire or in-

ductance can be far greater than the d.c. 
value when the coil is used in a radio- fre-
quency circuit; this is because the current 
does not travel through the entire cross-
section of the conductor, but has a tendency 
to travel closer and closer to the surface 
of the wire as the frequency is increased. 
This is known as the skin effect. The ac-
tual current-carrying portion of the wire is 
decreased, therefore, and the resistance is 
increased. This effect becomes even more 
pronouncd in •square or rectangular con-
ductors, because the principal path of cur-
rent flow tends to work outwardly toward 
the four edges of the wire. 
An examination of the equation for Q 

may give rise to the thought that even 
though the resistance becomes greater with 
frequency, the inductive reactance does 
likewise, and that the Q might be a con-
stant. In actual practice, however, the re-
sistance usually increases more rapidly with 
frequency than does the reactance, with 
the result that Q normally decreases with 
frequency. 

• Parallel Resonance 

Parallel resonance is more frequently en-
countered than series resonance, in radio 
circuits; in fact, it is the basic foundation 
of receiver and transmitter circuit opera-
tion. A circuit is shown in figure 23. 

In this circuit, as contrasted with a cir-
cuit for series resonance, L (inductance) 
and C (capacitance) are connected in par-
allel, yet the combination can be considered 
to be in series with the remainder of the 
circuit. This combination of L and C, in 
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conjunction with R, the resistance which is 
principally included in L, is sometimes called 
a "tank circuit," because it effectively func-
tions as a storage "tank" when incorporated 
in vacuum tube circuits. • 

Contrasted with series resonance, there 
are two kinds of current which must be 
considered in a parallel resonant circuit: 
(1) the line current, as read on the indicat-
ing meters M. and, ( 2) the circulating cur-
rent which flows within the parallel L-C-R 
portion of the circuit. See figure 23. 
At the resonant frequency, the line cur-

rent ( as read on the meters M) will drop 
to a very low value, although the circulat-
ing current in the L-C circuit may be quite 
large. It is this line current that is read 
by the milliammeter in the plate circuit of 
an amplifier or oscillator stage of a radio 
transmitter, and it is because of this that 
the meter shows a sudden "dip" as the cir-
cuit is tuned through its resonant frequency. 
The current is, therefore, a minimum when 
a parallel resonant circuit is tuned to res-
onance, although the impedance is a max-
imum at this same point. Therefore, it is 
interesting to note that the parallel resonant 
circuit, in this respect, acts in a distinctly 
opposite manner to that of a series resonant 
circuit, in which the current is at a max-
imum when the impedance is minimum. It 
is for this reason that in a parallel resonant 
circuit the principal consideration is one of 
impedance, rather than current. It is also 
significant that the impedance curve for 
parallel circuits is very nearly identical to 
that of the current curve for series reso-
onance. The impedance at resonance is ex-
pressed as: 

(2.7rf L')' 

where Z = impedance in ohms. 
L =. inductance in henrys. 
f = frequency in cycles, 
R = resistance in ohms. 

The curves illustrated in figure 22 can be 
applied to parallel resonance, in addition to 
the purpose for which they are illustrated. 

Reference to the impedance curve will 
show that the effect of adding resistance to 
the circuit will result in both a broadening-
out and a lowering of the peak of the curve. 
Since the voltage of the circuit is directly 
proportional to the impedance, and since it 
is this voltage that is applied to the grid 
of the vacuum tube in a detector or ampli-
fier circuit, the impedance curve must have 
a sharp peak in order for the circuit to he 

FIA n  

selective. If the curve is broad-topped in 
shape, both the desired signal and the inter-
fering signals at close proximity to res-
onance will give nearly equal voltages on 
the grid of the tube, and the circuit will 
then be non-selective, i.e., it will tune 
broadly. 

• Effect of L C Ratio 
in Parallel Circuits 

In order that the highest possible voltage 
can be developed across a parallel resonant 
circuit, the impedance of this circuit must 
be very high. The impedance will be greater 
when the ratio of inductance-to-capacitance 
is great, i.e., when L is large as compared 
with C. When the resistance of the circuit 
is very low, X1, will equal Xe at resonance 
and, of course, there are innumerable ratios 
of I. and C that will have equal reactance 
at a given resonant frequency, exactly as 
is the case in a series resonant circuit. Con-
trasted with the necessity for a high LIC 
ratio for high impedance, the capacity for 
maximum selectivity must he high, and the 
inductance low. While such a ratio will re-
sult in lower gain. it will offer greater 
rejectivity to signals adjacent to the reson-
ant signal. 

In practice, where a certain value of in-
ductance is tuned by a variable capacitance 
over a fairly wide range in frequency, the 
/./C ratio will be small at the lowest fre-
quency and large at the high frequency end. 
The circuit, therefore, will have unequal 
selectivity at the two ends of the band of 
frequencies which is being tuned. At the 
low frequency end of the tuning band, where 
the capacitance predominates, the selectivity 
will be greater and the gain less than at 
the high frequency end, where the opposite 
condition holds true. Increasing the Q of 
the circuit ( lowering the series resistance) 
will obviously increase both the selectivity 
and gain. 

• Circulating Tank 
Current at Resonance 

The Q of a circuit has a definite bearing 
on the circulating tank current at resonance. 
This tank current is very nearly the value 
of the line current multiplied by the circuit 
Q. For example: an r.f. line current of 
0.050 amperes, with a circuit Q of 100, will 
give a circulating tank current of approxi-
mately 5 amperes. From this it can be seen 
that the inductance and connecting wires in 
a circuit with a high O must he of ample 
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proportions, particularly in the case of high 
power transmitters, if heat losses are to be 
held to a minimum. 

e Effect of Coupling 
on Impedance 

When a parallel resonant circuit is 
coupled to another circuit, such as an an-
tenna output circuit, the impedance of the 
parallel circuit is decreased as the coupling 
becomes closer. The effect of closer 
(tighter) coupling is the same as though 
an actual resistance were added to the pa-
rallel circuit. The resistance thus coupled 
into the tank circuit can be considered as 
being reflected from the output or load cir-
cuit to the driver circuit. If the load across 
the parallel resonant tank circuit is purely 
resistive, just as it might be if a resistor 
were shunted across part of the tank induct-
ance, the load will not disturb the resonant 
setting. If, on the other hand, the load is 
reactive, as it could be with a too-long or 
too-short antenna for the resonant fre-
quency, the setting of the tank tuning con-
denser would have to be changed in order 
to restore resonance. 

• Tank Circuit 
Flywheel Effect 

When the plate circuit of a class-B or 
class-C operated tube is connected to a 
parallel resonant circuit, the plate current 
serves to maintain this LIC circuit in a 
state of oscillation. If an initial impulse 
is applied across the terminals of a parallel 
resonant circuit, the condenser will become 
charged when one set of plates assumes a 
positive polarity, the other set a negative 
polarity. The condenser will then discharge 
through the inductance; the current thus 
flowing will cut across the turns of the 
inductance and cause a counter-e.m.f. to be 
set up, charging the condenser in the oppo-
site direction. 

In this manner an alternating current is 
set up within the L/C circuit and the oscil-
lation would continue indefinitely with the 
condenser charging, discharging, and charg-
ing again if it were not for the fact that 
the circuit possesses some resistance. The 
effect of this resistance is to dissipate some 
energy each time the current flows from in-
ductance to condenser and back, so that the 
amplitude of the oscillation grows weaker 
and weaker, eventually dying out com-
pletely. 
The frequency of the initial oscillation 

is dependent upon the L/C constants of the 
circuit. If energy is applied in short spurts 
or pushes at just the right moments, the 
/./C circuit can be maintained in a con-
stant oscillatory state. The plate current 
pulses from class-B and class-C amplifiers 
supply just the desired kind of "kicks." 
Whereas the class-B plate current pulses 

supply a kick for a longer period, the short 
pulses from the class-C amplifier give a 
pulse of very high amplitude, thus being 
even more effective in maintaining oscilla-
tion. So it is that the positive half cycle 
in the tank circuit will be reinforced by a 
plate current kick, but since the plate cur-
rent of the tube only flows during a half cycle 
or less, the missing half cycle in the tank 
circuit must be supplied by the discharge 
of the condenser. Since the amplitude of 
this half cycle will depend upon the charge 
( ut the plates of the condenser, and since this 
in turn will depend upon the capacitance. 
the value of capacitance in use is very im-
portant. Particularly is this true if a dis-
torted wave shape is to be avoided, as 
would be the case when a transmitter is 
being modulated. The foregoing applies 
particularly to single-ended amplifiers. If 
push-pull were employed, the negative half 
cycle would secure an additional "kick," 
thereby greatly lessening the necessity for 
the use of higher C in the L/C circuit. 

• Impedance Matching: 
Impedance, Voltage, 
and Turns-Ratio 

It is a fundamental law of electricity that 
the maximum transfer of energy results 
u hen the impedance of the load is equal to 
the impedance of the driver. Although this 
law holds true, it is not necessarily a desir-
able one for every condition or purpose. In 
many cases where a vacuum tube works into 
a parallel resonant circuit load, it is desir-
able to have the load impedance considerably 
higher than the tube-plate impedance, so 
that maximum power will be dissipated by 
the load, rather than in the tube. On the 
other hand, one of the notable conditions 
for which the law holds true is in the 
matching of transmission lines to an an-
tenna impedance. 

A vacuum tube circuit often requires that 
the plate impedance of a driver circuit be 
"matched" to the grid impedance of the 
tube being driven. When the driven tube 
operates in such a condition that it draws 
grid current, such as in all transmitter r.f. 
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amplifier circuits, the grid impedance may 
well be lower than the plate tank impedance 
of the driver stage. In this case it becomes 
necessary to tap down on the driver tank 
coil in order to select the proper number of 
turns that will give the desired impedance. 
If the desired working load impedance of 
the driver stage is 10,000 ohms, for example, 
and if the tank coil has 20 turns, the grid 
impedance of the driven stage being 5,000 
ohms, it is evident that there will be re-
quired a step-down impedance ratio of 
10,000 
 , or 2-to- 1. This impedance value 
5,000 

is not secured when the driver inductance 
is tapped at the center. It is of importance 
to stress the fact that the impedance is de-
creased four times when the number of turns 
on the tank coil is halved. The following 
equations will prove this fact: 

Nt 1fZ N.' Z, 

N,  Z., N,2 Z2, 

Ni 
where — = turns ratio, 

Nz 

= ii- or 

Zi 
— = impedance ratio 
,Z2 

In the foregoing example, a step-down 
impedance ratio of 2-to-1 would require a 
turns step-down ratio of the square-root of 
the impedance or 1.41. Therefore, if the in-
ductance has 20 turns, a tap would be taken 
on the 6th turn down from the "hot" end 
or 14 turns up from the "cold" end. This is 
arrived at by taking the resultant for the 
turns-ratio, i.e., 1.41, and then dividing it 
into the total number of turns, as follows: 

20 
— = 14 ( approx.) 
1.41 

Either an impedance step-up or step-down 
ratio can be secured from a parallel resonant 
circuit. One popular type of antenna im-
pedance matching device utilizes this prin-
ciple. Here, however, two condensers are 
effectively in series across the inductance; 
one has a quite-high capacitance (500 

the other is a conventional-size con-
denser, used principally to restore resonance. 
The theory of the device is simply that the 
impedance is proportional to the reactances 
of the condensers, and, by changing the 
ratio of the two, the antenna is effectively 
connected into the tank circuit at impedance 
points which reach higher or lower values 
as the ratio of the condensers is changed. 

RADIO 
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In practice, however, it is usually necessar3 
to change the value of inductance in order 
to maintain resonance while still correctly 
matching it to the antenna or feeder. 
This method is discussed at greater length 
elsewhere in these pages. 
As the impedance step-down ratio be-

comes larger, the voltage step-down becomes 
correspondingly great. Such a condition 
takes place when a resonant circuit is tapped 
down for reasons of impedance matching; 
the voltage will be stepped-down in direct 
proportion to the turn step-down ratio. The 
reverse holds true for step-up ratios. As the 
step-up ratio is increased, the voltage is in-
creased. This principle applies in the case 
of an auto transformer illustrated in 
Figure 24. 

STEP-UP 

INPUT VOLTAGE STEP-DOW N 

Figure 24 

The type of transformer in figure 24 when 
wound with heavy wire and over an iron 
core is a common device in primary power 
circuits for the purpose of increasing or 
decreasing the line voltage. In effect, it is 
merely a continuous winding with taps taken 
at various points along the winding, the 

STEP GOWN OF Z 

STEP UP OF Z 

To I RATIO OF Z 
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input vdltage being applied to the bottom 
and also to one tap on the winding. If the 
output is taken from this same tap, the 
voltage ratio will be 1-to- 1, i.e., the input 
voltage will be the same as the output 
voltage. On the other hand, if the output 
tap is moved down toward the common 
terminal, there will be a step-down in the 
turns-ratio with a consequent step-down in 
voltage. The opposite holds true if the 
output terminal is moved upward from the 
middle input terminal; there will be a volt-
age step-up in this case. The initial setting 
of the middle input tap is chosen so that 
the number of turns will have sufficient 
reactance to keep the no-load primary cur-
rent at a reasonably low value. 

In the same manner as voltage is stepped-
up and down by changing the number of 
turns in a winding, so can impedance be 
stepped up or down. Figure 25(A) shows 
an application of this principle as applied to 
a vacuum tube circuit which couples one 
circuit to another. 

Assuming that the grid impedance may 
be of a lower value than the plate tank 
impedance of the preceding stage, a step-
down ratio will be necessary in order to 
give maximum transfer of energy. In (B) 
of figure 25, the grid impedance is very 
high as compared with the tank impedance 
of the driver stage, and thus there is re-
quired a step-up ratio to the grid. The 
driver plate is tapped-down on its plate tank 
coil in order to make this impedance step-up 
possible. A driver tube with very low plate 
impedance must be used if a good order of 
plate efficiency is to be realized. 

In (C) of figure 25, the grid impedance 
very closely approximates the plate impe-
dance and no transformation is required, 
therefore. The grid and plate impedances 
are not generally known in many practical 
cases and the adjustments, hence, are made 
on the basis of maximum grid drive con-
sistent with maximum safe input to the 
driver stage. 

• Inductive Coupling 

Inductive coupling is often used when two 
circuits are to be coupled. This method of 
coupling is shown in figures 26A and 26B. 
The two inductances are placed in such 

inductive relation to each other that the 
lines of force from the primary coil cut 
across the turns of the secondary coil, there-
by inducing a voltage in the secondary. As 
in the case of capacitive coupling, impedance 

transformation here again becomes of im-
portance. If two parallel tuned circuits are 
coupled very closely together, the circuits 

rvt 

Figure 26 

can in reality be "over-coupled." This is 
illustrated by the curve in figure 27. 
The dotted-line curve A is the original 

curve or that of the primary coil alone. 
Curve B shows what takes place when two 
circuits are over-coupled; the resonance 
curve will have a definite "dip" on the peak, 
or a "double hump." This principle of over-
coupling is advantageously utilized in band-
pass circuits where, as shown in C, the 

FPFLut,C , 

Figure 27 

coupling is adjusted to such a value as to 
reduce the peak of the curve to a virtual 
flat-top, with no dip in the center as in B. 
Some undesirable capacitive coupling will 

result when circuits are closely or tightly 
coupled; if this capacitive coupling becomes 
a factor, the tuning of the circuits will be 
affected. The amount of capacitive coupling 
can be reduced by so arranging the physical 
shape of the inductances as to enable only 
a minimum surface of one to be presented 
to the other. Another method of accom-
plishing the same purpose is by electrical 
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means. A "curtain- of closely-spaced paral-
lel wires or bars, connected together only 
at one end, and with this end connected to 
ground, will allow electromagnetic coupling. 
but not electrostatic coupling. Such a device 
is called a Faraday screen or shield. 

Still another method of decreasing capaci-
tive coupling is by means of a coupling link 
circuit between two parallel resonant cir-
cuits. The capacity of the coupling link, 
with its one or two turns, is so small as 
to be negligible. 

• Link Coupling 

I.ink coupling is widely used in transmit-
ter circuits because it adapts itself so uni-
versally and eliminates the need of a radio-
f requency choke, thereby reducing a source 
of loss. Link coupling is very simple: it is 
diagrammed in figure 28. 

• 

LINK COUPLING 

1 

TAP ON AND LIN', COUPLING 

INTERWOUND 

UNITY COUPLING 

Figurce 28 

• 

In A of figure 28, there is an impedance 
step-down from the primary coil to the link 
circuit. This means that the line which 
connects the two links or loops will have 
a low impedance and can, therefore, be 
carried over a considerable distance with-
out introduction of appreciable loss. A 
similar link or loop is at the output end of 

efianotlook 

the line; this loop is coupled to the grid 
tank of the driven stage. 

Still another link coupling method is 
shown in B of figure 28. It is similar to 
that of A, with the exception that the 
primary line is tapped on the coil, rather 
than being terminated in a link, or loop. 

• Unity Coupling 

Another type of commonly-used coupling 
is that known as unity coupling, by reason 
of the fact that the turns-ratio between 
primary and secondary is one-to-one. This 
method of coupling is illustrated in C of 
figure 28. Only one of the windings is tuned. 
although the interwinding of the two coils 
gives an effect in the untuned winding as 
though it were actually tuned with a con-
denser. Unity coupling is used in some types 
of ultra-high frequency circuits, although the 
mechanical considerations are somewhat 
difficult. The secondary, when it serves as 
the grid coil, is placed inside of a copper 
tubing coil : the latter serves as the primary 
or plate coil. 

• Transformer Action: 
Reflected Impedance 

When two inductances are coupled to each 
other, the result is a transformer in basic 
form. The two inductances can be wound 
on separate air-core forms, or, as in an 
audio of power transformer, on iron or 
magnetic cores. Power transformers are 
treated in a separate chapter of this Hand-
book: radio-frequency transformers have 
already been treated, and thus this treatise 
will be confined to audio frequency trans-
formers: 

For all audio frequency circuit applica-
tions, it is only necessary to refer to the 
tube tables in this book in order to find the 
recommended load impedance for a given 
tube and a given set of operating conditions. 
For example, the table shows that a type 
42 pentode tube requires a load impedance 
of 7,000 ohms. Audio transformers are 
always rated for both their primary and sec-
ondary impedance, which means that the 
primary impedance will be of the rated value 
may when the secondary is terminated in its 
rated impedance. 

If a 7,000-ohm plate load is to work into 
a 7-ohm loudspeaker voice coil, the impe-
dance ratio of the transformer would be 

7,000 
= 1.000-to- I. Hence, the turns-ratio 



RADIO 
1-11 Q 11 13 IS 0 0 K 

Reflected Impedance 37 

+ 

Figure 29 The reflected impedance Zp varies 
directly in proportion to Z. and the square of the 

turns ratio 

will be the square-root of 1,000 or 31.6. 
This does not mean that the primary will 
have only 31.6 turns of wire and only one 
turn on the secondary. The primary must 
have a certain inductance in order to offer a 
high impedance to the lower audio fre-
quencies. Consequently, it must have a large 
number of turns of wire in the primary 
winding. The ratio of total primary turns. 
to total secondary turns must remain con-
stant, regardless of tly, number of turns in 

the primary, if the correct primary impe-
dance is to be maintained. 
The foregoing can be summarized by 

stating that a certain transformer will have 
a certain impedance-ratio ( determined by 
the square of the turns ratio) which will 
remain constant. If the transformer is ter-
minated with an impedance or resistance 
lower than the original rated value, the re-
flected impedance on the primary will also 
he lower than the rated value. If the trans-
former is terminated in an impedance higher 
than rated, the reflected primary impedance 
will be higher. 
For push-pull amplifiers the recommended 

primary impedance is stated as some certain 
value, plate-to-plate; this refers to the impe-
dance of the total winding without consider-
ation of the center-tap. The reflected impe-
dance across the total primary will follow 
the same rules as previously given for 
single-ended stages. The voltage relation-
ship in primary and secondary is the same 
as the turns-ratio. For a step-down turns-
ratio of 10-to- 1, the corresponding voltage 
step-down would be 10-to-1, though the im-
pedance ratio would be 100-to- I. 
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Chapter 2 

VACUUM TUBE THEORY 
AND PRACTICE 

IT.-‘CUUM TUBES are widely used for 
V the generation, detection and amplifica-

tion of audio and radio-frequency currents; 
electron tubes also serve as power rectifiers 
to convert alternating current into direct 
current, and in special cases for controlling 
and inverting electric power. 

The performance of a thermionic tube de-
pends upon the emission of electrons from a 
metallic surface and the flow of these elec-
trons to other surfaces; the transition con-
stitutes an electric current. 

An electron tube consists essentially of 
an evacuated glass or metal envelope in 
which is enclosed an electron emitting sur-
face, called a cathode, and one or more addi-
tional electrodes. The connections for the 
various elements are carried through the 
tube envelope to special connectors. 

• Electron Emission; 
Cathodes 

The rate of electronic motion in every 
atom increases if the molecular constituents 
of any material are subjected to thermal 
agitation. Hence, by heating certain metallic 
conductors the motion of electrons becomes 
so rapid that some of them break away from 
their parent atoms and are set free in space. 
In the absence of any external attraction, the 
electrons escaping from the emissive surface 
repel each other because they are all nega-
tively charged. Therefore, the number of 
electrons leaving the emitter is limited be-
cause the "free" negatively charged electrons 
counteract the escape function of new elec-
trons. 

The point of electronic saturation is 
called the "space charge effect." When this 
condition is reached no further electrons 
will leave the emitter regardless of how 
much higher the temperature of the emit-
ting surface is increased. 

In all modern vacuum tubes the surface 
of the cathode material is chemically treated 
in order to increase electronic emission. The 

two principal types of surface treatment in-
clude "thoriated tungsten" filaments, as used 
in medium and high-powered transmitter 
tubes, and "oxide coated" filaments or 
cathode sleeves, such as used in most re-
ceiver tubes. Pure tungsten filaments are 
practically obsolete, and are only being manu-
factured for sonic types of high-power trans-
mitter tubes in which sufficient vacuum can-
not be maintained for operating properly 

thoriated tungsten type of filament. 

• Cathode Current 

When a heated cathode and a separate me-
tallic plate are placed in an evacuated en-
velope, it is found that a few of the elec-
trons thrown off by the cathode will leave 
with sufficient velocity to reach the plate. 
If the plate is electrically connected back 
to the cathode, the electrons will flow from 
cathode to plate, and through the external 
circuit back to cathode, due to the potential 
difference between plate and cathode. This 
small current flow is called plate current. 

If a battery or other source of d.c. voltage 
is placed in the external circuit between the 
plate and cathode, so that the battery voltage 
places a positive potential on the plate, the 
flow of current from the cathode to plate 
will be increased. This is due to the strong 
attraction offered by the positively charged 
plate for any negatively charged electrons. 
If the positive potential on the plate is in-
creased, the flow of electrons between the 
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cathode and plate will also increase, up 
to the point of saturation. Saturation cur-
rent flows when all of the electrons leaving 
the cathode are attracted to the plate, and 
no increase in plate voltage can increase the 
number of electrons being attracted to the 
plate. 

Operating a cathode at a temperature ma-
terially above its normal rating will shorten 
the life of the emitting surface. In the case 
of thoriated tungsten emitters, which are 
rather sensitive to changes in filament tem-
perature, it is advisable to have a close con-
trol over the filament voltage. If there is 
doubt about the filament voltage, it is better 
to operate the filament slightly higher than 
normal, rather than below normal, especially 
if the tube is operating with high plate cur-
rent. 

• Rectification 

It has been stated that when the potential 
of the plate is different from that of the 
cathode, electrons will be attracted to the 
plate and a current will therefore flow in 
the external circuit. If, on the other hand, 
the plate is made negative, the electron flow 
in the external circuit will cease, due to the 
repulsion of the electron stream within the 
tube back to its cathode. From this is de-
rived a valuable property, namely the ability 
to pass current in one direction only, as in 
a rectifier. Figure 2-A shows a half-wave 
rectifier circuit. For convenience of ex-
planation a conventional power rectifier is 
chosen, although the sanie diagram and ex-

LI 
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planation will apply to diode rectification 
in a radio receiver. 
When a sine wave voltage is induced in 

the secondary of the transformer, the rec-
tifier is made alternately positive and nega-
tive as the polarity of the alternating-cur-
rent changes. Electrons are attracted to 
the plate from the cathode when the plate is 
positive, and current then flows in the ex-
ternal circuit. On the succeeding half cycle 
the plate becomes negative with respect to 
the cathode, and no current flows. Thus 
there will be an interval before the succeed-
ing half cycle occurs when the plate again 
becomes positive. Under these conditions, 
plate current once more begins to flow and 
there is another pulsation in the output cir-
cuit. For the reason that one-half of the 
complete wave is absent in the output, the 
result is what is known as half-wave recti-
fication. The output power is the average 
value of these pulsations : it will therefore 
be of a low value because of the interval 
between pulsations. 

In a full wave circuit ( figure 2B) the 
plate of one tube is positive when the other 
plate is negative; although the current 
changes its polarity, one of the plates is al-
ways positive. One tube therefore operates 
effectively on each half cycle, but the output 
current is in the same direction. In this type 
of circuit the rectification is complete and 
there is no "gap" between plate current pul-
sations. This output is known as rectified 
a.c., or pulsating d.c. 

• Gaseous Conduction; 
Mercury Vapor Rectifiers 

If a two-element electron tube is evacuated 
and then filled with a gas, such as mercury 
vapor, its characteristics and performance 
will differ radically from that of an ordi-
nary high-vacuum diode tube. 

The principle upon which the operation 
of a gas-filled rectifier depends is known as 
the phenomenon of ionization. Investigation 
has shown that the electrons emitted by a 
hot cathode in a mercury vapor tube are 
accelerated toward the anode ( plate) with 
great velocity. These electrons move in the 
electrical force- free space between the hot 
cathode and the anode, in which space they 
collide with mercury vapor molecules. 

If the moving electrons attain a velocity 
so great as to enable them to break through 
a potential difference of more than 10.4 volts 
(for mercury), they will literally "knock 
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the electrons out of the atoms" with which 
they collide. When an electron is separated 
from its normal orbit it does not leave in 
the form of an electron, but rather as a 
positive ion. The positive ion thus freed 
will therefore be neutralized by the acquisi-
tion of a free electron. Finally, the free 
electron will be attracted to the anode, or 
plate, as will the positive ions which have 
been separated from the mercury atoms; 
collectively, this constitutes the flow of cur-
rent in the tube. 

As more and more atoms are broken up by 
collision with electrons, the mercury vapor 
within the tube becomes ionized and trans-
mits a considerable amount of current. The 
ions are repelled from the anode when it 
is positive; they are then attracted to the 
cathode, thus tending to neutralize the nega-
tive space charge as long as saturation cur-
rent is not drawn. This effect neutralizes 
the negative space charge to such a degree 
that the voltage drop across the tube is 
reduced to a very low value; furthermore, 
the reduction in heating of the diode plate 
as well as an improvement in the voltage 
regulation of the load current is achieved. 
The efficiency of rectification is thereby in-
creased because the voltage drop across ally 
rectifier tube represents a waste of power. 

• The Vacuum Tube 
As An Amplifier 

The rectifier tube is essentially a two-
element device. A third element can be 
added to the tube as a means of controlling 
the plate current. A third element of this 
type is called a grid. It is a mesh-like 
structure which surrounds the cathode, in-
terposed between cathode and plate in such 
a manner that the passage of electrons to 
the plate must travel through the grid on 
the way. 

If this grid is made negative with respect 
to the cathode, the negatively-charged elec-
trons will be repelled back to the cathode. 
Plate current can be entirely stopped when 
the grid is made sufficiently negative, even 
though there is a positive voltage on the 
plate, that would ordinarily attract electrons. 
Thus it can be seen that the grid acts as a 
"valve" in its control of the plate current: 
it is for this reason that vacuum tubes are 
termed "valves" in Britain, Australia and 
Canada. When there is less negative volt-
age on the grid than that necessary to cut-
off the plate current, a steady value of plate 

current will flow. The value of fixed nega-
tive voltage on the grid of a vacuum tube 
is referred to as bias. 
A graph of values of plate current for 

various values of grid voltage can be plot-
ted as shown in figure 3. 

INPUT SIGNAL 

OUTPUT 

SIGNAL 

E. 

CLASS A OPERATION 

Figure 3 

A suitable "operating point" is chosen on 
the static characteristic curve; this point 
is dictated by the service to which the tube 
is to be subjected. The bias determines 
the operating point, and a signal causes the 
grid to vary back-and-forth about this point 
in exact accordance with the wave shape of 
the input signal. This is the condition un-
der which a Class-A amplifier functions. 
The fluctuation in grid potential results in 
a corresponding fluctuation in plate current. 
When this current flows through a suitable 
load device it produces a varying voltage 
drop, which is a replica of the original input 
voltage, although considerably greater in 
amplitude. 

• Properties of Vacuum 
Tubes; Amplification 
Factor; Mutual Con-
ductance; Plate Resistance 

The amplification factor, or "mu" (µ) of 
a vacuum tube is the ratio of the ability of 
the plate voltage to control plate current, to 
the ability of the grid voltage to likewise 
control the plate current. Expressed as an 
equation: 
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dE,, 
= - 

dEg 

The µ can be determined experimentally by 
making a slight change in the plate voltage, 
thus slightly changing the plate current. The 
plate current is then returned to its original 
value by a change in grid voltage. The 
ratio of the increment in plate voltage to 
the increment in grid voltage is the it of 
the tube. The foregoing assumes that the 
experiment is conducted on the basis of 
rated voltages as shown in the manufac-
turers' tube tables. 
The plate resistance can also be determined 

by the previous experiment. By noting the 
change in plate current as it occurs when 
the plate voltage is changed, and by divid-
ing the latter by the former, the plate resist-
ance can then be determined. Expressed as 
an equation: 

dE„ 
R„ = — 

dl, 

The mutual conductance, also referred to 
as transconductance, is the ratio of the am-
plication factor (it) to the plate resistance: 

_ 

dE. dl,, 
S,0 = — = — = 

R„ dE, dE, 

dI,, 

The amplification factor is the ability of 
the tube to amplify or increase the voltages 
applied to the grid. The amount of voltage 
amplification that can be obtained from a 
tube is expressed as follows: 

LLZ 

R,, Z 

where Z = ohmic load in the plate circuit. 

In the case of a type-6F5 tube with a plate 
resistor of 50,000 ohms, the voltage am-
plification as calculated from the previous 
equation would be: 

100 X 50,000 
 = 43. 
50.000 + 66,000 

HRI1OBOOK 

From the foregoing it is seen that an input 
of 1-volt to the grid of the tube will give 
an output of 43 volts (a.c.). 

• Class-A Amplifier 

The expression, "Class-A," is simply a 
means of classifying the operating conditions 
of an amplifier stage. It was previously ex-
plained how the fixed bias applied to the 
grid of an amplifier determines the operating 
point from which the signal input varies. 
From the characteristic curve in figure 3 
it will be seen that this curve is not a per-
fectly straight line, but is curved toward 
its base, with an additional curvature at the 
top, due to filament saturation. If an am-
plifier is to be designed so that it will faith-
fully reproduce the character of the input 
signal, the operating point on the curve must 
be set in the center of the straight-line por-
tion. Furthermore, the amplitude of the 
input signal must be such that the peaks 
do not exceed the straight-line portion of the 
characteristic curve. 

If the signal is permitted to go too far 
negative, the negative half cycle in the plate 
output will not be the same as the positive 
half cycle. In other words, the output wave 
shape will not be a duplicate of the input, 
and a distortion in the output will therefore 
result. The fundamental property of Class-A 
amplification is that both the bias voltage 
and input signal level must not advance be-
yond the point of zero grid potential, other-
wise the grid itself will become positive. 
Electrons will then flow into the grid and 
through its external circuit in much the same 
manner as if the grid were actually the 
plate. The result of such a flow of grid 
current is a lowering of the input imped-
ance of the tube, so that power is required 
to drive it. 

Class-A amplifiers are never designed to 
draw grid current; in other words, the grid 
is never permitted to become positive. 
Class-A amplifiers do not realize the optimum 
capabilities of any individual tube; it can 
therefore be said that the efficiency of such 
amplifiers is low. They are used because 
they give very little distortion, even though 
it requires larger tubes and higher plate 
voltage to obtain a given audio output power 
than when some grid current is permitted to 
flow. The correct bias for Class-A opera-
tion is given in the Tube Tables. 



RADIO Characteristics 
HQ/10800K 

43 
e Load Impedance; 
Dynamic Characteristic 

The plate current in an amplifier increases 
and decreases in proportion to the value of 
applied input signal. If useful power is to 
be realized from such an amplifier, the plate 
circuit must be terminated in a suitable re-
sistance or impedance, across which the 
power can be developed. As soon as the 
increasing and decreasing plate current flows 
through a resistor or impedance, the voltage 
drop across this load will constantly change, 
because the plate current is constantly 
changing. The actual value of voltage on 
the plate will vary in accordance with the 
/Z drop across the load, even though a 
steady value of direct current may be ap-
plied to the load impedance; hence for an 
alternating voltage on the grid of the tube 
there will he a constant change in the volt-
age at the anode. 
The static characteristic curves give an 

indication of the performance of the tube for 
only one value of plate voltage. If the plate 
voltage is changed, the characteristic curve 
will shift. This sequence of change can be 
plotted in a form that permits a determina-
tion of tube performance; it is customary 
to plot the plate current for a series of per-
missible values of plate voltage, at some 
fixed value of grid voltage. The process is 
repeated for a sufficient number of grid 
voltage values in order that adequate data 
will be available. A group or "family" of 
plate voltage-plate current curves, each for 
a different grid potential, makes possible the 
calculation of the correct load impedance of 
the tube. Dynamic characteristics include 
curves for variations in amplification factor, 
plate resistance, transconductance and de-
tector characteristics. 
The correct value of load impedance for 

a rated power output is always specified by 
the tube manufacturer. The plate coupling 
device must always reflect this impedance to 
the tube. This subject was treated under 
Impedance Matching. 

• Tubes in Parallel 
and Push-Pull 

Two or more tubes can be connected in 
parallel in order to secure greater power 
output; two tubes in parallel will give twice 
the output of a single tube. Since the plate 
resistances of the two tubes are in parallel, 
the require(' load impedance will be half that 
for a single tube. 

When power is to be increased by the 
use of two tubes, it is generally advisable 
to connect them in push-pull; in this con-
nection the power output is doubled and the 
harmonic content, or distortion, is reduced. 
The input voltage applied to the grids of 
two tubes is 180 ° out of phase, the voltage 
usually being secured from a center-tapped 
secondary winding with the center-tap con-
nected to the source of bias and the outer 
ends of the winding connected to each grid. 
The plates are similarly fed into a colter-
tapped winding and plate voltage is intro-
duced at the center-tap. The signal voltage 
supplied to one grid must always swing in 
a positive direction when the other grid 
swings negatively. The result is an increase 
in plate current in one tube with a conse-
quent decrease in plate current in the other 
at any given instant; one tube "pushes" as 
the other "pulls"; hence the term: push-pull. 

• Voltage and Power 
Amplihcation 

Virtually all amplifiers can be divided into 
two classifications, voltage amplifiers and 
power amplifiers. In a voltage amplifier it 
is desirable to increase the voltage to a. 
maximum possible value, consistent with al-
lowable distortion. The tube is not required 
to furnish power, because the succeeding 
tube is always biased to the point where no 
grid current flows. The selection of a tube 
for voltage amplifier service depends upon 
the voltage amplification it must provide, 
upon the load that is to be used, and upon 
the available value of plate voltage. The 
varying signal current in the plate circuit 
of a voltage amplifier is expended in the 
plate load solely in the production of voltage 
to be anplied to the grid of the following 
stage. The plate voltage is always relatively 
high, the plate current small. 

power amplifier, in contrast, must be 
capable of supplying a heavy current into a 
load impedance that usually lies between 
2,000 and 10,000 ohms. Power amplifiers 
normally furnish excitation to power-con-
suming devices, such as a loud-speaker. They 
also serve as drivers for other larger ampli-
fier stages whose grids require power from 
the preceding stage. Power amplifiers are 
common in modulator systems for radiotele-
phone transmitters. 

The difference between the plate power 
output and plate input is dissipated in the 
tube in the form of heat, and is known as 



44 Vacuum Tubes RADIO 

RE,ST•NCE COUPLING 

the plate dissipation. Tubes for power am-
plifier service therefore have larger plates 
and heavier filaments than those for a volt-
age amplifier. High-power audio circuits 
for commercial broadcast transmitters call 
for tubes of such proportions that it becomes 
necessary to cool their plates by means of 
water jackets or air-cooling systems. 

• Interstage Coupling 

Common methods of coupling one stage 
to another are shown in figure 4. 

TRANSFORMER 

COUPLING 

ImPEDANCC 

COuPLING 

CONSINATION IMPEDANCE - TR•NSfOR•IER COuPLING 

Figure 4 Five Common Methods of A.F. Inter-
stage Coupling. 

Finnonooic 

Transformer coupling for a single-ended 
stage is shown in A; coupling to a push-pull 
stage in 13; resistance coupling in C; im-
pedance coupling in D. A combination im-
pedance-transformer coupling system is 
shown in E: this arrangement is generally 
chosen for high permeability audio trans-
formers of small size, and where it is nec-
essary to prevent the plate current from 
flowing through the transformer primary. 
The plate circuit in the latter is shunt-fed. 

• The Class-AB Amplifier 

In a Class-AB amplifier the fixed grid 
bias is made higher than would be the case 
for a. push-pull Class-A amplifier. The 
static plate current is thereby reduced and 
higher values of plate voltage can be used 
without exceeding the rated plate dissipation 
of the tube. The result is an increase in 
power output. 

Class-AB amplifiers can be subdivided into 
Class-AB, and Class-AB,. There is no flow 
of grid current in a Class-AB, amplifier, 
i.e., the peak signal voltage applied to each 
grid does not exceed the negative grid bias 
voltage. In a Class-AB, amplifier the grid 
signal is greater than the bias voltage on 
the peaks and grid current flows. 
The Class-AB amplifier should be operated 

in push-pull if distortion is to be held to a 
minimum. Class-AB, will furnish more 
power output for a given pair of tubes than 
will Class-AB,. The grids of a class-AB, 
amplifier draw current, which means that 
a power driver stage must be used. 

• Class-B Amplifier 

A Class-B audio amplifier operates with 
two tubes in push-pull. The bias voltage is 
increased to the point where but very little 
plate current flows. This point is called the 
eut-off point. When the grids are fed with 
voltage 180° out of phase, i.e., one grid 
swinging in a positive direction and the other 
in a negative direction, the two tubes will 
alternately supply current to the load. When 
the grid of tube no. 1 swings in a positive 
direction, plate current flows in this tube. 
During this process, grid no. 2 swings nega-
tively- beyond the point of cut-off, hence no 
current flows in tube no. 2. On the other 
half-cycle, tube no. 1 is idle, and tube no. 2 
furnishes current. Each tube operates on 
one-half cycle of the input voltage, so that 
the complete input wave is reproduced in 
the plate circuit. Since the plate current is 
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at a very low value when nu , Ignal L. at, 
Aied, the plate efficiency is considerably 
higher than in a Class-A amplifier. 
There is a much higher steady value of 

plate current flow in a Class-A amplifier, 
regardless of whether or not a signal is 
present. The average plate dissipation or 
plate loss is therefore much greater than in 
a Class-B amplifier if the same power out-
put capability. 
For the reason that the plate current rises 

from a low to a very high peak value on 
input swings in a Class-B audio amplifier, 
the demands upon the power supply are quite 
severe; a power supply for Class-B amplifier 

(:.t-vice must have good regulation. A high 
capacity output condenser must be used in 
the filter circuit to give sufficient storage to 
supply power for the high peaks, and a 
choke-input filter stem is required for good 
regulation. 

• Radio-Frequency 
Amplifier 

Class-B radio- frequency amplifiers are 
used primarily as linear amplifiers whose 
function is to increase the output from a 
modulated Class-C stage. The bias is ad-
justed to the cut-off value. In a single-
ended stage, the r.f. plate current flows on 
alternate half cycles. The power output in 
Class-B r.f. amplifiers is proportional to the 
square of the grid excitation voltage. The 
grid voltage excitation is doubled in a 
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Ea 

Iìear ampliner at 100% tnodulation, the 
grid excitation voltage being supplied by 
the modulated stage, and hence the power 
output on modulation peaks in a linear stage 
i, increased four times in value. In spite 
.)f the fact that power is supplied to the tank 
circuit only on alternate half cycles, the "fly-
wheel" effect of the tuned tank circuit sup-
plies the missing half cycle, and the com-
plete wave form is therefore reproduced in 
the output to the antenna. 

• Class-C R. F. Ampliher 

The Class-C amplifier differs from others 
in that the bias voltage is increased to a 
point well beyond cut-off. When a tube is 
biased to cut-off as in a Class-B amplifier, 
it draws plate current for a half cycle, or 
180`. As this point of operation is carried 
heyond cut-off, i.e., when the grid bias be-
comes more negative, the angle of plate 
current flow decreases. Under normal con-
ditions the optimum value for Class-C am-
plifier operation is approximately 120°. The 
plate current is at zero value during the first 
30° because the grid voltage is still approach-
ing cut-off. From 30° to 90° the grid volt-
age has advanced beyond cut-off and swings 
to a maximum in a. region which allows 
plate current to flow. From 90° to 150° the 
grid voltage returns to cut-off, and the plate 
current decreases to zero. From 150° to 
1S0° no plate current flows, since the grid 
voltage is then beyond cut-off. 
The plate current in a Class-C amplifier 

flows in pulses of high amplitude, but of 
short duration. Efficiencies up to 75% are 
realized under these conditions. It is pos-
sible to convert nearly all of the plate input 
power into r.f. output power (approximately 
90% efficiency) by increasing the excitation, 
plate voltage and bias to extreme values. 
The r.f. plate current is proportional to 

the plate voltage, hence the power output 
is proportional to the square of the plate 
voltage. Class-C amplifiers are invariably 
used for plate modulation because of their 
high efficiency, and because they reflect a 
pure resistance load into the modulator. The 
plate voltage of the Class-C stage is doubled 
on the peaks at 100% modulation, and the 
power output at this point is consequently 
increased four times. 

• Oscillation 

The ability of an amplifier tube to con-
trol power enables it to function as an oscil-
lator in a suitable circuit. When part of 
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the amplified output is coupled back into 
the input circuit, sustained oscillations will 
be generated, provided the input voltage to 
the grid is of the proper magnitude and 
phase with respect to the plate. 
The voltage that is fed back and applied 

to the grid must be 180° out of phase with 
the voltage across the load impedance in 
the plate circuit. The voltage swings are 
of a frequency depending upon circuit con-
stants. 
When a parallel resonant circuit consist-

ing of an inductance and a capacitance is 
inserted in series with the plate circuit of 
an amplifier tube and a connection is made 
so that part of the potential drop is im-
pressed on the grid of the same tube 180° 
out of phase, amplification of the potential 
across the L/C circuit will result. The po-
tential would increase to an unrestricted 
value were it not for the limited plate volt-
age and the limited range of linearity of the 
tube characteristic, which causes a reversal 
of the process after a certain point is 
reached. The rate of reversal is determined 
by the time constant or resonant frequency 
of the tank circuit. 

The frequency range of an oscillator can 
be made very great; thus by varying the 
circuit constants, oscillations from a few 
cycles per second up to many millions can 
be generated. A number of different types 
of oscillators are treated in detail elsewhere 
in this Handbook. 

EG 

• Harmonic Distortion 

It can be said that distortion exists when 
the output wave shape of an amplifier departs 
from the shape of the input voltage wave. 
The flywheel effect in an r.f. amplifier tends 
literally to iron out the irregularities in the 
plate circuit wave, but unless the ratio of 
capacitance is high as compared to the value 
of inductance the foregoing does not hold 
entirely true. Distortion is present in the 
form of harmonics, i.e., voltages existing 
simultaneously with the fundamental at fre-
quencies 2, 3, 4, 5, etc. times this fundamental 
frequency. The lower order of harmonics, 
namely those whose frequencies are twice 
and three times that of the fundamental fre-
quency, are generally the strongest. The 
presence of strong harmonics in an audio 
frequency amplifier gives rise to speech or 
music distortion, plainly apparent to the 
human ear. The average ear can tolerate a 
certain amount of distortion, and audio am-
plifiers are therefore rated in percentage of 
harmonic content. The value of 5% is gen-
erally accepted as being the maximum per-
missible total harmonic distortion from an 
average audio amplifier. 
The effect of harmonics in a c.w. telegraph 

transmitter is objectionable, for the reason 
that frequencies in addition to those for the 
desired transmission may be radiated if 
means are not taken to suppress them or 
keep them from reaching the antenna. This 
is thoroughly covered in later chapters. 
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• Detection 

— Detection is the process by which the au-
dio component is separated from the modu-
lated radio-frequency signal carrier at the 
receiver. Detection always involves either 
rectification or non-linear amplification of 
an alternating current. 
Two general types of amplifying detectors 

are used in radio circuits: 
--(1) Plate Detector. The plate detector. 
or bias detector, sometimes improperly called 
a power detector, amplifies the radio-fre-
quency wave and then rectifies it and passes 
the resultant audio signal component to the 
succeeding audio amplifier. The detector op-
erates on the lower bend in the plate current 
characteristic, because it is biased close to 
the cut-off point . . . and could therefore be 
called a 3inglc -ended Class-B amplifier. The 
plate current is quite low in the absence of 
a signal and the audio component is evi-
denced by an increase in the average unmod-
ulated plate current. See figure 7. 

(2) Grid Detector. The grid detector 
differs from the plate detector in that it 
rectifies in the grid circuit and then amplifies 
the resultant audio signal. The only source 
of grid bias is the grid-leak, so that the 
plate current is maximum when no signal is 
present. This form of detector operates on 
the upper, or saturated bend of its character-
istic curve, at a high plate voltage, and the 
demodulated signal appears as an audio fre-
quency decrease in the average plate cur-
rent. However, at low plate voltage most 
of the rectification takes place as the result 
of the curvature in the grid characteristic. 
By proper choice of grid-leak and plate volt-
age, distortion can be held to a reasonably 
small value. In extreme cases the distortion 
can reach a very high value, particularly 
when the carrier signal is modulated to a 
high percentage. In such cases the distor-

100% 
tion can reach  , or 25%. 

4 

The grid detector will absorb some power 
from the preceding stage because it draws 
grid current. It is significant to relate that 
the higher gain through the grid detector 
does not necessarily indicate that it is more 
sensitive. Detector sensitivity is a matter of 
rectification efficiency and amplification, not 
amplification alone. Grid-leak detectors are 
often used in regenerative detector circuits 
because smoother control of regeneration is 
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possible than in other forms of plate and 
bias detectors. 

• Tetrodes 

When still another grid is added to a 
vacuum tube between the control grid and 
plate, the tube is then called a tetrode, mean-
ing that it has four elements. Such tubes 
are more familiarly known as screen-grid 
tubes, since the additional element is called 
a screen. The interposition of this screen 
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between grid and plate serves as an electro-
static shield between these two elements, 
with the consequence that the grid-to-plate 
capacitance is reduced. This effect is accom-
plished by establishing the screen at r.f. 
ground potential by by-passing it to ground 
with a fairly-large condenser. The grid-
plate capacitance is then so small that the 
amount of feedback voltage from plate to 
grid is normally insufficient to start oscilla-
tion. The advent of the screen-grid tube 
eliminated the necessity for "lossers" and 
neutralization previously required to pre-
vent a triode r.f. amplifier stage from oscil-
lating. 

In addition to the shielding effect. the 
screen-grid serves another very useful pur-
pose. Since the screen is maintained at a 
positive potential it serves to increase or ac-
celerate the flow of electrons to the plate. 
There being large openings in the screen 
mesh, most of the electrons pass through it 
and on to the plate. Due also to the screen, 
the plate current is largely independent of 
plate voltage, thus making for high am-
plification. When the screen is held at a con-
stant value it is possible to make radical 
changes in plate voltage without appreciably 
affecting the plate current. 

• Secondary Emission; 
Pentodes 

I f the electrons from the cathode travel 
with sufficient velocity they may dislodge 
electrons from the plate when they strike 
the latter. This effect of bombarding the 
plate with high-velocity electrons, with the 
consequent dislodgement of other electrons 
from the plate, is known as secondary emis-
sion. This effect can cause no particular 
difficulty in a triode tube because the sec-
ondary electrons so emitted are eventually 
attracted back to the plate. In the screen-
grid tube, however, the screen is close to 
the plate and is maintained at a positive po-
tential. Thus the screen will attract these 
electrons that have been knocked from the 
plate, particularly when the plate voltage 
falls to a lower value than the screen voltage, 
with the result that the plate current is 
lowered and the amplification is decreased. 

This effect is eliminated when still another 
element is added between the screen and 
plate. This additional element is called a 
suppressor, and tubes in which it is used 
are called pentodes. The suppressor grid 
is sometimes connected to cathode within the 
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tube, sometimes it is brought out to a con-
necting pin on the tube base, but in any 
case it is established negative with respect 
to the minimum plate voltage. The second-
ary electrons that would travel to the screen, 
if there were no suppressor, are diverted back 
to the plate. The plate current is therefore 
not reduced and the amplification possibil-
ities are increased. 
Pentodes for audio applications are de-

signed so that the suppressor increases the 
limits to which the plate voltage may swing; 
the consequent power output and gain can 
therefore be very great. Pentodes for radio-
frequency service function in such a manner 
that the suppressor allows high voltage gain. 
at the same time permitting fairly-high gain 
at low plate voltage. This holds true even 
if the plate voltage is the same or slightly 
lower than the screen voltage. 

• Beam Power Tubes* 

A beam power tube makes use of a new 
method for suppressing secondary emission. 
In this tube there are four electrodes: a 
cathode, a grid, a screen, and a plate, so 
spaced and placed that secondary emission 
from the plate is suppressed without actual 
power. Because of the manner in which 
the electrodes are spaced, the electrons which 
travel to the plate are slowed down when 
the plate voltage is low, almost to zero ve-

Figure 8 Internal Structure of Beam Power Tube 

Iiicity in a certain region between screen 
and plate. For this reason the electrons 
form a stationary "cloud," a space charge. 
The effect of this space charge is to repel 
secondary electrons emitted from the plate 

*Explanation and illustration courtesy RCA 
Radi troll Co., Inc. 
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and thus cause them to return to the plate. 
In this way secondary emission is suppressed. 
Another feature of the beam power tube 

is the low current drawn by the screen. The 
screen and the grid are spiral wires wound 
so that each turn in the screen is shaded 
from the cathode by a grid turn. This 
alignment of the screen and the grid causes 
the electrons to travel in "sheets" between 
the turns of the screen, so that very few of 
them flow to the screen. Because of the 
effective suppressor action provided by the 
space charge, and because of the low cur-
rent drawn by the screen, the beam power 
tube has the advantages of high power out-
put, high power sensitivity and high effi-
ciency. The 6L6 is such a beam power tube. 

• Pentagrid Converters 

A pentagrid converter is a multiple-grid 
tube so designed that the functions of super-
heterodyne oscillator and mixer are com-
bined in one tube. One of the principal ad-
vantages of this type of tube in superhetero-
dyne circuits is that the coupling between 
oscillator and mixer is automatically done; 
the oscillator elements effectively modulate 
the electron stream and in so doing the con-
version conductance is high. The principal 
disadvantage of these tubes lies in the fact 
that they are not particularly suited for op-
eration at frequencies much above 20 Mc., 
because of difficulties encountered in the os-
cillator section. 

• Conversion 
Conductance 

Conversion conductance is a term applied 
to mixer circuits in superheterodyne re-
ceivers and may be considered as a factor of 
merit for such stages. 

• Special Tube Types: 
Twin Triodes; 
Frequency Converters 

Sonic of the commonly-known vacuum 
tubes are in reality two tubes in one, i.e., in 
a single glass or metal envelope. Twin 
triodes, such as the types 53, 6A6 and 017. 
are typical examples. A feature of the twill 
triode tube is its common cathode. 
Of a different nature is the 6H6 twin diode 

tube; the cathode is a separate element in 
this tube, thus making it a true dual-tube 
in one envelope. Other types combine the 
functions of double diode and triode in a 
common envelope, as well as a similar com-
bination with a pentode section instead of a 
triode. Still other types offer a triode and 
a pentode in a common envelope. 

Notable among the special purpose multi-
ple grid tubes is the 6L7, used principally as 
a frequency converter or mixer in super-
heterodyne circuits. This tube has five 
grids: control grid, screens, suppressor, and 
a special injection grid for oscillator input. 
Oscillator coupling to control grid and 
screen grid circuits of ordinary pentodes is 
effective as far as mixing is concerned, but 
has the disadvantage of considerable inter-
action between oscillator and mixer. Oscil-
lator injection into the suppressor grid of 
an ordinary pentode also is not particularly 
successful. 
The e7 has a special injection grid so 

placed that it has reasonable effect on the 
electron stream without the disadvantage 
of interaction between the screen and con-
trol-grid. The principal disadvantage is 
that it requires fairly high oscillator input in 
order to realize its high conversion con-
ductance. It may also he used as an r.f. 
pentode amplifier. 
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Chapter 3 

DECIBELS AND LOGARITHMS 
• Technique and 

Practical Application 

The decibel unit as used in radio engineer-
ing and virtually universal in all power and 
energy measurements is actually a unit of 
amplification expressed as a common loga-
rithm of a power or energy ratio. One 
decibel is 1/10th of a bel. One bel or 10 
decibels indicates an amplification by 10, 
the common logarithm of 10 being 1. Simi-
larly, 2 bels or 20 db means amplification 
by 100; 30 db. means amplification by 1,000, 
and so on. The power ratio for one deci-
bel is expressed as 

Pl 
— = 10'1 (1) 
P2 

where Pi is the power input; P2, the power 
output. The number of decibels represents 
a power gain or loss, depending upon 
whether the relation Pi/P2 is greater or less 
than 1. 

Expressions for various power ratios are 
now commonly employed in communication 
engineering at audio and at radio frequen-
cies. To express a ratio between any two 
amounts of power, it is convenient to use a 
logarithmic scale. A table of logarithms 
facilitates making conversions in positive or 
negative directions between the number of 
decibels and the corresponding power, volt-
age and current ratios. 

• The Logarithmic Table 

A table of logarithms is here presented. 
This table does not differ essentially from 
any other similar table except that here no 
proportional parts are given and the figures 
are stated to only three decimal places; this 
arrangement has been found to be satisfac-
tory for all practical radio purposes. A 
complete exposition on logarithms is with-
out the scope of this Handbook; however, 
the very essentials together with the prac-
tical use of the tables and their application 
to decibels is given herewith. Thus, a per-
son need not be concerned with the study of 
logarithms other than their direct employ-
ment to decibels. 
The logarithm of a number usually con-

sists of two parts: a whole number called 
the characteristic, and a decimal called the 
mantissa. The characteristic is the integral 
portion to the left of the decimal point ( see 
examples below), and the mantissa is the 
value placed to the right. The mantissa is 
all that appears in the table of logarithms. 

In the logarithm the mantissa is indepen-
dent of the position of the decimal point, 
while the characteristic is dependent only 
on the position of the number with the rela-
tion to the decimal point. Thus, in the fol-
lowing examples: 

Number Logarithm 
(a) 4021. = 3.604 
(b) 402.1 = 2.604 
(c) 40.21 = 1.604 
(d) 4.021 = 0.604 
(e) .4021 = —1.604 
(f) .04021 = —2.604 

It will be seen that the characteristic is 
equal, algebraically, to the number of places 
minus one, which is the first significant fig-
ure to the left of the decimal point. 
In (a) the characteristic is 3; in ( b) 2: 

in (d) 0; in (e) —1; and in (f) —2. The 
following should be remembered: ( 1) that 
for a number greater than 1, the character-
istic is one less than the number of signifi-
cant figures in the number; and (2), that 
for a number wholly a decimal, the charac-
teristic is negative and is numerically one 
greater than the number of ciphers imme-
diately following the decimal point. Notice 
(e) and ( f) in the above examples. 

• Finding a Logarithm 

To find a common logarithm of any num-
ber simply proceed as directed herewith: 
Suppose the number to be 5576. First, de-
termine the characteristic. An inspection 
will show that this number will be three. 
This figure is placed to the left of a decimal 
point. The mantissa is now found by re-
ferring to the logarithm table. Proceed se-
lecting the first two numbers which are 55, 
then glance down the N column until com-
ing to these figures. Advance to the right 
until coming in line with the column headed 
7; the number will be 746. ( Note that the 
column headed 7 corresponds to the third 
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figure in the number 5576). Place the man-
tissa 746 to the right of the decimal point 
making the number now read 3.746. This 
is the logarithm of 5576. Important: do not 
consider the last figure, 6, in the number 
5576 when looking for the mantissa; in fact, 
disregard all digits beyond the first three 
when determining the mantissa; however, be 
doubly sure to include all figures when as-
certaining the magnitude of the character-
istic. 

Practical applications of logarithms to 
decibels will follow. Other methods of 
using logarithms will be discussed as the 
subject develops. 

• emu' Lewis 

In the design of radio devices and ampli-
fying equipment the standard power level of 
six milhvvatts (.006w) is the arbitrary ref-
erence level of zero -decibels. All power 
levels above the reference level are desig-
nated as "plus" quantities, and below as 
"minus." The figure is always prefixed by 
a plus (-E) or minus (--) sign indicating 
the direction in which the quantity is to be 
read. 

• Power to Decibels 

TIle power output ( watts) of any ampli-
fier may be easily converted into decibels 
by the following formula, assuming that the 
input and output impedances are equal: 

Pi 
Ndb== 10 Log,. — (2) 

where NM, is the desired power level in 
decibels; P,, the output of the amplifier; 
and P,, the reference level of 6 milliwatts. 
The subnurnerat 10, affixed to the logarithm 
indicates that the log is to be extracted 
from a log table using 10 as the base. 

Substituting values for the letters shown 
in the above formula, take the following 
illustration: 
An amplifier using a 2A5 tube is said to 

deliver an undistorted output of three watts. 
Flow much is this in decibels? 

Solution by formula ( 2) 
Pi 3 
— = — = 500 

1), .006 
and. Log 500 == 2.69 

therefore 10 X 2.69 == 26.9 DECIBELS. 
By placing other values for those shown 

in the solution any output power may be 
converted into decibels provided that the 
decibel equivalent is above the zero refer-
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Three Place Logarithms 
N 0 1 2 3 4 5 6 7 8 9 
00 000 000 000 000 000 000 000 000 000 000 
10 000 004 008 012 017 021 025 029 033 037 
11 041 045 049 053 056 060 064 068 071 075 
12 079 082 086 089 093 096 100 103 107 110 
13 113 117 120 123 127 130 133 136 139 143 
14 146 149 152 155 158 161 164 167 170 173 
15 176 179 181 184 187 190 193 195 198 201 
16 204 206 209 212 214 217 220 222 225 227 
17 230 233 235 238 240 243 245 248 250 252 
18 255 257 260 262 264 267 269 271 274 276 
19 278 281 283 285 287 290 292 294 296 298 
20 301 303 305 307 309 311 313 316 318 320 
21 322 324 326 328 330 332 334 336 338 340 
22 342 344 346 348 350 352 354 356 358 359 
23 361 363 365 367 368 371 372 374 376 378 
24 380 382 383 385 387 389 390 392 394 396 
25 397 399 401 403 404 406 408 409 411 413 
26 415 416 418 420 421 423 424 426 428 429 
27 431 433 434 436 437 439 440 442 444 445 
28 447 448 450 451 453 454 456 457 459 460 
29 462 463 465 466 468 469 471 472 474 475 
30 477 478 480 481 482 484 485 487 488 490 
31 491 492 494 495 496 498 499 501 502 503 
32 505 506 507 509 510 511 513 514 515 517 
33 518 519 521 522 523 525 526 527 528 530 
34 531 532 534 535 536 537 539 540 541 542 
35 544 545 546 547 549 550 551 552 553 555 
36 556 557 558 559 561 562 563 564 565 567 
37 568 569 570 571 572 574 575 576 577 578 
38 579 580 582 583 584 585 586 587 588 599 
39 591 592 593 594 595 596 597 598 599 601 
40 602 603 604 605 606 607 606 609 610 611 
41 612 613 614 616 617 616 619 620 621 622 
42 623 624 625 626 627 628 629 630 631 632 
43 633 634 635 636 637 638 639 640 641 642 
44 643 644 645 646 647 648 649 650 651 652 

45 653 654 655 656 657 658 659 659 660 661 
46 662 663 664 665 666 667 668 669 670 671 
47 672 673 673 674 675 676 677 678 679 680 
48 681 682 683 683 684 685 686 687 688 689 
49 690 691 692 692 693 694 695 696 697 698 
50 699 699 700 701 702 703 704 705 705 706 
51 707 708 709 710 711 712 713 713 715 715 
52 716 716 717 718 719 720 721 722 722 723 
53 724 725 725 726 727 728 729 730 730 731 
54 732 733 734 734 735 736 737 738 738 739 
N 0 1 2 3 4 5 6 7 8 9 

ence level or die power is not less than 6 
millivvatts. 

'Co solve alntost all problems to which the 
solution will be given in minus decibels, a 
simple understanding of algebraic adding is 
required. To add algebraically, it is neces-
sary to observe the plus and minus signs 
of expressions. ( Do not confuse these signs 
with decibels.) In the succeeding illustra-
tions notice that the result was caused some-
times by addition and at other times by sub-
traction. 
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Three Place Logarithms 
N 0 1 2 3 4 5 6 7 8 9 
55 740 741 741 742 743 744 745 746 747 747 
56 748 749 749 750 751 752 752 753 754 755 
57 755 756 757 758 758 759 760 761 761 762 
58 763 764 764 765 766 767 767 768 769 770 
59 770 771 772 773 773 774 775 776 776 777 
60 778 778 779 780 781 781 782 783 783 784 
61 785 786 786 787 788 788 789 790 791 791 
62 792 793 793 794 795 795 796 797 798 798 
63 799 800 800 801 802 802 803 804 804 805 
64 806 806 807 808 809 810 810 811 811 812 
65 813 813 814 814 815 816 816 817 818 818 
66 819 820 820 821 822 822 823 824 824 825 
67 826 82ú 827 828 828 829 829 830 831 831 
68 832 833 833 834 835 835 836 837 837 838 
69 838 839 840 840 841 842 842 843 843 844 
70 845 845 846 847 848 848 849 849 850 850 
71 851 851 852 853 853 854 854 855 856 856 

72 857 857 858 859 859 860 860 861 861 862 
73 863 863 864 865 865 866 866 867 868 868 
74 869 869 870 871 871 872 872 873 873 874 
75 875 875 876 876 877 877 878 879 879 880 
76 880 881 882 882 883 883 884 884 885 885 
77 886 887 887 888 888 889 889 890 891 891 
78 892 892 893 893 894 894 895 896 896 897 
79 897 898 898 899 899 900 900 901 902 902 
80 903 903 904 904 905 905 906 906 907 907 
81 908 909 909 910 910 911 911 912 912 913 
82 913 914 914 915 915 916 917 917 918 918 
83 919 919 920 920 921 921 922 922 923 923 
84 924 924 925 925 926 926 927 927 928 928 
85 929 929 930 930 931 932 932 933 933 934 
86 934 935 935 936 936 937 937 938 938 939 
87 939 940 940 941 941 942 942 943 943 944 
88 944 945 945 946 946 946 947 947 948 948 
89 949 949 950 950 951 951 952 952 953 953 
90 954 954 955 955 956 956 957 957 958 958 
91 959 959 960 960 960 961 961 962 962 963 
92 963 964 964 965 965 966 966 967 967 968 
93 968 968 969 969 970 970 971 971 972 972 
94 973 973 974 974 975 975 975 976 976 977 
95 977 978 978 979 979 980 980 980 981 981 
96 982 982 983 983 984 984 985 985 985 986 
97 986 978 987 988 988 989 989 989 990 990 
98 991 991 992 992 993 993 993 994 994 995 
99 995 996 996 996 997 997 998 998 999 999 
00 000 004 008 012 017 021 025 029 033 037 
N 0 1 2 3 4 5 6 7 8 9 

at (e) (d) 
--4 --4 +4 

- -4 —2 +2 +2 
- 

— 9 —6 —2 +6 
The terms used in ( c) are those that apply 

to decibel calculations. 
\\*hen a solution to a problem involving 

logarithms will be in minus decibels, note 
particularly that the characteristic of the 

logarithm will be prefixed by a minus sign 
(—). This sign only affects the character-

Istic: the mantissa remains positive. The 

mantissa always remains positive, regard-
less of whether the solution of the problem 

brings the sign of the characteristic as nega-
tive or positive. A prefix — 1 to a logarithm 
means that the first figure of the number 
which it represents will be the first place 
to the right of the decimal: --2 will occupy 

the second place to the right, while a cipher 

fills the first place; —3, the third place with 
two ciphers filling the first and second 
places, and so on. 
To multiply a minus characteristic and a 

positive mantissa by 10, each part must be 
considered separately, multiplied by 10, and 
then the products added algebraically; thus, 
in the following illustration: 
An amplifier using a 199 tube has an out-

put of 5 milliwatts. How much is this in 
decibels? 

Solution by formula (2) : 
P, .005 

 =.83 

P, .006 

Log .83 = —1.9 (actually — 1.920) 
Therefore 10 X — 1.9 = —1 DECIBEL 

(10 )< —1 = —JO; and 10 X .9 = +9, hence. 
adding the products algebraically := 
By substituting the other values for those 

in the above solution, any output power 
briozo 6 milliwatts or the zero reference 
level may be converted into decibels. 

• Determining Db 
Gain or Loss 

In using amplifiers it is a prime requisite 

to be able to indicate gain or loss in decibels. 
To determine the gain or loss in db employ 
the following formula: 

Po 
(gain) Na,, = 10 Log— (3) 

Pi 
Pi 

(loss) Nab =. 10 Log— (4) 

where Net, is the number of db gained or 
lost; P,, the input power, and Po, the out-

put power. 
Applying, for example, formula ( 3) : Sup-

pose that an intermediate amplifier is being 
driven by an input power of 0.2 watts, and 
after amplification, the output is found to be 
6 watts. 

P. 6 
—= — = 30 

13, .2 
Log 30 = 1.48 

Therefore 10 X 1.48 = 14.8 DB POWE!: 
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• Amplifier Ratings 

The technical specifications 01rating on 
power amplifiers must contain the following 
information: the overall gain in decibels; 
the power output in watts; the value of the 
input and output impedances; the input sig-
nal level in db; the input signal voltage; and 
the power output level in decibels. 

If the specifications on an amplifier in-
clude only the input and output signal levels 
in db, it then is necessary to calculate how 
much these values represent in power. The 
methods employed to determine power levels 
are not similar to those used in previous 
calculations. Caution should, therefore, be 
taken in reading the following explanations, 
with particular care and attention being paid 
to the minor arithmetical operations. 

• The Anti-logarithm 

To determine a power level from some 
given decibel value, it is necessary to invert 
the logarithmic process formerly employed 
in converting power to decibels. Here, in-
stead of looking for the log of a number, it 
is now necessary to find the anti-logarithni 
or number corresponding to a given loga-
rithm. 

In deriving a number corresponding to a 
logarithm it is important that these simple 
rules be committed to memory: (1) that the 
figures that form the original number from 
a corresponding logarithm depend entirely 
upon the mantissa or decimal part of the 
log; ( 2), that the characteristic serves only 
to indicate where to place the decimal point 
of the original number; and (3), that if the 
original number was a whole number the 
decimal point would be placed to the extreme 
r ight. 
The procedure of finding the number cor-

responding to a logarithm is explained as 
follows: Suppose the logarithm to be 3.574. 
First, search in the table under any column 
from 0 to 9 for the numbers of the mantissa 
574. If the exact number cannot be found, 
look for the next lowest figure, which is 
nearest to, but less than, the given mantissa. 
After the mantissa has been located, simply 
glance immediately to the left to the N col-
umn and there will be read the number, 37. 

This number comprises the first two figures 
of the number corresponding to the antilog. 
The third figure of the number will appear 
at the head of the column in which the man-
tissa was found. In this instance the num-
ber heading the column will be 5. If the 
figures have been arranged as they have 

HAt1 DBOOK 

been found, the number will now be 375. 

Now since the characteristic is 3, there 
must be four figures to the left of the deci-
mal point; therefore, by annexing a cipher 
the number becomes 3750; this is the num-
ber that corresponds to the logarithm 3.574. 
If the characteristic were 2 instead of 3, 

the number would be 375. If the logarithm 
were — 3.574 or — 1.374, the antilogs or cor-
responding numbers would be .00375 and .375 
respectively. After a little experience a per-
son can obtain the number corresponding to 
a logarithm in a very few seconds. 

• Converting Decibels 
to Power 

It is always convenient to be able to con-
vert a decibel value to a power equivalent in 
order to determine the ratio difference. The 
formula used for converting decibels into 
watts is similar in many respects to equa-
tion ( 2), the only difference being that the 
factor P, corresponding to the power level 
is not known. Usually the formula for con-
verting decibels into p',wer is written as: 

Ndb = 10 Log  (5) 

.006 

In practice it has been found that it is too 
difficult to derive the solution to the above 
equation because of the expression being 
written in the reverse. However, by re-ar-
ranging the various factors, the expression 
can be simplified to permit easy visualization. 
thus : 

Nd, 
P = .006 X antilog — ( 6) 

10 
where P is the desired power level; .006, 
the reference level in milliwatts; Ndb, the 
decibels to be converted; and 10, the divisor. 
To determine the power level, P, from a 

decibel equivalent, simply divide the decibel 
value by 10, then take the number compris-
ing the antilog and multiply it by .006, the 
product gives the power level of the decibel 
value. 
NOTE: In all problems dealing with the 

conversion of minus decibels to power, it 
often happens that the decibel value —Nab. 
is not always equally divisible by 10. When 
this is the case, the numerator in the factor 
—Nab/10 must be made evenly divisible by 
the denominator in order to derive the proper 
power ratio. Note that the value —Nab is 
negative; hence, when dividing by 10, the 
negative signs must be observed and the 
quotient labeled accordingly. 
To make the numerator in the value —Ndb 
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equally divisible by 10, proceed as follows: 
Assume —Nd,, to be the logarithm —38 with 
a zero mantissa; hence, in order to make 
—38 divisible by 10 simply annex as many 
units as is necessary from the zero man-
tissa and add them to the —38 until the fig-
ure can be equally divided. An examina-
tion will show it was only necessary to add 
two units to bring —38 up to —40. Care-
fully note that every unit borrowed from the 
zero mantissa must be returned to it as a 
positive quantity multiplied by 10. Thus, 
the two units borrowed to bring —38 up 
to —40 is returned as 20, making what was 
a zero mantissa now have a value of 20. 
The numerator —Nab, now becomes —40.20; 
this figure can now be equally divided by 10. 
While the above discussion applies strictly 

to negative values, the following examples 
will clearly show the technique to be fol-
lowed for almost all practical problems. 

(a) The output level of a popular velocity 
ribbon microphone is rated at —74 db. What 
is the equivalent in milliwatts? 

Solution by equation ( 6) 
—74 

10 10 
Routine: 

(not equally divisible by 10) 

—74 mantissa 
+6 60 (6 X 10) 

—80 60 
—N45 —80.60 

 = —8.6 
10 10 

Antilog —8.6 = .00000004 
.006 X 00000004 = .000000000240 or 

240 Micromicrowatts 

(b) This example differs somewhat from 
that of the foregoing one in that the man-
tissas are added differently. A low powered 
amplifier has an input signal level of —17.3 
db. How many milliwatts does this value 
represent? 

Solution by equation ( 6) 
—17.3 

—Nd. = = —2.33 
10 

—17 . 3 
+ 3 . 30 

—20 . 33 

(The mantissas were added as 30 plus 3, 
and not .3 plus .30.) 

Antilog —2.33 = .0214 
.006 X .0214 = .000128 or 

.128 Milliwatts. 

• Voltage Amplifiers 

\\ 1,Ln plans are being drafted contemplat-
ing the design of power amplifiers, it is es-
sential that the following data be determined: 
First, the input and output signal levels to 
be used; second, the size of the power tubes 
that would adequately deliver sufficient un-
distorted output, and third, the input signal 
voltage that must be applied to the amplifier 
to deliver the desired output. This last re-
quirement is the most important in the de-
sign of voltage amplifiers. 
The voltage step-up in a transformer-

coupled amplifier depends chiefly upon the 
g of the tubes and the turns ratio of the 
inter-stage coupling transformers. The step-
up value in any amplifier is calculated by 
multiplying the step-up factor of each volt-
age amplifying or step-up device. Thus, for 
example, if an amplifier were designed hav-
ing an output transformer with a ratio of 
3:1 coupled to a tube having a g of 7, the 
voltage step-up would be approximately 3 
times 7, or 21. It is seldom that the total 
product will be exactly the figure derived 
because it is not quite possible to realize 
amplification equal to the full g of the tube. 
From the voltage gain in an amplifier it 

is possible to calculate the input and output 
signal levels and at the same time be able 
to determine at what level the input signal 
must be in order to obtain the desired out-
put. By converting voltage ratios into deci-
bels, power levels can be determined. Hence, 
to find the gain in db when the input and 
output voltages are known, the following 
expression is used: 

El 
(gain) N41, = 20 Log — 

where E,, is the output voltage; and the 
input voltage. 
Employing the above equation in a prac-

tical problem, note that the logarithm is 
multiplied by 20 instead of by 10 as in pre-
vious examples. For instance: 
A certain one-stage amplifier consists of 

the following parts: 1 input transformer, 
ratio 2:1, and 1 output tube having a g of 
95. Determine the gain in decibels with an 
input voltage of 1 volt. 

Solution by equation ( 7) 

2 X 95 = 190 voltage gain 
E, 190 

therefore, — = — = 190 
E., 1 

Log 190 = 2.278 
20 X 2.278 = 45.56 DECIBELS GAIN 

(7) 
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Phonographic pickup. 
Carbon microphones  
Piezo-electric micro - 
phones   

Dynamic microphones 
Condenser micro-
phones   

Velocity microphones  

In general, the lower the output signal 
level, the higher will be the acoustic fidelity 
over the entire audio spectrum. 

The output levels of microphones and 
phonograph pickups have the same power 
values ascribed to them as those derived 
from calculating power output levels of am-
plifiers. Therefore, the same equations em-
ployed in connection with power ratios are 
similarly applied when converting output 
signal levels to power levels. 

• Computing 
Specifications 

Fionn the preceding explanations the fol-
lowing data can be computed with a very 
high degree of accuracy: 

To reverse the above and convert decibels 
to voltage ratios, use the following expres-
sion: 

Nab 

E (gain) = antilog— (8) 
20 

where E is the voltage gain ( power ratio) ; 
Ndl». the decibels, and 20, the divisor. 
To find the gain, simply divide the decibels 

by 20, then extract the antilog from the 
quotient: the result gives the voltage ratio. 

• Input Voltages 

In designing power amplifiers, it is para-
mount to have exact knowledge of the mag-
nitude of the input signal voltage necessary 
to drive the output power tubes to maximum 
undistorted output. 

To determine the input voltage, take the 
peak voltage necessary to drive the grid of 
the last class A amplifier tube to maximum 
output and divide this figure by the total 
overall gain preceding this stage. 

• Microphone Levels 

Practically all acoustic-electric apparatus 
used to energize amplifiers have output 
levels rated in decibels. The output signal 
levels of these devices vary considerably, as 
may be noted from the table below: 

Aver-
Decibels age 
0 to — 30 —15 

— 30 to —60 —45 

—55 to —80 —60 

—75 to —95 —85 

— SO to —100 —90 

—70 to —110 —87, 

(1) 
(2) 
(3) 
(4) 

(5) 
(6) 

Voltage amplification 
Overall gain in db 
Output signal level in db 
Input signal level in db 
Input signal level in watts 
Input signal voltage 

• Push-Pull Amplifiers 

To double the output of any cascade am-
plifier, it is only necessary to connect in 
push-pull the last amplifying stage and re-
place the interstage and output transformers 
with push-pull types. 

To determine the voltage gain (% ultage 
ratio) of a push-pull amplifier, take the 
ratio of one half of the secondary winding 
of the push-pull transformer and multiply it 
by the µ of one of the output tubes in the 
push-pull stage; the product, when doubled, 
will be the voltage amplification or step-up. 

Acoustically, that is. from the loudspeaker 
standpoint, it takes approximately one db 
before any change in the volume of sound is 
noted. This is because the intensity of sound 
as heard by the ear varies logarithmically 
with the acoustic power. For practical pur-
poses it is only necessary to remember that 
if two sounds differ in physical intensity by 
less than one db they sound alike. If they 
are much more than one decibel apart, one 
sounds slightly louder than the other. 

• Pre-Amplifiers 

Pre-amplifiers arc employed to raise low 
input signal levels up to some required input 
level of another intermediate or succeeding 
amplifier. For example: If an amplifier was 
designed to operate at an input level of 
— 30 db and instead a considerably lower 
input level were used, a pre-amplifier would 
then have to be designed to bring the low 
input signal up to the rated input signal level 
of —30 db to obtain the full undistorted out-
put from the power tubes in the main am-
plifier. The amount of gain necessary to. 
raise a low input signal level up to another 
level may be determined by the following 
equation: 

Ndbl NM». 
E ( gain) = antilog  (9) 

20 

where E is the voltage step-up or gain; 
Ndlel, the input signal level of the pre-ampli-
fier or the new input signal level; Ndb2, the 
input signal level to the intermediate am-
plifier; and 20, the divisor. 



Chapter 1 

LEARNING THE CODE 

THE FOLLOWING is addressed more 
I or less personally to those who contem-
plate taking up amateur radio as a hobby. 
To secure an amateur license from the Fed-
eral Communications Commission, it is nec-
essary that the applicant submit to an ex-
amination, the first part of which is a code 
transmitting and receiving test. The Conti-
nental Code is used for radio communication; 
it consists of combinations of dots and 
dashes. It differs from the American Morse 
Code in that the latter includes the use of 
"spaces" in addition to the dots and dashes 
in the formation of certain letters. Thus, for 
instance, the letter "r" in the Morse Code is: 
dot-space-dot-dot. In the Continental Code 
the same letter is made as follows: dot-dash-
dot. The Morse Code is used principally for 
land-line telegraphic communication in North 
America, while the Continental Code is used 
for both radio and ocean-cable communica-
tion. 

The Continental Code is the more simple 
of the two because it uses only dots and 
dashes. The fact that the letters and num-
erals are free from "spaces" simplifies the 
learning of this code, because one is less 
likely to interpret as two letters the charac-
ters intended as a single letter. 
The applicant for an amateur license must 

be able to send and receive the Continental 
Code at a speed of 13 words per minute, with 
an average of 5 characters to the word. 
Thus 65 characters must be copied consecu-
tively without error in one minute. Simi-
larly, 65 consecutive characters must be 
transmitted without error in that time. The 
applicant, however, is given sufficient oppor-
tunity to pass this code test, since sending 
and receiving tests are both five minutes in 
length. If 65 consecutive characters, at the 
required rate, are copied correctly some-
where during the first five-minute period, the 
applicant may then attempt a transmission. 
Again, if 65 consecutive characters are sent 
correctly somewhere during this second 
period, a passing mark is received. 

The mastering of the code has been a 
stumbling-block to perhaps 30 per cent of the 
total number of applicants who appear for 
amateur license examinations. The code 

test is given first at any of the several offices 
of the Federal Communications Commission; 
if the applicant passes it, he is permitted to 
proceed with the remaining portions of the 
examination (technical questions and radio 
laws). Failure to pass the code test results 
in a three month "rest period" during which 
the applicant can improve his mastery of the 
code; thereafter, he may again appear for 
another try. 
Many of those who fail to pass the code 

test, or experience difficulty in mastering the 
code, are handicapped because of their 

BAT T 

¡....reu2 

CONTACT 

FONTS 

Figure 1 The Simplest Code Practice Set a 
Key, Buzzer, Battery and Headphones. The Buz-
zer Operates Continuously, but Signals are Heard 
in the Headphones Only When the Key Is De-

pressed. 

method of attempting to learn it. The old-
line operators, who have graduated from 
the school of hard-knocks, are almost unani-
mously of the opinion that the surest method 
of learning the code consists of becoming fa-
miliar with the combinations of short and 
long sounds that represent the dots and 
dashes needed to make up the various let-
ters. The beginner is cautioned against re-
garding the code as being made up of dots 
and dashes, but rather as consisting of 
sounds, the dot sounding as a "did," the dash 
as a "daze". 
The code, then, becomes a series of dids 

and claws, precisely as it sounds when one 
listens-in on a receiver of radio-code signals. 
The code letter A, for example, is not "dot-
dash"; it is "did-daw". 

Study the code chart for a few moments. 
Memorize the first three groups of charac-
ters which make up the letters A, B, and C. 
Repeat these characters to yourself thus: 
"did-claw", "claw-did-did-did", and "daw-did-
daze-did". The three letters, A, B, and C, 
are thus represented as they sound when 
heard on a code receiver. 
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Figuro 2 Code Practice Osci Ilator Usi ng 
Heater Tube. The Tone Can Be Varied by Chang-

ing the Values of Condenser Capacity. 

D, nut attempt t, memorize to, many let-
ters of the alphabet at one time. Take a 
group of four, such as the letters E. I, S. 
and H. These letters consist of nothing but 
dids (dots). E is "did": I is "did-did": S 
is "did-did-did": H is "did-did-did-did". On 
the other hand T, .1/, and 0, are comprised 
solely of "dazes" (dashes). T is "daze"; M 
is "daze-daze", and 0 is "daw-daw-daw". 

Next memorize the letters which consist 
of combinations of dots and dashes, such as 
the letters N, U, and IV. N is "daw-did": 
I' is "did-did-daze," and If' is "did-daw-
daze". It is best to memorize one group of 
letters before proceeding to another group. 

In sending it is obvious that some space 
must exist between successive dots or dashes. 
The spacing is determined by the time nec-
essary for the key to come up and then close 
again. No more time should be employed. 
To the ear, the letter A, previously denoted 
as "did-daze", for the purpose of clarifying 
the use of the "dids" and "claws", actually 
sounds like "diddaw" when this amount of 
spacing is used. There is no pause between 
"did" and "daw"; they are completely run 
together into one character. If these code 
elements were separated ("did" "daw"), the 
combination might easily be interpreted as 
consisting of two separate letters of the 
alphabet, since E is "did" and T is "claw". 
(See code chart.) 

Spaces, however, are inserted between the 
letters which comprise a single word and 
between the words themselves. To clarify 
this statement, a typical example is given 
here: 

• OD • MID • • 

A N D 

Study the above test group. The "dids' 
and "claws" which comprise the various let-
ters of the alphabet used in this sentence are 
printed under the letters. There is a short 
space between each letter and a longer space 
between each word. The space between let-
ters of a word is equivalent to the length of 
time required to telegraph a single dash or 
three dots, whereas the space between words 
is equivalent to the length of time required 
to send five dots. Obviously, it is necessary 
that the spacing between the letters of a 
word be less than the spacing between the 
words themselves. 
Many successful radio telegraphers have 

found it easier to learn the code by first 
memorizing a single letter of the alphabet, 
such as the letter "A", diddaw. Firmly affix-
ing this sound in their memories by contin-
ually repeating it, they then tune a short-
wave receiver until a slow-sending code 

3000 

•vD10 

.111818 _ 

30 

• 

Figure 3—Code Practice Oscillator Using Triode 
Filament-Type Tube. Equally Desirable as the 

Method Shown in Figure 2. 

transmitter is heard. Each time the diddaw 
is heard and recognized, it is written on a 
piece of paper. Another letter is then mem-
orized and the process of picking it out of 
some code transmission again repeated. It is 
interesting to note the number of times the 
memorized letters can be heard and recog-
nized. If this system is tried, pick the most 
used letters first. 
Another method of learning the code is 

with the aid of a code-practice buzzer or 
oscillator, or by means of any one of the 
several types of automatic code-sending ma-
chines which are commercially available. 
The latter can be adjusted so as to send the 
code at any desired speed. 
A code oscillator is perhaps the most suit-

flal • • • • • I» II» • «I 11•1 • 

A N H E 

Dash Equal to Three Dots. 
Spacing Between Letters Equal to One Dash. 
Spacing Between Words Equal to Five Dots. 
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THE RADIO TELEGRAPH 
CODE 

A 

D 

C. 

N 

o 

S 

U 

‘A; 

X 

Y 

Numerals, Punctuation 
Marks, Etc. 

• • • an 101 • • • 
r.7 •._ •._ DIS r RESS SIGNAL 

• • • • • • PERI OD 

• 1011 • I» • 0 COMMA 

• • MD • • INTERROGATION 

• 11•11 • • I» • QUOTATION MARKS 

«111 ••111 • • 11111111 UR EXCLAMATION 

101 11118/ • • • COLON 

«MI • 101 • 0 • SEMICOLON 

Illie • MI • PARENTHESIS 

laie • • MI • n ACTION BAR 

• IM• • • • WAIT SIGN 

• • • MM DOUBLE DASH (BREAK) 

  ERROR (ERASE)SIGN ASE)SIGN 

• CM • Mi • END OF MESSAGE 

• • • Mil • 11110 END OF TRANS-
MISSION 

59 , 

able device for the student. It consists of a 
vacuum tube, a conventional audio trans-
former, several small resistors and paper-
type condensers, a small transformer for sup-
plying current to the heater of the tube, a 
telegraph key, a pair of headphones, a fila-
ment transformer, and a "B" battery. Two 
vacuum tube oscillators are shown in the ac-
companying circuit diagrams, figures 2 and 3. 
Either is a satisfactory device. The oscil-
lator shown in figure 2 uses a cathode-heater 
type tube and functions in what is known as 
"Hartley" oscillating circuit. Tubes with 

either 2.5 volt or 6.3 volt heaters can be sub-
stituted with equal success, providing the 
proper type of filament transformer for the 
particular tube is used. The audio trans-
former can be of any commonly-used turns-
ratio, the customary type having a ratio of 
one-to-three. The telegraph key is in series 
\\ ith the headphones and plate ("p"') term-
inal of the audio transformer. The pitch of 
the note can be varied by merely increasing 
IIr decreasing the "B" voltage. 
The capacity of the two fixed condensers 

shown in the diagram in figure 2 also will 
have an effect on the resultant tone from the 
oscillator; almost any desirable tone can be 
secured by changing these values, though 
those shown in the circuit diagram have 
proven generally satisfactory. 

This vacuum tube code practice oscillator 
is far more practical than the simple buzzer-
device shown in figure 1 because it emits a 
more stable tone, which can be varied to suit 
the taste of the individual. 

• The Successful Telegrapher 

Not all telegraphers are good operators. 
Each telegrapher acquires what is known as 
a "fist", i. e., his own individual style of 
sending on a telegraph key either of the 
hand-type or the automatic variety. The 
latter key is known as a "bug", "speed key, 
or "automatic key" and should not be em-
ployed by the beginner until he has become 
thoroughly adept in sending the code by 
means of a standard hand-type key. 

The adjustment of a hand-type key is al-
most as important as its actual use. It is 
advisable that beginners have the telegraph 
key adj usted by an experienced amateur or 
other telegraph operator. The "feel" of the 
key is all-important. It determines to a 
large extent the nature of the characters 
which the operator is sending. If the key is 
opened too wide, the sending will be 
"choppy"; if not opened sufficiently wide, 
the sending will sound "sloppy". Neither 
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Schematically in 

is desired, nor to be tolerated. The key 
should be so adjusted that the spacing be-
tween its contact, when ready for use, is ap-
proximately %g-inch. 
The telegraph key should be firmly secured 

to the operating table or mounted on a board. 
The tension of the spring on the lever of the 
key should be adjusted so that no effort is 
encountered in depressing the key. If the 
spring is made too stiff in adjustment, the 
operator will soon tire his hand; however, 
the tension must be sufficient in order that 
the key will snap back instantly when re-
leased. 
To use a telegraph key properly one's arm 

should rest on the table, in the manner 
shown in the accompanying sketch. The 
third and index fingers are placed on the 
flat portion of the knob of the key, the thumb 
being permitted to touch gently the side of 
the knob in such a position that it literally 
"floats". This is much preferred to placing 
the thumb securely under the key knob. 
The wrist must be permitted to move 

freely in an upward-and-downward motion. 
with the arm comfortably at ease on the 
table, and the third and index fingers lightly 

Figure 5—Code Practice Ensemble Consisting 
of Vacuum Tube Oscillator, Telegraph Key and 

Headphones, as Shown in Figures 2 and 3. 

H All 0 ROO K 

resting atop the key knob, the thumb "float-
ing" at the side of the knob as indicated 
above. Do not grasp the key as though it 
were ready to walk off the table. Grasp it 
gently, making no effort of the task of hand-
ling the key. 

Place the Code Chart on the table near the 
telegraph key. Connect the code practice 
set awl send a few preliminary "dids" and 
"claws" to get the feel of the key. Then 
senti the letter "A" on the key. Send "did-
daw", letting the combination "roll into it-
self". Remember never to send it as "did 
(law" with a noticeable space between the 
"did" and the "daw'. Learn the knack of 
"rolling the characters into one another". 
This is what is known as "smooth sending". 
You will not succeed in mastering this tech-
nique if the tension of the key is too great 
or if the contacts are spaced too far. Con-

Correct Position for Arm and Wrist, and Show-
ing How Third and Forefinger and Thumb are 

Placed on Key Knob. 

tinue to practice sending the letter "A" until 
you have full control of the "touch" of the 
key, and until you can send this letter over 
and again without error. Send "diddaw". 
then a short pause, then another "diddaw", 
and repeat the process with a slight pause 
following each "diddaw". 
Do not send too fast. Send cautiously, 

steadily. so that you can distinguish every 
character you make upon the key. If you 
cannot distinguish the characters while you 
are sending them, how could it be expected 
of another to copy what you are sending? 
Too many students make the mistake of at-
tempting to send faster than they can receive. 

After you have succeeded in sending the 
entire code from .-1 to Z without error, mak-
ing sure that you have paused between each 
letter of the alphabet, continue your prac-
tice by sending words, then complete sen-
tences. A slight pause should exist between 
each of the letters making up a word, then 
a longer pause between the words in the 
sentence. Therein lies the secret of good, 
clean telegraphing. 

It is advisable to attempt to interest a 
friend in practicing the code with you. How-
ever, first acquaint yourself with the charac-
ters of each letter of the alphabet, without 
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• 
• • 
• • • 
• • • • 

• • 
• • • Mlle 

• • • • IMMI 

; 

«II «I OM 
MI OM> 

MO • 
«I «ID • 

Dots Alone, Dashes Alone, and Combinations of 
Dots and Dashes are Found in the Code Groups 
Above. These are the More- Easily Memorized 

Combinations in the Radio Telegraph Code. 

assistance from others, so that you can send 
them upon the key without reference to the 
code chart. Attempt to relax when send-
ing or receiving. Calmly make the charac-
ters in an effortless manner. When receiv-
ing, relax in your chair. If someone is 
sending to you on a practice set, write down 
the characters as you intercept them. If a 
letter is sent which you do not instantly 
recognize from memory, ask the sending op-
erator to "break-, or pause, until you have 
recalled the character from memory, or ask 
the operator to repeat the character until 
vou have recalled it. If this fails, refer back 
to the code chart to determine it. Do not 
permit a letter to skip by. It is better either 
to pause or to ask for a repeat, because by 
this means the hard-to-learn combinations 
will be more quickly mastered. 

The method of learning the code advo-
cated here has become known as the "sound" 
system by reason of the fact that the charac-
ters are memorized in the form of sounds 
("dids" and "claws- ) and not as dots and 
dashes. Repeat these "dids" and "claws" to 
yourself throughout the day or in your spare 
moments. Intone signs conveniently lo-
cated nearby; send familiar phrases and 
sentences by means of your tongue. It will 

Correct "Grip" and Position of Wrist for 
Operating Automatic Key " Bug"). 

A Typical Automatic Code- Practice Ensemble. 

surprise you to realize how quickly and eas-
ily you can learn the entire code by thus 
utilizing spare moments. 

The art of properly spacing letters and 
words is even more complex than that of 
learning the code itself and of the utmost 
importance in the training of a good tele-
grapher. For this reason it is well to mem-
orize such difficult combinations as those 
which are made up entirely of dashes. The 
sentence: Tom To Otto, for example, con-
sists of nothing but dashes, with spacing 
between the letters and words. Another 
group: She Is His, consists entirely of dots, 
with proper spacing between letters and 
words. The paramount considerations for 
clean-cut telegraphing are repeated and sum-
marized as follows: 

(1) The key contacts should be spaced 
no more than Yi6 inch. 

(2) The tension of the spring on the 
key should be quite light. 

(3) Send slowly until you have mas-
tered the code, then improve your 
speed. 

(4) A dot is made with one rapid de-
pression of the key. 

(3) A dash should be approximately 
three times as long as a dot. 

(6) "Roll" the characters of a single 
letter together, with no pause be-
tween them. 

(7) Pause slightly between letters of 
a word. ( Approximately one 
dash.) 

(8) Pause a bit longer between 
words. ( Approximately five dots.) 
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Chapter 5 

ANTENNAS, FEED SYSTEMS, 
AND COUPLING M ETHODS 

A RADIO wave in space can be compared 
1-1 to a wave in water. The wave, in either 
case, has peaks and troughs; one peak and 
one trough constitute a full wave or one 
wavelength. 
The radio wave consists of condensations 

and rarefactions of the energy as it travels 
through space, and this wave induces elec-
trical energy into an antenna in the case 
of reception. When the antenna is used 
for transmission, it radiates radio waves, 
due to the varying intensity of the electrical 
field surrounding the wire. 
The antenna is simply an electrical con-

ductor which either receives or transmits 
radio-frequency energy. The phenomena of 
receiving is similar to that of transmission 
and an antenna can, therefore, be used with 
equal effectiveness for either purpose. 
An antenna is somewhat similar to a 

tuned circuit; it has a fundamental or res-
onant frequency which is dependent upon 
the distributed capacity and inductance of 
the wire. The antenna is most efficient for 
transmission and reception when it is re-
ceiving or transmitting on its resonant 
frequency. 

Radio waves travel with approximately 
the speed of light, which is 300,000,000 
meters per second. The frequency of a 
radio wave can be expressed in terms of 
wavelength, from the formula: 

300,000,000 
F =  

X 
where F is the frequency in cycles per 
second, 

X is the wavelength in meters. 
The physical dimensions of a transmit-

ting antenna at resonance bear a direct re-
lationship to the wavelength of the radio 
wave, as does an organ pipe. A long, 
straight wire in space is said to be "one 
half wavelength" long when it is electrically 
resonant on the "fundamental." The actual 
physical length of the wire is about 5 per 
cent less than the physical length of one 
half the radio wave, due to "end effects" of 

the antenna wire and because the radio 
energy travels at a lower speed in the wire 
than it does in space. 
A tuned circuit is always resonant to 

a half wavelength, so that the fundamental 
wavelength or resonant frequency of an an-
tenna or tuned circuit is equivalent to ap-
proximately twice the antenna length. An 
antenna is also resonant to the frequencies 
which are harmonically related to the fund-
amental resonant frequency. Compare the 
"overtone" oscillations of a guitar string. 
The fundamental frequency is known as the 
first harmonic; twice this frequency is the 
second harmonic; three times becomes the 
third harmonic, etc. 
From the formula of frequency and wave-

length previously given, it is apparent that 
one is proportional to the reciprocal of the 
other. The fundamental wavelength is 
known as a half wave, and the second har-
monic would, therefore, be a full wave. 
The third harmonic would be three half-
wavelengths, etc. 
Nearly all forms of antennas used by 

amateurs for general coverage are of either 
the Hertz or Marconi type. The Hertz 
antenna consists of a wire suspended above 
the earth and insulated from it; it is of 
such a length as to be some multiple of a 
half wave. 
A Marconi antenna is usually one quarter 

or three quarters of a wave in length and 
is connected to the earth or to a ground 
screen for the purpose of obtaining reso-
nance. The ground acts as a mirror in 
effect and takes the place of the extra 
quarter wave that would be required to 
resonate the wire were it not grounded. 
Marconi antennas are normally used for 

longer wavelengths, where the physical 
length of a half-wave antenna wire makes 
such an antenna impractical. 
Hertz antennas usually are more efficient 

because there is a power loss due to the 
resistance of the ground connection required 
with a Marconi radiator. The Marconi an-
tenna is connected to ground at a current 
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peak; the resistance of this connection to 
earth often causes an excessive loss in power 
when transmitting or receiving. 

• Radiation Field 

A wire connected to any source of oscil-
lating electrical energy will radiate radio 
waves due to the varying intensity of the 
electrical field surrounding the wire. The 
field closest to the wire is called the induc-
tion field; that part of the field which es-
capes forms the energy in the radiated field, 
which is urged outward and diffused in all 
directions through space. Any wire sup-
ported in space and within range of the 
radiated field will intercept the energy and 
will have induced in it a radio-frequency 
voltage, which is detectable as an incoming 
signal by receiving apparatus. 

Radio waves are transmitted from an 
antenna through space in two general types 
of waves. One is called the ground wave, 
which follows approximately along the sur-
face of the ground and is rapidly attenu-
ated for very short waves. The ground 
wave is useful in long-wave radio communi-
cation and for very short distance work 
on ultra-short wavelengths. Best broadcast 
reception is always obtained when the re-
ceiver picks up only the ground wave, which 
means that, normally, it must be within a 
100-mile radius of even a high power trans-
mitter. Fading effects take place at greater 
distances, due to the interference between 
the ground wave and the sky waves. 

TRANSOM, re 

Figure 1—Reflection of Radio Waves from the 
Kennelly- Heaviside Layer Around the Earth 

That portion radiated upward from the 
antenna is known as the sky wave, since it 
is reflected back to earth by ionized layers 
in the upper atmosphere known as The 
Kennelly-Heaviside Layers, as shown in 
figure 1. 
At very low angles of radiation, the 

waves start out practically tangent to the 

earth's surface, penetrate into the ionized 
layers, and are bent back to the earth at 
a very distant point. Higher angles of radi-
ation are bent back to the earth at shorter 
distances until a certain high angle is 
reached at which radiations will not be bent 
back to earth. This angle varies with the 
season of the year, frequency, and time of 
day. At angles slightly less than this value 
at which the layers are penetrated, the radio 
waves can be carried around one of the 
upper layers to extremely great distances 
before being bent back to earth. 
The Kennelly-Heaviside Layers are strata 

of ionized air molecules; their ionization is 
due to the ultra-violet and similar extremely 
high-frequency radiations from the sun. The 
refracting layers lie above the earth at dis-
tances from about fifty up to several hun-
dred miles elevation. The relative density 
of the layers is not constant, but varies 
from year to year and seems to depend upon 
sun-spot activity. 

The time required for the sky waves to 
reach the receiver varies in accordance with 
the number of reflections to and from earth 
and the density of ionization in the Ken-
nelly-Heaviside Layers. Obviously, the time 
required for a ground wave to reach the 
receiver will be less than that of a high-
angle sky wave. When two or more waves 
from these different paths arrive at the 
same instant (in-phase), the signal strength 
will be greatest. If the time lag is great 
enough so that one wave tends to neutralize 
another (out-of-phase), the signal intensity 
will decrease, resulting in the phenomenon 
known as fading. 

The rate of fading varies with frequency, 
and even a slightly different frequency 
sometimes has an entirely different rate of 
fading. A modulated wave from a radio-
phone station consists of a band of fre-
quencies being transmitted; variation of fad-
ing within this narrow band results in 
distortion in the received signal. This effect 
is known as selective fading, because cer-
tain side-band frequencies may be stronger 
than others at the receiving point, resulting 
in bad distortion of audio quality in the 
output of the receiver. 

• Electrical Properties 

A wire stretched out into space has induc-
tance of the same type as that produced 
by wire wound into a coil. This antenna 
wire also has a distributed capacity to 
nearby objects, such as the ground. As in 
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any electrical circuit, inductive reactance 
and capacitive reactance impede the flow 
of current in either a transmitting or re-
ceiving antenna. At resonance, the induc-
tive reactance is equal and opposite to the 
capacitive reactance, with the result that 
the electrical current is limited only by the 
resistance. 
The resistance consists of several com-

ponents, such as wire resistance, dielectric 
losses from nearby objects, ground resist-
ance, insulator losses, and radiation resist-
ance. The latter is a fictitious term which 
is useful in expressing the power radiated 
by the antenna. It is that resistance which 
would consume the same amount of power 
that is radiated into space by the antenna; 
the power lost in other forms of resistance 
is wasted. Shortwave antennas generally 
have a very high ratio of radiation resist-
ance to loss resistance and are, therefore, 
very efficient. 

In a re:.onant antenna, standing waves 
of current and voltage exist. In a typical 
half-wave antenna, the current is maximum 
at the center and zero at the ends. The 
radio-frequency voltage is maximum at the 
ends and minimum at the center. These 
standing waves exist because an impressed 
radio wave will travel out to the end of 
the antenna and be reflected back toward 
the center, since the end is an open circuit 
corresponding to a large mismatch of im-
pedance. The resonant antenna is of such 
length that the reflected wave will be in-
phase with each succeeding impressed wave 
or oscillation, resulting in a standing wave 
along the antenna wire. Standing waves 
produce more actual radiated power into 
space from an antenna than when the values 
of voltage and current are uniform and of 
lower value all along the antenna wire. 
Radio-frequency feeders to an antenna are 
generally designed for uniform distribution 
of current and voltage along their entire 
length (no standing waves). In other 
words, the feeders should not radiate be-
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Figure 2 

cause the antenna proper should alone be 
the radiating medium. 
The impedance along a half-wave antenna 

varies from a minimum at the center to a 
maximum at the ends. The impedance is 
that property which determines the antenna 
current at any point along the wire for 
the value of radio-frequency voltage at that 
point. The main component of this impe-
dance is the radiation resistance; normally, 
the latter is referred to the center of the 
half-wave antenna where the current is a 
maximum. The square of the current mul-
tiplied by the radiation resistance is equal 
to the power radiated by the antenna, for 
convenience these values are usually re-
ferred to the center of a half-wave section 
of antenna. 
The curves in figure 3 indicate the theo-

retical center point radiation resistance of 
a half-wave horizontal antenna for yarious 
heights above ground. These values are 
of some importance in matching radio-fre-
quency feeders to the antenna in order to 
obtain both a good impedance match and 
an absence of standing waves on the feeders. 
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Figure 3— Effect of Height on the Radiation 
Resistance of a Dipole 

A transmitting antenna usually consists 
of a wire of definite length either grounded. 
ungrounded, or connected to a counterpoise. 
A ground made by either a direct or capac-
itive connection acts as a "mirror" to the 
antenna wire, thereby completing the circuit. 
With a direct ground connection, the antenna 
may be either an electrical quarter wave-
length or an odd multiple of a quarter 
wavelength. A very short wire can be 
loaded to resonate as a Marconi by means 
of a loading coil to ground; a wire slightly 
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over a quarter wave long can be resonated 
as a Marconi by means of a series con-
denser to ground. In other words, if a 
Marconi is not an exact odd number 
of electrical quarter waves long, the react-
ance can be tuned out by means of a tapped 
coil or variable condenser, depending upon 
whether the antenna is too long or too short. 
If the antenna is not resonant and presents 
an inductive reactance, we insert just the 
right amount of capacitive reactance. If it 
offers capacitive reactance, we insert just 
the right amount of inductive reactance to 
establish resonance. 

• Counterpoise 

A counterpoise will often reduce the 
losses incurred in a ground connection when 
a Marconi antenna is used. A counterpoise 
consists of one or more wires insulated from 
the ground and supported a few feet above 
ground. A counterpoise network, such as 
shown in figure 4, will act as a condenser 
plate with high capacity to earth; it will 
eliminate the resistance loss of a high-re-
sistance ground connection. 
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Figure 4—Typical Counterpoise System with 
Loading Coil and Series Tuning Condenser 

The counterpoise wires can be of any 
length, preferably about a quarter wave-
length at the frequency of operation. The 
network should spread-out over a wide area 
under the antenna and in as many direc-
tions as possible. The physical construction 
often depends upon the space available. 
Above about two megacycles, a counterpoise 
(especially a single wire one) takes on the 
aspects of a radiator, rather than a con-
denser plate. 

• Low Resistance Grounds 

Vertical antennas with heights of a quar-
ter to five-eighths wavelength are often used 
in connection with an elaborate ground wire 
system, as shown in figure 5. 
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Figure 5—Ground System For Vertical Radiator. 

Wires of any size, from No. 14 to No. 8 
gauge, are run out in all directions and 
buried a few inches under the surface of 
the earth. These wires should extend out-
ward about a quarter to one half wave-
length from the base of the antenna. As 
many as 120 radial wires are sometimes 
used in order to reduce the resistance of 
the ground return which may represent a 
very appreciable power loss with any form 
of Marconi antenna. 

• Directional Properties 

A simple vertical antenna is non-direc-
tional in a horizontal plane. All horizontal 
antennas produce a radiation field which is 
more intense in certain directions than in 
others. The radiation field around a hori-
zontal antenna depends upon its height above 
ground for different "vertical" angles of 
radiation, and upon the length of antenna 
and the tilt or angle of the wire with respect 
to ground. 
The approximate radiation patterns of a 

horizontal half-wave antenna for various 
heights above ground are shown in figure 
6. The relative energy is indicated for vari-
ous vertical angles above the surface of the 
earth, for both broadside- and end-radiation 
from the antenna wire. 

• Angle of Radiation 

The Heaviside Layer reflects the short-
wave and broadcast signals back to earth. 
This effect is used for long distance short-
wave transmission and reception. When the 
major portion of the transmitted energy is 
directed at a particular angle above the 
horizon (some vertical angle), the signal 
will be stronger at the receiving point. The 
best angle of radiation depends upon the 
distance between stations, the frequency, and 
the condition of the Heaviside Layer. 
Low-angle radiation is preferable for ex-

tremely long distances because the trans-
mitted wave does not go through as many 
reflections from the Heaviside Layer and 
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surface of the earth between the transmit-
ter and receiver. A certain high critical 
angle above the earth will sometimes allow 
the signal to travel through the Heaviside 
Layer to the distant receiving point, without 
ground reflections. However, this type of 
communication is not reliable, due to chang-
ing conditions of the Heaviside Layer. 
Intermediate vertical angles of radiation 
tend to reflect the signals back to earth at 
shorter distances. 
These higher angles of radiation are suit-

able for intermediate distances of communi-
cation. Each time the signal is reflected 
from the surface of the earth to the Heavi-
side Layer the signal strength is reduced, 
due to losses which arise from the fact 
that the earth is not a perfect reflector. 
These "earth reflection losses" are not as 
great when the path between radio stations 
is over salt water. 
The major radiation from vertical an-

tennas is at low vertical angles above the 
earth, as shown in figure 7. 
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Figure 6 Horizontal Half-Wave Antenna Radi-
ation Patterns. 
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Short; [Vertical Antenna Over Perfect Ground 
Gives Low Angle Radiation. 

Quarter-Wave Grounded Antenna Concentrates 
More of the Radiation at a Low Angle Than the 

'.-Wave Antenna Does. 

Half-Wave Antenna Above Perfect Ground. 

Full-Wave Antenna Gives Maximum Radiation 
Upward at an Angle of 34 Degrees from the 

Horizon. 

Half - Wave Antenna, Bottom a Quarter Wave 
Above Average Earth. 

RIDE 

Increasing Height of Antenna Above Average 
Type Ground Lowers Angle of Radiation to 7.5 

Degrees, as Shown. 

FIGURE 7—ANGLE OF RADIATION OF HALF-

WAVE VERTICAL ANTENNAS DEPENDS UPON 

CHARACTER OF EARTH OVER WHICH AN-

TENNA IS PLACED. 
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The earth acts as a reflector and pre-
vents the vertical radiator from transmit-
ing a wave outwardly exactly parallel to the 
surface of the earth, unless the vertical 
antenna is high above the earth. The radia-
tion from the vertical antenna in a horizon-
tal direction is uniform, as shown by the 
perfect circles in the right-hand patterns 
of figure 7. 

Horizontal antennas, when placed at cer-
tain heights above the earth, will be most 
efficient at certain vertical angles, as shown 
in figure 6. 

• Antenna Impedance 

A resonant antenna is one which has an 
impedance equal to the resistance, which in 
this case is largely radiation resistance. The 
radiation resistance varies along the an-
tenna wire and reaches a minimum value 
at the voltage node or nodes. The radiation 
resistance at the center of a half-wave an-
tenna is approximately 73 ohms, and at the 
ends approximately 2400 ohms if the an-
tenna is high above the earth. 

Antenna feeders can be connected in such 
a manner that they can be terminated with 
any value of impedance between 73 and 2400 
ohms in order to obtain impedance matching 
for maximum power transfer from the trans-
mitter to the antenna proper. 

A non-resonant r.f. feeder of infinite 
length has a characteristic surge impedance 
which is a function of the wire diameter 
and spacing between the wires, in the case 
of a two-wire feeder. Short r.f. lines, such 
as used for coupling transmitters to the 
antenna, can be made to act as lines of 
infinite length by terminating the far end 
of the feeder in an impedance that will 
match this characteristic surge impedance of 
the feeder. In a non-resonant r.f. feeder 
that is properly terminated, the r.f. current 
is of a constant value throughout the length 
of the feeder (there are no standing waves 
of voltage and current on the feeder). 

In actual practice, there is always a small 
variation of r.f. current along a non-resonant 
feeder due to difficulties in matching impe-
dances properly and in irregularities in the 
line, such as bends in the wire, spacing 
insulators, etc. 

Concentric • line feeders, twisted-pair feed-
ers, two-wire and four-wire matched-impe-
dance feeders, and single-wire feeders are 
some of the so-called "non-resonant" feeder 
systems. 
Resonant feeders are those which have 
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standing waves of voltage and current along 
the feeder line; this type of feeder must, 
therefore, be tuned ( or cut) to resonance. 
The lines are prevented from radiating en-
ergy by using two wires spaced only a few 
inches apart, and in which the field of one 
wire tends to cancel that of the other. 
These feeders essentially consist of "folded" 
resonant sections of the antenna proper. 
Center-fed and end-fed Zepp. feeders and 
matching stubs are types of resonant r.f. 
feeders. 

• Single-wire-Fed Antenna 

A single-wire feeder has a characteristic 
surge impedance of from 500 to 600 ohms, 
depending upon the diameter of the feeder 
wire. This type of feeder makes use of the 
earth as a return circuit through the earth's 
capacity effect to the antenna and feeder. 
The actual earth connection to the trans-
mitter may have a relatively high resist-
ance without causing appreciable loss of 
r.f. energy. The impedance of the feeder 
of 500 to 600 ohms is a great many times 
more than the 5 to 30 ohms resistance of 
a Marconi antenna at the ground connection. 
The additional resistance of a few ohms at 
the earth connection produces a large power 
loss in the latter case, and relatively little 
loss in the case of single-wire feeder. 
The single-wire feeder should be tapped 

to either side of a current loop in a reso-
nant antenna at a point of impedance 
matching. 
The current loop occurs at the center of 

a half-wave antenna and at the center of 
each half-wave "section" in a long-wire 
antenna. The impedance at this current loop 
is approximately 73 ohms for most half-
wave antennas ( varying with height above 
ground). In order to match the 500- or 
600-ohm impedance of the feeder, it is nec-
essary to connect it to the antenna at a 
point approximately 1/6th or 1/7th of the 
total length of the antenna wire either side 
of center. There will be no standing waves 
on the feeder when the impedances are per-
fectly matched, and maximum efficiency will 
then result. 

This point of perfect impedance match 
unfortunately is not suitable for harmonic 
operation of the antenna. By having a small 
impedance mismatch at the fundamental fre-
quency, the single-wire-fed antenna can be 
used on several harmonically related short-
wave bands. The feeder should be connected 
to the antenna at a point 1/6th, rather than 
1/7th, of the total length of the antenna 
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VOLTAGE CURVES 

•1' FT   

Figure 8 - Single Wire Fed Antenna for All- Band Operation. An antenna of this type for 40-, 20-
and 10- meter operation would have a wire 67 feet long, with the feeder tapped 11 feet off center. 
The feeder can be 33, 66, or 99 feet long. The same type of antenna for 80-, 40-, 20- and 10-meter 
operation would have a wire 134 feet long, with the feeder tapped 22 feet off center. The feeder 
can be either 66 or 132 feet long. This system should be used only with those coupling methods 

which provide good harmonic suppression. 

wire either side of center. A simple manner 
in which to find this point is to divide the 
antenna into three equal lengths, and then 
connect the feeder to the antenna at a point 
which is 1/3rd of the total length from 

either end. 

This all-wave type of antenna feeder con-
nection results in a slight mismatch (not 
enough to be serious) on the fundamental 
frequency of operation. 

In a perfectly matched design at the fund-
amental frequency of operation, the impe-
dance mismatch is very great when the an-
tenna is operated on its harmonics. It is 
better to compromise by connecting the 
feeder to the antenna as shown in figure 8, 
so that the system will operate efficiently 
in the harmonically related bands. 
The effect of the small standing wave 

on the feeder can be practically eliminated 
by making the feeder some multiple of 
quarter waves in length. The impedance at 
the station end will then be purely resistive 
and no detuning effect will be evident in 
the final amplifier circuit when the feeder 
is either connected or disconnected from the 
amplifier. The formula for calculating a 
feeder length in feet is: 

234,000 

fi 

1 =  

where 1 is the feeder length in feet, 
f, is the lowest frequency of operation in 

kilocycles. 
The length of the antenna wire in figure 

8 is also a compromise for all-band opera-
tion. The harmonics of an antenna wire for 
any given length are not exact multiples, 
due to the end effects of the antenna. The 
end effect shortens each free end of the an-
tenna by approximately 21/2 per cent of a 
half wave. This means that a half-wave 
antenna has a physical length approximately 
5 per cent less than the length of the radio 
wave in free space. In a long antenna which 
has several half-wave sections, the interme-
diate half-wave wire lengths have no end 
effects and, consequently, they are almost 
as long as the actual radio wave in space. 

In this case, only the two quarter-wave 
sections at each end of the wire are short-
ened, which results in less than 5 per cent 
total shortening of the entire wire length 
when working on harmonics. This means 
that a wire cut for 3,600 kc. will be a little 
short for operation as a full wave antenna 
on 7,200 kc. which is the second harmonic 
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of 3,600 kc. Fortunately, the single-wire-fed 
antenna can be operated satisfactorily over 
a band of frequencies wide enough that this 
effect is no handicap. 
The antenna wire should be cut so that 

it will resonate at the middle of the highest 
frequency band desired on its fourth har-
monic, because this gives the best compro-
mise for operation in three harmonically re-
lated bands. 
The formula for calculating the length of 

the antenna wire for all-band operation is: 
(K— .05) 492,000 

I. =  

fz 
where L is the antenna length in feet. 
fz is the frequency in kilocycles of the 
chosen middle band of operation in a 
three-band 'antenna, 

K is the number of half wavelengths at 
that frequency. 

These multi-band single-wire-fed antennas 
are generally designed for three bands of 
operation, such as 80, 40 and 20, or 40, 20 
and 10 meters. 
The single-wire feeder for all-band opera-

tion should preferably be some multiple of a 
quarter wave (of the lowest frequency band) 
in length; however, it can be made any 
length (up to several thousand feet). For 
single-band operation, the feeder can be any 
length, provided it is attached to the an-
tenna at the point of exact impedance match. 
In any event, the feeder should run at right 
angles to the antenna wire proper for a 
distance of at least a quarter wavelength 
at the lowest frequency of operation. A 
good "earth" ground connection should be 
made to the transmitter for most effective 
operation of a single-wire feeder. 

e Coupling the Single-Wire 
Feeder to the Final Amplifier 

The simplest way to connect a single-wire 
feeder to the final amplifier is to tap the 
feeder directly to the final amplifier tank 
coil, at a point on the coil which causes 
the amplifier to draw its normal d.c. plate 
current. A high-voltage mica condenser 
should be connected in series with the feeder 
and tank coil for the purpose of keeping 
d.c. plate voltage off the feeder, thus avoid-
ing possible electric shock to persons touch-
ing the antenna or feeder. The mica con-
• denser can be of any capacity, from .001 
to .006 ¡dd., and should be rated to stand 
the plate voltage ( plus modulation peaks if 
phone). This mica condenser is not required 
with a shunt-fed final amplifier, as no d.c. 

H noutooK 

appears on the plate tal k coil with this 
method of plate voltage feed. 

This simple antenna coupling method does 
not prevent the radiation of harmonics from 
the final amplifier. The single-wire-fed an-
tenna offers practically no discrimination 
against harmonics and, therefore, very effec-
tively radiates these harmonics. The circuits 
shown in figures 9 and 10 practically elimi-
nate harmonic radiation and provide a bal-
anced load to the final amplifier. 
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Figure 9— Single Wire Feeder Coupling to Final 
Amplifier. 
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Figure 10—Alternate Method of Coupling Single-
Wire Fed Antenna by Tapping the Link Line Di-
rectly to the Antenna Coll. The Lower End of 

the Antenna Coll Should be Grounded. 

Direct connection of the feeder to the 
amplifier tank coil generally causes an un-
balance, especially in a push-pull r.f. ampli-
fier. The tuned antenna circuit is tuned to 
the same frequency as the tank circuit; it 
can be made of similar coils and condensers, 
with approximately 10 per cent fewer turns 
on the antenna coil then on the plate coil. 
The antenna coil should have a series of 
taps, soldered to various turns on the coil, 
in order to connect the feeder to the point 
which gives correct impedance match to the 
tuned-antenna circuit. The point of connec-
tion depends upon the L-C ratio in this 
antenna tank circuit and can be found only 
by experiment. The bottom end of the an-
tenna coil should be connected to a good 
"earth" ground. 
A small thermo-couple meter can be con-

nected in series with the feeder, or a small 
flashlight globe can be shunted across a few 
inches of the feeder wire for indicating the 
comparative current flowing through the 
feeder to the antenna, as shown in figure 11. 



RAD I 0 Delta Matched Antenna 71 
HAIIDBOOK 

• Single-Wire-Fed Antenna 
Tuning Procedure 

Referring to figure 9, the amplifier tank 
circuit 1,-C is tuned to its resonant dip 
with the link coupling circuit removed from 
the tank circuit. Plate voltage should be 
reduced in order to prevent flashover in 
condenser C. The antenna tank circuit 
Li-C: can be checked for the correct number 
of turns in L. by holding this tuned antenna 
circuit close to the amplifier tank coil, then 
tuning it in the same manner as a wave-
meter is tuned. The plate current in the 
final amplifier will rise sharply when the 
circuit L.-C: is tuned to resonance (with 
the antenna feeder removed). The antenna 

Figure 11 
Resonance 
Indicator 

•V LAMP 

tank circuit can then be placed in its per-
manent location a few feet from the trans-
mitter and coupled to the final amplifier coil 
by means of one or more turns of wire 
around coil L, and L. in the link coupling 
circuit. 
The feeder should be connected to various 

experimental taps on the coil L. and the 
antenna tank then tuned to resonance. The 
proper tap connection is usually found at 
a point about '4th of the total number of 
turns from the grounded end of Li. 
The adjustment procedure for tuning the 

system consists of always keeping the am-
plifier tank circuit tuned to minimum plate 
current, then making other adjustments 
which finally brings the d.c. plate current 
to its normal value at the point of lowest 
dip in plate current when tuning condenser 
C. The lamp indicator in the feeder must 
be observed while adjustments of link coup-
ling, feeder tap connection and tuning of C: 
are made in order to arrive at the point of 
maximum antenna power at the point of 
normal plate current in the final amplifier. 
Maximum current in the r.f. feeder denotes 
greatest power input to the antenna at that 
frequency. 
The circuit is automatically tuned 

to resonance during this tuning procedure, 

since condenser C. should be tuned to the 
point which draws maximum plate current 
in the final amplifier. Just remember to 
tune C for minimum plate current and C. 
for maximum. Too many link-coupling 
turns around either or both coils will make 
it very difficult to tune the condenser C. 

without greatly affecting the amplifier tank 
condenser ( C) setting at its adjustment of 
minimum plate current. Insufficient link 
coupling will not enable normal amplifier 
current to be drawn, even when the antenna 
tank circuit and feeder tap adjustments are 
correctly made. 

• Two-Wire Matched 
Impedance-Fed Antenna 

A two-wire non-resonant feeder is some-
what more efficient than a single-wire feeder, 
though the principle of operation is the 
same. The two-wire matched-impedance-fed 
antenna is suitable for one-band operation 
only. A half-wave antenna is connected to 
the feeder by means of a matching section 
I' in figure 12. 
The two-wire line has a spacing of sev-

eral inches between wires, and, in order to 
match its impedance of several hundred 
ohms at the antenna, it must be fanned-out 
to each side of center of the antenna. The 
distance between T and 1', and the length 
Y, figure 12, can be easily calculated for 
any desired frequency of operation. 

Figure 12—Matched Impedance "Y" System 

•LtDE•5 

•Nr 

LEN4Te. 
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The characteristic surge impedance of a 

two-wire line can be found from the formula. 

Z = 276 log,, 
a 

where Z is the surge impedance in ohms, 

a is the radius of the wire, 
b is the distance between the centers 

of the two wires. 

The spacing of a two-wire line is normally 
chosen at approximately 600 ohms. The 
spacing can be calculated by the approximate 
formula of 

S = 150 x r, 

where S is the distance between wires, 
r is the radius of the wires. 

A typical two-wire line consists of No. 
12 wires, spaced 6 inches, and supported 
every few feet by ceramic feeder spacers. 
The length of the half-wave antenna can 

be calculated from the formula: 

468,000 

where L is the length in feet, 

f is the transmitter frequency in kilo-
cycles. 

The portion of the antenna between the 
two taps T and T,, ( figure 12) can be 
calculated from this formula: 

118,000 

X— 

yhere X is the distance T to T, in feet, 

f is the transmitter frequency in kilo-
cycles. 

The impedance-matching section Y in feet 
can be computed from 

147,000 

=  

This type of antenna is often used for 
the shortwave bands, such as 5, 10 and 20 
meters. The transmission line should be at 
right angles to the antenna for a distance 
of at least one-third the antenna length. 
Careful adjustment of the feeder connec-
tions T and T, in each antenna installation 
will give correct impedance match and a 
minimum of standing waves along the 
feeder. No sharp bends should be tolerated 
in the feeder. 

Standing waves can be detected in a two-
wire feeder by means of a standing wave 
detector, illustrated in figures 13 and 14. 

HAIDDBOOK 

Figure 13 "Standing Wave Detector" and Field 
Strength Meter. The Device Is Moved Along the 
Feeder or Antenna, Held Close to the Wire in the 
Same Relative Position. A Variation of Current 

Denotes Standing Waves. 
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SIMPLE R F FEEDER MEASURING SET 

Figure 14 Simple Circuit Diagram of Device 
Illustrated in Figure 13. 

A variation in meter reading as the coup-
ling loop is moved along the feeder line 
at a constant distance from one of the wires 
indicates the presence of standing waves of 
feeder current. If the transmitter has suffi-

Two-Conductor Open-Wire- Line 
Impedance. 

No. 12 Ga. No. 14 Ga. No. 16 Ga. 
Wire Wire Wire Wire 

Line Im- Line Im- Line im- Spacing 
pedance pedance pedance in 
in Ohms In Ohms In Ohms Inches 

470 500 525 2 
550 580 600 4 
600 630 660 6 
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cient power output, a neon bulb can be 
touched to the feeder and the relative 
amount of glow in the bulb will indicate 
the variation in feeder voltage. Any non-
resonant r.f. feeder should have nearly con-
stant current and voltage throughout its 
entire length. 

• Zepp Fed Antenna 

When resonant r.f. feeders are connected 
to the end of a resonant antenna, the system 
is called a zepp. antenna, as shown in fig-
ure 15. 

Resonant feeders can be connected into 
the center of a half-wave antenna, as shown 
in figure 16. In this case the system is 
known as a center-fed zepP. 

ANY EVEN MISOPER 4-

SERI S TONING 

Or rEEOERS 

Figure 15—Zepp. Antenna System and Feeder 
Tuning. 
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Figure 16— Center- Fed Zepp. Antenna. 
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End-fed zepp. feeders must be some odd 
multiple of quarter waves in length in order 
to be resonant. The actual length of the 
feeders can be varied to some extent by 
series or parallel tuning of the antenna 
coupling coil L, or L2 in figure 15. The 
number of turns in the coupling coil de-
pends upon the size of tuning condensers 
and the actual length of the feeder wires. 
The center-fed zepp. antenna in figure 16 

requires feeders an even number of quarter 
waves in length. A common value is a half 
wavelength, so that the antenna and feeders 
will be of the same total length. 

Approximate feeder lengths and tuning 
methods for end-fed zepp. antennas are 
given in the accompanying charts. 

Zepp. Feeder Tuning Chart. 

Length of Feeders 
Ty pe of Feeder 
Tuning to Use 

Up to One Quarter Wave Parallel Tuning 

Between One and Two 
Quarter Waves Series Tuning 

Between Two and Three 
Quarter Waves Parallel Tuning 

Between Threeand Four 
Quarter Waves Series Tuning 

Between Four and Five 
Quarter Waves Parallel Tuning 

Between Five and Six 
Quarter Waves Series Tuning 

For 
5 meters one quarter wave is 4 ft. 

10 meters one quarter wave is 8 ft. 
20 meters one quarter wave is 16 ft. 
40 meters one quarter wave is 33 ft. 
80 meters one quarter wave is 66 ft. 
160 meters one quarter wave is 132 ft. 

Band Length of Flat-Top 
160 meters 250 feet 
80 meters   130 feet 
40 meters  66 feet 
20 meters  33 feet 
10 meters  16.5 feet 
5 meters  8 feet 

The flat top portion of a zepp. antenna 
can be calculated from the formula: 

468,000 
L =  

where L is the length of the antenna in feet, 
f is the transmitter frequency in kilo-

cycles. 
Another simple formula is: 

L = 1.56 X X, 
where L is the antenna length in feet, 

X is the wavelength in meters. 
Variations of approximately 10 per cent 

in the length of the radiating portion can 
be tolerated when resonant feeders are used. 
The tuning system at the lower end of the 
feeders will compensate for errors in an-
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tenna length up to 10 per cent without seri-
ous radiation from the feeders. 
Non-resonant fed antennas must be cut 

to more nearly the exact length, which is 
affected considerably by presence of nearby 
objects, such as trees, houses, power lines, 
etc. 
When zepp. feeders are tuned, their elec-

trical length is varied. If the physical 
length of the feeders plus the inductance of 
the coupling coil is slightly less than an 
electrical quarter wave or odd number of 
quarter waves, it is necessary to use paral-
lel tuning. If the physical length is slightly 
greater, the feeders must be tuned with a 
series condenser. 

Zepp. antennas can be operated on har-
monically related bands by tuning the sys-
tem to resonance for each band of opera-
tion. This advantage is sometimes more 
than offset by losses in the resonant feeder 
system, in comparison to some of the other 
non-resonant lines. Zepp. feeders are usually 
spaced approximately 6 inches apart and 
held in position with ceramic insulators tied 
to the wires at intervals of from 2 to 4 feet. 

Figure 17 20- and 40- Meter Vertical Antenna 
with Zepp. Feeders. C1-C2 Are .00025 dd. Con-

densers. 

When zepp. feeders are connected to the 
end of an antenna, the arrangement is often 
called voltage fed, since this is a point of 
high r.f. voltage and low current. When the 
feeders are connected into the center of a 
half- u ave antenna, the method is sometimes 
called current fed. The r.f. voltage in the 
antenna is at a minimum at this point, the 
current at a maximum. A point of maximum 
current is known as a current loop. 

• Impedance Matching 
Stubs 

A quarter- or half-wave resonant line is 
often used as an impedance matching stub. 
It is a special application of zepp. feeders 

Comparative RF Feeder Losses 

D. B. 
Fre- loss per 

quency 100 ft. Type of Line 

7 me. 
14 me. 
30 mc. 

0.9 t159 ohm impedance, rub-
1.5 ! ber insulated twisted pair 
3 j with outer covering of 

r braid. 

7 mc. 0.4 
30 me. 0.9 

7 me. 0.05 
30 me. 0.12 

7 mc. 3 
14 me. 41 
30 me. 8 - 

W. E. ›t" concentric pipe 
Ifeeder with inner wire on 

'j bead spacers. Impedance 
r - 70 ohms. 

g Open 2- wire line no. 10 
; wire. Impedance - 440 
!ohms. 

(Twisted no. 14 solid 
'weather proof wire, 
weathered for six months 
(telephone wire). 

and is extensively used with directive an-
tenna arrays. The sliding bar or jumper 
used at the bottom end of a stub in certain 
applications permits tuning the antenna sys-
tem to exact resonance. A non-resonant 
feeder system can be connected across the 
stub at a point of correct impedance match 
for coupling the antenna system to the trans-
mitter or receiver. 
Matching stubs are often applied to simple 

antenna systems, as shown in figures 18. 

19, 20, 21, and 22. 
The feeder arrangement illustrated in fig-

ure 18 can be used in place of long zepp. 
feeders if the antenna is several hundred 
feet from the station. The losses in non-
resonant feeders connected to a matching 
stub will be much lower than in zepp. feed-
ers of similarly great lengths. 
The antennas shown in figures 18 to 21 

are suitable for operation on one band only. 
When the matching stub is connected in 
series with the current loop of the antenna 
and tuned by means of a shorting bar, the 
shorted stub must be a half wave in length. 
The stub can be shortened to a quarter 
wavelength and left open, as shown in fig-
ure 20, providing the stub wires are trimmed 
to exact length for tuning the antenna to 
resonance with the transmitter frequency. 
The arrangement in figure 21 is often 

used; it is a well-balanced antenna system 
because both sides of the stub are connected 
to separate half-wave antennas. The im-
pedance at the free end of a quarter-wave 
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Figure 18— Half-Wave Antenna with Quarter-
Wave Matching Stub. 
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Figure 19 Center- Fed Half-Wave Antenna with 
Half-Wave Matching Stub. 
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Figure 20—Center-Fed Half-Wave Antenna with 
Stub Line Cut to Exact Length Without Shorting 

Bar. 
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Figure 21 Two Half- Wave Sections in Phase 
with Quarter- Wave Stub. 

20METER DIRECTIVE ANTENNA (a NA,- ee.vr sur ) 

Figure 22—Pictorial of Figure 21, Showing Sim-
plicity of 20- Meter Antenna installation. 

stub is very high and reaches a minimum at 
the center of the shorting bar, just as in 
any half-wave antenna. The quarter-wave 
stub is, in reality, a half-wave antenna folded 
together in order to prevent radiation from 
that portion of the antenna. 
A simple 20-meter directional antenna is 

shown in figure 22, in which two half-wave 
antennas are operated in phase by means of 
a stub approximately 17 feet long. The stub 
is tuned to exact resonance by sliding the 
shorting link or bar along the two feeder 
wires. The current is high at the shorting 
bar; the connection to the two wires should, 
therefore, be soldered permanently in posi-
tion once the proper point of connection has 
been found. The radiators should be at least 
28 feet above earth, preferably higher ( 35 
or 40 feet). 

• Shorted Stub Tuning 
Procedure 

When the antenna requires a shorted stub 
(odd number of quarter waves if the an-
tenna is voltage fed; even number of quar-
ter waves if radiator is current fed), the 
tuning procedure is as follows: 
Shock excite the radiator ( or one of the 

half-wave sections if harmonically operated) 
by means of a makeshift doublet strung di-
rectly underneath where possible and just 
off the ground a few inches, connected to 
the transmitter by means of any kind of 
twisted pair handy. 
With the feeders and shorting bar dis-

connected from the stub, slide along an r.f. 
milliammeter or low current dial light at 
about where you calculate the shorting bar 
should be and find the point of maximum 
current ( in other words use the meter or 
lamp as a shorting bar). It is best to start 
with reduced power to the transmitter until 
you see how much of an indication you can 
expect; otherwise the meter or lamp may 
be blown on the initial trial. The leads on 
the lamp or meter should be no longer than 
necessary to reach across the stub. 

After finding the point of maximum cur-
rent, remove the lamp or meter and solder 
a piece of wire across the stub at that point. 

Starting at a point about a quarter of a 
quarter wave (8 feet at 40 meters) from 
the shorting bar, connect the feeders to the 
stub. Then move the feeders up and down 
the stub until the standing waves on the 
line are at a minimum. The makeshift dou-
blet should, of course, be disconnected and 
the regular feeders connected to the trans-
mitter instead during this process. 
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In checking for standing waves, take read-
ings no closer than several feet to the stub, 
as the proximity of the stub will affect the 
reading of the standing wave indicator and 
lead one to false conclusions. 

• Open-Ended Stub Tuning 
Procedure 

When the antenna requires an open stub 
(even number of quarter waves if the an-
tenna is voltage fed; odd number of quarter 
waves if radiator is current fed) the tuning 
procedure is as follows: 

Shock excite the radiator as described 
for tuning a shorted stub system, feeders 
disconnected from the stub and the stub cut 
slightly longer than the calculated value. 
Place a field strength meter ( the standing 
wave indicator can be very easily converted 
into one by addition of a tuned tank) close 
enough to one end of the radiator to get a 
reading, and as far from the makeshift ex-
citing antenna as possible. Now start cut-
ting off the stub wires together, a couple 
of inches at a time, until you pass the peak 
as registered on the field meter and the 
reading starts to drop. This means you 
have "passed" the point, but there is no 
way to determine the correct length without 
first cutting off a little too much. Solder on 
a few inches to each of the stub wires to 
correspond to the point of maximum field 
strength meter reading. 

Now attach the feeders to the stub as de-
scribed for the shorted stub system, but, for 
the initial trial connection, the feeders will 
attach more nearly 34, of a quarter wave 
from the end of the stub instead of V4 of a 
quarter wave as is the case for a shorted 
stub. After attaching the feeders, move 
them along the stub as necessary to remove 
standing waves on the line. If sliding the 
feeders along the stub a few inches makes 
the standing waves worse, it means the cor-
rect connecting point is in the other direc-
tion. 

e Johnson "Q" Antenna 

A popular half-wave antenna for 5-, 10-
and 20-meter operation is the Johnson "Q." 
This antenna has a special quarter-wave 
matching "transformer" in the form of a 
quarter-wave section of two rods or a four-
wire closely spaced "cage" line. The usual 
arrangement has two aluminum tubes, as 
shown in figure 23. Figture 24 shows the 
complete system. 
The aluminum tubing is inch in diam-

Figure 23 Pictorial Sketch of Johnson "Q." 

JOHNSON "O' ANTENNA 

Figure 24 

eter, spaced 1.6 inches apart, in order to 
obtain an impedance of about 200 ohms. This 
value is the geometric mean between the 
antenna center impedance of 73 ohms and 
the 600-ohm impedance of the two-wire non-
resonant line. The matching "transformer" 
introduces a negligible loss and eliminates 
the fanned-out section of a two-wire matched 
impedance feed system, such as the one de-
scribed in figure 12. 
The 600-ohm non-resonant line from the 

end of the matching "transformer" to the 
transmitter can be any length. The design 
formulas for the Johnson "Q" are given 
here: 

468,000 
L =  

246,000 
/ 

where L is the antenna length in feet, 
/ is the length of the matching sec-

tion in feet, 
f is the transmitter frequency in kilo-

cycles. 

• Collins Multi-Band 
Antenna 

A special form of center-fed Zepp. antenna 
will operate with low feeder loss on several 
harmonically related amateur bands if the 
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feeders are designed in such a manner as to 
have a low surge impedance. When the an-
tenna is operated on the fundamental, the 
center impedance is approximately 73 ohms; 
when the same antenna is operated in the 
next higher frequency band, it becomes a 
full-wave antenna with a center impedance 
of approximately 1,200 ohms. Consequently, 
the "compromise" feeder is designed to have 
an impedanct, which is the geometric mean 
of these two values or 300 ohms. 

Parallel Tubing Surge Impedance for 
Matching Sections 

Center to 
Center I mpedance in Impedance in 

Spacing in Ohms for w Ohms for IC 
Inches Diameters Diameters 

1 170 250 
1.25 188 277 
1.5 207 298 
1.75 225 318 
2 248 335 

• 

Correct Values of Surge Impedance of 
/a Matching Sections for Different 

Lengths of Antennas. 

Antenna Surge Impedance for Connection 
Length Into Two-Wire Open Lines 

in with impedances of 
Wave-
length 500 Ohms 1 580 Ohms 600 Ohms 

190 210 212 
1 210 230 235 
2 235 252 257 
4 255 277 282 
8 280 300 305 

Matching section connects into center a cur 
rent loop such as middle of a half-wave section 

This value of 300 ohms can be obtained 
by using a line made up of two V4-inch 
copper tubes, spaced 1V2 inches apart. The 
impedance mismatch between 300 ohms and 
73 ohms, or 1200 ohms, is four-to-one, which 
is not great enough to cause an excessive 
intensity of standing waves on the feeders. 
The line is made a multiple of quarter waves 
in length, which results in a resistive im-
pedance of 73 or 1,200 ohms at the station 
end of the line. A simple untuned pickup 
coil will couple the line to the transmitter 
or receiver. 

Figures 23 and 26 show details of this 
type of feeder. 

COLLINS MULT , EIAND ANTENNA 

Figure 25 

Design formulas are as follows: 

(k-.05)492,000 
L =  

234,000 m 

/   

Chart for Collins Multi-Band Antenna. 

Antenna A B C D 

Antenna 
Length 136 136 275 1,2 250 

in Feet 

Feeder 
Length 
in Feet 

Frequency 

Range in 
Megacycles 

Nominal 
Input 

Impedance 
in Ohms 

66 116 99 122 

3.7- 4.0 
7.0- 7.3 
14.0-14.4 

3.7- 4.0 
14.0-14.4 

1.7- 2.0 
3.7- 4.0 
7.0- 7.3 
14.0-14.4 

1.7- 2.0 
3.7- 4.0 

E 

67 

65 

G 

67 103 

98 821,j 

7.0- 7.3 
14.0-14.4 
28.0-29.0 

1200 
all 

bands 

75 
all 

bands 

1200 
160-80-
20M., 
and 
75 on 
40M. 

1200 
all 

bands 

75 on 
40M. 
1200 
on 20 
and 
10M. 

7.0- 7.3 
14.0-14.4 
28.0-29.0 

1200 
all 

bands 

3.7- 4.0 
7.0- 7.3 

14.0 - 14.4 

1200 
all 

bands 
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where L is the antenna length in feet, 

l is the feeder length in feet, 
k is the number of half wavelengths 

in the antenna, 
f is the transmitter frequency in kilo-

cycles, 
in is the number of quarter wave-

lengths in the feeder. 

Refer to the design chart for the Collins 
Multi-Band Antenna. 

COLLINS MULTI- BAND ANTENNA 

Figure 26 Close- Up of Center of Antenna, 
Showing Feeder Connections. 

• Multi-Wire Lines 

An inexpensive 200-ohm matching section 
for a "Q" antenna or a 300-ohm feeder for 
a Collins "Multiband" system can be had 
by using a four wire feeder or matching 
section in order to bring down the surge 

HALF WAVE DOUBLET 

Heanonoo« 

impedance without resorting to heavy tubing 
for the conductors. The four wires are 
equally spaced in the form of a square, and 
the opposite wires (not the adjacent ones) 
are connected together at each end of the 
feeder or stub and considered as a single 
wire. Celluloid curtain rings or embroidery 
hoops, or hard rubber "X" spacers made of 
1-inch strips of proper length and bolted 
together in the center can be used every 
few feet to hold the wires in position. 

Following is constructional data ( wire size 
and spacing) for both 200- and 300-ohm 
four-wire lines or matching sections: 
For a 200-ohm line, the ratio of spacing-

to-wire radius is 50; for instance, if No. 12 
wire were used ( radius .040"), the spacing 
between adjacent wires would be 50 times 
this or 2". Similarly, for a 300-ohm line, 
the ratio of spacing to wire radius is about 
210. In this case, with No. 16 wire ( radius 
.025"), the spacing for a 300-ohm line would 
be 5.25" between adjacent wires. Knowing 
these two factors ( 50 and 210) of wire spac-
ing to radius, it is possible to calculate the 
dimensions of any line of these surge imped-
ances. 

• Twisted-Pair Fed Antenna 

A single-band antenna for transmitting 
and receiving, which consists of a half-wave 
flat top with a twisted-pair feeder, is shown 
in Figure 27. 
The impedance of the twisted-pair feeder 

depends upon the spacing and diameter of 
the two wires and is usually of a low value 
—between 60 and 175 ohms, so that the 
feeder can be connected directly into the 
center of a half-wave antenna without se-
rious mismatch. 

12"-1 

12' 12" 

FINAL AMP 

OF TRANSMITTER 

ABOUT 3 
TURNS 

NO 14 RUBBER 
COVERED WIRE 

+ 8 

SEND 

DPDT 

\ 

RCV 

• 
$ TURNS 

FARADAY 

SCREEN 

I\ RECEIVER 

MOLE IN SmIELJ Tw.cE 
DAM OF COIL 

Figure 27--One-Band Doublet Antenna With Twisted-Pair Feeders for Transmitting and Receiving. 
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The feeders are often fanned-out into a 
small triangle, as shown in Figure 27; they 
can be of any length, carried over or near 
surrounding objects, or run underground. 
The losses in the line depend upon the di-
electric losses in the insulation around the 
wires. Available for this purpose are spe-
cial twisted-pair conductors which will safely 
handle transmitter powers up to 1 kw. Type 
"E0-1" cable, available from radio dealers, 
is designed with a characteristic impedance 
of 75 ohms and is suitable for any power the 
amateur is lawfully permitted to use. 
Twisted-pair fed antennas are suitable for 

operation on one band only because second 
harmonic operation will result in very had 
impedance mismatch and power loss. The 
efficiency is good on the lower frequencies, 
but the losses go up with frequency, becom-
ing quite high on 5 and 10 meters unless 
the feeder is short. 

• Length of Any 
Half-Wave Antenna 

Any simple half-wave antenna can be cut 
to the theoretically correct length by con-
sulting the following formulas: 

L= 1.56 X, 

or 

468,000 

L =   

where L is the length of the antenna in feet, 
X is the transmitter wavelength in 

meters, 
f is the transmitter frequency in 

kilocycles. 
These formulas do not hold good for "long 

wire" antennas. 
The antenna length may be slightly modi-

fied by the presence of nearby objects, such 
as the earth, power lines, chimneys, masts, 
trees, buildings, etc.; these objects may re-
quire that the wire be shortened by as much 
as 10 per cent in order to maintain the elec-
trical length at an exact half wavelength. 
The accompanying chart gives theoretical 

antenna lengths for various amateur bands. 

• Marconi Antennas 

A quarter-wave antenna connected to a 
ground or counterpoise system is generally 
called a Marconi Antenna. The ground or 
counterpoise completes the half wavelength 
necessary for resonance at the desired fre-
quency. The antenna may be less than a 
quarter wave in length and then brought to 
this value electrically by means of a loading 

Chart Showing Theoretical 
Length of Half-Wave Antennas, 
Such as Single-Wire Fed, Collins, 
Johnson "Q," Matched Imped-
ance, Twisted Pair, and Zepp. 

BAND Frequency Antenna 
Length 

1W1 Meter 

2M Meter 

5 Meter 

10 Meter 

20 Meter 

40 Meter 

224 mc 
232 mc 
240 mc 

112 me 
116 me 
120 me 

25' 
24' 
23.5' 

4' 2' 
4' 
3' 10' 

56 me 
58 me 
60 me 

28 me 
29 mc 
30 me 

8' 4' 
8' 1' 
V 10' 

16' 8' 
16' 1' 
15' 6 

14.05 me 
14.15 me 
14.25 mc 
14.35 me 

33'4' 
33'1' 
32'10' 
32'8' 

7.02 mc 
7.10 mc 
7.20 me 
7.28 mc 

80 Meter 

160 Meter 

3550 kc 
3600 kc 
3700 kc 
3800 kc 
3950 kc 

1750 kc 
1850 kc 
2000 kc 

66' 7' 
65' 9' 
64' 11' 
64' 

131' 6' 
129' 10' 
126' 4' 
123' 
118' 4' 

267' 
252' 
233' 

coi/. These antennas, such as shown in 
Figures 28, 29 and 30, are often used in the 
160-meter amateur band because of the diffi-
culty in getting up a half-wave radiator at 

that frequency. 
The total length of the antenna wire can 

be from 90 to 160 feet for 160-meter opera-
tion. The system is tuned to resonance by 
connecting series tuning coils and conden-
sers to a ground or counterpoise. For best 
results, make the radiator as long as possible 
(up to 150 or 160 feet). 
The radiation resistance of a quarter-wave 

Marconi Antenna at the point of connection 
to earth is less than 35 ohms. Therefore, 
the ground connection should have a very 
low resistance in order to prevent excessive 
loss of power. 

Figure 31 shows how a Marconi Antenna 
for aeroplanes or small boats is coupled to 
the transmitter. 

Coupling methods for various Marconi 
Antennas are described in the pages which 
follow. 
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AO A ZEPP ANTENNA 

Figure 28-160 Meter Operation From a 40- Meter 
Zepp. Antenna. Where space is limited, the 40-
meter zepp.-fed Hertz antenna illustrated above 
will give satisfactory operation on 160 meters. 
The zepp. feeders are connected together at the 
station end and attached to one side of the tuning 
condenser and coil, as shown in the diagram. The 
remaining ends of the coil and condenser con-

nect to the counterpoise. 

COU NNNNN OiSE 100 - t 30 

Figure 29-40-Meter Single-Wire- Fed Hertz for 
160-Meter Operation. If .. L" has sufficient 
turns, Cl is not required. " L" is coupled to the 

plate tank circuit. 

400-150 

Lz - e 0tooNs 

„_.„. COUNTERPOISE 

umr 50-130 

Figure 30--System for Loading Any Antenna for 
160-Meter Operation. 
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...... 001,0. 
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Figure 31—Loading System for Short Marconi 
Antenna for Boats, Aeroplanes, Etc. 

• Antenna Coupling Devices 

The antenna system must be coupled to a 
final r.f. amplifier of a radio transmitter in 
such a manner as to transfer most efficiently 
the power into useful output. One- and 
two-wire feeder systems can be directly 
coupled to the final amplifier, as shown in 
figures 32 and 33. 

ANT 

Figure 32 

FEEDEPS 

I 

DIRECT 

COUPLING 

Figure 33 

A blocking condenser of some value, such 
as .002 ¡dd., should be connected in series 
with the feeder in order to prevent d.c. plate 
voltage from reaching the antenna and en-
dangering human life. The feeder is tapped 
to the final amplifier tank roil at a point 
which causes the amplifier to draw normal 



RADIO 
Hanoi:too« 

Coupling Devices 81 
d.c. plate current when the tank condenser 
is tuned for greatest dip in plate current. 

• Inductive Coupling 

160-meter antenna systems should be in-
ductively coupled to the final tank coil in 
the manner shown in figures 34 and 35. 

L2 Final 
Plate 
Coil. 

330.11" 

130U 

COURTERIOf SE 100 

Figure 34 

era. •RTE.N. — • yy 

50-110 FT 

TEST LA1o11 

La— .LAif CC, or FINAL STA4E 
RFC 

160 METER ANTENNA TUNING SYSTEM 

Figure 35—The circuit shows a tuning lamp in 
series with the antenna and a shorting switch for 
bridging the lamp after the antenna is tuned. A-
nother method is to wrap a turn or two of the 
lead-in wire around a 2-turn loop connected to 
the lamp. The former system is best adapted for 
low power, the latter for medium or high power. 

The antenna circuit is tuned to resonance 
as indicated by maximum r.f. current in 
the antenna or counterpoise, and the coup-
ling between coils Li and L2 is adjusted to 
a position which will cause normal plate 
current to flow in the r.f. amplifier. The 
antenna tuning circuit will often affect the 
setting of the r.f. tank circuit condenser, 
which will then require readjustment for 
greatest plate current dip. 

Twisted-pair feeders can be inductively 
coupled to the final tank circuit with from 
one to four turns of well-insulated wire 
wound over the voltage node of the tank 
coil. The voltage node is the point of mini-
mum r.f. voltage and is the center of the coil 
in a plate-neutralized or push-pull amplifier 
or the B-supply end of the coil in a grid-
neutralized or screen-grid amplifier stage. 
The number of coupling turns determines 
the degree of coupling for each band of 
operation. 

• Pi Coupler 

The Collins Pi Coupler consists of one or 
two coils and two variable condensers con-
nected in the form of a low-pass pi-filter, as 
shown in figures 36, 37 and 38. 

Cs 

ANT 

Figure 36—Single-Wire Feed Line—Single Section 
Plate Tuning Condenser—Shunt Feed. Cl and 

C2 In All Circuits Are .00035 pfd. 

C3 

Figure 37—Two-Wire Line from Single-Endep 
Amplifier. Split-Stator Tuning and Series Feed. 

Figure 38—Coupling a Two-Wire Line to a Push-
Pull Final Amplifier. Single-Wire Line Out of 
a Push- Pull Final Through a PI Network is Not 

Recommended. 

The coupler permits adjustment of the 
antenna load across the r.f. amplifier; when 
correctly adjusted it tends to attenuate the 
higher-frequency harmonics. The coupler is 
tuned to the frequency of the transmitter by 
varying the condensers Ci and C2 and by 
adjusting the tap on the coil or coils. The 
impedance of the antenna feeders is matched 
to that of the final amplifier by connecting 
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the coupler across a portion of the amplifier 
tank circuit and by adjusting the ratio of 
the capacities of C, and C2. This system 
can be used with zepp. feeders which have 
sufficiently high impedance. It is also suit-
able for connection to single-wire or two-
wire feeders, or end-fed antennas. It should 
not be used for connection to twisted-pair 
feeders, concentric feeders, or quarter-wave 
Marconi Antennas, because the capacity re-
quired at C2 would be too high in value for 
practical use. 
The plate tank of the r.f. amplifier must 

be tuned to resonance with the pi network 
disconnected and the dial setting of the final 
tank condenser should not be changed there-
after. The pi network can then be connected 
to the tank coil and antenna, and the two 
condensers adjusted until maximum antenna 
or feeder current is obtained at normal 
values of amplifier plate current. The con-
denser C, is used for obtaining resonance 
(minimum plate current) for any particular 
setting of the impedance-matching condenser 
C. The amount of inductance in the pi 
network coils must be determined by experi-
ment. 
A simplified version of the pi network is 

shown in figure 39, with circuit constants 

',MAL A•II. 

350 1111/PD 

1C2 

ANT ENTA FULIC1.1 

Figure 39 Simplified Pi Antenna Coupling Sys-
tem. The 350-mmfd. condenser is an ordinary re-

ceiving type variable condenser. 

given for 160-meter operation. This simpli-
fied circuit eliminates one tank circuit. The 
matching network serves the dual purpose 
of tank circuit and antenna-impedance 
matching system. This type of circuit can 
be used at any frequency, especially for 
screen-grid r.f. and grid-neutralized triode 
amplifiers. It is particularly suited for use 
in low power portables or emergency gear, 
where simplicity and versatility are required 
and some harmonic radiation can be tol-
erated. 

• Link Coupling 

Any kind of antenna or antenna feeder 
can be connected to an antenna tuning circuit 
which has a tank coil and one or more 
tuning condensers. This circuit can then be 

link-coupled to the final amplifier with one 
or two turns of well-insulated wire over the 
voltage node of the amplifier and from one 
to five turns around the antenna tuning cir-
cuit. Figure 40 shows a method of link 
coupling to a zepp. feeder tuned circuit. 

Figure 40 

The link around the antenna coil is some-
times omitted, being then connected across 
a few turns of the antenna tuning coil. The 
link can consist of a pair of No. 14 or No. 
12 rubber-covered wires of any reasonable 
length. 

Figure 41 shows a method of link coupling 
commonly used to work into an end-fed an-
tenna. Sometimes the system will tune up 
better if the center of the antenna coil is 
grounded. The end-fed antenna can he any 
multiple of half wavelengths long. 

Figure 41 Link Coupling for End- Fed or Single-
Wire Feeders. 

Figure 42 shows how to link-couple a 160-
meter antenna to a final tank coil. This 
circuit is often slightly modified by connect-
ing the link in series with the bottom end 
of the antenna loading coil, rather than to 
coil LI. A short antenna can be made to 
resonate by using more turns in the coil 
The circuits in figure 43 are typical for 

coupling to zepp. antennas, matched imped-

COv.•114•0.5r 100 '1 

Figure 42 Link Coupling to 160-Meter Antenna 
System. 
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ance feeders, single-wire-fed antennas and 
end-fed antennas. The ground connection is 
optional. 

DOE 

DOE 

DOE 

END FED FUGH ANT OR 

SINGLE WIRE FED HERTZ 

MATCHED IMPEDANCE 
FEEDERS 

C. 50MMFD- 6500V 

Figure 43 Link Coupling from Final Amplifier 
to Tuned-Antenna Circuits. 

Directive 
Antennas 

All antennas have directional properties 
and these can be increased by properly com-
bining the antenna elements. The various 
forms of half-wave antennas already de-
scribed have maximum radiation at right 
angles to the direction of the wire, but the 
directional effect is not very great. 

If this radiation can be confined to a nar-
row beam, the signal intensity can be in-
creased a great many times in the desired 
direction of transmission. This is equivalent 
to increasing the power output of the trans-
mitter. It is more economical to use a 
directive antenna than to increase transmit-
ter power if more than a few watts power 
is being used. 

Directive antennas can be designed to give 
as high as 23 db gain over that of a single 
half-wave antenna. However, this high 
gain ( nearly 200 times as much power) is 
confined to such a narrow beam that it can 
be used only for commercial applications 
in point-to-point communication. 
The increase in radiated power in the de-

sired direction is obtained with a correspond-
ing loss in all other directions. Gains of 
3 to 10 db seem to be of more practical 

salue for amateur communication because 
the angle covered by the beam is wide 
enough to sweep a fairly large area. 3 to 
10 db means the equivalent of increasing 
power from 2 to 10 times. For example, 
an amateur living in the center of the United 
States would want his beam to be wide 
enough to cover all of Europe in one direc-
tion and New Zealand in the opposite direc-
tion. His beam should be centered about 
45° north-of-east and about 35° wide. Simi-
larly, a 20° beam width, 50° south-of-east, 
would cover South America and the Orient. 
Another 35° beam pointing east and west 
would cover Australia and South Africa. In 
San Francisco, two beam antennas, could be 
made to cover all dx sections fairly well; a 
30° beam, 35° south-of-east for South Amer-
ica and the Orient, and another 35° to 40° 
!Kam, 45 ° north-of cast for Europe, New 
Zealand and Australia. 

In this discussion, all antenna arrays are 
assumed to have two main lobes of radia-
tion in opposite directions ( no reflector sys-
tem). Directions in which the antennas could 
be pointed can be figured as the Great Circle 
shortest distance direction with the aid of a 
globe of the world. Day and night direc-
tions in some cases are different, due to the 
skip distance effects of some of the high-
frequency bands, because the signals may go 
around the world in one direction in the 
morning, and in the other direction in the 
evening, to points near the opposite sides 
of the world. 
Four to six half-wave antennas or their 

equivalent are apparently about all that can 
be used without securing too much directiv-
ity, unless the operator is aiming at one 
locality of relatively small area. With wave-
lengths below 10 meters, the problem of 
rotating the beam antenna is simplified and 
more directional effects with greater power 
are desirable. Reflector systems can be set 
up for increasing the beam in one direction 
and preventing radiation in the opposite di-
rection. 

Tables of wire lengths for several arrays 
and directional types of antennas are given. 
Surroundings will modify these values, but 
for most purposes the wires can be cut to 
the values listed, and satisfactory results 
obtained. 
The most simple method of feeding many 

types of directional antennas ( if near the 
transmitter) is by means of zepp. feeders 
which are generally some odd multiple of 
quarter waves in length. In all cases where 
the system is much more than a wave-
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length from the transmitter to the feed 
point, a non-resonant two-wire feeder and 
quarter-wave matching stub should be em-
ployed. The problem is greatly simplified 
in most cases by the use of zepp. feeders, 
since the feeders can be tuned at the trans-
mitter just as with any zepp. half-wave 
antenna. A simple field strength meter 
coupled to the antenna system will readily 
indicate correct feeder tuning. 
All directional resonant antenna systems, 

other than a single long-wire system, oper-
ate on the one frequency for which they 
are designed. The "V" beam can be oper-
ated on two bands with fair satisfaction, 
although the correct angle ô between the 
arms of the "V" can only be made for one 
frequency. A type is generally chosen from 
a consideration of available space. The "V" 
beams are less critical in mechanical design; 
if space is available for pointing the open or 
closed end of the "V" in the desired direc-
tion, this type is excellent. 

• Horizontal and 

Vertical Directivity 

The horizontal directivity of any antenna 
system is that shape of the radiated beam 
or beams shown looking down at the earth 
from a point above the antenna system. For 
example, a beam having a width of 30° hor-
izontally would spread out enough to cover 
a whole continent, such as Europe, from 
points in the United States. Vertical Di-
rectivity is the expression for defining the 
angle above the horizon at which the major 
portion of the radiation goes out from the 
antenna. Directional antenna systems are 
generally made to have a very low angle of 
radiation, so that the vertical directivity is 
outward toward the horizon, rather than 
upward at a high angle. 

• Polarization 

Radio waves are polarized in that they 
will induce a greater signal in the receiving 
antenna when the plane of that antenna is 
parallel to the plane of polarization. For 
example, a vertical transmitting antenna will 
produce a vertically-polarized wave which 
can best be received by a vertical receiving 
antenna over relatively short distances, such 
as in the ultra-high-frequency region. 
Wavelengths between 10 and 100 meters 
can be transmitted with either vertical or 
horizontal antennas, resulting in the wave 
starting out with a vertical or horizontal 
polarization. By the time it reaches the 
distant receiving antenna it is apt to be 

HRI1013001K 

mainly horizontally polar ized. Reflection 
and refraction effects in the Heaviside Layer 
tend to twist the wave polarization so that 
in most cases a horizontal receiving antenna 
will give best results. 
For ultra-short wavelengths, vertically 

polarized waves are not reflected upward 
by the surface of the earth as easily as those 
of horizontally polarized nature. As only the 
ground wave is useful on wavelengths below 
10 meters, vertical transmitting and receiv-
ing antennas have thus proven most satis-
factory at these frequencies. 
With ultra-short wavelengths, the plane of 

polarization may be twisted by such objects 
as hills or buildings, so that occasionally a 
horizontal antenna will very efficiently re-
ceive signals transmitted by a vertical an-
tenna. 

• Directive Factors 

Directional antenna systems operate on 
the principle that the radiation fields add or 
subtract in space. When several radiating 
elements, such as half-wave antennas, are in 
close proximity to one another, the radiated 
fields may aid or oppose each other in dif-
ferent directions. In those directions in 
which opposition or cancellation occur, the 
signal is attenuated; similarly in those di-
rections in which the fields aid each other, 
or add, the signal is increased. All directive 
antennas depend upon this phenomenon. The 
fields are said to be in phase when they are 
additive, and out of phase when they cancel 
each other. Antenna directivity results from 
phasing the radiation from adjacent antenna 
elements so as to neutralize the radiation in 
the undesired directions, and to reinforce the 
radiation in the desired direction. Directiv-
ity can be obtained in either horizontal or 
vertical planes. In transmission, directive 
antennas concentrate energy much like re-
flectors and lenses concentrate light rays. 

• Co-Linear Antennas 

Franklin or co-linear antennas are widely 
used by amateurs. The radiation is broad-
side to the antenna. The antenna consists 
of two or more half-wave radiating sections 
with the current in-phase in each section. 
This is accomplished by quarter-wave stubs 
between each radiating section or by means 
of a tuned coil and condenser or resonant 
loading coil between each half-wave radiat-
ing section. The quarter-wave stub is a 
folded half-wave wire in which the wires are 
sufficiently together so that the radiation is 
neutralized. 



RADIO 
HAFIDBOOIK 

Co- Linear Antennas 85 

riZ-1 

ANGLE 8 • 72° FOR 

• • 42° 11 

I RADIATOR 

2 

4 

• • 14° 0 a 

FRANKLIN ANT ENNA 

Figure 44 

ANGLE 

SECT ION 

Two half waves in-phase will give a gain 
of approximately 2.5 db with respect to a 
single half-wave antenna; three sections will 
give a gain of approximately 4 db. Addi-
tional half-wave sections increase this power 
gain approximately one db. per section. 
Various feeder systems are shown in the 

accompanying sketches. A zepp. feeder can 
be used in place of a quarter-wave stub 
and 600-ohm line. The latter will allow 
a two-section co-linear antenna to be oper-
ated as a single section half-wave antenna 
(center-fed zepp.) on the next longer ama-
teur wave band. For example, an antenna 
of this type would be a half-wave antenna 
on 40 meters and a two-section co-linear 
antenna on 20 meters. The direction of 
current at a given instant and the location 
of the current nodes are indicated in the 
sketches by means of arrowheads and dots, 
respectively. 

Co- Linear Antenna Design Chart 

Band 
Fre-

quency 
In mc. 

L, 
L2 1_, 

10 
Meters 

30 
29 
28 

14.4 
14.2 
14.0 

16' 
16' 6' 
17' 1' 

1176: 5' 
17' r 

88: 62'' 
8' 9' 

20 
Meters 

33' 4' 
33' 8' 
34' 1' 

34' 3' 
34' 7' 
35' 

17' 1' 
17' 3' 
17' 6' 

40 
Meters 

7.3 
7.15 
7.0 

65' 10' 
67' 
68' 5' 

67' 6' 
68' 8' 
70' 2' 

33' 9' 
34' 4' 
35' 1' 

75 
Meters 

80 

4.0 
3.9 

3.6 

120' 
123' 

133' 

123' 
126' 

136' 5' 

61' 6' 
63' 

68' 2' 

A table of wire length for the Li, L2, and 
L. sections is given for various amateur 
bands. 
The radiation resistance at any voltage 

node in a co-linear antenna is shown in the 
co-phase antenna curve, figure 45. This 
curve is for an antenna in free space, but is 
sufficiently correct for satisfactory operation 
so long as the antenna is more than a quar-
ter wave above earth. 
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Figure 46—Radiation resistance (at a voltage 
node) versus harmonic or co-phased elements 

The radiation resistance increases rapidly 
with the number of in-phase sections, so that 
an antenna with five sections can be current-
fed directly with a 600-ohm non-resonant 
line, as shown in one of the sketches. This 
curve sheet can be used to calculate the im-
pedance of current feeders for any number 
of co-linear or co-phased sections. A Col-
lins multi-band feeder of two parallel copper 
or aluminum tubes or a simple four-wire 
"cage" feeder can be designed to match into 
impedances of from 250 to 400 ohms. 
Tables for parallel-tubing surge impedance 

for operation as matching sections are given 
on page 77. 

Co-linear antennas with 2, 3, 4, and 5 sec-
tions are shown in Figure 46. 

• Long-Wire Antennas 

A single long wire can be operated either 
as a fundamental half-wave radiator or on 
any of its harmonics. One of the most 
practical methods of feeding a long wire 
antenna is to bring one end of it into the 
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radio room for direct connection to a tuned-
antenna circuit which is link-coupled to the 
transmitter. The antenna can be tuned to 
exact resonance for operation on any har-
monic by means of the tuned circuit which 
is connected to the end of the antenna. This 
tuned circuit corresponds to an adjustable, 
non-radiating half-wave section of the an-
tenna. A ground connection is sometimes 
made to the center of the tuned coil. 

Zepp. feeders may be connected to one end 
of a long wire antenna if the operating room 
is close to the ground or far removed from 
the antenna. 
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Long Antenna Design Chart 

Length in Feet. End Fed Antennas. 

Frequency 
In mo. 

15 1h5 25 2 y¡x 3\ 3YiX 45 4%). 

30 32 48 65 81 97 104 130 146 
29 33 50 67 84 101 118 135 152 
28 34 52 69 87 104 122 140 157 

— 
14.4 66% 100 134 169 203 237 271 305 
14.2 67% 102 137 171 206 240 275 310 
14.0 68% 103 139 174 209 244 279 314 

7.4 136 206 276 246 416 486 555 625 
7.15 136% 207 277 347 417 487 557 627 
7.0 137 207% 277% 348 418 488 558 628 

4.0 240 362 485 618 730 853 977 1100 
3.9 246 372 498 625 750 877 1000 1130 
3.8 252 381 511 640 770 900 1030 1160 
3.7 259 392 525 658 790 923 1060 1190 
3.6 266 403 540 676 812 950 1090 1220 
3.5 274 414 555 696 835 977 1120 

2.0 480 725 972 1230 1475 
1.9 504 763 1020 1280 
1.8 532 805 1080 
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Figure 48—Radiation Patterns of Horizontal Antennas in Free Space. 
The presence of the earth makes the antenna less directional than indicated in the above patterns, 

particularly in the direction of the antenna wire. 

The long-wire antenna can be current-fed 
at a point of maximum current by means of 
a twisted-pair feeder or concentric line. The 
radiation resistance at any current node is 
shown in figure 45. 
The proximity of the ground changes the 

values of radiation resistance to a certain 
extent. If the antenna were in free space, the 
radiation resistance would fall betwen 73 and 
150 ohms, depending upon the length of the 
antenna wire, assuming that it is some mul-
tiple of half-waves in length. The ground 
may he ignored if the antenna is sufficiently 
high. 

75-Meter Phone Antennas 
Lengths in Feet 

Frequency " Half " Full 
in Wave" Wave" 

Kilocycles %X 1X 

4000 117 240 
3950 118 243 
3900 119% 246 

362 
367 
372 

2. 

485 
492 
498 

23et 

618 
616 
625 

The gain in power in the optimum direc-
tion of radiation of a long-wire antenna over 
that of a half-wave antenna wire is shown 
in the curve of figure 47, which gives db 
power ratio with respect to wire length. It 
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can be seen from this curve that an antenna 
eight waves long will have a gain of more 
than 6 db over that of a dipole. 
An antenna four waves in length has a 

gain of slightly more than 3 db. The greater 
lengths tend to make the antenna more di-
rectional out from the ends of the wire and 
also to lower the vertical angle of the main 
lobe of radiation. 
The approximate lengths of wire resonant 

at the frequencies listed are shown in the 
Long Antenna Design Chart. 

ANTENNA 

A 

HAFIEIROOK 

Long wire antennas can be connected into 
directional arrays in order to obtain great 
directivity and high gain. The horizontally-
polarized long-wire array, shown in figure 
49, gives a theoretical gain of 12.4 db over 
that of a half-wave antenna. 
A more simple form of long wire antenna 

and reflector suitable for amateur service is 
shown in figure 50. 
A wire 275 feet long can be suspended 

approximately 8 feet under a similar wire 
in order to act as a parasitic reflector and 
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antenna, respectively. This antenna is suit-
able for 14 Mc. phone operation; the main 
lobe of radiation will be at a vertical angle 
of 26 degrees above the horizon. This lobe 
will be in the direction as indicated in the 
sketch and may be reversed 180 degrees by 
pulling the reflector wire along the axis of 
its length for a distance of 30 feet. 
This antenna is practically uni-directional 

when the reflector is placed under the an-
tenna. If the reflector is parallel to the 
antenna and of the same height above ground 
as the antenna, the radiation becomes bi-
directional. 

• RCA Broadside Antenna 

This broadside radiator is not suitable 
for amateur practice because of the difficulty 
in adjusting the feeder shunt inductances, 
but is used commercially with excellent re-
sults. All parts of the parallel transmission 
line are kept in-phase by means of the shunt 
inductances which are connected across the 
line at each point where the radiators are 
attached. The waves are vertically polarized 
and a reflector can be placed a quarter wave 
behind the antenna in order to make the sys-
tem unidirectional. The system is shown in 
figure 51. 

RIFF. X .223A E•C1.7  

RIFFRO• .22S A («I. 

FEEDERS 

PC • BROADS ,DE ANTE NN A 

Figure 51 

SOO 000 
FEEOERS 

GAIN APPROX 60B. 

HORIZONTALLY POLARIZED 

• Barrage Antenna 

The L'arrage antenna ( figure 52) is an 
"in-between" system of the stacked dipole 
and the Hawkins antenna ( figure 53). The 
two end sections L, are a quarter-wave long, 
the middle radiating elements Lz a half-
wave. 
The two Lz end sections have out-of-phase 

currents within the section, so that very 
little radiation takes place. The transposed 
Lz sections do not radiate because of the 
close spacing between the two wires. The 
radiating sections of Lz and L, can be 
mounted horizontally or vertically, as illus-
trated in the sketches. 
The array transmits or receives broad-

side. The approximate gain of two hori-
zontally-polarized arrays for amateur serv-
ice. shown in the diagrams, is 6 and 8 db 
respectively. The theoretical wire lengths 
Lz and L, are given in the Barrage Array 
.intenna Design Chart. 

Barrage Array Antenna Design Chart. 

Band 
Frequency 

In mc. L2 La 

5 60 8' 2' 4' 1' 
rn,.,.., 68 8' 6' 4' 3' 

56 8' 9' 4' 5' 

10 30 16' 5' 8' 2' 
Meters 29 17' 8' 6' 

28 17' 7' 8' 9' 

20 14.4 34' 2' 17' 
Meters 14.2 34'7' 17'3' 

14 35 17'6' 

In commercial practice, several groups of 
these arrays are made into a large curtain 
in order to provide more gain and a sharper 
beam for point-to-point communication. 

• Compact "H" Arrays 

The "H" sections of a stacked dipole an-
tenna can be rearranged into a more com-
pact form, as illustrated in figure 53. 
The top and bottom halves of each half 

MON-RE3ONAMT 

FEEDERS 

BARRAGE BROADSIDE 

FIGURE 52 

ANTENNAS. 
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wave portion of an "H" section are bent 
over toward each other and connected to-
gether. This reduces the required vertical 
dimensions one-half. The reduction in gain 
due to cancellation of radiation in the bent-
over portion of the half-wave sections is not 
very great. The calculations of the designer 
give the approximate gains as shown in 
figure 53. 
The radiation is vertically polarized and 

broadside to the plane of the antenna. The 
LX sections may be made horizontal, if hori-
zontally-polarized radiation is desired. These 
directional antennas should be mounted so 
that they clear the surface of the ground by 
a half wavelength, whenever possible. A 
reduction in height reduces the effectiveness 
and alters both the directional pattern and 
gain of the antenna. 
The lengths I., and LX are the same as 

those shown in the Stacked Dipole Chart 
for 1,, and L. ( pace 92). 

• The Beverage Antenna 

BEVE44GE ANTENNA 

Figure 54 

A very long wire of several wavelengths 
when terminated in a resistance equal to its 
characteristic impedance, becomes a "Wave" 
or "Beverage" antenna. This form of an-
tenna is satisfactory for long-wave recep-
tion and is non-resonant. 
The wire is usually suspended from 10 to 

20 feet above the surface of the earth and 
should be pointed toward the stations whose 
signals are to be received. It is most ef-
fective when located over poorly-conducting 

earth, since the wave-front of the received 
signal is tilted more than when it travels 
over salt water or moist earth. This form 
of Beverage antenna is not recommended for 
short-wave reception. 

• Chireix-Mesny Antenna 

Numerous sections of tilted half-wave di-
poles form the Chireix-Mesny array. The 
wires are arranged so as to form an angle 
of 45 degrees with respect to the earth, and 
90 degrees with respect to each other, in 
a saw-tooth form. 

woe. • RE30.1.1.4 

SIMALE CHIREIX—MESNY ARRAY 

Figure 55 

The two sketches illustrate the design of 
this array. It transmits vertically-polarized 
waves. Any array section should be fed 
so that the current in the half-wave radiat-
ing sections will be fairly-well balanced. The 
antenna may be fed at a point of maximum 
current, as shown in the simple array, with 

Chireix-Mesny Antenna Design Chart 

Frequency 
Band in me. I-, LP L.. 

2.5 120 4' 4' 1' 24' 
Meters 116 4' I ,i• 4' 3' 25' 

112 4' 3' 4' 5' 26' 

5 60 8' W 2' 4' 1' 
Meters 58 8' 3' 8' 6' 4' 3' 

56 8' 7' 8' 9' 4' 5' 

10 30 16' 16' 5' 8' 2' 
Meters 29 16' 6' 17' 8' 6' 

28 17' 17' 7' 8' 9' 

20 14.4 33' 4' 34' 2' 17' 
Meters 14.2 33' 8' 34' 7' 17' 3' 

14 34' 1' 35' 17' 6' 
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FIGURE 56 

a half-wave matching stub or zepp. feeder 
of some multiple of half waves in length. 
If two bent wires are used as shown in the 
other Chireix-Mesny array, a quarter-wave 
matching stub can be connected across two 
points of high voltage. 

The accompanying design chart gives the 
values for Li, I., and L. for amateur prac-
t ice. 

• Stacked Dipole Antennas 

Several half-wave or dipole antennas can 
be arranged in a stacked form in order to 
provide a directional curtain system. The 
antennas are usually placed parallel in a 
plane, a half-wave apart in space. Similar 
half-wave sections may be stacked above or 
below the first sections in order to increase 
the physical size of the curtain. An increase 
in size, by the addition of half-wave sections, 
increases the directivity and gain of the 
antenna. Elaborate curtains with a gain of 
nearly 200 times are used in commercial 
practice. In such cases, a reflector curtain 
similar to the antenna proper is placed a 
quarter wavelength behind the antenna in 
order to make the system unidirectional, and 
thereby increasing the gain in the forward 
direction by 3 db as well. 

Horizontal and vertical directivity can 
both be made very sharp with this type of 
directional array. The construction is more 
difficult than for a rhombic or "V" antenna; 
the wires must be coretly tuned, and the 
feeder system should be connected to points 
in the curtain which will provide a uniform 
current distribution in the antenna. This 
means that the feeders must be connected 
into several portions of the large curtains. 
A single point of connection for the feeder 
can be used in the less elaborate arrays illus-
trated in th t accompanying sketches. 

In these sketches the arrow-heads repre-
sent the direction of flow of current at a 
given instant; the dots represent the points 
of maximum current and lowest impedance. 
All arrows should point in the same direc-
tion in each portion of the radiating sec-
tions of the antenna in order to provide a 
field in-phase for broadside radiation. 

If the arrows in adjacent half-way sec-
tions ( which are spaced a half-wave apart) 
are in opposite directions, the system 
radiates in a direction through the plane of 
(4 the wires, and is then called an "end-
fire radiator." Figure 61 shows the direc-
tional pattern in a horizontal plane for two 
half-wave vertical antennas excited out-of-
phase. 

GAIN APPROX 10 DB. 

FEEDERS 
ANY LENGTH MORE THAN 4 

IMPEDANCE ACROSS X Ym ROO OHMS 

STACKED DIPOLE ANTENNA, 

Fiare 57 



92 Directive Antennas RADIO 

1400 Oefm 

FEEDERS 

SOO Oelm 

NON- RESONANT 
FEEDERS 

IMPEDANCE ACROSS XV. 4200 OROS IMPEDANCE ACROSS X Y SOD ORWS 

GAIN APPROX 5 OB. 

SIDE AIES 

GAIN APPROX 7+ OB. 

HAII1DBOOK 

REEDERS 

GAIN APPROX 5 DB. 

STACKED DIPOLE ANTENNAS — BROADSIDE RADIATION 

NON-REsONANT 
FEEDERS 

4_1.1_sue OR 

P FEEDERS 

GAIN APPROX 50E1 
OvER DIPOLE 

FIGURE 58 

BROADSIDE ARRAY WITH HORIZONTAL POLARIZATION 

Figure 59 

NON.RESDNANI 
FEEDERS 

HORIZONTALLY POLARIZED BROADSIDE ARRAY SECTION 

Figure 60 

The broadside radiation from two similar 
antennas excited in-phase is shown in figure 
62. 

It can be seen that the maximum gain 
in the desired directions is approximately 
the same for either broadside or end-fire 
radiation; however, the beam in one case is 
sharper than in the other. In general, when 
antennas are connected to feeder systems 
in such a manner that the radiators are out 
of phase, they have a broader beam than 
when the antenna is excited in-phase for 
broadside radiation. The curves show the 
relative radiation in db, which emphasizes 
the difference in horizontal directivity of the 
two systems. 

Stacked Dipole Antenna Design Chart 

Band 
Frequency 
in me. 1-1 I-2 L 

12' 
12W 
13' 

24' 
25' 
26' 

1.25 
Meters 

240 
232 
224 

24' 
25' 
26' 

24W 
25;f 
26W 

2.6 
Meters 

120 
116 
112 

4' 
4' 1 %' 
4' 3' 

4' l' 
4' 3 
4' 5' 

5 60 8' 8' 2' 4' 1' 
Meters 58 8' 3' 8' 6' 4' 3' 

56 8' 7' 8' 9' 4' 5' 

10 30 16' 16' 5' 8' 2' 
Meters 29 16' 6' 17' 8' 6' 

28 17' 17' 7' 8' 9' 
---

20 17' 14.4 33' 4' 34' 2' 
Meters 14.2 33' 8' 34' 7' 17' 3' 

14 34' 1' 35' 17' 6' 

40 7.3 65' 10' 67' 6' 33' 9' 
Meters 7.0 68' 2' 70' 35' 
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FIGURE 61 

The radiating sections of half-wave wires 
may be either horizontal or vertical with 
respect to the surface of the earth, depend-
ing upon whether horizontally- or vertically-
polarized transmission is desired. The cur-
rents in the L, sections are in-phase, with 
the result that they cause a radiation field 
which is additive in amplitude; more direc-
tivity and gain therefore result from the 
addition of radiating elements. The currents 
in the L. and L-, sections are out-of-phase; 
since these wires are only a few inches apart 
there is no radiation, because the fields 
neutralize each other. 
The theoretical lengths of the L,, L. and 

L., elements are listed in the table for various 
amateur bands. 
The L, sections are approximately 2.5 per 

cent shorter than a half-wavelength, due to 
the end effect, whereas the L. and Li sec-
tions are a full half-wave and quarter-wave 
in length, since both ends are terminated in 
additional elements. The values listed in the 
Table may be subject to modification if there 

are objects or conductors in the vicinity of 
the antenna. 

Several forms of these stacked dipole an-
tennas are shown in the sketches. Four 
radiating elements connected in the form of 
an "H" section will give a gain of approxi-
mately 5 db over that of single half-wave 
antenna. The "H" section can be fed as 
shown in either diagram of the "H" sec-
tions. The feeders must be connected so 
that the current will be in-phase if broad-
side radiation is desired. The "H" section, 
in which the quarter-wave matching stub is 
connected as shown in the sketch ( L., being 
the length of the stub), can be converted 
into an end- fire radiator if the L. sections 
are not transposed. 

In the other "H" section, the impedance 
across the points X and Y is approximately 
1,200 ohms, which can be matched to a 
600-ohm non-resonant line by means of a 
half-wave matching stub. When there are 
six radiating elements, the impedance across 
X-Y drops to 800 ohms, which could be 
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FIGURE 62 

matched approximately by using very wide 
spacing in the feeders to the points X-Y. 
The quarter-wave matching stub, as shown 
in the sketch, gives a more accurate match. 
The gain from six wires, as illustrated, is 
approximately 7.5 db over that of a single 
dipole, and the horizontal directivity becomes 
more pronounced. The simple "H" section, 
or the section with six elements, will give 
as much horizontal directivity as can be 
used to practical advantage by the amateur. 

A double "H" section with eight L, di-
poles can be fed across the points X-Y with 
a 600-ohm non-resonant line, because the 
impedance across these points is 600 ohms. 
The approximate gain of this array is 10 
db over that of a single antenna. 

A similar antenna with horizontal wires 
is shown in the diagram of figure 59. It is 
fed with a quarter-wave matching stub, 
connected to a non-resonant feeder. Many 
sections of these types are mounted in large 
curtains, one above the other and end to 

DOUBLET 

end, in commercial practice. The problem of 
tuning such elaborate antenna systems is 
very complex. 

• The Bruce Antenna 

The Bruce antenna consists of quarter-
and eighth-wave sections fed in such a man-
ner that the current in adjacent vertical sec-
tions is in-phase. The radiation is vertically 
polarized and broadside to the antenna. The 

)T 1.4 
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 ) 
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Fig u re 63 
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current in the horizontal portions is out-of-
phase, as illustrated in figure 63. Very little 
radiation takes place from the horizontal 
portions of the antenna. 
For good horizontal directivity the overall 

length should be at least five wavelengths. A 
similar bent wire, placed a quarter wave be-
hind the antenna, will act as a reflector and 
make the system unidirectional. The L. 
and L4 sections of a Bruce antenna, in ac-
tual practice, are a continuous wire which 
can be mounted in a vertical plane by the 
use of insulators and additional sections of 
wire connected across the open-U-shaped 
portions of the bent wire. 

L. 

L3 43 L3 l) 

L3 

Ls L. L3 L3 Ls ls Ls 

L3 L3 L3 L4 

Ls 

L3 Ls LSM Ls 

L3 L3 

Ly y 

600 0,44 

FEEDERS 
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L3 
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SYSTEM ANC DOUBLE ROW OF BRUCE ELEMENTS. 
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Figure 64 

FEEDERS 
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Bruce Antenna Design Chart 

Frequency 
Band In rnc. L4 La 

2.5 
Meters 

120 
116 
112 

12' 
12W 
13' 

2e 
25' 
26' 

5 
Meters 

60 
sa 

2' 
2' l' 

4'1' 
43' 

56 2' 2' 4' 5' 

10 30 4' 8' 2' 
Meters 29 4 1 W 8' 6' 

28 4' 3' 8' 9' 

20 14.4 8' 4' 17' 
Meters 14.2 8' 5' 17' 3' 

14.0 8' 6' 17' 6' 

The two forms of the Bruce antenna suit-
able for amateur communication are shown 
in figures 63 and 64. A Design, Chart is 
given for wire lengths for the 2.5-, 5-, 10-
and 20-meter amateur bands. 

• The Kraus "Flat-Top 
Beam" 

This directive antenna, developed and first 
described in RADIO only recently by 
W8JK, has become perhaps the most pop-
ular directive system among amateurs be-

î 
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Band 

10 
Meters 

Frequency 
in nic. 

30 
29 
28 

14' 
14'6' 
15' 

20 
Meters 

40 
Meters 

14.35 
14.25 
14.15 
14.05 

7.28 
7.20 
7.10 
7.02 

29' 4' 
29' 7' 
29' 10' 
30' 2' 

Li, 
Feeder Stub 

Length 

12'4' 
12'10' 
13'6' 

4' 
4' 
4' 

8' 2' 
8' 6' 
8' 9' 

26' 1' 
26' 5' 
26' 8' 
27' 

57' 9' 
58' 6' 
59' 6' 
60' 5' 

51' 4' 
52' 2' 
53' 
54' 

8' 
8' 
8' 
8' 

17'1' 
17'2' 
17'4' 
17'6' 

16' 
16' 
16' 
16' 

33' 7' 
34' 
34' 6' 
35' 

cause of its simple construction and the 
excellent results it affords. 

In its simplest form, the antenna consists 
of two horizontal, half-wave wires, spaced 
approximately one-eighth wavelength and 
bent in towards each other at one end, as 
shown in figure 65, to allow out-of-phase 
voltage feed. The "Signal Squisher," de-
scribed later in this chapter, is a modified 
form of this arrangement which takes tip 
less room and is, therefore, more readily ro-
tated. 

More directivity and gain can be provided 
by adding additional sections, as illustrated 
in figure 65. The wires are suspended in a 
manner similar to that of the old-time flat-
top antenna systems. 

The system is fed with either zepp. feed-
ers or a matching stub and untuned line. 
The latter system is preferable when the 
radiator is located some distance from the 
transmitter. The stub may be either g or 
34 wave long, the feeders attaching the same 
distance from the stub in either case. This 
point is determined as previously described 
under stub-matching sections. 

The sketches show fop views of the an-
tenna. The two wires are parallel to the 
ground and cross over each half wavelength 
when more than one section is used. The 
accompanying table gives proper wire 
lengths for 10-, 20-, and 40-meter operation. 
The distances L. and Lb refer to just the 
straight portions of the wire. Spacing where 
the wires cross over should be about 6 
inches the entire distance. 

While affording high gain when several 
elements are used, the beam is not particu-
larly sharp and, therefore can be used to 
cover a wide area. A good portion of the 
gain comes from the lowered vertical angle 
of radiation. 

• The Vagi Antenna 

A directive antenna system which is par-
ticularly useful for the ultra-high and micro-
wave frequencies is the Yogi. It usually 
consists of a vertical half-wave antenna with 
several parasitically-excited reflector and di-
rector wires placed in vertical planes around 
the antenna. The rear reflector wire, which 
is on the side of the antenna opposite that 
of the desired directions of transmission, is 
normally spaced a quarter-wavelength be-
hind the radiator. If side reflectors are 
used, they are spaced a half wavelength from 
the antenna. 

A typical polar diagram of an antenna 
and three reflectors is shown in figure 68. 
This antenna has a theoretical gain of 6 db 
over that of the antenna wire alone. The 
beam is rather broad and covers an angle 
of nearly 90 degrees. The two small lobes 
do not detract from the power gain but do 
affect the discrimination. 

Reflector and Director Dimen-

sions for Vagi Arrays 

Freq.ARD a b c 

224 25' 26' 23' 13' 263r 20' 
232 24' 25' 22' 12W 253e 19' 
240 2334' 24' 21' 12' 24W 183r 

112 4'2' 4'3' 453f 26' 4'5' 39' 
116 4' 41r 44' 26' 4'3' 38' 
120 3'10' 4' 43' 24N 4'1' 37' 

56 8'4' 8'7' 7'34" 4'5' 8'9' 6'7' 
68 8'1' 8'3' 7'434' 4'3' 8'6' 6'4' 
60 7'10' 8' 713r 41' 8'2' 6'2' 

28 16'8' 17'2' 15'3' 8'9' 17'7' 13'2' 
29 16'1' 16S' 14S' 8'6' 17' 12'8' 
30 15'6r 16' 143' 8'2' 16'5' 12'4' 

14.05 33'4' 34'1' 305' 17'6' 35' 26'3' 
14.15 33'1' 33'11' 30'2' 17'4' 34'8' 261' 
14.25 32'10' 33'8' 30' 17'3' 34'6' 25'11' 
14.35 32'8' 33'5' 29'10' 17'1' 34'3' 25'8' 
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PARASITIC REFLECTOR IN BACK OF ANTENNA 

GAIN APPROX 3 DB. 

Figure 66 

Greater directivity can be obtained with 
three reflector wires and two directors, fig-
ure 69. 
The gain is approximately 9 db over that 

of a single antenna wire. The director wires 
are spaced about wavelength each ahead 
of the antenna wire in the desired line of 
transmission. 

Typical reflector and director wire dimen-

?' 

O 

2 PARASITIC DIRECTORS AND 3 REFLECTORS 

GAIN APPROX 9 09. 

Figure 67 

sions are listed in the table. 
The elimination of the two side reflector 

\vires results in a reduction in gain of 3 db 
in the forward direction and with the addi-
tion of two more lobes of radiation at right 
angles to the desired direction of transmis-
sion, as shown in figure 70. This effect is 
shown in the polar diagram of a single re-
flector and two director wires. The approx-
imate gain of other simple Yagi are shown 
in figures 71, 72, and 73. 

HORIZONTAL DIRECTIVITY 

ANTENNA AND 3 PARASITIC 

6 DB THEORETICAL GAIN 

FIGURE 68 

REFLECTORS — 

OVER DIPOLE 
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EXPERIMENTAL RESULTS— HORIZONTAL DIRECTIVITY — Y AGI 

ARRAY — 3 REFLECTORS — 2 DIRECTORS — —2 ANTEN N A — 

9 DB. GAIN OVER DIPOLE 

FIGURE 69 
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• Operation of 
Parasitic Reflectors 

A parasitic reflector consists of a wire 
approximately a half wavelength long, placed 
in the field of the antenna and parasitically 
excited by the radiation fields of the an-
tenna. The energy from the antenna field 
is re-radiated by the reflector wire, so that 
the energy is reinforced in certain directions 
and cancelled in others. For example, if 
the reflector is spaced a quarter wave from 
the antenna, the resultant radiation field will 
be practically doubled in a direction opposite 
to that of the reflector wire in a line with 
the antenna. 

Directly radiated and re-radiated fields 
tend to cancel in the opposite directions with 
the result that the radiation takes oil a 
heart-shaped horizontal directivity pattern. 

If the reflector wire is spaced a half wave-
length from the antenna, the radiated field 
will be increased in two directions at right 
angles to the plane of the reflector and an-
tenna. 

When three reflector wires are supported 
around an antenna, one at the rear and two 
at the sides, with spacings of a quarter 
wavelength and half wavelength respect-
ively, a radiation field such as the one 
shown in the polar diagram for the Yagi 
antenna will be produced. 

Combinations of reflector wires in the 
form of a curtain are sometimes placed a 
quarter wavelength behind a directional an-
tenna system in order to increase the radia-
tion in the forward direction and likewise 
prevent radiation from the rear. 

Parasitic reflectors can be calculated from 
the formula: 

L = 1.60 X X. 
492,000 0.97 

or L =.  

where L is the reflector length in feet, 
X is the transmitter wavelength in 

meters, 
f is the transmitter frequency in 

kilocycles. 
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HORIZONTAL DIRECTIVITY OF VAGI ARRAY 

3,33 v.31re 

ONE REFLECTOR TWO DIRECTORS 

6 DB. GAIN OVER DIPOLE 

PARASITIC DIRECTOR AND REFLECTOR 

A 
B..- a -.1.--

GAIN APPROX 4 ÷ DB. 

Figure 71 

o 
C 

FIGURE 70 

2 PARASITIC DIRECTORS AND ONE REFLECTOR 

GAIN APPROX 6 DB. 

Figure 72 

• Operation of 
Parasitic Directors 

A wire placed in front of an antenna in 
the desired direction of transmission or re-

D 
c 

- 3 - E-so-o--e-

3 F4...5 C ° RECTORS AND ONE REFLECTOP 

GAIN APPROX 7 ÷ DB. 

Figure 73 

ception is known as a director, since it im-
proves the transmission or reception in that 
direction. A parasitic director is normally 
made slightly shorter than the antenna 
proper and spaced of a wavelength in 
front of the antenna. A parasitic reflector 
wire placed behind a radiator is normally 
made slightly longer than an electrical half 
wavelength. The antenna proper should al-

ways be resonant. 

The length of director wires can be cal-
culated from the following formulas: 
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L = 1.425 X X 

492,000 X 0.87 
or L = 

where L is the director length in feet, 
X is the transmitter wavelength in 

meters, 
f is the transmitter frequency in 

kilocycles. 

• Rhombic Antennas 

The terminated rhombic or diamond is 
probably the most effective directional an-
tenna that is practical for amateur com-
munication. This antenna is non-resonant, 
with the result that it can be used on three 
amateur bands, such as 10, 20 and 40 meters. 
When the antenna is non-resonant, i.e., 
properly terminated, the system is uni-direc-
tional and the wire dimensions are not at 
all critical. The rhombic antenna can be 
suspended over irregular terrain without 
greatly affecting its practical operation. 
The tuned diamond antenna consists of 

two "V" antennas, end to end, and without 
a free-end termination, as shown in figure 
74. The antenna is bi-directional, in which 
case the lengths are very critical, and the 
system must be tuned to exact resonance 
with the operating frequency. It has less 
gain than a properly terminated rhombic. 

If the free end is terminated with a re-
sistance of a value of from 700 to 800 ohms, 

FMK. 

TUN. RHOuISIC • NTENNA 

Figure 74 

UNTO.° RHOMBIC ANTENNA 

Figure 75 

as shown in figures 75, 76 and 77, the back-
wave is eliminated, the forward gain is in-
creased, and the antenna can be used on sev-
eral bands without changes. The terminat-
ing resistance should be capable of dissipat-
ing one-third the power output of the trans-
mitter. A bank of carbon and tungsten fila-

FEEDERS 

HAFIDBOOK 

00 TO SOC 0.e3 

— S.EN - D 

DEI CnT •I30vE GROUNO 30 FT OR MORE 
LENGTH DiNENSION3 ARE NOT CRITICAL 

GAIN APPROx TA D• ON " IN LOOE. 

RHOMBIC ANTENNA FOR 7, / 4 & 2BMC. BANDS 

Figure 76 

700 TO 000 OHMS 

—3 E 

SMALLER RHOMBIC OR DIAMOND ANTENNA 

SUITABLE FOR 7, 14 & 2814C. BANDS 

Figure 77 

ment lamps can be connected in series-par-
allel for this purpose or heavy duty carbon 
rod resistances can be used. The latter can 
be procured from the Carborundum Co. For 
medium or low-power transmitters the non-
inductive "plaque" resistors made by Ward-
Leonard will serve as a satisfactory ter-
mination. 
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Figure 78—Diamond Antenna Design chart. 
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The antenna should be fed with a non-
resonant line, preferably with an impedance 
of approximately 700 ohms. The four cor-
ners of the diamond can be suspended from 
poles or trees and, if possible, at least a 
half wavelength in height above ground at 
the lowest frequency of operation. 
This antenna transmits a horizontally-

polarized wave at a low angle above the 
horizon in the case of a large antenna. The 
approximate angle of radiation above the 
horizon is shown in chart B, figure 78, of 
Diamond Antenna Design Curves. 
The vertical directivity of a typical rhom-

bic antenna suitable for amateur communica-
tion is shown in the polar diagram, figure 79. 
This antenna will give a gain of approxi-
mately 14 db. over that of a vertical half-
wave antenna. The horizontal directivity of 
the same antenna is shown in another polar 
diagram, figure 90. The smaller lobes of 
radiation prevent the antenna from being 
truly uni-directional; the amplitude, how-
ever, is relatively small in comparison to 

!.8 

VERTICAL 

3-

14 D. GAIN 

— 

DIRECTIVITY 

0 -7 

the main lobe of radiation. The ,, ides 
this diamond antenna are 3/ti wavelengths 
long, with the angle O equal to 58 degrees. 
The correct angle O for any length L of 
the wires in each leg is shown in chart A 
of Diamond Antenna Design Curves, fig-
ure 78. 

• "V" Antennas 

The "\"" antenna consists of a long wire, 
folded in the center, so as to form a "V" 
toward or away from the desired direction 
of transmission. The antenna is bi-directional 
(two opposite directions) for the main lobes 
of radiation. Each side of the "V" can be 
made any odd or even multiple of quarter 
wavelengths, depending upon the method of 
feeding the apex of the "V." The complete 
system must be a multiple of half waves. 
If each leg is an even number of quarter 
waves long, the antenna must be voltage-
fed; if an odd number of quarter waves 
long, current-feed must be used. 

RHOMBIC 

58° 

ANTENN A 
À 

OVER VERTICAL HALF WAVE 

FIGURE 79 
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HORIZONTAL DIRECTIVITY 

L= 3+ 

ANTENNA 

14 DB. GAIN 

Figure 81 

OVER 

FIGURE 80 

Fly choosing the proper angle & figure 81, 
the lobes of radiation from the two long 
wire antennas aid each other to form a bi-
directional beam. Each wire by itself would 
have a radiation pattern similar to that 
shown for antennas operated on harmonics. 
The reaction of one upon the other re-
moves two of the four main lobes. and in-
creases the other two in such a way as to 
form two lobes of greater magnitude. 

RHOMBIC 

0 = 58. 
DI POLE 

RADIO 
HebnpRoolc 

The correct wire lengths and the degree of 
the angle a are listed in the "V" Antenna 
Design Table for various frequencies in the 
10-, 20- and 40-meter amateur bands. These 
values must sometimes be reduced slightly if 
one of the wires is in the vicinity of some 
large object. 
The horizontal directivity pattern for a 

typical "V" antenna for commercial practice 
is shown in the table. Each wire is made 
eight wavelengths long. The beam is very 
sharp, as shown in the polar diagram figure 
82. and the gain over an ordinary half-wave 
antenna is theoretically 15.6 db. Four minor 
lobes occur. 

The polar diagram of a very small "V" 
antenna with each of its sides one full wave 
in length is illustrated in figure 83. The 
main lobes give a gain of approximately 4 
(lb over that of an ordinary half-wave an-
tenna, but the two minor lobes are quite 
strong and radiate at right angles to the 
main beam a wave which is only slightly 
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"V" Antenna Design Table 

Frequency 
in 

Kilocycles 

"Half 
Wave" 
Dipole 

"Full Wave" 
X 

L = — 
2 

o = 180° 

L = X 
.5 = 104° 

L = 2X 
6 = 75° 

69' 8" 
68' 6" 
67' 3" 
66' 2" 
65' 

L = 4X 
8 = 52° 

140' 
137' 6" 
135' 
133' 
131' 

L = 8X 
o = 39° 

28000 
28500 
29000 
29500 
30000 

16 8" 
16' 4" 
16' 1" 
15' 8" 
15' 6" 

17' 1" 
16' 9" 
16' 6" 
16' 2" 
15' 11" 

34' 8" 
34' 1" 
33' 6" 
33' 
32' 5" 

280' 
275' 
271' 
266' 
262' 

14050 33' 4" 34' 69' 139' 279' 558' 
14150 33' 1" 33' 10" 68' 6" 138' 277' 555' 
14250 32' 10" 33' 7" 68' 2" 137' 275' 552' 
14350 32' 8" 331 5" 67' 70 136' 273' 548' 

7020 66' 7" 68' 2" 138' 2" 278' 558' 1120' 
7100 65' 9" 67' 4" 136' 8" 275' 552' 1106' 
7200 64' 11" 66' 5" 134' 10" 271' 545' 1090' 
7280 64' 65' 8" 133' 4" 268' 538' 1078' 

RADIATION PATTERN — HORIZONTAL 

- V '. ANTENNA L = 8 À 

DIRECTIVITY 
4 

8 = 1770 ANGLE 

15.6 DB. GAIN OVER DIPOLE 

FIGURE 82 
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RADIATION PATTERN IN A HOR I ZON TA L PLANE 

OF A ” V" ANTENNA L = )\ 6 = 1100 ANGLE 

4 DB. GAIN OVER DIPOLE 

FIGURE 83 

lower in amplitude. A longer "V" antenna, 
such as 2%2 to 31/2 wavelengths for each 
leg, will provide a radiation pattern inter-
mediate between the two illustrated in the 

GAIN ARM. 5+ Di. 

polar diagrams. Such a "V" antenna would FIS ORD FEEDER 

be more suitable for amateur communica-
tion. Typical examples are shown in the 
accompanying sketches, figures 84, 85 and 86. 
The correct lengths and angle, as well as Figure 84 20 Meter "V" Antenna, Smallest 

the approximate gain, are denoted on the 
sketches. These "V" antenna dimensions 
are suitable for operation in the 20-meter 
phone band. 

An antenna of the "V" type can be used 
for receiving by constructing it as shown 

GRIN APPROX 

in figure 87. The center is the highest point, 
and the two ends slope toward the ground. 
The "V" antenna in this case is in a ver- NON.RESOMANT 

tical, rather than a horizontal plane, and the FEEDERS 

angle O is equal to 180 degrees minus S. 

This form of receiving antenna is seldom 
used. 

•‘. 

Worthwhile Size 

Figure 85- More Directive "V" Than Shown 
above, with More Efficient Method of Feed. 

Dimensions are for 20 Meters 



RADIO Tilt Antennas 105 
Hanoi:took 

NON- RESONANT 
FEEDERS 

Figure 86 20 Meter " V" with Moderate Gain and 
Directivity, Best Suited for General Amateur Use 

\ / 

VERTICAL " V - ANTENNA 

Figure 87 

RECEIVE IN LINE 
4, OF WIRE 

The vertical angle at which the wave is 
best transmitted or received from a hori-
zontal "V" antenna depends largely upon 
the angle. The sides of the "V" antenna 
should be at least a half wavelength above 
ground; commercial practice dictates a 
height of approximately a full wavelength 
above ground. 

• Tilt Antennas 

A tilt antenna consists of a resonant 
length of wire, one end higher than the 
other, so that it forms an angle to the 
earth's horizon and thereby changes the 
effect of the ground reflection. The earth 
acts as a mirror and prevents the radiated 
wave from going out exactly in a plane to 
the horizon; it reinforces the radiation, how-
ever, at vertical angles above the earth's 
surface. Proper tilt of the wire will lower 
the effective radiation angle from the low 
end of the antenna, and reduce the radiation 
from the high end. An example of a tilt 
antenna is a half-wave radiator, which, in 
free space, does not radiate from its ends 
(see figure 88). The high end of a tilt 
antenna can be made to have an angle with 
respect to the surface of the earth such that 
the radiation is zero in the upper direction 
of the wire. Similarly, the antenna can be 
tilted so that the radiation can be made 
practically zero at any desired vertical angle 
in the direction of the higher end of the 
antenna. 

,11•434,71(R 11,CLIV. 

Figure 88—Tlit Doublet Antenna. 

This phenomenon causes the tilt antenna 
to be of great value for short-wave com-
munication because it can be oriented so as 
to cut down the interference from some 
particular part of the world; h.f. signals 
can be reduced as much as three to five 
R points with the proper tilt. The antenna 
is very nearly non-directional over an angle 
of 300°, as shown in the dotted curve of the 
polar diagram. It is also satisfactory for 
transmission. 
The dotted curve in the polar diagram, 

figure 89, shows the horizontal directivity 
pattern for a vertical angle of 10° above the 
horizon for an antenna tilt of approximately 
18°. The same curve would apply to a 
20° vertical angle for an antenna tilt of ap-
proximately 9°. 
The solid curve shows the radiation at 

10° above the horizon for a tilt of approx-
imately 8°, which in this case is the op-
timum tilt for greatest reduction in signal 
from the high end of the antenna when used 
for reception. The gain in the opposite direc-
tion is not as great as for an 18° tilt, as 
shown in the dotted curve. 
The angle of radiation for 10-meter opera-

tion should be approximately 10° above the 
horizon. The values shown in the polar dia-
gram are suitable for a half-wave tilt an-
tenna operated on 10 meters. For operation 
on 20 meters, the tilt should be slightly 
greater than for 10 meters for similar con-
ditions of eliminating reception or transmis-
sion from the high end of the antenna. 
The actual tilt angle of the wire with 

respect to the ground is somewhat less than 
the "null" angle, as for example: an 8° 
wire tilt eliminates a 10° radiation pickup 
by the antenna. An antenna operating on 40 
meters would have a tilt of somewhat less 
than 30° if the 30° vertical angle reception 
is to be eliminated. 
The actual vertical angle for optimum 

transmission and reception for any given 
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FIGURE 89 

frequency is not always exactly the same, 
though for all practical purposes it may be 
considered the same, and a great reduction 
of signal is possible by having the proper 
amount of tilt for the particular frequency 
in use. The reason why a signal cannot be 
attenuated more than a few R points is that 
the incoming wave does not come in toward 
the antenna at just one angle, such as ex-
actly 30°. 

Full wave, or even longer, antennas can 
be tilted to increase the radiation from the 
lower end and simultaneously greatly re-
duce that from the high end. Tilt antennas 
are very easily constructed, since it is pos-
sible to control simply and easily the tilt by 
means of the same rope and pulley which 
hoists the antenna wire to the top of the 
mast. 

Figure 90 shows a tilt antenna for 20-
meter operation. The actual angle of tilt 

can be easily varied for best results under 
actual operating conditions. The antenna can 
be fed with any form of non-radiating 
feeder. Any radiation or reception by the 
feeder m ill change the directivity pattern of 
the tilted portion of the antenna. 

A tilt antenna can be used in conjunction 
with another receiving antenna in order to 
reduce the strength of all signals except 
those from one desired direction, as shown 
in figure 91. 

The principle of operation is to adjust the 
pickup from both the regular receiving an-
tenna and the tilt antenna so that the signals 
are coupled into the receiver with equal 
intensity and opposite in phase. The sig-
nals from the direction of upward tilt will 
he of very low amplitude in comparison to 
those coming from other directions, as re-
gards the tilt antenna. If the regular receiv-
ing antenna is fairly non-directional, the un-
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0.0.E ROPE --

20 METER ANTENNA 

Figure SO 

Figure 91—Tilt Bucking Antenna System. 

L„-

Figure 92 Directive Doublet Receiving Antenna 
System. 

desired signals can be made to buck each 
other, thereby picking up only the sig-
nals from one direction. This idea can be 
utilized in reducing interference from rela-
tively strong New Zealand and Australian 
signals when receiving European stations on 
the west coast. 

Tests indicate that the undesired signals 
can be reduced from 2 to 3 R points over 
nearly 300 degrees by careful balance of the 
circuits. The coupling to both antenna sys-
tems should be made variable, or at least 
..emi-variable, for proper balance. Two cir-
cuits are illustrated, one for any form of 
receiving antenna, another in connection 
with a horizontal doublet. This system can 

HM.4 

15- TILT WITH ANTENNA 

¿E PO .ACK PADcATeoN AT 1111. ^NGLC 

^.0vE mOR120x. 

(0, 1,4m ( ND OF ANT(NNA) 

RADIATION PATTERN 

be used only in the frequency band designed 
for the tilt antenna. 

Rotatable Arrays 
• The Smith "Signal 

Sguisher" 

A compact, rotatable, bi-directional an-
tenna giving low-angle radiation with op-
tional polarization is shown in figure 93. It 
consists essentially of two half-wave radi-

P.M-RESONANT FEEDERS 

SIGNAL SOUISHEN ANTENNA 

Figure 93 

ators bent in the form of a square, voltage-
fed by means of a matching stub and 
mounted horizontally for 20 and 10 meters 
and vertically for 5 meters. The main por-
tion of the radiation is from the middle 
quarter-wave section of each half-wave radi-
ator, giving directivity in a line through the 
two current nodes. Because of two minor 
lobes at right angles to the main lobes, the 
affair, when orientated horizontally, is little 
more directive than a horizontal doublet. Its 
chief advantage over a horizontal doublet 
is the fact that it is more compact and 
more easily rotated than a doublet and gives 
a favorable vertical angle of radiation for 10 
and 20 meters regardless of height above 
the ground. Most of the radiation from a 
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horizontal doublet is wasted on 10 meters, 
and a large part of it is wasted on 20 
meters. This explains the increase in gain 
over a plain doublet on 10 and 20 meters, 
especially the former band. 
For 5-meter work the radiating portion 

should be mounted vertically ( as in figure 
93), instead of horizontally. This gives low-
angle radiation with vertical polarization 
and eliminates the two minor lobes ( sends 
them straight up and down). The horizontal 
pattern measured on the ground with the 
antenna in this position ( vertical) resembles 
a fat "figure 8," with no minor lobes. 
The length L, is a quarter wave, L4 an 

eighth wave. The feeder will attach closer 
to the shorting bar than is the case with 
most stub-matched antennas. The correct 
point for the shorting bar and feeder tap 
can be determined as previously described 
in this chapter. 

Because it is hi-directional, the array 
need swing through but 180 degrees ( 140° 
is actually sufficient because the beam is not 
sharply defined and the direction need not 
be "on the nose"). 

This is the most widely used rotatable 20-
meter antenna. 

• Reinartz Rotary 
Beam Antenna 

The John L. Reinartz compact directive 
antenna is shown in figures 94 and 95. It 
is suitable for 5- and 10-meter transmission 
and reception, and its field pattern shape is 
roughly similar to that of a half-wave ver-
tical antenna with single reflector. 

A 5-meter antenna consists of two 8-foot 
lengths of tubing, bent into a circle, with 2 
in. to 3 in. spacing between the tubes. The 
circles are not closed; an opening of one 
inch remains, as shown in the diagram. 
The loop can be placed in either a hori-

zontal or vertical plane, depending upon 
whether horizontal or vertical polarization 
is desired. The actual power gain over that 
of a vertical half-wave antenna in the de-
sired direction is only 18 per cent, but the 
power directivity is nearly 6-to- 1. 

16Y2-ft. rods can be used for 10-meter 
operation, 33-ft. rods for 20 meters. The 
spacing between the rods, or circles, need 
not be increased when the antenna is built 
for operation on the longer wavelengths. 
The antenna should be arranged for 360° 

rotation. It is useful because of its discrim-
ination (front-to-back ratio) rather than for 
the small power gain it provides. 
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Figure 94 Reinartz Rotary Beam with Twisted-
Pair Feeder and Stub. 

Figure 95 - Reinartz Rotary Beam Antenna with 
Spaced Feeder and Stub. 

• The "Signal Squirter" 

A highly effective uni-directional affair 
that is not too unwieldy to be rotated on 
20 meters and below consists of a half-wave 
radiator with a parasitically-excited re-
flector ( Yagi) spaced a quarter wave to the 
rear. This system is not so compact as the 
Smith rotatable array, and it must be ro-
tated through a full arc instead of half an 
arc. However, it will give excellent results 
for those in a position to put one up. 

A kit of parts for this antenna, including 
everything from wire to rotating tower and 
mechanism, is available commercially under 
the trade name "Signal Squirter." 

• Antennas for U.H.F. 
Operation 

The only difference between antennas for 
ultra-high-frequency operation as compared 
with those for operation in other bands is 
in their physical size. The fundamental 
principles are unchanged. 

Antennas for u.h.f, service are small in 
size, thus making them easily portable. In 
the u.h.f, field of communication, the direct 
or ground ware is used; for this reason 
the transmitting and receiving antennas are 
generally in visual range of each other. It 
is therefore necessary that the antennas be 
located as high above ground as possible. 
Low-angle radiation is necessary and an-
tennas which radiate at low angles should 
always be used. 
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Vertically-polar' zed, waves have less ten-

dency for an upward bending. This, coupled 
with the fact that vertical antennas have a 
low angle of radiation to begin with, causes 
them to be generally employed. 

A simple non-directional antenna for u.h.f. 
operation consists of a half-wave vertical 
wire or rod, fed with a two-wire matched 
impedance feeder, as shown in figure 96, or 
by means of a quarter-wave matching stub 
and two-wire non-resonant line, figure 97. 

Zepp. feeders are seldom employed, be-
cause the antenna in most cases is located 
several wavelengths away from the trans-
mitter or receiver in order to secure ample 
height above the ground. 
A Concentric Feeder is very effective for 

feeding either a half-wave antenna or a 
quarter-wave Marconi antenna, such as those 
used for mobile 5-meter work. 

Directive antennas often prove of great 
value in the ultra-high-frequency region be-
cause the high power gain which is obtain-
able gives the same result as a great increase 
in transmitter power. The cost of increas-
ing power is far more than that of a simple 
antenna array. Any of the directional an-
tenna systems previously discussed can be 
used for u.h.f. communication, although those 
which give vertical polarization, such as the 
Stacked Dipole, Yagi, Vertical Franklin, or 
Bruce are best. A simple directional an-
tenna is shown in figure 98. 

• Types of Mobile 
U.H.F. Antennas 

A quarter-wave vertical Marconi antenna 
(figure 100) is very convenient for automo-
bile installations. A 4-foot rod with the bot-
tom end grounded to the car body can be 
fed with a single-wire feeder several feet 
long; this feeder connects to the 5-meter set 
in the car. 
Another 5-meter antenna consists of an 

insulated 4-foot rod, fed by either a twisted 
pair ( solid conductors) or by a concentric 

Figure 96-5-Meter Matched Impedance Antenna 
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Figure 99 - Directivity Pattern of Antenna Shown 
in Figure 98. 

CAR EIODY OR FRAME 

SIMPLE 5 METER AUTO ANTENNA 

Figure 100 
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Figure 102 

transmission line, figures 101 and 102. In 
the case of twisted-pair feeders, the imped-
ance match is not very good, but this effect 
can be overcome to some extent by cutting 
the twisted pair to some particular length. 
This can best be determined by experiment, 
because a few inches more or less of feeder 
will provide a tuning effect and allow more 
efficient operation. 

Quarter-wave rods can be mounted on the 
roof of an automobile, if some means of 
flexible coupling is built into the base of the 
rod so that the antenna can be swung down 
when it strikes an overhead obstacle, such 
as a garage entrance, etc. Sometimes the 
rod is mounted on the front or rear bumper 
of the car, on the radiator, running board, 
or fender. In many cases the antenna rod is 
mounted directly on a transmitter housed in 
the rear trunk of the automobile. 
Mobile antenna installations for police 

radio work differ from the 5-meter types in 
that the antennas are somewhat longer be-
cause the frequency of operation is lower. 
The length can be calculated from the 
formula: 

1.4 = 

492,000 X 0.485 

where LI = The quarter-wave antenna length 
in feet. 

f = The transmitter frequency in 
kilocycles. 

The length of a half-wave antenna is twice 
that of a quarter-wave antenna. 

• Fixed Station 
5-Meter Antennas 

eionoaooic 

These antennas can be constructed from 
copper or aluminum rod, or wire. When a 
wire antenna is used, the wire can be sup-
ported on stand-off insulators attached to a 
vertical 2"x3" wood pole. The pole should 
be guyed, preferably with ropes, in order to 
keep metallic conductors away from the field 
of the antenna. The antenna should be as 
high as possible and well remote from sur-
rounding objects. 

These same types of antennas can be used 
for television reception by making the half-
wave antenna resonant to the frequency of 
the television transmitter. In this case a 
twisted-pair feeder of solid wire, such as 
the EO-1 Cable, can be used in order to re-
duce automobile ignition interference, though 
the loss in a twisted-pair feeder at these fre-
quencies is rather high. 

Long wire antennas can be used on 5 
meters providing the directional effects are 
taken into consideration. For example, a 20-
or 40-meter single wire fed or zepp. antenna 
can be operated on 5 meters with fairly sat-
isfactory results for both transmitting and 
receiving. 

2% METER TRANSCEIVER ANTENNA 

SYSTEMS 

If 

Figure 103 

L. 
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• 2;-Meter Antennas 

Any of the antennas previously described, 
and which provide vertical polarization, are 
suitable for 21/2-meter operation. Those 
shown in figure 103 are ideally suitable for 
use with a 21/2-meter transceiver. The fig-
ures are self-explanatory, in that all dimen-
sions are clearly shown. The Table showing 
.4ntenna Array Dimensions lists all of the 
data for the ultra-high-frequency bands, 
down to 1,4 meters. The Table, Reflector 
and Director Dimensions, shows the data for 
any form of Yagi or Parabolic Reflector 
system for wavelengths clown to 114 meters. 

• Micro-Wave Antennas 

Antennas for operation in the vicinity of 
one meter, or less, are classified as Micro-
¡Vare Antennas. Half-wave vertical rods are 
suitable for portable operation and in most 
cases they can be capacitively coupled at 
one end to the micro-wave transmitter or 
receiver. Directive arrays, especially those 
of the Yagi type, are easily constructed; 
they greatly improve the performance of 
micro-wave sets. 

• Concentric Lines 

A concentric transmission line is one of 
the most satisfactory means for carrying r.f. 
power from the transmitter to the radiating 
antenna. It has low losses and is weather-
proof: the outer conductor is at ground po-
tential. No radiation can occur, which is 
particularly important in a directional an-
tenna system. The characteristic impedance 
ranges from 50 to 150 ohms, depending upon 
the ratio of inside diameter of the outer con-
ductor to the outside diameter of the inner 
conductor. Its impedance can be calculated 
from the formula: 

D 
Z = 138 X Log," — 

(1 
where D is the inside diameter of the outside 

conductor, 
d is the outside diameter of the in-
ner conductor. 

The outer conductor can be grounded at 
any point. The inner conductor is insulated 
from the outer sheath by glass or isolantite 
beads which are placed at intervals along 
the line. 

Concentric line feeders are used for coup-
ling broadcast transmitters to the antenna, 
as well as in short-wave and u.h.f. installa-
tions. See figures 104 to 107. The imped-
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Figure 106 
Concentric Feeder Systems for Broadcast An-

tennas with Various Terminations 

ance can be made to match exactly the 
center impedance of a half-wave antenna, or 
the impedance to ground of a quarter-wave 
antenna. A vertical quarter-wave antenna 
has an approximate radiation resistance of 
37 ohms at the current loop (ground con-
nection). 

Concentric Tube Transmission Line 
Impedance. 

Impedance in Ohms 

40  
65  
83  
98  
109  
118.   
126.   

140.   

Ratio of 
Diameters 

2 
3 
4 
5 
6 
7 
8 
9 

10 

Inside of outer conductor diameter to out-
side diameter of inner conductor ratios. 

FIGURE 107 
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Concentric lines can be buried under-
ground and run for distances of several 
hundred yards without sacrificing appre-
ciable amounts of r.f. power. 

Antennas for 
Receiving 

All of the transmitter antennas previously 
described are suitable for receiving; their 
directive properties are unchanged. All-
wave receivers present a difficult problem 
from the standpoint of a suitable antenna 
that will cover the wide frequency range 
of the receiver. 

Noise reduction is a decided factor in the 
design of an antenna for receiving all waves. 
The most prolific noise-creators are electri-
cal devices, such as refrigerator units, vio-
let-ray apparatus, thermostats, diathermy 
machines, battery chargers, electric signs, 
buzzers and doorbells, ignition systems of 
oil-burners and automobiles, elevators, street 
cars, electric motors, power-line disturb-
ances which are carried along the line, tele-
phone ringers, etc. 
These disturbances are of a radio nature: 

however, their intensity dies away rapidly in 
open space. House wiring and metallic 
structures convey these electrical disturb-
ances, and noise reduction can, therefore, be 
accomplished by locating the antenna in a 
clear space, also by using a lead-in of such 
type that pick-up on the lead-in is practi-
cally eliminated. The noise interference is 
sometimes so loud that it will seriously 
interfere with local reception. It becomes 

 POSITON 
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Figure 108—Noise- Reducing Shortwave Doublet 
Feeder System with Transposition Blocks. 

A and B are 33 ft. each. C can be any length. 
The transposition blocks are spaced 2 feet apart. 
Cl, C2 and C3 are 350 /Add. variable condensers 
for tuning the system. L is the receiver coupling 

coil. 
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an even more troublesome factor in short-
wave reception because the received signal 
strength is much lower than that from local 
broadcast stations. 

Two general types of lead-ins are widely 
used with noise-reducing antenna systems. 
The shielded lead-in is effective in the 
broadcast range, but due to the high ca-
pacity between the shield and the lead-in 
conductor inside the shield, it is not often 
used for shortwave reception. For short-
wave reception a balanced transposed line 
is more efficient, as shown in Fig. 108. Bal-
anced lines consist of twisted-pair feeders 
or two-wire lines with transposition blocks. 
The latter can be tuned by means of a 
coil and variable condensers at the receiver 
in order to increase the signal energy for a 
comparatively wide range of frequencies. 

Twisted-pair feeders cannot be easily 
tuned because standing wave effects will 
cause excessive dielectric losses. In order 
to cover a wide range of frequencies with 
twisted-pair feeders, combination Doublet 
antennas are connected through impedance-
matching transformers to form an efficient 
all-wave antenna system. A single doublet 
with a twisted-pair feeder and without spe-
cial transformers is suitable for operation 
over a very narrow band of only a few 
hundred kilocycles on the fundamental and 
third harmonic. 

The design of the feeder transformers de-
pends upon the impedance of the twisted-
pair feeder, length of line and type of doub-
let antennas connected to the line. So many 
complications enter into the design of these 
feeder transformers that the home construc-
tor cannot easily build them. Complete short-
wave antenna kits with all proper compo-
nents are available from many sources. The 
choice of an all-wave antenna for the home 
constructor is the tuned transposed feeder 
system, shown in Fig. 108. In noise-free lo-
cations, any single wire antenna will give 
good results. 

• Antennas /or 
Automobiles 

The efficiency of all antenna types for 
automobiles is comparatively low because 
the amount of available space around the 
body of the automobile is limited. Automo-
biles with all-metal tops prohibit the use of 
interior roof-antennas, so that other forms 
of antennas, such as shown in figures 109 

and 110 are suspended under the running 
boards. 
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Under-car antennas, such as those illus-

trated, are located so close to the braking 
mechanism that they pick up an excessive 
amount of tire and brake static. The cal-
cium chloride dust-laying compounds on 
roadbeds often cause destructive corrosion 
of the antenna. 

Newer types of car antennas consist of 
chromium-plated top-of-car rods or "whip" 
antennas which have far greater signal 
pickup than older types of under-car an-
tennas. 

Some types of car antennas are equipped 
with a shielded lead-in and the receivers 
have a special shielded input transformer 
for reducing the interference from the car's 
ignition system. Modern developments have 
practically eliminated the need of spark 
plug suppressors. 

SOLATORS 

ANTENNA TAP 

SNILEDED TOTAL LEND,. OP ROD 

LEAD- 1N CAD" IS • PEET 

— 04 

RCA UNDER CAR ANTENNA 

Figure 109 

LEAD - 

Figure 110—Triangular Antenna 
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• The Faraday Screen 

An electrostatic shield between two coils 
is often used in receiver circuits in order 
to prevent capacitive coupling. One very 
•effective arrangement is known as the Fara-
day Screen. It generally consists of a row 
of small wires, spaced from each other and 
•connected together at one end in order to 
provide a connection to ground. Eddy cur-
rent losses are prevented by grounding only 
one end of the wire, the other end remain-
ing open; see figures 111 and 112. 
A Faraday Screen can be constructed by 

winding a large number of turns of very 
small insulated wire on a piece of cardboard 
which has first been treated with insulating 
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Figure 111 
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Figure 112 

varnish. The wire is wound on, then a coat-
ing of insulating varnish is applied to the 
winding. After it has dried, one edge is 
trimmed with tin snips or heavy shears and 
the wires soldered together along the oppo-
site edge as shown in the illustration. 

• Aircraft Antennas 

Antennas designed for aircraft must have 
a good "effective height" and very low wind 
resistance. The most efficient antenna elec-
trically is a long trailing wire for both 
transmitting and receiving. It must be 
reeled-in when a landing is made, and it 
offers an excessive wind load at high speeds. 
For beacon reception, a hollow streamlined 

metal rod approximately six feet in height 
and mounted on top of the fuselage is quite 
widely used. The rod must be insulated 
from the supporting structure. It has an 
effective height of about one meter, thus 
making it satisfactory for use with a sensi-
tive receiver. Other forms of antennas, such 
as wires stretched across the wings, or from 
the tail to the ends of the wings, or from 
tail to cockpit, are satisfactory for both 
transmitting and receiving. 
A short trailing wire, approximately 25 

feet long, has less wind resistance than a 
rod or pole antenna. 
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• Marine Antennas 

Jingle-une antennas of the Inverted-L, 
T and Doublet types are used on shipboard. 
The wire is usually suspended between 
masts, or between mast and funnel. A 
separate antenna is widely used for short-
wave reception, while for longer wave oper-
ation a break-in keying relay connects the 
receiver to the main transmitting antenna. 
Marconi antennas for small marine craft 
can be made more effective when more than 
one wire is used, such as in a cage or flat 
top antenna. 

• Loop Antennas 

When highly-directive transmission or re-
ception is desired, loop antennas are used. 
A conventional type is shown in figure 113. 
Some are circular in shape, others are in 
the form of a rectangle or square. 
The relative efficiency of loop antennas 

is very low and they are used only for such 
special applications as direction-finding. The 
directivity pattern has the same appearance 
as that of a half-wave dipole antenna. The 
response in the maximum direction ( in line 
with the loop) is very broad, but the minima 
or zero signal setting is very sharp. 
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• Antenna Mast 
Construction 

A practical and economical antenna mast 
is illustrated below. The mast is constructed 
of three pieces of 2x3, clear pine, each 20 
feet long. The completed mast is light 
enough in weight for mounting on house 
tops, and it can be erected by two people. 
The mast is guyed at the top and center 
with three guys at each point. The guys 
should be broken about every ten feet with 
egg-type strain insulators. The illustrations 
give all of the necessary constructional data. 

TOP VIEW 
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Chapter 6 

RADIO RECEIVER THEORY 

AFTER radio waves are produced, the 
next step necessary to complete the 

transferring of intelligence is the reception 
of these waves. The radio receiver used for 
this purpose must abstract energy from the 
passing waves, separate the desired signal 
from all others, and then reproduce the 
modulation or code characters of the original 
signal. This latter function of the receiver 
usually entails amplification, since its output 
must be enormously greater than the energy 
obtained from the wave itself. 
The antenna circuit plays an important 

part in this reception. Details of the an-
tenna's function, however, are covered in 
another portion of this book. For the pres-
ent, suffice it to say that making the antenna 
resonant to a particular frequency will also in-
crease tremendously the energy received from 
waves of this frequency. This, in itself, as-
sists in providing some separation between 
signals. Greater selectivity, however, can 
he made available by the use of properly 
arranged resonant circuits placed somewhere 
in the receiver in such a way as to discrimi-
nate strongly against all but the desired 
signal. 

• Common Ternis Dehned 

There are several important general prop-
erties of radio receivers which it is neces-
sary to define: selectivity, tuning, detection, 
sensitivity, and fidelity. 
The Selectivity of the receiver is its ability 

to discriminate between radio waves of dif-
ferent frequencies, between desired and un-
desired signals. 

Tuning is the process of resonating r.f. 
circuits with the carrier frequency of a de-
sired signal. 

Detection is the process of reproducing 
the original signal from the radio frequency 
currents existing at the receiver; it is the 
process of demodzdation. 
The sensitivity of the receiver represents 

its ability to respond to small radio-signal 
voltages; it is the degree to which a re-
ceiver will respond to weak signals. 
The fidelity of the receiver represents the 

accuracy with which the receiver reproduces 

the intelligence contained in the modulated 
radio wave; frequency distortion and har-
monic distortion impair the fidelity. 

• Basle Components 

The fundamental parts of a simple radio 
receiver are the vacuum tube and the coup-
ling circuits. The tube provides amplifica-
tion and detection, while the r.f. coupling 
circuits provide the selectivity and determine 
the frequency at which the receiver will op-
erate. Other coupling circuits in the re-
ceiver are used for supplying power to the 
electrodes of the vacuum tube, and also for 
coupling the audio-frequency amplifiers. 

• Radio-Frequency 
Coupling 

A small radio-frequency current is induced 
in an antenna by any radio wave which is 
intercepted by the antenna. This radio-
frequency energy in the antenna can be made 
to energize a radio receiver by means of 
some form of input coupling circuit. When 
an inductance coil is connected in series with 
the antenna lead-in or feeder, the radio-
frequency energy induced into the antenna 
will cause a small radio-frequency current 
to flow through coil T., in figure 1. 

TAN'i r 

GND 

L2 VT 

Fig ure 1 

It will le recalled that the voltage in-
duced across the coil is equal to the prod-
uct of this current and the impedance of 
the coil. The impedance of the coil to the 
flow of current is made-up principally of its 
reactance. This is a function of the number 
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of turns of wire in the coil, and the fre-
quency of the radio signal. 

In most cases, the antenna, ground and 
coil Li offer very little selectivity, which is 
always better obtained by means of reson-
ant tuned circuits. As has been mentioned 
previously, the entire antenna system may be 
made resonant to the frequency of the ra-
dio signal, in which case the current flowing 
in the antenna circuit will be much greater. 
For purposes of simplicity, the standard cir-
cuit in figure 1 will be considered, in which 
resonant effects in the antenna usually are 
ignored. Selectivity is accomplished through 
the use of parallel tuned circuits. A typical 
circuit of this type is shown as Lz and C, in 
figure 1. The current flowing through Li 
induces a current into L2, providing the two 
coils Li and L. are coupled closely together. 
This is known as inductive coupling. 

The antenna also may be coupled to the 
first tuned circuit in the radio receiver by 
means of capacitive coupling, as shown in 
figure 2. 

ONO 

Figure 2 

The capacity of condenser CI is very small, 
so that the desired amount of coupling be-
tween the antenna and the tuned circuit L-C, 
can be obtained. Too much coupling be-
tween the antenna and the first tuned circuit, 
either capacitive or inductive, will result in 
less induced current flowing through the 
tuned circuit than when the optimum value 
of coupling is used. If the antenna circuit 
is resonant to the frequency of the radio 
signal, and if the circuit L-C, in figure 2 
(or L2-C in figure 1) is tuned to this same 
frequency, very loose coupling is necessary 
in order to obtain both a high current in 
the coil and a high impedance across the 
tuned circuit. 
The current which flows around and 

through the tuned circuit is limited only by 

the resistance oi the circuit when the coil and 
condenser are tuned to resonance. The re-
actance of the coil is neutralized by the re-
actance of the condenser, so that relatively 
greater current may flow in the circuit L2-C 
than in the coil Li. The voltage developed 
at resonance across the coil or condenser is 
equal to the product of this current and the 
reactance of either the coil or condenser. 

Since resonance increases the radio-fre-
quency current ( the reactance of the coil 
remaining the same) the voltage applied 
across the grid circuit of the vacuum tube 
is much greater at resonant frequency. Sig-
nals of other frequencies will not have this 
resonant tuned circuit effect, with the result 
that the voltage of those signals across the 
coil applied to the grid of the vacuum tube 
will be very minute. Additional tuned cir-
cuits in the radio receiver further discrim-
inate against these undesired signals of other 
frequencies. 

• Efficiency of 
Resonant Circuits 

The efficiency of a tuned circuit can be de-
fined as its "Q". This is a mathematical ex-
pression of the ratio of the reactance to the 
resistance of the coil in the tuned circuit. A 
high-"Q" will result in better selectivity and 
greater radio-frequency voltage across the 
grid of the vacuum tube. Low-"Q" coils are 
sometimes desirable where a relatively wide 
band of radio-frequencies must be passed 
through the radio-frequency amplifier, such 
as in modern types of high-fidelity broadcast 
receivers. Short-wave receivers are designed 
with circuits having as high a "Q" as pos-
sible in comparison to the cost involved in 
such designs. 

The "Q" of a coil or tuned circuit is given 
in the following formulas: 

2 n fL 
(1) "Q" = 

(2) "Q" = 
2 rt fCR 

where f is the frequency. 
L is the inductance of the coil, 
C is the capacity across the tuned circuit. 
R is the equivalent resistance in series with 

the tuned circuit. 

Either of these expressions will provide 
the correct "Q", since at resonance X° = 

1 
XL and hence 2 n fL =  • 

2 t fC 
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The value of R depends upon the relati‘e 

amount of coupling between the antenna and 
tuned circuit, or between the plate circuit of 
a vacuum tube and the succeeding tuned cir-
cuit; in either case, the effect is to increase 
the total resistance R when the coupling is 
increased. The resistance of the tuning con-
denser is relatively much lower than that 
of the coil, or inductance, so that special 
care should be exercised in designing this 
coil. Whenever possible, the shape of the 
coil should be such that its length is made 
equal to its diameter; this will provide a 
high "Q". The diameter of the wire and the 
spacing between turns also has a definite 
influence on the "Q". 

At radio frequencies, most of the resis-
tance of the inductance coil is due to "skin 
effect." This effect increases with the fre-
quency, and becomes significant at high fre-
quencies because the current then is -not 
equally distributed throughout the conductor. 
Instead it tends to travel only on the outer-
most surface of the wire. For this reason, 
the radio-frequency resistance may be a great 
many times higher than the resistance which 
the wire would offer to direct current. 

Spaced winding, i.e., an air space between 
turns on the coil, reduces the distributed ca-
pacity between turns and also increases the 
"Q". Dielectric losses in the insulating ma-
terial and coil forms also have an important 
effect on the efficiency of the coil. The prox-
imity of other objects, such as metal shields 
or chassis, appreciably reduces the "Q" of 
the coil, unless the distan.:e between t c coil 
and the shielding is at least equal to the 
diameter of the coil from its sides, and twice 
this distance from the ends of the coil. The 
wire with which the coil is wound is a com-
promise between several factors, such as the 
size of the wire, its cost, allowable physical 
size of the coil, distributed capacity between 
turns, and skin effect. 

The variable tuning condensers in radio 
receivers are designed to have as low a min-
imum capacity as possible, in comparison 
with the capacity when the plates are fully 
enmeshed. The maximum capacity of the 
tuning condenser varies from 10 micromicro-
farads up to approximately 370 micromicro-
farads in the various types of radio-receivers: 
still larger values are used in some long-
wave receivers. All-wave radio receivers, 
which cover short-wave as well as broad-
cast wavelengths, generally use rather large 
tuning condensers, thereby crowding the 
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tuning on the short wavelengths. Very small 
tuning condensers are desirable for short-
wave receivers so that tuning of the receiver 
to the desired station is made more easy 
and the "Q" of the high frequency resonant 
circuits is kept high. 

• Band-Spread Tuning 

Short-wave signals are difficult to tune 
when the receiver has large tuning conaen-
sers, unless some method is used to slow 
down the rotation of the condenser with re-
spect to the tuning band, either mechanically 
or electrically. This process is known as 
band-spreading. Most short-wave stations of 
a particular type operate in relatively narrow 
bands in the short-wave spectrum and these 
narrow bands should be spread out by the 
tuning device of the receiver. 

Mechanical band-spreading often consists of 
a two-speed dial arrangement attached to a 
large tuning condenser. One control on the dial 
operates the tuning condenser at a very slow 
speed, and sometimes this control is geared 
to an additional pointer in order to facilitate 
tuning-in the short-wave bands. There is a 
practical limit to the amount of mechanical 
reduction in the drive of a vernier dial be-
fore back-lash develops, which makes tuning 
difficult. 

FIG. 3 

FIG. 4 

ELECTRICAL BAND-SPREAD1i1G 
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iectricaI band-spreading is accomplished 
in a number of ways, as shown in figures 
3, -I. 5 and 6. The principle is to connect 
an additional tuning condenser of very small 
capacity across the larger tuning condenser 
so that equal rotations of the two condensers 
will cover vastly different portions of the 
short-wave band. The large condenser is for 
rough tuning or band setting, the small con-
denser for fine, or vernier tuning. A typical 
system of this type is shown in figure 3, in 
which the large tuning condenser C2 may 
have a maximum capacity of any value from 
lOo 1.gifd. to 370 1.21.2fd. The small vernier 
tuning condenser C2 may have any value 
from 10 fig fd. to 50 giLfd., depending upon 
the particular design of the receiver. In 
some circuits the small condenser C2 is made 
semi-variable by means of a screwdriver ad-
justment, in which case it is used only for 
the purpose of aligning several tuned circuits 
for single-tuning-dial-control. 

The circuit in figure 4 is similar in action 
to that in figure 3 and has certain advan-
tages, except from the standpoint of cost. 
Condenser G is the usual large tuning con-
denser and two additional smaller tuning 
condensers, C1 and C2, are connected in series 
and across the large condenser C2. If C2 and 
G are mechanically ganged together, the 
relative amount of band-spread tuning of C, 
can be' made the same over the complete 
range of G. If condenser C2 in figure 3 has 
a fairly high capacity, such as 350 #4.4fd., the 
band which can be covered by C2 will only 
be a fraction as wide at the higher capacity 
values of C2 as compared with its lower 
values. Figure 4 overcomes this disadvan-
tage. 

The band-spread method in figure 5 is 
often used when condensers C2 and C2 both 
have a maximum capacity of say 100 1.4.1.tfd. 
Band-spreading is accomplished by means of 
CI, which is connected across a small por-
tion of the tuned circuit. The advantage of 
this method is that the location of the tap 
on the coil can be changed for the various 
coils which cover the different bands, with 
the result that fairly constant band-spread 
is accomplished in each coil range. The dis-
advantage lies in the effect produced by con-
necting C2 across a portion of the coil in the 
r.f. circuit of a super-heterodyne receiver; 
the effect is to cause image interference to be 
more pronounced in this type of circuit, and 
makes necessary the use of additional tuned 
circuits. 
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Figure 6 illustrates another method of 
equalizing the degree of band-spread over a 
wide range of frequencies. C2 is the large 
350 gAtfd. tuning condenser; two band-spread 
condensers Ct and G, of 50 ilAtfd. and 15 
gAfd. respectively, are switched across the 
large tuning condenser for band-spreading 
the short-wave bands. The 50 eq.ifd. con-
denser is suitable for band-spread tuning in 
the range from 75 to 200 meters, and the 
smaller condenser is suitable from 10 to 75 
meters. The disadvantage of this circuit lies 
in the switching arrangement, which may re-
quire relatively long connecting leads; the 
minimum capacity of the circuit also would 
Le rather high. 

• Tuned R. F. Circuits 

The foregoing discussion was devoted 
solely to tuned circuits. A radio-frequency 
amplifier tube can be connected between these 
tuned circuits in order to increase the sen-
sitivity of the receiver. The amplification 
derived from the vacuum tube depends upon 
the type of circuit in which it is used, and 
if the plate load impedance can be made very 
high the gain may be as much as 200 or 300 
times that of the signal impressed across the 
grid circuit. Normal values of gain in the 
broadcast band are in the vicinity of 100 
times. A gain of 30 per r.f. stage is con-
sidered excellent for short-wave receivers 
which have a range of from 30 to 100 meters. 
Radio-frequency amplifiers for the very 
short wavelengths, such as from 5 to 20 
meters, seldom provide a gain of more than 
10 times because of the difficulty in obtain-
ing high load impedances and the shunt ef-
fect of input capacities of most screen-grid 
tubes. 
A simple r.f. amplifier and regenerative 

detector circuit is shown in figure 7. 
The two L-C circuits are tuned to the 

same frequency throughout the tuning range 
of each set of coils. This requires that the 
coils L2 and I, have equal values of induc-

Figure 7 R. F. Amplifier and Regenerative 
Detector Circuit 
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tance, as well as equal values of shunt ca-
pacity at each point on the tuning dial. The 
coils can be closely matched by winding the 
same number of turns of wire on similar 
coil forms, with the same exact length of 

winding space for each coil. Condensers C2 
and G are generally called "padder conden-
sers," or "band-setting condensers," depend-
ing upon their maximum capacity. In cer-

tain receiver designs the ganged condensers 
Ci and G are used for tuning over the de-
sired range, and G and G are small mica 
or air-dielectric trimmer condensers aligning 
the two tuned circuits at the high-frequency 
end of the tuning range. The miscellaneous 
circuit capacities are not the same for a de-
tector and r.f. amplifier, so that some addi-
tional capacities such as padder condensers 
are needed to align the receiver properly. A 
resonant antenna will unbalance the r.f. stage 
unless Li is loosely coupled to 1,2. Coil L. 
and condenser C. are closely coupled to L2. 
and are sometimes used to simulate the effect 
of both L, and the output capacity of the 
screen-grid r.f. tube. 

• Autodyne Detector 

Nearly all "tuned-radio-frequency" receiv-
ers have a regenerative autodyne detector, 
similar to the one shown in figure 7. In 
some cases the r.f. amplifier is omitted, and 
the antenna is then coupled to the tuned cir-
cuit of the detector. More than one stage of 
r.f. amplification can be used ahead of the 
detector in some circuits. Regeneration can 
be obtained in a number of ways, such as 
with a "tickler" in the plate or screen-grid 
circuits of the detector, or by means of a 
tap in the tuned grid circuit, to which the 
cathode of the detector tube is connected. In 
the latter case, the screen-grid must be by-
passed to the chassis ground connection; the 
screen-grid voltage is then varied to control 
the regeneration to the point of oscillation. 

Regeneration is introduced by feeding back 
a small portion of the amplified r.f. voltage 
in the plate or screen circuit of the detector 
tube: this r.f. energy is fed back into the 
tuned grid circuit so that it will aid the im-
pressed signal. If the amount of feed-back is 
sufficiently high, the tube will break into os-
cillation: heterodyne reception may then be 
used for receiving c.w. telegraph signals. As 
shown in figure 7. the "tickler" portion con-
sists of that part of the coil L which is he-
tween the rround and cathode connections. 

better naine for "tickler" is "feed-back" 
coil. 
The purpose of the detector is to convert 

the radio-frequency signal into an intelligi-
ble audio-frequency signal which can be de-
tected by the human ear. Audio-frequency 
amplifiers increase the audio-frequency en-
ergy to any desired output for headphone 
or loudspeaker reception. 

• Regenerative 
R. F. Ampllhers 

Radio-frequency amplifiers for wave-
lengths down to 30 meters can be made to 
operate more efficiently in a non-regenerative 
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condition. Amplification and selectivity are 
ample over this range. For higher frequen-
cies, on the other hand, ( wavelengths below 
30 meters), controlled regeneration in the 
r.f. amplifier is often very desirable for the 
purpose of increasing the gain and selectivity. 
The input impedance of the grid circuit of 
a radio-frequency amplifier consists of a 
very high capacitive reactance which become, 
part of the tuning capacity for longer wave-
lengths. However, in very short wave re-
ceivers the input reactance of a screen-grid 
tube may drop to very low values, such as 
a few thousand ohms. The input impedance 
then drops to such a low value that very 
little amplification can be secured from the 
complete r.f. amplifier stage. 
A small amount of r.f. feed-back can be 

introduced to compensate for this tube loss. 
Regeneration can be carried to the point of 
actually creating the effect of negative re-
sistance in the tuned circuit, and thereby 
balancing the resistance introduced in series 
with the tuned circuit of the relatively low 
parallel tube resistance. Excessive regenera-
tion will result in too much negative resis-
tance. which will cause the r.f. amplifier to 
oscillate. Operation should always he below 
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the point of self-oscillation. A minor disad-
vantage of the regenerative r.f. amplifier is 
the need for an additional regeneration con-
trol, and the difficulty of aligning this cir-
cuit with the following tuned r.f. stages. 
Resonant effects of antenna systems usually 
must be taken into account; a variable an-
tenna coupling device can be used for bal-
ancing out this effect. Another disadvantage 
is the increase in hiss, or internal noise, in 
the radio receiver. These disadvantages are 
more than offset by the ability to receive 
weak signals which would otherwise not be 
audible in the average receiver on very short 
waves. 

• Circuit Capacities 

Several capacities are involved in every 
tuned circuit. These are the tuning con-
denser capacity, tube capacity, trimmer con-
denser capacity, coil distributed capacity, and 
miscellaneous capacities due to wiring and 
placement of parts. These capacities all 
combine to increase the apparent capacity of 
the tuning condenser, thereby limiting the 
obtainable minimum capacity at the high-fre-
quency tuning portion of the circuit. A high 
minimum capacity reduces the ratio of max-
imum-to-minimum tuning capacity, which re-
sults in a narrower tuning range for a tun-
ing condenser of a given size. High minimum 
capacity is also objectionable in very-short-
wave reception because the average ratio of 
capacity to inductance becomes too high for 
efficient reception. 

In multi-stage tuned circuits, trimmer 
condensers are necessary in order to align 
the circuits properly for single-dial control. 
The trimmer condensers are adjusted at the 
high-frequency end of the band under test. 
Slight variations of inductance are often 
compensated for by slightly bending the end 
plate on the rotor of each section of the 
main tuning condenser. Sometimes this plate 
is slotted in order that it can be more easily 
bent in or out. The so-called secondaries of 
the tuned coils are often made to have the 
same value of inductance by matching them 
on some form of coil or inductance-matching 
bridge before the coils are placed into the 
receiver. 

• Types of Receivers 

Numerous kinds of radio receivers are 
used for short-wave reception: 

(1) Regenerative Detector, 
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(2) Regenerative Detector and Audio 
Amplifier, 

(3) T.R.F. Receiver, 
(4) Superregencrative Receiver. 
(5) Superheterodyne Receiver. 

A regenerative detector consists of any 
triode or screen-grid tube in conjunction with 
a single tuned circuit, and some means for 
obtaining regeneration, as mentioned in pre-
vious discussions. 

The addition of an audio amplifier to a 
regenerative detector increases the strength 
of the signal and also the sensitivity, the 
latter, however, only to the extent that the 
signal may be more easily heard; an audio 
amplifier ordinarily will not increase the se-
lectivity nor the sensitivity to weak signals. 
Audio amplifiers are coupled to the output 
of a detector by means of resistance coup-
ling, impedance coupling, or transformer 
coupling. 

T.R.F. receivers have one or more stages 
of radio-frequency amplification ahead of the 
detector and audio amplifier. These receiv-
ers are more sensitive to weak signals and 
have somewhat better selectivity than the 
two previously mentioned types. 
The superregenerative receiver is similar 

in action to a regenerative receiver, except 
that the regeneration is carried to a far 
greater extent by permitting the tube to 
break into oscillation. Then by means of an 
additional low-frequency oscillation, the de-
tector is made to break in and out of signal-
frequency oscillation at a frequency depend-
ing upon the low-frequency oscillation. Su-
perregeneration is used on very short wave-
lengths, such as in the micro-wave and ultra-
high-frequency regions. 
The superheterodyne receiver consists of a 

radio- frequency circuit ( or circuits) tuned 
to the frequency of the desired signal, and 
also an additional amplifier which is gen-
erally tuned permanently to some low fre-
quency, such as 465 kilocycles. The incom-
ing radio-frequency signal is converted into 
the new intermediate frequency lw means of 
a high-frequency oscillator and first detector 
or mixer tube circuit. The additional am-
plifier, consisting of one or more intermedi-
ate frequency stages can be made very selec-
tive, with the result that this type of re-
ceiver is much more selective than any of the 
previously mentioned types. 
The superheterodyne receiver requires a 

second detector and an audio amplifier to 
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convert the intermediate signal into an audio 
signal, just as in the case of the simple 
regenerative detector receiver. 

• Receiver Vacuum Tubes 

There are dozens of different types of 
tubes for use in radio receivers. Many sim-
ilar tubes are made in different forms, such 
as metal tubes, glass tubes with standard 
bases, glass tubes with octal bases similar 
to those used on metal tubes, glass tubes en-
cased in metal shells and fitted with octal 
bases, and tubes with similar characteristics 
but differing in their heater or filament volt-
age and current ratings. Some tubes are de-
signed for dry-battery filament supply, others 
for automobile service, and another group for 
operation from an a.c. source. 

In general, there are certain distinct classes 
of tubes for particular purposes. Screen-grid 
tubes were primarily designed for radio-fre-
quency amplifiers, yet they are often employed 
for regenerative detectors, mixers and high-
gain voltage audio amplifiers. General-pur-
pose triode tubes are designed for oscillators, 
detectors and audio amplifiers. Power-triodes, 
tetrodes and pentodes are designed for ob-
taining as much power output as possible in 
the output audio amplifier stage of a radio 
receiver. Diodes are designed for power sup-
ply rectifiers, radio detectors, automatic vol-
ume control circuits and noise-suppression 
circuits. In addition to these general types 
of tubes there are a great many others de-
signed for some particular service, such as 
oscillator-mixer operation in a superhetero-
dyne receiver. 

All vacuum tubes require a source of 
power for the filament and other electrodes. 
Various components in a radio receiver are 
for the purpose of supplying direct current 
energy to the electrodes of the tubes, such a., 
the plate and screen circuits. In nearly all 
circuits the control-grid of the vacuum tube 
is biased negatively with respect to the cath-
ode, for proper amplifier action. This bias 
is obtained in several ways, such as from a 
self-biasing resistor in series with the cath-
ode, fixed bias from the power supply, or 
grid-leak bias for some oscillators and de-
tectors. 
Various bypass and coupling condensers 

are found in different portions of the cir-
cuits throughout a radio receiver. Bypass 
condensers provide a low impedance for r.f. 
or audio frequencies around such compo-

nents as resistors and choke coils. Coupling 
condensers provide a means of connection be-
tween plate and grid circuits in which the 
d.c. voltage components are of widely differ-
ent values. The coupling condenser offers an 
infinite impedance to the d.c. voltages, anct 
relatively low impedance to the r.f. or a.f. 
voltages. 

Screen-grid tubes have a higher plate im-
pedance than triodes and therefore require a 
much higher value of plate-load-impedance 
in order to obtain the greatest possible 
amount of amplification in the audio or radio 
circuits. Screen-grid tubes are normally 
used in all r.f. and i.f. amplifiers because 
the control grid is electrostatically screened 
from the plate circuit. Lack of this screen-
ing would cause self-oscillation in the am-
plifier; when triodes are used in amplifiers 
the grid-to-plate capacities must be neutral-
ized. The r.f. amplification from a triode 
amplifier in a radio receiver is so much less 
than can be obtained from a screen-grid tube 
amplifier that triodes are no longer used 
for this purpose. 
Reference should be made to the chapter 

on Vacuum Tubes for data on all types of 
tubes. Practical applications of various 
types are shown in the receivers described 
in the succeeding chapter of this Handbook. 

• Automatic 
Volume Control 

An elementary circuit of an automatic vol-
ume control system is shown in figure 9. A 
diode tube is used as a rectifier of the car-
rier signal. The radio ( if.) frequency cir-
cuit to the diode is completed through the 
small condenser Ci, which is too low in 
value to bypass audio frequencies. The car-
rier signal is detected or rectified, and the 
resulting current flows through the diode 
circuit and the resistance 12,. This rectified 
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Figure 9 Typical A.V.C. Circuit Using Diode 
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current develops a voltage across R,, which 
is more negative at the ungrounded end. 

A simple R-C ( resistance-capacity) filter 
in the form of R-C, may be connected to 
the diode circuit in order to utilize the d.c. 
voltage for automatic volume control pur-
poses. This filter removes the audio fre-
quencies and also acts as a decoupling filter. 
The negative voltage developed across R., and 
C2 has a value directly proportional to the 
incoming carrier signal. This voltage is used 
to bias the control-grids of some of the r.f. 
and i.f, amplifier stages. An increased nega-
tive bias will reduce the amplification of the 
radio receiver, so that a strong carrier, such 
as from a local broadcast station, furnishes 
approximately the same audio-frequency out-
put signal as would be obtained from a dis-
tant broadcast station. Automatic volume 
control has the further advantage of main-
taining the audio signal at a fairly constant 
level, even though the signal from a distant 
station may be fading or varying in ampli-
tude. 
A great many different kinds of tubes are 

used for automatic volume control, but 
nearly all of these tubes operate on the prin-
ciple of a diode rectifier. 

Figure 10 shows a typical automatic vol-
ume control circuit which can be applied to 
almost any superheterodyne receiver. 

• Automatic 
Frequency Control 

Many new receivers are equipped with au-
tomatic tuning dial mechanisms which re-
quire an addition to the electrical portion of 
the receiver in order to tune the circuits 
exactly to the carrier of the desired station. 
This is accomplished by automatic frequency 
control, which is an electrical device for 
varying the frequency of the oscillator from 
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Figure 10 Automatic vol-
ume control is a distinct ad-
vantage when the receiver is 
used for phone reception. It 
automatically compensates 
for signal fading. Briefly, 
the carrier signal strength 
causes a control voltage to 
vary in proportion to the 

actual carrier intensity. 

5 to 15 kc. either side of the inechatticall - 
controlled circuit. MechanicallY-operated 
dials which tune to a fixed number of broad-
cast stations can neither be accurately set 
nor maintained in service on the exact fre-
quency of each station. Automatic fre-
quency control compensates for this defect, 
and thus there is no distortion due to mis-
tuning. 
The high frequency r.f. and detector 

stages are not automatically tuned; they must 
therefore have a very broad tuning char-
acteristic, preferably of the band-pass type. 
The automatic frequency control circuit con-
sists of two parts, one of which discrimi-
nates between a too-high or too-low dial set-
ting and thereby translates this effect into 
control voltages m hich are negative when 
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the dial is detuned in one direction, and posi-
tive when detuned in the opposite direction. 
The second portion of the circuit is to cor-
rect the high- frequency oscillator. This is 
accomplished by means of the 6J7 tube, as 
shown in figure 11. 
A 6H6 can be used as an automatic vol-

ume control, detector and automatic fre-
quency control tube, as indicated in figure 11. 
The principle of operation is, briefly, based 
upon a phase difference when the applied 
frequency from the i.f. amplifier is too low 
or too high. Both capacitive and inductive 
coupling are used into the 6H6 tube; a phase 
difference results in the point "X" in the 
cathode of the 6H6 tube having a positive or 
negative voltage which is impressed on the 
grid of the 6J7 "corrector tube." Audio and 
a.v.c. voltages can be obtained from point 
"Y", if desired. 
The 6J7 tube acts as a variable impedance 

having the characteristics of an inductance 
or capacity, depending upon the bias on the 
grid of the tube. This tube is connected 
across the oscillator tuned circuit and there-
by automatically tunes the oscillator circuit 
to a point which will heterodyne the incom-
ing carrier signal into the exact frequency 
to which the i.f. amplifier is tuned. When 
this occurs, the phase relations in the 6H6 
circuit are such that no further bias change 
is applied to the 6J7 tube. 

Automatic frequency control has the dis-
advantage that the amount of correction 
varies with the wavelength of the incoming 
signal. This might result in an oscillator 
frequency change of as much as 100 kc. in 
the short-wave bands on an all-wave receiver 
incorporating a.f.c., so that a strong short-
wave signal will detune the receiver from 
the desired station unless its own signal is 
very strong. For this reason provision is 
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Figure 12 Circuit for Using Meter as Tuning 
Indicator. 

made for switching out the a.f.c. circuit 
when tuning the short wave bands. 

• Tuning Indicators 

Visual means for determining whether or 
not the receiver is properly tuned, as well as 
an indication of the relative signal strength, 
are both provided by means of tuning indi-
cators of the meter or vacuum tube types. 
Direct current milliammeters can be con-
nected in the plate return circuit of an r.f. 
amplifier in such a manner that the change 
in plate current, due to the a.v.c. voltage 
which is supplied to that tube, will indicate 
proper tuning or resonance. Sometimes 
these d.c. meters are built in such a manner 
as to produce a shadow of varying width. 
Vacuum tube tuning indicators are designed 
so that an electron-ray "eye" changes its rela-

+250v 

Figure 13—Electron Ray "Tuning Eye" Indicator. 

tive size when the input circuit of the tube 
is connected across part of the d.c. com-
ponent of the automatic volume control cir-
cuit. 

• Beat-Frequency 
Oscillators 

Beat-frequency oscillators, usually called 
"b.f.o." in superheterodyne receivers, are a 
necessary adjunct for reception of c.w. tele-
graph signals on superheterodynes. The os-
cillator is coupled into the second detector 
circuit and supplies a weak signal of nearly 
the same frequency as that of the desired 
signal from the output of the i.f. amplifier. 
If the i.f. amplifier is tuned to 465 kc., for 
example, the b.f.o. is tuned to approximately 
464 or 466 kc. in order to produce a 1,000 
cycle beat-note in the output of the second 
detector of the superheterodyne. The carrier 
signal would otherwise be inaudible. The 
b.f.o. is not used for voice reception, except 
as an aid in tuning a weak carrier to zero 
beat, or in searching for weak stations. 
The b.f.o. input to the second detector 

need only be sufficient to give a good beat-
note on an average signal. Too much coup-
ling into the second detector will give an 
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excessively high hiss level, and masking of 
weak signals by the high noise background 
will result. This oscillator should be well 
shielded to prevent harmonics of the circuit 
from radiating into the front end of the radio 
receiver, thereby producing undesired 
whistles in various portions of the short 
wave band. The b.f.o. circuit should have as 
high a C-to-L ratio as possible in order to 
obtain an output of good stability. 

• Crystal Filters 

The selectivity of an intermediate-f re-
quency amplifier can be greatly increased for 
c.w. reception by means of a quartz crystal 
filter. This results in a better signal-to-noise 
ratio, and is a very satisfactory means for 
obtaining a high degree of selectivity in the 
i.f. amplifier. The quartz crystal is placed 
in the i.f. amplifier circuit in such a way that 
it acts as a very sharply resonant filter which 
will only pass an extremely narrow band of 
frequencies. A typical crystal filter circuit 
is shown in figure 14. 
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Figure 14—Typical Crystal Filter Circuit. 

The crystal functions as a series-resonant 
circuit having a very high "Q." The capacity 
across the crystal holder is neutralized by 
means of the phasing condenser and center-
tapped tuning condenser or center-
tapped input coil. The phasing condenser 
can also be made to change the selectivity 
characteristic of the filter circuit, and there-
fore this control always should be located on 
the front panel of the radio receiver. 
The circuit in figure 15 will illustrate the 

principle of operation of a quartz crystal 
filter. 
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Figure 15—Equivalent Circuit of a Quartz Crystal. 

The quartz crystal may be compared to 
the equivalent electrical circuit shown, 
where C, is the capacity across the quartz 
plate when not vibrating, R is the resistance 
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equivalent to the frictiona effects of the vi-
brating crystal, L the inductance correspond-
ing to the inertia, and C the capacity cor-
responding to the elasticity. On one side of 
resonance the circuit has capacitive reac-
tance, due to the elastic forces which con-
trol the crystal vibrations, while on tne 
other side of resonance the reactance is in-
ductive because of the effects of inertia. 
The crystal vibrates freely at resonance, its 
amplitude being limited by the frictional ef-
fects at resonance. L and C are equal and 
opposite in reactance, the impedance is very 
low, and the resonant frequency is the same 
as the mechanical vibration mode. 
A typical 451 kc. quartz crystal has an 

equivalent inductance of 3.5 henrys and a 
series capacity of less than 0.1 pl.tfd. The 
effective "Q" may run as high as 10,000, 
which results in an extremely sharp reson-
ant curve, not obtainable with ordinary con-
densers and coils. At frequencies slightly off 
resonance, the series impedance is extremely 
high due to the minute series capacity C and 
enormous inductance L. 
By placing the phasing condenser C, in 

the circuit so that the voltage across it is 
()tit of phase with that across the crystal, the 
parallel resonance can be shifted above or be-
low the series crystal resonance. Thus the 
phasing condenser can be adjusted so that 
the parallel resonance causes a sharp dip in 
the response curve at some desired point, 
such as 2 kc. from the desired signal peak. 
This effect can be utilized to eliminate com-
pletely the unwanted sideband 1 kc. away 
from zero-beat for c.w. reception. The b.f.o. 
then provides a true single signal effect, i.e., 
a single beat frequency note. This effectively 
increases the number of c.w. channels that 
can be used in any short-wave band. The 
series resonant effect of the crystal passes 
the desired signal through the i.f. amplifier 
for further amplification. 

Other typical quartz crystal filter circuits 
are shown in figures 16, 17 and 18. 

The ideal response curve for an i.f. ampli-
fier in either a phone or c.w. receiver would 
he flat topped and straight sided. The "pass 
hand" would be somewhat wider for phone, 
however, than for c.w. An ideal c.w. curve 
would have a 300 or 400 cycle flat top, while 
for phone the flat top for good intelligibility 
and maximum freedom from QRM would be 
3000 or 4000 cycles wide. The phone fidel-
ity would be impaired with this degree of 
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selectivity because of the chopping off of the 
higher frequency sidebands, but the intelli-
gibility would still be quite good in spite of 
the narrow pass-band. The narrow pass 
band has the advantage of allowing one to 
discriminate between two stations quite close 
together in frequency without "slop-over" 
interference. 
By straight sided is meant that the re-

sponse drops very rapidly to an extremely 
low value either side of the pass band. For 
freedom from interference from strong local 
stations, the response should drop at least 
120 db; otherwise the local may come 
through as bad interference even though not 
in the actual "pass band." The high degree 
of attenuation is necessary because of the 
tremendous difference between the signal 
strength of a nearby station as compared to 
a distant one. 

Series crystal circuits, as commonly used 
in single signal superheterodynes, give a 
very narrow response width at 465 kc., and 
while the response is a little narrower than 
optimum for c.w., it is entirely satisfactory 
for c.w. work. However, a 465 kc. series 
crystal filter has a response much too nar-
row for intelligible phone reception. 
The main disadvantage of the series cry-

stal filter is the presence of a wide "skirt" 
in the response curve; in other words, the 
response curve resembles a volcano. Thus 
it does not meet the "straight sided" re-
quirement of an ideal filter. 

• Wide Band 
Crystal Filters 

For radiophone reception, a higher fre-
quency filter crystal and i.f. amplifier may 
be used to give a wider response curve. By 
using 1550 kc. instead of 465 kc., the filter 
will have a much wider pass band, wide 
enough to pass intelligible phone signals yet 
still sharp enough to be useful for c.w. re-
ception. 

The same effect is sometimes procured by 
using several quartz filter crystals in the 
465 kc. vicinity in a suitable network. This 
gives a wider pass band the same as does a 
1550 kc. crystal filter and at the same time 
has the additional advantage of steeper sides, 
or more rapid attenuation. 

Another type of wide band filter is the 
Transfilter, an electro-mechanical device that 
is piezo electric in action yet cannot be com-
pared to a quartz crystal filter. Small, piezo 
electric Rochelle salt crystal "driver" ele-
ments actuate a small, steel "resonating 
rod." The device has higher mechanical 
damping than a quartz crystal resonator, and 
therefore is not so sharp. 

By the incorporation of impedance match-
ing networks or tuned circuits in the filter 
circuit, it is possible to modify the shape of 
the response curve. This gives a control 
over the selectivity, and enables one to vary 
the band width from approximately 3 kc. up 
to 10 kc., making the device highly useful 
for amateur phone work. 

Inasmuch as the "Transfilter" is commer-
cially available as a complete resonator unit, 
detailed constructional data will not be given 
here. A word of warning is in order, how-
ever, to those designing receivers in which 
a Transfilter is to be used. The receiver 
should be so laid out mechanically and the 
filter unit placed so that it will not become 
heated from other components. Temperatures 
above 130 degrees F. will damage the small 
Rochelle salt crystal plates. 

• Noise Suppression 

The problem of noise suppression con-
fronts the listener who is located in such 
places where interference from power lines, 
electrical appliances and automobile ignition 
systems is troublesome. This noise is often 
of such intensity as to swamp out signals 
from desired stations. 
There are three principal methods for re-

ducing this noise: 
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(1) A.c. line filters at the source of Intel - 
ference, if the noise is created by an 
electrical appliance. 

(2) Noise-balancing circuits, for the reduc-
tion of power-leak interference. 

(3) Noise-limiting circuits, for the reduc-
tion of interference caused by automo-
bile ignition systems. 

• Line Filters 

Household appliances, such as electric 
mixers, heating pads, vacuum sweepers, re-
frigerators, oil-burners, sewing machines, 
doorbells, etc., create an interference of an 
intermittent nature. The insertion of a line 
filter near the source of interference often 
will effect a complete cure. Filters for 
small appliances can consist of a 0.1 ufd. 
condenser connected across the 110 volt a.c. 
line. Two condensers in series across the 
line, with the mid-point connected to ground, 
can be used in conjunction with ultra-violet-
ray machines, refrigerators, oil-burner fur-
naces, and other more stubborn offenders. 
In severe cases of interference, additional fil-
ters in the form of heavy-duty r.f. choke 
coils must be connected in series with the 
110 volt a.c. line on both sides of the line. 

• Jones Noise-
Balancing System 

A very troublesome form of interference 
which has heretofore been incurable, ex-
cept by elimination directly at the source, 
is that which is carried along the power 
lines. This form of interference is of such 
a continuous nature, or buzz, that none of 
the noise-limiting circuits has proved of value 
in reducing the noise. Noise-limiters are 
effective only on popping types of noise, such 
as automobile ignition. 

Power-line noise interference can be 
greatly reduced 1-y the installation of a 
noise-balancing circuit ahead of the receiver, 
as shown in figures 19 and 20. The noise-
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Figure 20 

balancing circuit adds the noise components 
from a separate noise antenna in such a 
manner that this noise antenna will buck the 
noise picked up by the regular receiving an-
tenna. The noise antenna can consist of a 
connection to one side of the a.c. line, in 
some cases, while at other times an addi-
tional wire, 20 to 50 feet in length, can be 
run parallel to the a.c. house supply line. 
The noise antenna should pick up as much 
noise as possible in comparison with the 
amount of signal pick-up. The regular re-
ceiving antenna should be a good-sized out-
door antenna, so that the signal-to-noise ra-
tio will be as high as possible. When the 
noise components are balanced-out in the 
circuit ahead of the receiver, the signals 
will not be appreciably attenuated. 

Noise-balancing is not a simple process: 
it requires a bit of experimentation in or-
der to obtain good results. When proper 
adjustments have been made, it is possible 
to reduce the power-leak noise from 3 to 5 
"R" points without reducing the signal 
strength more than one "R" point, and in 
some cases there will be no reduction in 
signal strength whatsoever. This means that 
fairly weak signals can be received through 
terrific power-leak interference. Hash-type 
interference from electrical appliances can 
he reduced to a very low value by means of 
the same circuits. 

The Noise Balancer, figures 19 and 20, 
must have variable coupling between the 
two coils in order to obtain a balancing-out 
effect. Different noise antennas generally are 
needed for different amateur bands. 
The noise at one part of the short-wave 

spectrum occasionally will be of a different 
phase than the sanie type of noise in the next 
short-wave band. This requires a reversal 
of the connecting leads to the coil Li from 
the antenna feeders. If a single-wire feeder 
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n. an ordinary antenna and ground are used 
or receiving, one connection to the coil Li 
(figure 19) is unused. The position of the 
tap on coil L. depends upon the amount of 
noise which is picked up by the noise an-
tenna. In adjusting the coupler, one antenna 
is disconnected while the other is being ad-
justed, and vice versa, until the noise level 
as heard in the receiver is approximately 
the same with either antenna. Incorrect con-
nection to coil L, will increase the noise as 
heard in the radio receiver, and the correct 
connection will reduce the noise. Careful 
tuning of the variable condenser and proper 
coupling between the two coils will result 
in either a complete elimination of the noise 
or its reduction to a low value. 

The connecting leads to the radio receiver 
should be fairly short. The coil turns given 
in the circuit diagram for this noise-balanc-
ing coupler are for short-wave operation 
over the range of from 10 to 80 meters. 
More coil turns are needed for longer wave-
lengths. 

• Noise-Limiting Circuits 

Numerous noise-limiting circuits have be-
come popular in the past year. These cir-
cuits are beneficial in overcoming automobile 
ignition interference. They operate on the 
principle that each individual noise-pulse is 
of very short duration, yet of extremely 
high amplitude. The popping or clicking 
type of noise from electrical ignition sys-
tems may produce a signal ten to twenty 
times as great as the incoming radio signal. 

If the duration of the noise peak is suf-
ficiently short, the receiver can be made in-
operative during the noise peak without the 
human ear detecting the total loss of signal. 
Some noise-limiters, or eliminators, actually 
"punch a hole" in the signal, while others 
merely timit the maximum peak signal which 
reaches the headphones or loudspeaker. 
The noise peak is of such short duration 

that it would not be objectionable, except 
for the fact that it produces an overloading 
effect in the receiver which increases its 
time constant. A sharp voltage peak will 
give a "kick" to the diaphragm of the head-
phones or speaker, and the momentum or 
inertia keeps the diaphragm in motion until 
the damping of the diaphragm stops it. This 
movement produces a popping sound which 
may completely obliterate the desired signal. 
If the noise peak can be limited to an am-
plitude equal to that of the desired signal, 

the resulting interference is practically neg-
ligible, except in extreme cases. 

• Copper-Oxide-Rectiher 
Noise Limiter 

Figure 25 shows a new circuit which is 
automatic in its action and very effective 
for reducing ignition interference in the 
output of the radio receiver. It consists of 
a small copper-oxide rectifier, of the type 
used for a.c. voltmeter replacement purposes. 
The rectifier is operated as a non-linear re-
sistor by connecting the positive and minus 
leads together for one terminal, and the two 
a.c. leads together for the other terminal. 
With no a.c. impressed, the impedance is 
nearly 1,000 ohms. When the a.c. voltage 
across the oxide resistor is between one and 
two volts, the resistor value drops to less 
than WO ohms; this unit therefore can be 
used as a short-circuiting device across the 
low-level audio section of the radio receiver. 
The impedance of the oxide-rectifier is 

rather low for connection directly across 
the plate circuit of an audio amplifier and 
it should be connected therefore across a 
center-tapped choke, as shown in figure 21, 
or across the primary of a step-up trans-
former, as shown in figure 22. 

The incoming signal will be slightly at-
tenuated and noise impulses of a high am-
Etude will be "leveled-off" to an amplitude 
little higher than that of the desired incom-
ing signal. This type of noise-limiter also 
will limit the volume of a code or 'phone 
Signal. unless additional audio amplifiers 
are added to the receiver, as shown in fig-
ure 22. 

• Neon-Bulb 
Noise-Limiter 

A 2-watt neon bulb can be connected 
across the primary of a loud-speaker output 
transformer to provide noise limiting, but 
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Figure 21—Automatic Noise Limiter Circuit. 
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Figure 22- Oxide Rectifier Noise Silencer Circuit for Loud Speaker. 

the resistor must irst be removed from 
the base of the neon bulb. By setting the 
audio volume control to a certain critical 
point, the neon bulb will flash-over on noise 
pulses and tend to act as a noise-limiter. The 
bulb must not be shunted with condensers 
in the output circuit; condensers will charge 
and discharge, and produce a loud popping 
sound. The neon bulb is not as satisfactory 
for noise-limiting purposes as the copper-
oxide rectifier. A high-level audio system 
is required for operation of the bulb-limiter, 
since the latter requires from 60 to 100 
. volts potential in order to flash-over and 
cause the bulb to act as a low resistance 
across the output. 

• Noise-Silencers for Connection In-
to I. F. Ampliher Circuits 

Several noise-silencing or limiting cir-
cuits have been developed for connection 
into the i.f. or detector portions of a super-
heterodyne receiver. Tests conducted with 
a great many of these circuits have indicated 
that the one shown in figure 23 is among 
the most practical and desirable for use in 
amateur communications receivers. The 
noise-silencing action is entirely automatic 
and does not require readjustment for each 
incoming signal. 

A double-diode, such as a 6H6, or two 
separate tubes are necessary for second de-
tector and noise-suppression tubes. One 
diode acts as a second detector and a.v.c. 
tube, the other being connected across it as 
a noise-suppression tube. The principle of 
operation is as follows: The incoming car-
rier signal will build up a certain value of 
a.v.c. voltage across the 75,000 and 100,000 
.ohm resistors in the detector diode. The 
plate of the noise diode is connected across 
these two resistors, as well as the cathode 
of the noise diode, as shown in figure 23. 
The plate of the noise diode will remain at 
the average potential developed by the a.v.c. 
voltage due to the carrier signal. The time 

HAnDBOOK 

constant of the ;.;-megohn resistor and V2-
gfd. condenser in the noise diode plate cir-
cuit will not follow the short pulse period 
of a noise signal. This noise pulse will 
act upon the cathode of the noise diode. 
due to the very short time constant in 
that circuit. The noise peak causes the 
cathode to be more negative than the plate. 
so that the noise diode conducts current and 
drops to a very low impedance value. This 
effectively short-circuits the audio-frequency 
output for the duration of the noise pulse. 
Thus it can be seen that this noise silencer 
will operate very effectively on noise pulses 
of short-time duration, such as ignition noise, 
without destroying the intelligibility of the 
desired signal. However, in the case of a 
power-leak which produces a more or less 
constant noise voltage, the signal would be 
blocked out for so great a time that it would 
be unintelligible. 

ONO 

AUTOMATIC NOISE SILENCER, DETECTOR S. AVG SYSTEM 

Figure 23 

The noise-silencer shown in figure 23 can 
be used for either 'phone or c.w. reception, 
but is most effective for the latter. The 
noise diode for 'phone reception must be set 
so that it will not operate for noise pulses 
of an amplitude less than twice that of the 
incoming carrier signal; for c.w. the device 
can be made to operate for any noise pulse 
of greater intensity than the c.w. carrier. 
The changeover from 'phone to c.w. is ac-
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complished by short-circuiting the 75,000 
ohm resistor. This operation can be accom-
plished by means of a single-pole-single-
throw switch, or, if desired, by a double-pole-
single-throw switch, in which case the au-
tomatic volume control can simultaneously 
be cut off for c.w. reception. 

• Receiver Adjustments 

Satisfactory results can only be obtained 
from a radio receiver when it is properly 
aligned and adjusted. The most practical 
technique for making these adjustments is 
given in the following discussion: 
The simplest type of regenerative receiver 

requires little adjustment other than those 
necessary to insure correct tuning and 
smooth regeneration over some desired 
range. Receivers of the tuned radio- fre-
quency type and superheterodynes require 
precise alignment to obtain the highest pos-
sible degree of selectivity and sensitivity. 

• Test Instruments 

Only a \ cry small number of instruments 
are necessary to check and align any multi-
tube receiver, the most important of these 
testing units being a modulated oscillator 
and a d.c. and a.c. voltmeter. The meters 
are essential in checking the voltage applied 
at each circuit point from the power supply. 
NOTE: If the a.c. voltmeter is of the oxide-
rectifier type, it can be used, in addition, as 
an output meter when connected across the 
receiver output when tuning to a modulated 
signal. If the signal is a steady tone, such 
as from a test oscillator, the output meter 
will indicate the value of the detected signal. 
In this manner line-up adjustments may be 
visually noted on the meter rather than by 
increases or decreases of sound intensity as 
detected by ear. 

It 
Alignment 

• Tuned R. F. Receivers 

The alignment procedure in a multi-stage 
r.f. receiver is exactly the same as aligning 
a single stage. If the detector is regenera-
tive, each preceding stage is successively 
aligned while keeping the detector circuit 
tuned to the test signal, the latter being a 
stati(sn signal or one locally generated by a 

test oscillator loosely coupled to the an-
tenna lead. During these adjustments the 
r. f. amplifier gain control is adjusted for 
maximum sensitivity, assuming that the r.f. 
amplifier is stable and does not oscillate. 
Oscillation is indicative of improper bypass-
ing or shielding. Often a sensitive receiver 
can be roughly aligned by tuning for maxi-
mum noise pick-up, such as parasitic oscil-
lations originating from static or electrical 
machinery. 

• Superheterodynes 

A superheterodyne presents an involved 
alignment procedure since it is necessary to 
align both the oscillator and first detector as 
well as the intermediate frequency amplifier. 
In this case, the latter should be aligned first. 
METHOD: A calibrated modulated oscil-

lator is set to the frequency of the i.f. am-
plifier; this is usually between 175 and 500 
kc. A lead from the oscillator is connected 
to the grid of the last if. stage, and G and 
C. of figure 24 varied until maximum sig-
nal strength is obtained in the output of 
the 2nd detector or audio amplifier. The 
adjustment can be simplified if the receiver 
has a.v.c., the tuning meter being used to 
indicate the maximum signal strength. 
Since the coupling inductances L. and L. 
are generally fixed, the only possible adjust-
ment will be by varying the trimmer con-
densers. 

After G and C. are properly set, the os-
cillator power is decreased, then coupled to 
the grid of the first i.f. amplifier tube. C. 
and C. may then be adjusted for maximum 
signal strength. The r.f. input to the re-
ceiver must be kept at an optimum value 
to insure signal readability. The procedure 
is repeated to align C, and C2, providing the 
receiver has two i.f. stages. 
Sometimes it is necessary to disconnect 

the first detector grid lead from the coil, 
grounding it through a 1000 or 5000 ohm 
grid leak, and the test oscillator coupled 
through a small capacity to the grid. The 
oscillator should preferably have some form 
of attenuator; however, the coupling may be 
varied by moving the oscillator lead further 
away from the tube grid into which it is 
coupled. The first detector acts as an ampli-
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Figure 24-1. F. Amplifier. 
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fier. After the if, is aligned, the first de-
tector grid lead is connected back to its r.f. 
coil. 
The technique of lining-up the first de-

tector and r.f. stages, if any, is precisely 
the same as that described in aligning a 
tuned r.f. receiver. However, the line-up 
with the r.f. oscillator is slightly modified. 
METHOD: The h.f. oscillator is used to 
provide a signal in the first detector which 
will beat with the desired signal to form a 
new signal at the frequency to which the i.f. 
amplifier is tuned. If this is 450 kc., the 
h.f. oscillator should tune to 450 kc. higher 
frequency than that of the first detector and 
r.f. stage. Figure 25 illustrates this circuit. 

In general, coil L2 must have less induct-
ance than Li, and C. must have less tuning 
range than G. These requirements neces-
sitate that L2 have less turns than Li and 
less capacity in C. than in G. If Ci and C4 
are of the same capacity and are coupled in 
tandem, a fixed or variable condenser G is 
placed in series with C. to reduce its maxi-
mum capacity. C2 and G may be either 
trimmer or band-setting condensers. C. is 
required at longer wavelengths where the 
ratio of the oscillator to detector frequency 
is not approaching unity. For example: at 
14,000 kc. with the oscillator at 14,450 kc., 
no series condenser is necessary, but one 
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Figure 25 Front- End of Superheterodyne. 

would be required at frequencies of 2,000 
kc. and 2,450 kc. if the tuning condensers 
G and Ci were very large. 

• Alignment Procedure 

Actual alignment of the front end of a 
"superhet," such as shown in figure 23. fol-
lows: The test oscillator is set at the high-
est frequency which can be tuned in with 
a given set of coils. This may require a 
little manipulation, but if the tuning range 
is known or can be estimated, an approxi-
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mate frequency setting of the test oscillator 
can be made. 
The test signal intensity is increased in 

value until it is heard or can be measured 
at the output of the receiver. C2 is then ad-
justed to bring the dial reading to the de-
sired point for a given frequency, providing 
the dial is calibrated. C2 is then adjusted for 
maximum sensitivity. Next, the tuning dial 
is rotated through to nearly full capacity 
setting of Ci and G, of figure 25, and the 
test oscillator set for this lower frequency. 
These circuits can be aligned by moving 
the tuning dial while adjusting "padding" 
condenser G with a screwdriver or by plate 
bending of G. 
A middle dial setting can be checked by 

means of a third setting of the test oscillator 
and plate bending of C1. Sometimes L2 has 
to have considerably less turns than Li and 
a few turns added or subtracted to allow the 
h.f. oscillator to tune through the whole 
range at precisely 450 kc. higher in fre-
quency than the detector and r.f. stages. 

e Multi-Band Receivers 

Individual coils in multi-band receivers with 
coil switching arrangements must have small 
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Figure 26—Another Type of Front- End. 

trimmer condensers shunted across the in-
ductive circuits, as shown in figure 27. This 
allows fairly accurate alignment in each 
band by following the procedure previously 

Figure 27— Tuned Circuits for Coil Switching 
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outlined. In assembling a superheterodyne, the 
labor of checking is rather long and tedious 
since each coil must have exactly the cor-
rect number of turns because bending the 
main tuning condenser plates would unba-
lance or misalign all other coils. Unfortu-
nately in receivers incorporating coil switch-
ing arrangements, it is impossible to obtain 
accurate circuit alignment on all coils. Many 
commercially built receivers use two stages 
of r.f. ahead of the first detector, tuned 
rather broadly in order to overcome this de-
fect and obtain better signal-to-noise and 
image ratios. 

If either the r.f. stage or first detector is 
regenerative, it must track exactly with the 
h.f. oscillator. This type of circuit is shown 
in figure 26 where C. and G are approxi-
mately 25 uíd. ganged tuning condensers 
on the main tuning dial, and CZ and C. are 
hand setting condensers of 100 to 140 et,i.tfd. 
In this instance C. can be used as a panel-
operated trimmer condenser to hold the cir-
cuits exactly in line at high degrees of re-
generation. The series padding condenser G 
of figure 25 is not required in this class of 
receiver due to the very narrow band tun-
ing-range of C. and C.. The coil turns on 
L. and L. can be adjusted so that at random 
settings of C. and C. they will give prac-
tically perfect alignment. Varying the coil 
turns and spacing between turns will insure 
good tracking throughout all the amateur 
hands with the possible exception of the 160 
meter band. This form of receiver invari-
ably uses plug-in coils which first must be 
adjusted properly, the turns then being ce-
mented in place with celluloidal cement. 

• Crystal Filter 
Alignment 

In lining up the i.f. amplifier for use 
with a crystal filter, it is customary to em-
ploy the crystal itself as an oscillator. The 
circuit shown in figure 28 should be used. A 

TEsT OSCILLATOR CIRCUIT 

Figure 28—Rough Alignment of Crystal Filter. 

winding from an i.f. transformer can be used 
for the plate inductance. If none is handy, 
a b.f.o. coil can be used. In either case, it 
is necessary to disconnect the trimmer across 
the winding. 

For lining-up purposes, a type 30 tube 
with 2 volts a.c. on the filament will suffice: 
the a.c. modulates the signal and simplifies 
the adjusting procedure. Plate voltage ( 18u 
volts) can be secured from a tap on the 
receiver voltage divider or procured from 
one or two "B" batteries. A milliammeter 
inserted in the plate circuit will indicate 
oscillation, the plate current dipping as the 
condenser tunes the inductance to the reso-
nant frequency of the crystal. The oscillator 
is then used as a "line up". oscillator as al-
ready described earlier in this chapter. 

Exact if. alignment should be made with 
the crystal in the circuit, after the prelimi-
nary adjustment is made, because the crystal 
frequency is not exactly the same in a reso-
nator as in an oscillator. 

In adjusting the crystal filter, the phas-
ing condenser and input tuning condenser 
should be adjusted simultaneously for maxi-
mum signal response, then a slight read-
justment of the phasing condenser will allow 
elimination of the other sideband. 

• Notes 

In lining np a receiver which has automatic 
volume control (a.v.c.) it is considered good 
practice to keep the test-oscillator signal 
near the threshold sensitivity at all times to 
give the effect of a very weak signal rela-
tive to the audio amplifier output with the 
audio gain control on maximum setting. 

In checking over a receiver certain trou-
bles are often difficult to locate. By mak-
ing voltage or continuity tests, blown-out 
condensers, or burned-out resistors, coils or 
transformers may usually be located. Oscil-
lators are usually checked by means of a d.c. 
voltmeter connected from ground to screen 
or plate-return circuits. Short-circuiting 
the tuning condenser plates usually should 
produce a change in voltmeter reading. A 
vacuum-tube voltmeter is also very handy 
for the purpose of measuring the correct 
amount of oscillator r.f. voltage supplied to 
the first detector circuit. The proper value 
of the r.f. voltage is approximately one volt 
less than the fixed grid bias on the first de-
tector when the voltage is introduced into 
either the grid or the cathode circuit. 
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Incorrect voltages, poor resistors or leaky 
bypass or blocking condensers will ruin the 
audio tone of the receiver. Defective tubes 
can be checked in a tube tester. Loud-
speaker rattle is not always a defect in the 
voice coil or spider support, or metallic filings 
in its air-gap; more often the distortion is 
caused by overloading the audio amplifier. 

Art i.f. amplifier can also impair splendid 
tone due to a defective tube or overloading 
of the final i.f. tube. In some circuits the 
last i.f. tube will overload on strong carrier 
signals. Diode detectors provide best fidelity 
when operated at fairly high input levels, 
which means that there must be ample volt-
age swing delivered by the last i.f. tube. 

C......i/(L.,:) 



Chapter 7 

RADIO RECEIVER 
CONSTRUCTION 

A RECEIVER of modest cost, incorpo-
rating a dual-triode tube which serves 

the combined purpose of a detector and audio 
amplifier, is shown in figure 1. This receiver 
operates from dry-cells for the filament sup-
ply, and from either a power pack or B-bat-
• teries for the plate supply. The type-19 
dual-triode tube enables this receiver to give 
performance comparable with that of any 
other dry-cell operated receiver in which 
two separate tubes are used for detection and 
audio amplification. 
The receiver is of the regenerative type, 

regeneration being controlled by means of a 
midget variable condenser of 140 /Leif d. capac-
ity. Band-spread tuning is accomplished by 
means of a 15 zfd. midget variable condenser 
in shunt with the main "tank" condenser of 
either 50 or 100 1.q.ifd. Satisfactory operation 
can be secured from a single 45-volt B bat-
tery, but performance is improved if the B-
supply is increased to 90 volts. 

Pictorial and schematic 
wiring diagrams and front 
and rear view illustrations 
of the receiver show clearly 
how the parts are mounted 
and wired. The receiver 
baseboard should be of oak 
or other hardwood, 9 in. x 
11 in. x ei in. Small wood 
cleats are screwed to the 
underside of the board at 
each end so as to elevate 
the board slightly above 
the operating table and 
thereby conceal many of 
the connecting wires. 
The front panel is of no. 

10 or 12 gauge aluminum, 
7 in. x 9 in. A slow-motion 
vernier dial is a distinct 
aid in tuninz. An on-off 
toggle snap switch is pro-
vided for the purpose of 
disconnecting the battery 
supply from the receiver 
when not in use. 

The insulated antenna lead-in is capacity 
coupled to the receiver by twisting a few 
turns of it around the protruding wire hook 
which is attached to the antenna binding post 
at the rear of the receiver baseboard. The 
number of twists in the lead-in wire can be 
varied in order to overcome antenna dead-
spot effects; three or four twists will suffice 
for ordinary purposes. 
The receiver is capable of covering all of 

the amateur and intermediate short-wave 
bands from 20 to 160 meters by winding a 
set of four separate coils on standard 1V2 in. 
diameter 4-prong plug-in coil forms. Com-
plete coil data and specifications are given 
on pages 134 and 135. 
The only major precaution in building this 

receiver is to guard against incorrect wiring 
of the 6-prong socket which holds the type 
19 tube. Careful adherence to the pictorial 
wiring diagram will safeguard the builder 
against error. 

Figure 1 Dual Triode Regenerative Receiver, wood 
baseboard model described in detail in the text. 
Components should preferably be mounted as 

shown here and in figure 2. 
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Figure 2 Rear View of the Dual Triode Receiver, 
Showing Layout of Parts. 

GRID COIL 

( SECONDARY WINDING) 

TICKLER COIL 

BOTH COILS ARE 

WOUND IN SAME 

DIRECTION. 
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COIL WINDING DATA 

The secondary coil and the tickler coil are both 
wound in the same direction. 

20-METER COIL: Secondary winding 7 turns 
of No. 22 DSC wire, space-wound to cover a wind-

ing space of 1- in. 

Tickler Winding -5 turns of No. 22 DSC wire, 
close-wound, and spaced about from the 

secondary winding. 

1:3 •COIO 

G 

FOUR PRONG SOCKET 

COIL DATA 

The upper coil is the grid secondary coil. Start 
the winding at point 1, make the connection to 
prong 1. The bott3m of the grid coil 2: connects 
to prong 2. The top of the tickler coil , 3 con 000 

meets to prong 3: the bottom of the tickler 4 
connects to prong 4. Mark the coil prongs and the s NEG 'ONES 

GRID LEAK 
coil socket contacts to correspond with these 
numbers. See the pictorial layout to show how 
the connections are made to the coil socket. • 
Make certain that Connection No. 1 goes to the ROOD 

stators of both tuning condensers, and also to one 
side of the . 0001 'dd. grid condenser. Likewise, 
take care to see that Connection No. 4 goes to the 
plate of the detector portion (P2) of the type 19 
tube. If these connections are not properly 
made, the receiver will not function. The an- Figure 3 Schematic circuit diagram of the one-
tenna lead-in wire can be looped around the tube receiver. L1 is the secondary, or grid coil. 

No. 1 connecting lead. L2 is the "tickler," or regeneration coil. 
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Simple, Twin Triode Receiver 135 
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Figure 4 Pictorial Wiring Plan for Type- 19 Twin-Triode Regenerative 
Receiver. 

40-METER COIL: Secondary Winding -14 turns 
of No. 22 DSC wire, space-wound to cover a wind-

ing space of 1- in. 

Tickler Winding -- il turns of No. 22 DSC wire, 
close-wound, and spaced from secondary 

winding. 

80-METER COIL: Secondary Winding 27 turns 
of No. 22 DSC wire, close-wound. 

Tickler Winding - 11 turns of No. 22 DSC wire, 
close-wound, and spaced from secondary 

winding. 

160-METER COIL: Secondary Winding-60 turns 
of No. 22 DSC wire, close-wound. 

Tickler Winding- 17 turns of No. 32 Enameled 
wire, close-wound, and spaced l s-inch from 

secondary winding. 

COIL FORM LEGEND 

TERMINAL No. 1 connects to one side of the .0001 
mfd. mica fixed condenser and to the stator of the 
100 or 50 m...fd.) condenser, as well as to the 
stator of the 3- plate midget variable tuning con-
denser. Likewise, the insulated antenna lead-in 
wire is twisted around the lead which connects to 

Terminal No. 1. 

TERMINAL No. 2 connects to the rotors of all 
three variable condensers, and at the point where 
the three are connected together another lead is 
run to the "ground" terminal of the receiver. 

TERMINAL No. 3 connects to the stator of the 
140 ppfd. variable condenser which is used for 
regeneration, and the same terminal also con-

nects to one end of the 2.5 mh. r.f. choke. 

TERMINAL No. 4 connects to the P2 terminal on 
the type ' 19 tube. 

Standard 
Regenerative 

-Gainer-
Receiver 

An a.c. operated receiver which also can 
be used with dry-cells, and which gives 
greater sensitivity and more volume than the 
single tube receiver previously described, is 
the two-tube standard regenerative "Gainer". 
This receiver will operate with glass or metal 
tubes. Glass tubes are used in the model de-
scribed in detail because they are lower in 
cost than metal tubes, and because their use 
makes the receiver easier to build, due to the 
simpler socket connections. If metal tubes 
are to be used, the only change will be in the 
tube sockets and the grounding of the metal 
tube shells to the common ground lead. Metal 
tube socket connections shown in the chapter 
on Receiver Tubes. A metal tube version is 
pictured in figure 8. 
The circuit consists of a regenerative de-

tector having excellent sensitivity, and an 
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Figure 5 Looking Into the Receiver. The Various Parts 
Should be Mounted Exactly as Shown. 

impedance-coupled audio amplifier stage 
which gives sufficient volume for headphone 
reception. Loud-speaker operation of the re-
ceiver would require an additional audio am-
plifier stage. 

The main tuning control 
drives a small band-spread 
tuning condenser. A band-
setting variable condenser is 
controlled from the front 
panel by means of a knob 
and pointer and small dial. 
The third front-panel con-
trol is for adjustment of re-
generation, which is accom-
plished by varying the 
screen-grid voltage of the 
detector tube. The band-set-
ting condenser is adjusted to 
the desired band, and the 
actual tuning is done with 
the band-spread condenser 
which is connected to the 
vernier tuning dial. 

RAD I 0 
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For the sake of simplicity, 
the circuit diagram is shown 
in both schematic and pic-
torial form, so that those 
building their first receiver 
will have no difficulty in fol-
lowing the wiring diagram. 

The circuit consists of a 
regenerative screen-grid de-
tector which is impedance-
coupled into a triode audio 
amplifier stage. The antenna 
is coupled to the grid circuit 
of the detector by twisting 
from one to five turns of in-
sulated hookup wire around 
the grid connection to the 
tuned circuit. The amount of 
coupling depends upon the 
length of antenna ; it should 
not have too many twists of 
wire or else the detector 
stage will not oscillate. Re-
generation is obtained by 
means of a cathode tap in the 
tuned grid circuit. Standard 
plug-in coils are used to 
cover the various amateur 
bands, as shown in the coil-
winding table. 

Grid-leak detection gives 
maximum sensitivity a n d 
smooth control of regenera-
tion, which is adjusted by 

varying the screen-grid voltage applied to 
the 6C6 tube. The screen-grid lead has an 
additional resistance filter in the circuit to 
prevent noise from being introduced into the 
detector circuit when varying the screen-

Figure 6— Front View of Receiver. Coils for All- Band 
Operation are to the Right. 
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NOTE: Connect negative " B" 
(ground) to one of the tube heater 
leads if a.c. hum is encountered. 
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Figure 7—Schematic and Pictorial Circuit Diagrams of the Standard "Gainer" 
Regenerative Receiver. 
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Figure 8— Metal tube version of the receiver. 
The circuit is the same, though the mechani-
cal layout is slightly different. It is built on 
a metal chassis instead of a wood baseboard. 

Figure 9—Another modification of the simple 
regenerative receiver. A miniature loud-
speaker and conventional pentode power 
audio stage have been added. A 7 x 12 x 7 in. 
metal cabinet houses the complete receiver. 

grid potentiometer. Impedance coupling al-
lows full plate voltage to be applied to the 
plate of the screen-grid tube, and results in 
louder signals than would be secured with 
ordinary resistance coupling. The type-76 
audio amplifier is conventional, with a re-
sistor and condenser in the plate circuit to 
remove the d.c. plate potential from the head-
phones. 
The high impedance choke in the detector 

plate circuit should be one designed to carry 
approximately 5 milliamperes of plate cur-
rent, with an inductance of between 100 and 
500 henrys. A 250,000 ohm resistor con-
nected across this choke will prevent "fringe-
1,07(1" when the detector tube is used near the 
"edge" of oscillation. 

Hanonooic 

The detector grid-leak and grid condenser 
should be mounted as close as possible to the 
grid cap of the 6C6 detector tube to prevent 
hum pickup. The 0.1 ¡AM. condenser which is 
connected across the positive and negative 
terminals of the "B" supply in the receiver 
prevents what is known as "tunable hum" in 
some of the short-wave bands when the re-
ceiver is operated from an a.c. source of sup-
ply. 

• Construction 

The receiver is built on an oak baseboard, 
11 in. x 8 in. x e4 in. with cleats at either 
end secured to the bottom of the board to pro-
vide space for mounting small resistors and 
bypass condensers under the board. The front 
panel is of no. 12 gauge aluminum, 8 in. x 12 
in. The metal front panel prevents the effect 
of "body capacity," which would cause diffi-
culty in tuning the receiver if a bakelite panel 
were used. The metal panel is connected to 
the common ground connection of the receiver. 
The various parts should be mounted as 
shown in the photograph. 
The following parts are mounted under the 

board: i-ufd. bypass condenser for the cath-
ode of the 76 tube : 0.1-,ufd. condenser across 
positive and negative terminals of the B-
supply ; 0.1-m fd. condenser in the head-
phone circuit; 0.1-4d. screen-bypass con-
denser; 1500 ohm cathode resistor for the 76 
tube; 20,000 ohm screen-grid resistor; 20,000 
ohm resistor in the potentiometer circuit; 50,-
000 ohm resistor in the type 76 tube plate cir-
cuit. These parts are mounted under the 
baseboard in order to improve the appearance 
of the receiver and to conceal much of the 
wiring. 

All coils are wound on standard four-prong 
coil forms. The coil table gives the correct 
number of turns of wire for each of the re-
quired coils. 
The receiver uses an a.c. power supply 

which should consist of three filter chokes 
and three or four 8-1.ifd. filter condensers in 
order to provide a source of very pure d.c. 
plate supply. Such a power supply is de-
scribed in the chapter devoted to Power 
Supply Systems. 

• Operation 

Before putting the receiver into operation, 
the wiring should be carefully checked. The 
power supply is then connected to the re-
ceiver, the tubes permitted to warm-up, and 
the regeneration control advanced to the point 
where a "hiss" is heard in the headphones. 
In this condition c.w. telegraph signals can 
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Figure 10 - Interior of the receiver illustrated in figure 9. The 
permanent magnet, dynamic loudspeaker at the extreme left 
gives ample volume for enjoyable room reception of both code 

and voice signals. 

be received; just below this "hiss" point is 
the correct setting for reception of weak voice 
signals. The band-setting condenser is set 
near minimum capacity for locating the vari-
ous amateur bands, and the band-spread con-
denser is then tuned to receive the desired 
signals. If no signals are heard, the difficulty 
usually can be traced to one or more of the 
following causes: 

(1) Defective grid condenser. 
(2) Defective grid resistor. 
(3) Defective 
(4) Defective 
(3) Defective 

tube or tubes. 
regeneration condenser. 
high impedance choke. 

Winding the Coils 

Five tuning coils are needed to 
cover the amateur bands-160, 80, 
40, 20, and 10 meters. These coils 
are wound on standard Hammar-
lund 4- prong 1! ,..- inch diameter 

coil forms. 

COIL FORM 

GRID CONNECTION 

CATHODE TAP 

GROUND 
CONNECTION 

Each coil has three connections: 
top, bottom, and cathode-tap. 
These connections are made to 
three of the coil prongs; the wires 
must be soldered into the prongs. 

(6) Open circuit in coil or socket connec-
tions. 

(7) Short-circuited bypass condenser. 
(8) Antenna not connected to receiver. 
(9) Incorrect zoiring. 
(10) Socket prong broken or bent out of 

position. 
(11) Cathode tap not soldered to coil wind-

ing. 
(12) Short-circuited tuning condenser. 
(13) Excessive antenna coupling. 

Coil-Winding Table for Standard 
Regenerative"GAI N ER" Receiver 
160-225 METERS: Wind 70 turns of No. 24 DSC 
wire on a 1 ,¡- in. dia. form. Connect cathode tap 

1A turns up from ground end. 

70-110 METERS: Wind 36 turns of No. 22 DSC 
wire on a 1 M-ln. dia. form. Connect cathode tap 

1% turns up from ground end. 

32-60 METERS: Wind 21 turns of No. 22 DSC 
wire on a 1 4-in. dia, form and space-wind the 
wire over a winding space of 1 Connect 

cathode tap 1, turn up from ground end. 

19-30 METERS: Wind 11 turns of No. 22 DSC 
wire on a 1 dia, form and space-wind the 
wire over a winding space of 1,U-in. Connect 
cathode tap V2 turn up from ground end. The 
location of the cathode tap is quite critical on 
the 19-30 meter coil, and a slight amount of ex-
perimenting must sometimes be done in order to 
find the point where smooth oscillation control 

is obtained. 

10-25 METERS: Wind 5 turns of No. 16 DSC wire 
on a 1 dia. form and space-wind the wire 
over a winding space of 1 Y2 -in. Connect cathode 
tap 1 3rd turn up from ground end. Experiment 
with cathode tap connecting point until best 

control of regeneration is secured. 

NOTE: This receiver will not cover the broadcast 
band unless a 350 ,dd. variable condenser is con-
nected in parallel with the 100 ,À,Ifd. band-setting 
condenser. A coil which will cover the broadcast 
band can be made with a 2-inch winding length 
of No. 28 or 30 DSC or Enameled wire on a 1 
dia. form. Connect cathode tap 2 v2 turns up 

from ground end. 
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Figure 11— Front view of the t.r.f. amateur receiver. A pre-
cision type, slow-speed illuminated tuning dial drives the ba nd-
spread condenser. Regeneration, volume, and sensitivity con-

trols are arranged along the lower portion of the panel. 

For the benefit of those who want to build 
an exact replica of the model shown and use 
duplicate parts, the following list is given: 

PARTS LIST 

2 Hammarlund 5-prong Isolantite Sockets. 
1 Hammarlund 6- prong Isolantite Socket. 
5 Hammarlund 5- prong 1 Y2' dia. Coil Forms. 
1 50,000 Ohm Centralab Potentiometer. 
1 Hammarlund 3-plate Midget "Star" Variable 
Condenser. 

1 Hammarlund 100-µµfd. (.0001 µfd.) "Star" Vari-
able Condenser. 

1 Open-circuit Jack for Headphones. 
1 4-terminal Connector Strip for connecting bat-

teries or power supply to the receiver. 
1 2-terminal Ant-Gnd Terminal Strip. 
1 High Impedance Choke, 200 henrys inductance 

or higher. 
1 250,000 ohm Resistor, 1 watt. 
2 20,000 ohm Resistors, 1 watt. 
1 1500 ohm Resistor, 1 watt. 
1 500,000 ohm Resistor, 1 watt. 
1 50,000 ohm Resistor, 1 watt. 
1 1-55d. Tubular Paper Condenser, Cornell-
Du bilier, 400 volt rating. 

2 .01-µfd. Tubular Paper Condensers, Cornell-
Dubilier, 600 volt rating. 

3 0.1-µfd. Tubular Paper Condensers, Cornell-
Dubilier, 600 volt rating. 

1 . 0001 pfd. MICA Fixed Condenser (Grid Conden-
ser for 6C6). 

1 2 megohm Grid- Leak. 
6 Small tie-connector strips. 
1 Roll, 25 ft., Push-back hookup wire. 
1 Small reel rosin-core solder. 
10 6/32x2-inch round- head brass machine screws 

for sockets and terminal strip mountings. 
1 Doz. round- head brass wood screws, 3'- in. long. 
1 3-foot length No. 14 bus- bar wire. 
1 Ya-lb. spool No. 22 DSC wire for coils. 
1 Spool, approx. 300 ft., No. 24 DSC wire for 160 

meter coil. 

Continuous-

Coverage 

T.R.F. Receiver 
This receiver is similar in design to the 

Standard Regenerative "Gainer," except for 
the addition of a tuned r.f. stage and the use 
of metal tubes throughout. The coils are de-
signed to give complete coverage on all wave-
lengths from 9 to 200 meters, rather than 
merely covering the amateur bands. The 
tuned r.f. stage increases the sensitivity to 
weak signals and prevents cross-talk from 
nearby powerful broadcast stations, which 
sometimes ride-in on the short-wave bands 
on the more simple types of regenerative re-
ceivers. 
The r.f. amplifier has a sensitivity control 

which consists of a variable resistor in the 
cathode circuit. This is essential for proper 
operation of the receiver in locations where 
interference from powerful nearby stations 
is troublesome. The receiver is designed for 
simplicity in construction by using two midget 
two-gang tuning condensers, separated by a 
heavy aluminum shield partition. This type 
of construction gives fairly-good isolation be-
tween the two tuned circuits. Each coil socket 
has its grid and ground leads connected to the 
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Figure 12-8 to 16M- Meter Coil Construction for Continuous Coverage 

T.R.F. Receiver. 

Continuous Coverage T. R. F. Receiver Coil Table 

All Coils Wound on 11 ," Diameter Forms. 

Approx. 
Range in 
Meters 

8 to 16 

Ant. Coil 
L1 

3 turns, 
spaced 
3- in. from 
ground end 
end of L2. 

153/2 to 32 
5 turns 
3/g- in. from 
L2. 

29 to 62 
8 turns, 

from L2. 

10 turns, 

59 to 107 from L2. 

97 to 215 

12 turns, 

from L2. 

Secondary 
Coil L2 

3' turns 
no. 20 d.s.c. 
3g- in. long. 

Primary Secondary Cathode 
Coil L3 Coil L4 Tap on L4 

7 turns 
no. 24 d.s.c. 
1 
long. 

16 turns 
no. 24 d.s.c. 
13/2-in. 
long. 

2 turns 33x2 turns Tap at 1/3 
no. 24 d.s.c. no. 20 d.s.c. turn on 
interwound 3%-in. long, bottom 
with L4. ± turn. 
13 at bot-
tom. 

3 turns 
no. 24 d.s.c. 
interwound 
with L4. 

7 turns Tap at 
no. 24 d.s.c. turn on 
1 bottom 
long. turn. 

6 turns 
no. 24 d.s.c. 
interwound 
with L4. 

31 turns 
no. 24 d.s.c. 

long. 

54 turns 
no. 24 d.s.c. 
11 ,- in. 
long. 

8 turns 
no. 34 d.s.c. 
interwound 
with L4 at 
ground end. 

16 turns Tap at 3% 
no. 24 d.s.c. turn on 
11 -in. bottom 
long. turn. 

31 turns Tap at 1 
no. 24 d.s.c. turn up 
1 from 
long. bottom. 

12 turns 
no. 34 d.s.c. 
wound over 
bottom end 
of L4 over 
celluloid 
layer of 
insulation. 

54 turns 
no. 24 d.s.c. 
1 Fein. 
long. 

Tap at 1 , 
turns up 
from 
bottom. 
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Figure 14— Interior view of the t.r.f. amateur type receiver. The re-
ceiver should preferably be housed in a metal container in order to 

reduce hum pickup. 

stators and rotors of its particular band-set-
ting and band-spread tuning condenser sec-
tions. Insulated couplings between the tun-
ing dials and variable condenser shafts pre-
vent the introduction of noise when tuning-in 
the short-wave bands. 
The r.f. and detector tuned circuits are 

made to "track" by winding the secondaries 
of each pair of coils in a similar manner. The 
coil turns are then slightly pushed together, 
or spaced more widely, when the circuits are 
lined-up with the receiver under test. The 
r.f. tuned circuit has an additional 3-to-30 
µµfd. trimmer condenser to compensate for 
the additional circuit capacities in the detec-
tor grid circuit. This condenser can be ad-
justed to a compromise value for all coils 
without much loss in exact tuning, if the coils 
are carefully wound and spaced before the 
turns are cemented in place. 
From one-third to one-half the total num-

ber of plates in a 35 eqhfd. per section vari-
able condenser must be removed to give best 
band-spread tuning. The number of plates 
to be removed will depend upon the operator's 
particular desire for a particular amount of 
band-spread. 12 to 15 µµfds. per section gives 
very good band-spread for the high-frequency 
bands, but will not cover the 80 and 160 meter 
amateur bands without resetting the band-
setting condensers. If the receiver is to be 
used primarily for the longer wavelengths, 
such as for the 160 meter band, a capacity of 
approximately 25 gmfds. per section in the 

band-spread condenser will be more satisfac-
tory. 
Bypass condensers and resistors should be 

connected directly to the coil and tube socket 
terminals. All bypass connections to ground 
should be made as short as possible, directly 
to the chassis which serves as a common 
ground connection. The chassis should be 
made of zinc or lead coated steel in order that 
the leads may be soldered to any point on the 
chassis. The tuning condenser rotor should 
also be connected to the chassis, and each 
rotor section connected to its proper coil 
socket. No. 10 or 12 gauge aluminum is suit-
able for the shield partition and front panel. 
The partition should extend upward as higli 
as the front panel in order to provide an 
effective baffle between the two coils. The 
chassis is 9 in. x 12 in. x 2,/2 in. The metal 
front panel is 13 in. x 9 in. 

1938 "Ultra 
Gainer" Receiver 
The "Ultra-Gainer" receiver described in 

previous editions of this Handbook has been 
still further improved and modernized by the 
addition of a noise-balancing input circuit, a 
better noise suppressor in the output circuit, 
a quartz-crystal filter in the i.f. amplifier, and 
a simplified tuning control. These improve-
ments make this new model more effective 
than ever as a communications receiver. 
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• Technical Features 

The input circuit is designed to use a noise-
bucking antenna in conjunction with the regu-
lar receiving antenna for balancing-out power-
leak noises. This balancing circuit consists 
of a 140 mgfd. variable condenser, a 3-to-30 
µµfd. semi-adjustable condenser, and a sepa-
rate antenna primary. The latter also is semi-
adjustable in that the turns can be moved 
toward or away from the secondary winding, 
or the number of turns can be changed, in or-
der to balance the circuit with the particular 
antenna in use. As shown in the circuit dia-
gram, a single long wire antenna can be con-
nected to the antenna coupling condensers, 
the noise antenna being connected to the pri-
mary coil. Another combination would be a 
doublet receiving antenna connected to the pri-
?nary coil, and the noise antenna to the an-
tenna condensers. The purpose of the noise 
antenna is to pick up as much of the interfer-
ing power-leak type of noise as possible, in 
comparison to the actual desired signal pick-
up. The regular receiving antenna should be 
designed to pick up as much signal as pos-
sible; the noise component which it also picks 
up must be balanced-out by that introduced 
from the noise antenna. The proper connec-
tion of the noise antenna and ground to the 
antenna coil will depend upon the particular 
out-of-phase balancing necessary for the par-
ticular amateur band and type of power-leak, 
so that these two connections may have to be 
reversed. 

Figure 15—The 1938 " Ultra Gainer" receiver, 
showing fully enclosed coil shield compart-

ment and front panel layout. 
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The noise antenna may consist of a 20 to 
50 foot length of wire, run outwardly towards 
the power lines, or telephone circuits, from 
which the interference emanates. This an-
tenna should not be more than 10 or 20 feet 
above ground, so that it will be relatively in-
efficient in picking up signals but highly effi-
cient in picking up noise. The signals will be 
balanced-out with the noise unless the regular 
receiving antenna is much higher than the 
noise antenna, and resonant to the signal. 

Another very effective noise antenna for 
many locations is a connection back to one 
side of the 110-volt a.c. line through a .002 
¡dd. mica condenser. Careful balancing of the 
two antennas will often permit weak signal 
reception in locations where the power buzz ib 
so loud as to render normal reception impos-
sible. The problem of noise balancing is not 
simple, because the length of ground lead, 
type of receiver, location of antennas and val-
ues of antenna coil turns and condenser 
capacities are factors which must be taken 
into consideration. Sometimes the ground 
connection to a water pipe will introduce a 
power buzz of such a phase that it cannot be 
balanced-out by means of the circuit shown. 
One or more ground rods, driven into the 
earth to a depth of approximately three feet, 
will often serve as an effective noise-free 
ground connection. 

The r.f. amplifier tuning condenser in this 
new receiver has been ganged with the detec-
tor and oscillator tuning condensers to sim-
plify the tuning. The ratio of L to C is made 
as high as possible so as to obtain high gain 
on 10 and 20 meters. This model was pri-
marily designed for 10, 20 and 40 meter oper-
ation; however, it can be used to cover nearly 
all of the 80 meter band, even with its small 
two-plate tuning condensers. Ganging the 
r.f. stage makes it difficult to utilize regenera-
tion in the r.f. amplifier, and the r.f. gain is 
therefore increased by using a 6J7 sharp cut-
off screen-grid tube, rather than a 6K7 vari-
able µ r.f. amplifier tube. 

The 6J7 is operated with low bias, high 
screen voltage, and high plate current in order 
to obtain very high operating mutual conduct-
ance. This results in greater r.f. gain than 
can be obtained from a 6K7. The ratio of 
signal-to-noise is much higher with this de-
sign, and tends to offset the lack of con-
trolled regeneration present in last year's 
"Ultra Gainer." This r.f. amplifier is oper-
ated at maximum gain at all times in order to 
have a very high signal-to-noise ratio. The 
plate current is at least twice normal value 
for a 6J7 tube, which will probably shorten 
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Figure 16— Illustrating assembly of the new " Ultra Gainer," showing 
antenna noise suppressor, shielded coil compartment (cover removed to 

show coils) and ganged condenser arrangement. 

the life of the tube to some extent ; in spite of 
this, the 6J7 should be capable of satisfactory 
operation for at least 800 hours, so that this 
factor is of no importance when compared 
with the advantages secured when operating 
the tube in the manner prescribed. The only 
serious disadvantage of using a 6J7 with low 
grid bias is a tendency for cross-talk if the 
receiver is operated in the vicinity of a pow-
erful broadcast transmitter. 
The r.f. amplifier is capacitively-coupled to 

the 6L7 first detector. A 10,000 ohm resistor 
in series with a 2 mh. r.f. choke provides an 
effective r.f. impedance for all amateur bands. 
The semi-variable r.f. coupling condenser 
serves a dual purpose, in that it can also he 
used to line-up the detector tuned circuit.. 
Low bias on the 6J7 tube is obtained by using 
a 400 ohm resistor, rather than the usual 1500 
ohm value recommended for this type of tube. 
A small mica trimmer condenser is connected 
across each individual r.f. plug-in coil in or-
der to insure proper tracking for each ama-
teur band. 
A 6K7 tube is connected as a triode for the 

h.f. oscillator so as to obtain sufficient r.f 
voltage for driving the injection-grid in the 
6L7 first detector tube. Insufficient injection 
voltage results in a high hiss level, especially 
in the 10 and 20 meter bands. The 6K7 plate 
circuit is connected to the power supply 

through a voltage-dropping resistor and the 
cathode is connected to a tap on the coil to 
obtain oscillation. The injection-grid of the 
6L7 connects to the cathode and the detuning 
effect on the oscillator circuit will therefore 
be minimized. The circuit, as shown, pro-
vides sufficient r.f. voltage without connection 
to the grid-end of the oscillator tuned circuit. 
A great many first detector circuits and 

tubes were tried in this receiver in order to 
determine a most satisfactory type for weak 
signal reception. The arrangement with 
grid-leak detection apparently is somewhat 
better than bias-detection for very weak sig-
nal input, as checked with a standard signal 
generator. Space-charge detectors, 6A8 bias 
and grid-leak detectors, and 6J7 detectors 
were all tried and found to be lacking in sen-
sitivity to weak signals as compared to a 
properly operated 6L7. 
The small capacity of the grid condenser 

in the first detector circuit is necessary for 
satisfactory detector action at 465 kc. Even 
at best grid-leak detection is very poor for 
465 kc. because th è 6L7 must act as an i.f. 
amplifier with a relatively low impedance in 
the grid circuit at that frequency. This is 
more than offset by the increased detection 
efficiency procured when detection or mixing 
action takes place in the grid rather than in 
the plate circuit. The screen-grid voltage 
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must be somewhat less with grid-leak than 
with bias-detection. 
A 465 kc. crystal filter is incorporated in 

the i.f. amplifier for the purpose of improving 
the selectivity for c.w. reception. The volume 
control for the receiver is located in the 
cathode circuit of the i.f. amplifier. 
The second detector circuit utilizes a 6N7 

twin-triode connected as an audio amplifier 
and regenerative second detector. This re-
generative detector provides a beat-oscillator 
action for c.w. reception and also has a lower 
hiss-to-signal ratio than when a separate b.f.o. 
circuit is used. Regeneration is obtained by 
means of a 75-turn cathode coil, V2 in. di-
ameter, jumble-wound with no. 28 d.s.c. wire. 
Regeneration and oscillation are controlled by 
means of a variable 1,000 ohm resistance in 
shunt to the cathode coil. Grid-leak detec-
tion provides good sensitivity and very smooth 
regeneration in the detector circuit. Iron-
core air-tuned i.f. transformers give good se-
lectivity and high i.f, amplifier gain. 
The audio output circuit is designed for 

headphone operation, and a special noise-sup-
pression circuit is incorporated for minimiz-
ing automobile ignition interference. An 
ordinary copper-oxid rectifier, such as those 
sold for replacement purposes in oxide-rec-
tifier a.c. voltmeters, is connected across part 
of the output circuit, as indicated in the cir-
cuit diagram. The copper-oxide rectifier has 
its plus and minus leads connected together 

for one terminal, and the two a.c. leads con-
nected together for the remaining terminal 
to make it operate as a non-linear resistance. 
Its impedance is too low to connect across 
the headphones; thus it should be connected 
across only one-half of the primary of a push-
pull-pentode-to-loud-speaker output trans-
former. The noise suppressor operates as 
follows : 

All very loud signals, such as noise peaks, 
overload the copper-oxide rectifier so that 
the latter acts as a short-circuit across the out-
put for the duration of the noise peak. This 
effectively reduces the noise peaks to a level 
equal to that of the desired signal, even 
though these peaks may be ten or twenty times 
as strong as the original signal. This noise-
suppressor is entirely automatic. It is very 
simple and economical, and quite effective in 
operation. 

If loudspeaker reception is desired, a 3-to-t 
audio transformer should be used to couple 
the output into a 6F6 pentode audio amplifier. 

• Construction 

The receiver is built on a zinc-coated metal 
chassis, 10 in. x 14 in. x 2Y2 in. The front 
panel is 15 in. x 8 in., of no. 8 aluminum. 
The tuning coil sockets are mounted on 1Tic 
in. bushings in order to raise the coils well 
above the chassis. An aluminum box with 
two partitions is built around the coils to pro-

Coils for 1938 " Ultra-Gainer Receiver" 

Band 
(Meters) 

10 

Oscillator Coil 

5 turns, no. 22 d.s.c. 
1-in. long, 1%-in. 
diameter, tapped at 
1% turns. 

20 

40 

so 

13 turns, no. 22 d.s.c. 
1-in. long, 1%-in. 
diameter, tapped at 
2 turns. 

Detector Coil R. F. Coil 

5 turns, no. 22 d.s.c. 5 turns, no. 22 d.s.c. 
1- in. long, 11 . in. 1-in. long, 1%-in. 
diameter. diameter, tapped at 

4-turn. 

13 turns, no. 22 d.s.c. 
7/-in. long, 1%-in. 
diameter. 

13 turns, no. 22 d.s.c. 
7/-in. long, 1%-1n. 
diameter, tapped at 
one turn. 

26 turns, no. 22 d.s.c. 
1-in. long, 1 Wrin. 
diameter, tapped 
at 4 turns. 

52turns, no. 22 d.s.c. 
1k-in. long, 111-in. 
diameter, tapped 
at 7 turns. 

27 turns, no. 22 d.s.c. 
1- in, long, 
diameter. 

27 turns, no. 22 d.s.c. 
1-in. long, 1%-ln. 
diameter, tapped 
at 2 turns. 

60turns, no. 22d.s.e. 
long, l'-in. 

diameter. 

60 turns, no. 22 d.s.c. 
134-in. long, 1g-in. 
diameter, tapped 
at 4 turns. 
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vide good shielding between stages. This 
aluminum catacomb is made 5 inches high 
and about 4 inches wide, with each partition 
about 3 1 inches wide. This provides wide 
spacing around the small isolantite plug-in 
coil forms, with the result that r.f. losses in 
the shielding are negligible. 
The oscillator air-tuning padder condenser 

is soldered across the oscillator coil socket, 
which is In the front section of the receiver. 
The detector coil is in the center section, the 
r.f. coil in the rear. The ganged tuning con-
denser is made by mounting three Hammar-
fund midget variable condensers on three sep-
arate aluminum vertical partitions. The 
mounting holes are made large enough so 
that the condensers can be lined-up accu-
rately before the single-mounting nut is tight-
ened. Flexible couplings are used between 
sections, and to the vernier tuning dial, in 
order to give smooth action in spite of the 
many fixed bearing surfaces in the ganged 
condenser. Excessive friction in the tuning 
of the ganged condenser will cause backlash 
in the drive of the tuning dial for c.w. recep-
tion, because of the extremely high vernier 
action of the particular dial shown in the 
photograph of the complete receiver. 
The r.f. amplifier tube is mounted in a 

horizontal position so as to secure very short 
grid and plate leads. The tube socket is 
mounted on one of the vertical aluminum par-
titions near the tuning condenser. 

• Lining-Up the Receiver 

An all-wave test oscillator is required for 
aligning this receiver. The i.f. transformers 
should first be aligned to the frequency of the 
quartz crystal, as described in the Receiver 
Theory chapter. The second detector should 
go into oscillation smoothly as the 1,000-ohm 
variable resistance is rotated. The i.f. tun-
ing into the second detector should be ad-
justed so that the latter will give single-signal 
reception in conjunction with the crystal 
filter and phasing condenser in the crystal 
circuit. 

If insufficient cathode turns are used, the 
second detector cannot be made to oscillate; 
too many turns will cause a detuning effect 
when adjusting the i.f. transformers, and 
smooth control of regeneration cannot be se-
cured. 

The h.f. circuit alignment is rather diffi-
cult, unless the signal generator is accurately 
calibrated. The oscillator padder condenser 
should be set so that the oscillator will track 
with the first detector circuit over one of the 
coil ranges, preferably the 10-meter band. 

HfibtlOBOOK 

The r.f. coupling condenser should be ad-
justed to approximately two-thirds its maxi-
mum capacity. The r.f. padding condenser 
can be adjusted for maximum sensitivity with 
the particular antennas used for each band. 
It will be found that coils made as shown in 
the coil table, with some slight re-spacing 
of the coil turns before they are cemented 
into position, will make the tracking very 
accurate over the narrow amateur bands. 
The tuning condensers have a low maximum 
capacity, so that the amateur bands are spread 
over a large portion of the tuning dial. The 
additional time involved in originally lining 
up the coils and condenser in the h.f. cir-
cuits is well repaid because the band-setting 
condensers then need not be readjusted and 
tuning can be accomplished with the single-
dial. 

• Coll Data 

The 10, 20 and 40 meter coils are wound 
on small Isolantite coil forms, 114-in. diam-
eter. The 75 meter coils, which cover a 
range of from 4.0 to 3.5 megacycles, are 
wound on ribbed bakelite forms, 1V4-in. diam-
eter. The coil chart appears on page 147. 

De Luxe 
Communications 

Receiver 

Those who have the ability and the facili-
ties for building a de luxe communications 
receiver will find many features of interest 
in this ten-tube superheterodyne. It incor-
porates a very high gain r.f. amplifier, an-
tenna noise-balancing circuit, crystal filter, 
a very effective noise-silencing circuit, and 
reverse-feed-back audio amplification. It 
has an "R" meter for denoting carrier signal 
strength, a precision single-tuning control, 
built-in power supply, cast aluminum chassis, 
and shielded plug-in coils which can be me-
chanically ganged together by means of bake-
lite strips and handles for quick coil change 
when desired. 

•Technical Features 

The circuit begins with an antenna noise 
balancer which is built into the receiver, with 
the exception of the 140-gµfd. variable con-
denser, which is connected in series with the 
noise antenna. Reference should be made to 
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Figure 18— Front View of the De Luxe Communications Receiver. 

the description of the 1938 "Ultra Gainer" 
Receiver for a more complete description of 
this noise-balancing circuit. 
The r.f. amplifier has a sharp cut-off screen-

grid tube, operated with low bias and high 
screen voltage and plate current to obtain 
maximum signal-to-noise ratio in the front-
end of the receiver. A standard 6L7 first 
detector has its injection-grid connected to 
the cathode of a 6K7 power type triode oscil-
lator. The position of the cathode tap on the 
oscillator coil was selected so that proper in-
jection voltage is provided for each amateur 
band. Under these conditions, the 6L7 first 
detector is very efficient for weak signal de-
tection or mixing action. 
A 465-kc. quartz crystal filter is built into 

the circuit between the first detector and first 
i.f. amplier. Two stages of i.f. amplifica-
tion make possible very high selectivity and 
ample gain to work into a diode second detec-
tor. The latter provides a.v.c voltage for 
'phone reception, second detector action, and 
is part of the noise-suppression circuit for 
elimination of automobile ignition interfer-
ence. A 6R7 serves as a second detector 
diode and for the first stage of audio ampli-
fication. This tube drives a 6L6 pentode 
audio amplifier which has reverse-feedback in 
the audio stage in order to reduce the hum 
level and instability of the 6L6. 
A separate b.f.o. circuit is incorporated 

for c.w. reception. For 'phone reception an 
"R" meter is connected in the first detector 
plate circuit in a Wheatstone-Bridge arrange-
ment. This meter indicates the relative signal 
strength, since the plate current of the 6L7 
varies in accordance with the a.v.c. voltage; 
the letter depends upon the strength of the 
incoming carrier signal. A 1,000 ohm vari-

&arm. 

able resistor gives a convenient zero-setting 
adjustment for the "R" meter scale. For 
c.w. reception the a.v.c. voltage is short-cir-
cuited to ground, and the "R" meter indica-
tion is meaningless in this condition. 
A separate type 1-v diode tube is incorpo-

rated in the noise-silencing circuit of the 
type developed by Dickert. This circuit is 
very effective for reducing automobile igni-
tion noise and is entirely automatic in action. 
It will follow a slowly fading signal, and can 
be used for either 'phone or c.w. Its effec-
tiveness can be greatly increased for c.w. 
reception by short-circuiting one of the re-
sistors in the 1-v tube circuit. This con-
nection tends to operate on the modulated 
side-bands of a 'phone signal, so that for good 
quality phone reception the switch should be 
in the "open" position. The additional diode 
acts as a short-circuit across the audio ampli-
fier for sharp peaks of noise which have an 
amplitude greater than that of the incoming 
signal. The time constants of the 1-v circuit 
are chosen so that the diode acts as a very 
high impedance shunt across the audio cir-
cuit except during the very short time inter-
val of a high noise pulse. The plate circuit 
of the 1-v tube has a large time constant, and 
thus its potential remains at the average value 
determined by the rectified incoming carrier 
signal. The cathode bias of this tube has a 
short time constant and is connected into the 
a.v.c. circuit so that its instantaneous value 
depends upon the peak signal which is pres-
ent, such as that of the noise pulse. This 
causes the 1-v diode to act as a short-circuit 
to the audio amplifier and its instantaneous 
bias is more negative than the plate potential. 
However, the plate potential is a function of 
the a.v.c. voltage ; it therefore is entirely 
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Figure 19 Layout of Parts, Showing Individually Shielded Plug- In Coils. 

automatic and needs no readjustment for 
different signals when tuning the receiver. 
The audio volume control is connected in 

the grid circuit of the 6R7 audio triode tube. 
The jack for headphone reception is located 
in the plate circuit of the 6R7, and when the 
headphones are plugged-in, the loudspeaker 
is disconnected from the circuit. The 6L6 
gives additional amplification for loudspeaker 
reception. The reverse-feedback circuit con-
sists of a 0.1 gid. condenser in series with a 
50,000 ohm resistor connected from the plate 
of the 6L6 tube to the return grid circuit 
of the audio transformer. A 5,000 ohm re-
sistor from this point to ground provides the 
out-it-phase vultage in the grid circuit. 

• Construction 

The receiver is built on a cast aluminum 
chassis, 12 in. X 17 in. x 2V2 in. The front 
panel is EWI in. x 19 in. x /T 4 in. Dural, for 
standard relay-rack mounting. This very 
heavy construction insures good rigidity for 
elimination of detuning effects caused by 
touching the front panel, or when making 
tuning adjustments. A standard three-gang 
tuning condenser and vernier dial assembly 
is mounted in the center of the chassis, with 
the tubes on one side and the individually-
shielded plug-in coils on the other. The os-
cillator tube and tuned circuit is nearest the 

front panel, while the r.f. circuit and hori-
zontally-mounted r.f. amplifier tube are to-
ward the rear of the chassis. The power 
supply is mounted on one end, with one of 
the two filter chokes mounted below the chas-
sis. An external permanent-magnet dynamic 
speaker is needed for loudspeaker reception. 
The first i.f, transformer is mounted near 
the first detector, and directly in front of it 
(near the "R" meter) is the quartz crystal, 
which connects in turn to the i.f, transformer 
nearest the front panel. The b.f.o. coil is 
at the far rear of the chassis and an external 
vernier adjustment for the b.f.o. frequency 
is controlled from the front panel by means 
of a long bakelite extension shaft to a 25 µgfd. 
midget variable condenser under the chassis 
directly below the b.f.o. transformer. 

The shielded coil assembly plugs into three 
individual isolantite sockets which are 
mounted on two ein. square brass rods, 
raised approximately i-inch above the chassis 
by means of brass bushings. The 3-to-30 gp.fd. 
trimmer condensers are mounted on top of 
the individual coil forms and the condensers 
are adjusted by means of a bakelite-rod 
through the 14-in. holes which are drilled into 
the top of each coil shield can. Individual 
trimmer condensers for each coil make pos-
sible an accurate alignment for each ama-
teur band. 
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Coil Table For De Luxe Communications Receiver 

Band 
(Meters) 

Antenna 
Coils 

2 turns each. 
10 

3 turns each. 
20 

6 turns each. 
40 

Detector and 
R. F. Coils 

5 turns, No. 22 d.c.c., 
1- in. long. 

12 turns, No. 22 ci.c.c., 
1- in. long. 

23 turns, No. 22 d.c.c., 
close-wound. 

Oscillator 
Coils 

5 turns, No. 22 d.c.c., 
1- in, long, tapped 
at 1 turn. 

12 turns, No. 22 d.c.c., 
1- in, long, tapped 
at 2 turns. 

22 turns, No. 22 d.c.c., 
close-wound, tapped 
at 3y2 turns. 

10 turns each. 
80 

50 turns, No. 24 d.s.c., 
close-wound. 

12 turns each. 
160 

108 turns, No 28 Enam., 
close-wound. 

44 turns, No. 24 d.s.c., 
close-wound, tapped 
at 6 turns. 

85 turns, No 28 Enam., 
close-wound, tapped 
at 9 turns. 

The coils are wound on PA-in. diameter 
forms, which have a rectangular moulded 
base with prongs for plugging the units into 
the sockets. The coil table appears above. 

• Adjustments 

The lining-up adjustments of this receiver 
are the same as those described earlier in this 
chapter for the 1938 Ultra Gainer Receiver. 

Improved 
Regenerative 
Pre-Selector 

Many signals which are inaudible in most 
receivers can be heard by the addition of a 
regenerative pre-selector. A good r.f. ampli-
fier ahead of any superheterodyne receiver 
will increase the signal-to-noise ratio and 
reduce image interference to a negligible 
quantity. A single-tube pre-selector with 
regeneration can be made equivalent to a 
two-tube pre-selector without regeneration, 
and the slight additional load on the receiver 
power pack, with only one extra tube, usu-
ally will not overload the power trans-
former. This eliminates the need of an 
additional power pack for the pre-selector. 

In the pre-selector here illustrated, either 
a 2.5 volt type 57 or 6.3 volt 6C6 tube can 

Figure 21—Regenerative Pre-Selector 
with Noise Balancing Antenna Circuit 

and Variable Antenna Coupling. 

be used, depending upon the type of tubes 
employed in the radio receiver proper. The 
circuit of this pre-selector has a built-in bal-
anced noise-suppressing circuit for the elim-
ination of power-leak noise. The r.f. ampli-
fier is regenerative, due to the cathode being 
tapped into the tuned grid circuit. The de-
gree of regeneration is controlled by means 
of a potentiometer which varies the screen-
grid voltage. The plate circuit can be con-
nected into any kind of receiver input circuit 
without much loss in efficiency, since any im-
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Figure 22 —Wiring Diagram of the Regenerative Preselector. 

pedance mismatch loss can be offset by re-
generative gain in the r.f. amplifier. 

The noise-balancing circuits were designed 
so that the regular receiving antenna and 
ground, or doublet antenna, can be connected 
to either of the primary windings, the noise 
antenna to the other. The noise-balancing 
antenna should be designed to pick up as 
much of the interfering noise as possible, 
while the receiving antenna should be 
mounted as high as is practicable to pick up 
a good ratio of signal-to-noise. The noise 
antenna should consist of a short wire near 
the ground, and parallel to the power line, 
or sometimes a connection can be made sat-
isfactorily to one side of the 110-volt a.c. 
house-lighting circuit through a .002 Afd. 
mica condenser. The other side of the pri-
mary coil should be connected to ground in 
some cases, as determined by test. One an-
tenna coil is made continuously adjustable 
by mounting it on a 3/4 -inch brass rod which 
slides through a telephone-jack in the front 
panel. This antenna coil consists of 12 turns 
of no. 24 d.s.c. wire, center-tapped, wound 
on the top portion of a 11/2 -in. diameter coil 
form, this portion being sawed from a con-
ventional coil form. Flexible leads connect 
from the two ends of the winding to the an-
tenna terminal strip. The center-tap con-
nects to the brass rod, fastened to the coil 
form by means of a 6/32 machine screw 
which threads into the end of the brass rod. 
Coupling is varied by plunger-action from 
the knob control on the front panel. 

The remaining primary is wound on each 
plug-in coil form at the top of the coil, near 
the grounded end of the secondary winding. 
The number of turns for the antenna winding, 
and the spacing of the secondary, are sub-
ject to experiment when balancing-out the 
power-leak noise. In quiet locations where 

there is no power-leak interference, the noise 
antenna and the additional semi-fixed coupling 
primary are not required. The adjustable 
primary should be built into the pre-selector 
for the purpose of obtaining ease of regen-
eration control for different types of antennas 
and various strengths of incoming signals. 

A vernier tuning dial drives the 35 µµf d. 
midget tuning condenser. 

The pre-selector is built into a metal cab-
inet, 7 in. high, 71/2  in. long and 7 in. deep: 
the chassis is 13/4  in. deep. The tube must 
be shielded so as to prevent feedback between 
grid and plate circuit. The plate coupling 
lead should be made as short as possible to 
the antenna terminals of the radio receiver 
proper. 

Coil Table For Regenerative 
Pre-Selector 

All Coils Wound on Pit in. Diameter 
5-Prong Forms. 

Band 
Meters 

10  

Coil 

5 turns, No. 20 d.s.c., 1-in. 
long, tapped at 1/3rd turn. 

20 

40 

80 

160  

12 turns, No. 20 d.s.c., 1-in. 
long, tapped at 1/3rd turn. 

23 turns, No. 20 d.s.c., 1-in. 
long, tapped at turn. 

42 turns, No. 20 d.s.c., 1M-in 
long, tapped at 4  turn. 

80 turns, No. 30 Enam., close-
wound, tapped at 1 turn. 
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TYPE NAME BASE 
SOCKET 
CONNEC 
TIONS 

DIMENSIONS 
MAXIMUM 
OVERALL CATHODE 

TYPE • 

RATING 

FILAMENT OR 
HEATER PLATE SCREEN 

LENGTH 
X 

DIAMETER VOLTS AMPERES 
MAX. 
VOLTS 

MAX. 
VOLTS 

00-A 
DETECTOR. 
TRIODE 

MEDIUM 4-PIN 
Bayonet 41) 41-r . 11-r D-C 

FILAMENT 5.0 0.25 45 - 

01 -A DETECTOR* AMPLIFIER 
MEDIUM 4-PIN 

Bayonet 41) 41-r x 41" D-C 
FILAMENT 5.0 0.25 135 --- 

IA4 
SUPER-CONTROL 
R-F AMPLIFIER 

PENTODE 
SMALL 4-PIN OPA 4I-1" x 119e FILAMENT 2.0 0.06 180 67.5 

IA6 PENTAGRID 
CONVERTER O SMALL 6-PIN 61. 4H" X 1-A' FILAMENT 2.0 0.06 180 67.5 

I B4 R-F AMPLIFIER  
PENTODE SMALL 4-PIN OM 41-1 X 1196 

D-C 
FILAMENT 2.0 0.06 180 67.5 

IB5/25S DUP4iitigkoDE SMALL 6-PIN SM 4r . 1*. 
FILAMENT 2.0 0.06 135 - 

IC6 CONVERTER 0 PENTAGRID SMALL 6-PIN 6L 41-1" x IA' FILAMENT 
2.0 0.12 180 67.5 

I F4 
POWER AMPLIFIER 

PENTODE MEDIUM 5-PIN SK 41-1" x 1Er FILAMENT 2.0 0.12 135 135 

I F6 DUPLEX-DIODE PENTODE SMALL 6-PIN 6W 411" x 159," FILAMENT2.0 0.06 180 67.5 

I-V HALF-WAVE 
RECTIFIER SMALL 4-PIN 40 41 X I h." HEATER 6.3 0.3 - 

POWER AMPLIFIER 
TRIODE MEDIUM 4-PIN 41) 5r x 2-ili" FILAMENT 2.5 2.5 250-2A3 

300 - 

2A5 
POWER AMPLIFIER 

PENTODE MEDIUM 6-PIN 6B 4Ir x i1-F' HEATER 2.5 1.75 - - 

2A6 
HDIGUHPZL-DTRIOIODDEE SMALL 8-PIN 60 414X 1-ile" HEATER 2.5 0.8 250 --

2A7 
PENTAORID 
CONVERTER O SMALL 7-PIN TC 41" x 112," HEATER 2.5 0.8 250 100 

2B7 
DUPLEX-DIODE 

PENTODE SMALL 7-PIN 771 41' x lee HEATER 2.5 0.8 250 125 

II 5W4 
FULL-WAVE 
RECTIFIER OCTAL 5-PIN SMALL ST 3. X le," FILAMENT 5.0 1.5 - - 

5Z3 
FULL-WAVE 
RECTIFIER MEDIUM 4-PIN 4C 51 " x 2114 FILAMENT 5.0 3.0 - -  

JI 5Z4 FULL-WAVE 
RECTIFIER 

SMALL 
OCTAL 5-PIN 5L 31" X 1 fle" HEATER 5.0 2.0 - - 

6A4/LA 
POWER t4NATAM FIER MEDIUM 5-PIN 5B 4.11" x ifF'  FILAMENT 6.3 0.3 180 180 

6A6 
TWIN-TRIODE 
AMPLIFIER MEDIUM 7-PIN at 79 41-r x 1/-r HEATER 6.3 0.8 

300-6A7 
PENTAGRID 
CONVERTER o SMALL 7 PIN 7C 4H" x liti" HEATER 6.3 0.3 250 100 

11 6A8 PENTAGRID 
CONVERTER 0 

SMALL 
OCTAL 8-PIN 8A 31" X 1*" HEATER 6.3 0.3 250 100 

6B7 DUPLEX-DIODE 
PENTODE SMALL 7-PIN 70 4H" x 11,‘" HEATER 6.3 0.3 250 125 

668 DUPLEX-DIODE 
PENTODE OCTAL 8-PIN 11E 3r x 1?. HEATER 6.3 0.3 250 125 

6C5 
DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 
OCTAL 6-PIN 61) 21" X 1?‘" HEATER 6.3 0.3 250 - 

6C6 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 6-PIN sF 4fr x IA" HEATER 6.3 0.3 250 100 
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Receiver Tube Characteristics 

USE 
Values to right give 

operating conditions 
and characteristics tor 
Indicated typical use 

PLATE 
SUP- 
pu 

VOLTS 

GRID 
ems e 

VOLTS 

SCREEN 
SUPPLY 

VOLTS 

SCREEN 
CUR- 
RENT 
YA. 

PLATE 
CUR- 
RENT 
Ns. 

IC 
PLATE 
RES'S- 

TANCE 
OHMS 

TRANS-

CONDUC- 
TANCE 

KA(nrElij 

uldHOS 

AMPLIA- 
CATION 

FACTOR 

LOAD 
FOR 

STATED 
POWER 
OUTPUT 
OHMS 

POWER 

MIT-
PUT 

WATTS 

TYPE 

GRID.LEAK 
DETECTOR 45 Grid Return to 

( -) Filament 1.5 30000 666 20 -- - 00-A 

CLASS A AMPLIFIER 90 
135 

- 4.5 
- 9.0 

-  -  2.5 
3.0 

11000 
10000 

725 
800 

8.0 
8.0 

-  01-A 

CLASS A AMPLIFIER 90 
180 

1- 3.01 
1 min. f 

67.5 
67.5 

0.9 
0.8 

2.2 
2.3 

600000 
1000000 

720 
750 

425 
750 

 1A4 

CONVERTER 135 
180 

f - 3.01 
1 min. 1 

67.5 
67.5 

2.5 
2.4 

1.2 
1.3 

400000 
500000 

Anode-Grid (# 2): 180* max. volts, 
2.3 ma. Oscillator-Grid ( 0 1) Resistor.. 

Conversion Conductance, 300 micromhos. 
I A6 

CLASS A AMPLIFIER 90 
180 

- 3.0 
- 3.0 

67.5 
67.5 

0.7 
0.6 

1.6 
1.7 

1000000 
1500000 

600 
650 

550 
1000 ---- 184 

CLASS A AMPLIFIER 135 - 3.0 - - 0.8 35000 575 20 ---- ---- 1135/255 

CONVERTER 135 
180 

f- 3.01 
1 min. 1 

67.5 
67.5 

2.0 
2.0 

1.3 
1.5 

550000 
750000 

Anode-Grid (# 2): 180% max. volts, 
3.3 ma. Oscillator-Grid ( # 1) Resistor.. 
Conversion Conductance, 325 micrornhos. 

106 

CLASS A AMPLIFIER 135 - 4.5 135 2.6 8.0 200000 1700 340 16000 0.34 I F4 
PENTODE UNIT AS 
R-F AMPLIFIER 180 - 1.5 67.5 0.6 2.0 1000000 650 650 

IF6 PENTODE UNIT AS 
A.F AMPLIFIER 135W - 2.0 Screen Supply, 135 

Grid Resistor, 
volts 
•• 1.0 

applied through 
megolun. 

0.8-megohm 
Voltage Gain, 

resistor. 
46. 

Maximum A-C Plate Voltage.... 
Maximum ID C Output Current 

.....   350 
SO 

Volts, RMS 
Milliamperes I-V 

CLASSA AMPLIFIER 250 -45.0 I ---- I ---- 60.0 800 5250 4.2 2500 3.5 
2A3 PUSH-PULL. 

CLASS ABI AMPLIFIER 
300 
300 

Self-bias, 780 ohms 
-62 volts, fixed bias 

80.0 
80.0 - 

5000 
3000 

10.0 t 
15.01 

AMPLIFIER For other ratings and characteristics, refer to Type 42. 2A5 
TRIODE UNIT AS 

AMPLIFIER For other characteristics, refer to Type 75. 2A6 

CONVERTER For other characteristics, refer to Type 6A7. 2A7 

AMPLIFIER For other characteristics, refer to Type 6B7. 287 
Maximum 
Maximum 

A-C Voltage 
D.0 Output 

per Plate.  
Curren 

350 
110 

Volts, RIES 
Milliamperes 5W4 g 

Maximum 
Maximum 

A.0 Voltage 
D.0 Output 

per Plate  
Current  

500 
250 

Volts, RMS 
Milliamperes 5Z3 

Maximum 
Maximum 

A-C Voltage 
D-C Output 

per Plate_  
Current 

400 
125 

Volts, RMS 
Milliamperes 5Z4 g 

CLASS A AMPLIFIER 100 
180 

- 6.5 
-12.0 

100 
180 

1.6 
3.9 

9.0 
22.0 

83250 
45500 

1200 
2200 100 100 

11000 
8000 

0.31 
1.40 6A4/LA 

AMPLIFIER For other characteristics, refer to Type 6N7. 6A6 

CONVERTER 100 
250 { -m in. MI 3° 

100 
2'5 
2.2 

1•3 
3.5 

600000 
360000 

Anode-Grid (# 2): 
4.0 ma. Oscillator-Grid 
Conversion Conductsusce, 

250% max. 
( # 1) 
520 

volts, 
Resistor s . 
micromhos. 

6A7  

CONVERTER 100 
250 

I - 3.01 
1 min. 1 

50 
100 

1.5 
3.2 

1.2 
3.3 

600000 
360000 

Anode-Grid ( Al 2): 
4.0 ma. Oscillator-Grid 

Conversion Conductance, 

250 si max. 
( # 1) 

500 

volts, 
Resistor .. 

micromhos. 

6A8 

PENTODE UNIT AS 
1LF AMPLIFIER 

100 
250 

- 3.0 
- 3.0 

100 
125 

1.7 
2.3 

5.8 
9.0 

300000 
650000 

950 
1125 

285 
730 

___ 

PENTODE UNIT AS 
A-F AMPLIFIER 

90W 
300 W 

Self-bias, 3500 ohms. Screen Resistor = 1.1 meg. Grid Resistor,•• 1 Gain per stage = 55 
Self-bias, 1600 ohms. Screen Resistor = 1.2 meg. 0.5 megohrn. 1Gain per stare = 79  

PENTODE UNIT AS 
R-F AMPLIFIER 250 - 3.0 125 2.3 10.0 600000 1325 800 - - 

6B8 PENTODE UNIT AS 
A.F AMPLIFIER 

90 is 
300 ta 

Self-bias, 3500 ohms. Screen Resistor = 1.1 meg.1Grid Resistor,•• ' Gain per stage = 55 
Self-bias, 1600 ohms. Screen Resistor = 1.2 meg.f 0.5 megohm. ` Gain per stage = 79 

CLASS A AMPLIFIER 250 - 8.0 - - 8.0 ' 10000 I 2000 I 20 
- - 

6C5 
250, - 5.0 1.0 Gain per stage = 14 

BIAS DETECTOR 250 1-17.01 
lapprox. 

_ _ Plate current to be adjusted to 0.2 milliampere 
with no signal. 

AMPLIFIER 
DETECTOR For other characteristics, refer to Type 6J7. 6C6 
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Receiver Tube Characteristics 

DIMENSIONS RATING 

TYPE NAME BASE 
SOCKET 
CONNEC• 

MAXIMUM 
OVERALL CATHODE FILAMENT OR 

NEATER PLATE SCREEN 

TIONS LENGTH 
X 

DIAMETER 

TYPE.   

VOLTS AMPERES 
MAX. 
VOLTS 

MAX 
VOLTS 

606 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL II-PIN OF All" x IA » HEATER 6.3 0.3 250 100 

6E5 ELECTRON-RAY 
TUBE 

SMALL 11-PIN on 41 ZIA . HEATER 6.3 0.3 250+. - 

6F5 HIGH-MU TRIODE SMALL 
OCTAL 5-PIN 514 3r . qv HEATER 6.3 0.3 250 - 

315 315 

6F6 POWER AMPLIFIER 
PENTODE 

SMALL is 250 - 
OCTAL 7-PIN 3r . liee HEATER 6.3 0.7 

375 250 

350 - 

100 -  

6F7 TRIODE-
PENTODE SMALL 7-PIN TE 4r, " X i HEATER 6.3 0.3 250 100 

250 100 

8G5 ELECTRON-RAY 
TUBE SMALL 6-PIN OR 4} ' x 1/2g ' HEATER 6.3 0.3 250+ - 

6M8 TWIN DIODE SMALL 
OCTAL 7-PIN 70 I r X lilk » HEATER 6.3 0.3 - - 

6J7 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 
OCTAL 7-PIN 711 

3i» x lit' HEATER 6.3 0.3 250 125 

6K7 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL. 
OCTAL 7-PIN  7R 31 x 1/2i ° HEATER 6.3 0.3 250 125 

375 250 

6L6 TAC 411.‘" x II" 
375 250 

POWERREAANZLIFI ER OCTAL 7-PIN HEATER 6.3 0.9 
400 300 

400 300 

6L7 
PENTAGRID 
MIXERA SMALL 

OCTAL 7- PIN 7T 3/ » X1,56" HEATER 6.3 03 
250 150 

, 
AMPLIFIER 

250 100 

6N7 TWIN-TRIODE 
AMPLIFIER 

SMALL 
OCTAL 6-PIN ER 3i » X lh . HEATER 6.3 0.8 300 - 

RV DUPLEX-DIODE 
HIGH-MU TRIODE 

SMALL 
OCTAL 7-PIN 7V 3i" x IA" HEATER 6.3 0.3 250 - 

6R7 
DUPLEX-DIODE 

TRIODE 
SMALL 

OCTAL 7-PIN TV 3r . iiv HEATER 6.3 0.3 250 - 

6X5 FULL-WAVE 
RECTIFIER 

SMALL 
OCTAL 6-PIN ES 3r X 1 lig ' HEATER 6.3 0.6 _ _ 

I 0 POWER AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bay011•1 40 31 » X 2/eg » FILAMENT 7.5 1.25 425 - 
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Receiver Tube Characteristics 

USE 

Values to right give 
operating conditions 
and characteristics for 
Indicated typical use 

PLATE 

SUP 
PLY 

VOLTS 

GRIO 

BIAS a 

VOLTS 

SCREEN 
SUPPLY 

VOLTS 

SCREEN 

CUR- 

RENT 

MA. 

PLATE 

CUR-

RENT 

MA. 

A-C 

PLATE 
RESIS- 

TANCE 

OHMS 

TRANS-

CIINDUC" 
TANCE 
(131110- 
NATE) 

01110S 

AMPLIFI- 
CATION 

FACTOR 

LOAD 
ron 

STATED 
POWER 
OuTPUT 
OHMS 

POWER 

OUT-
PUT 

WATTS 

TYPE 

SCREEN-GRID 
R-F AMPUFIER 

100 
250 

I- 3.0) 
1 min. 1 

100 
100 

2.2 
2.0 

8.0 
8.2 

250000 
800000 

1500 
1600 

375 
1280 
 _  _ 

608 
MIXER IN 

SUPERHETERODYNE 
100 
250 

-10.0 
-10,0 

100 
100 - Oscillator Peak Volts =7.0 

VISUAL 
INDICATOR 

Plate ts Target Supply = 100 vo 
Grid Bias, - 3.3 volts Shadow 

ts. Triode Plate Resistor 
Angle, 0°. Bias, 0 volts; 

= 0.5 
Angle, 

meg. Target 
900; Plate 

Current 
Current, 

.. 4.5 ma. 
0.19 ma. 6E5 

Plate ils Target Supply 
Grid Bias, - 8.0 volts 

= 250 vo 
Shadow 

ts. Triode Plate Resistor 
Angle, 0°. Bias, 0 volts; 

= 1.0 
Angle, 

meg. Target 
90°; Plate 

Current 
Current, 

= 4.5 ma. 
0.24 ma. 

CLASS A AMPLIFIER 
250 
250 X 

- 2.0 
- 0.3 - 

0.9 
0.4 

66000 I 1500 100 I 6F5 
Grid Resistor, 0.25 meg. •• Gain per stage = 52 

PENTODE 
CLASS R AMPLInER 

250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

34.0 
42.0 

80000 
75000 

2500 
2650 

200 
200 

7000 
7000 

3.0 
5.0 

6F6 
TRIODE 0 

CLASS A AMPLIFIER 250 -20.0 ---- ---- 31.0 2600 2700 7 4000 0.85 

PENTODE PUSH.PULL 
CLASS AB: AMPL1nER 

375 
375 

Self-bias 
-26.0 

250 
250 

8.0 
5.0 

54.0 
34.0 

Self-Bias Resistor, 340 ohms 10000 
10000 

19.0t 
19.0t - - 

TRIODE PUSH-PULL CI 
CLASS A132 AMPLIFIER 

350 
350 

Self-bias 
-38.0 - - 

50.0 
45.0 

Self-Bias Resistor, 730 ohms 10000 
6000 

14.0 t 
18.0t - 

TRIODE UNIT AS 
CLASS A AMPLIFIER 100 - 3.0 - - 3.5 16000 500 8 - 

6F7 PENTODE UNIT AS 
CLASS A AMPLIFIER 

100 
250 

I - 3.01 
1 min. J 

100 
100 

1.6 
1.5 

6.3 
6.5 

290000 
850000 

1050 
1100 

300 
900 - 

PENTODE UNIT AS 
MIXER 250 -10.0 100 0.6 2.8 

Oscillator 
Conversion 

Peak Volts 
Conductance 

= 7 0. 
= 300 micromhos. 

VISUAL 
INDICATOR 

Plate ils Target Supply 
Grid Bias, -8 volts; 

= 100 vo 
Shadow 

ta. Triode Plate Resistor 
Angle, 0° Bias, 0 volts; 

.. 0.5 
Angle, 

meg. Target 
90°; Plate 

Current 
Current, 

.. 4.5 ma. 
0.19 ma. 

665 
Plate ts Target Supply 
Grid Bias, - 22 volts; 

= 250 volts. 
Shadow 

Triode Plate Resistor 
Angle, 0°. Bias, 0 volts; 

= 1.0 
Angle, 

meg. Target 
90°; Plate 

Current 
Current, 

= 4.5 ma. 
0.24 ma. 

TWIN-DIODE 
DETECTOR 
RECTIFIER 

Maximum A-C 
Maximum D-C 

Voltage per 
Output Current 

Plate 100 Volts, 
4 Milliamperes 

RMS 
6H6 

SCREEN-GRID 
R-F AMPLIFIER 

100 
250 

- 3.0 
- 3.0 

100 
100 

0.5 
0.5 

2.0 
2.0 

1000000 
1.5 +1 

1185 
1225 

1185 
1500+ - 

6J7 SCREEN-GRID 
A.F AMPLIFIER 

90 x 
300 X 

Self-bias, 
Self-bias, 

2600 ohms. 
1200 ohms. 

Screen 
Screen 

Resistor =, 
Resistor = 

1.2 meg.) 
1.2 meg.l 

Grid Resistor,• 
0.5 megotun. 

• (Gain 
1Gain 

per stage 
per stage 

= 85 
= 140 

BIAS DETECTOR 250 - 4.3 100 
Cathode 

0.43 
current 
ma. 

Plate Resistor, 
Grid Resistor 

500000 
•• 

ohms. 
250000 ohms. 

SCREEN-GRID 
R-F AMPLIFIER 

90 
250 

1- 3.01 
1 min. I 

90 
125 

1.3 
2.6 

5.4 
10.5 

315000 
600000 

1275 
1650 

400 
990 

61(7 
MIXER IN 

SUPERHETERODYNE 20° -1000 100 ---- ---- Oscillator Peak Volts = 7.0 

SINGLE-TUBE 250 -14.0 250 5.0 72.0 1 2500 
2500 

6.5 
6.5 CLASS AI AMPLIFIER 250 Self-bias 250 5.4 75.0 Self-Bias Resistor, 170 ohms. 

PUSH-PULL 250 -16.0 250 10.0 120.0 - I I 5000 
5000 

14.5t 
13.8t CLASS At AMPLIFIER 250 Self-bias 250 10.0 120.0 Self-Bias Resistor, 125 ohms. 

PUSH-PULL 400 -25.0 300 6.0 102.0 - I l 6600 
6600 

34.0t 
32.0t 

6L6 

CLASS ABI AMPLIFIER 400 Self-bias 300 7.0 112.0 Self-Bias Resistor, 200 ohms. 

PUSH-PULL 
CLASS AB2 AMPLIFIER 

400 
400 

-20.0 
-25.0 

250 
300 

4.0 
6.0 

88.0 
102.0 - 

6000 
3800 

40.0t 
60•Ot 

MIXER IN 
SUPERHETERODYNE 250 - 3.0 100 6.2 2.4 

Oscillator 
Grid 
Conversion 

-Grid 
ili 3 Peak 

Conductance, 

( Ili 3) Bias, 
Swing, 12 

-10 vo 
volts min. 
350 micromhos. 

ta. 

6L7 

CLASS A AMPLIFIER 250 { - 3.° 
min.4 I 

100 5.5 5.3 800000 1100 880 - 

CLASS A AMPLIFIER 
(Ai Driver)e 

250 
294 

- 5.0 
- 6.0 - 

6.0 
7.0 

11300 
11000 

3100 
3200 

35 
35 

20000 
or more 

exceeds 
0.4 

CLASS 8 AMPLIFIER 
250 
300 

0 
0 

- - Power 
stated 
Output is 

plate 
for one tube at 

-to-plate load. 
8000 
10000 

8.0 
10.0 

TRIODE UNIT AS 
100 
250 

- 1.5 
- 3.0 - 

0.35 
1.1 

87500 
58000 

I 800 I 70 
I 1200 I 70 - 

CLASS A AMPLIFIER 1000° 
250. 

- 1.1 
- 2.0 - 

0.25 
0.5 

(Grid Resistor, 
1 0.5 megohm 

••1 Gain per stage = 35 
f Gain per stage = 43 

6Q7 

TRIODE UNIT AS 
CLASS A AMPLIFIER 

250 
250e 

- 9.0 
- 6.0 - 

9.5 
1.3 

8500 I 1900 1 16 J 10000 I 0.28 
6R7 Grid Resistor, •' 0.5 meg. Gain per stage .• 12 

Maximum A-C Voltage per Plate...  350 
Maximum D C Output Current  75  Milliamperes 

Volts, RMS 
 75  Milliamperes 6X5 

AM CLASS A AMPLIFIER 350 
425 

-32.0 
-40.0 - 

16.0 
18.0 , 

5I50 
5000 

I 1550 l 
1600 

8.0 
8.0 

I 11000 
10200 

0.9 
1.6 10 
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TYPE NAME BASE 
SOCKET 
CONNEC-
TIONS 

DIMENSIONS 
MAXIMUM 
OVERALL 
LENGTH 
X 

DIAMETER 

CATHODE 
TYPE 

RATING 

FILAMENT OR 
HEATER PLATE SCREEN 

VOLTS AMPERES 
MAX. 
VOLTS 

MAX. 
VOLTS 

11 
12 

DETECTOR* 
AMPLIFIER 
TRIODE 

HALF-WAVE 
RECTIFIER 

Ma) 4-PIN 
MEDIUM 4-PIN 

Bayonet 

4F 

40 

41 x 1-A" 

41-1' 
D-C 

FILAMENT 1.1 0.25 135 

1223 SMALL 4-PIN 4G 4à X HEATER 12.6 0.3 

15 R-F AMPLIFIER 
PENTODE SMALL 5-PIN OF 41.4" X 1116" HEATER 2.0 0.22 135 67.5 

19 TWIN-TRIODE 
AMPLIFIER SMALL 6-PIN OC 41" X 11.9e" 

D-C 
FILAMENT 2.0 0.26 135 

20 POWER AMPLIFIER 
TRIODE SMALL 4-PIN 40 41" X 

D-C 
FILAMENT 3.3 0.132 135 

22 R-F AMPLIFIER 
TETRODE MEDIUM 4-PIN 4K 531,1" X 

D-C 
FILAMENT 3.3 0.132 135 67.5 

24-A R-F AMPLIFIER 
TETRODE MEDIUM 5-PIN 5E 5355" X sfr HEATER 2.5 1.75 275 90 

25A6 POWER AMPLIFIER 
PENTODE 

SMALL 
OCTAL 7-PIN 75 34 X HEATER 25.0 0.3 180 135 

25Z5 RECTIFIER. 
DOUBLER SMALL 6-PIN BE 41" X 1TV HEATER 25.0 0.3 

25Z6 

26 

RECTIFIER. 
DOUBLER 

AMPLIFIER 
TRIODE 

SMALL 
OCTAL 7-PIN 7Q 31" X 115.E" HEATER 25.0 0.3 

MEDIUM 4-PIN 412 411," x 111" FILAMENT 1.5 1.05 180 ---

27 
DETECTOR* 
AMPLIFIER 
TRIODE 

MEDIUM 5-PIN SA 41" X 1-N" HEATER 2.5 1.75 275 

30 
DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 4-PIN 40 41» x IA" D-C 
FILAMENT 

2.0 0.06 180 ---

31 POWER AMPLIFIER 
TRIODE SMALL 4-PIN 40 41 x lee" 

D-C 
FILAMENT 2.0 0.13 180 ---

32 R-F AMPLIFIER 
TETRODE 

MEDIUM 4-PIN 4K 5à1.7" X 1H" 
D-C 

FILAMENT 
2.0 0.06 180 67.5 

33 
SUPER-CONTROL 

34 R-F AMPLIFIER MEDIUM 4-PIN aM 5117" X iH" FILAMENT 2.0 0.06 180 67.5 
PENTODE 

SUPER-CONTROL 
35 R-F AMPLIFIER MEDIUM 5-PIN 5E 5311" x I HEATER 2.5 1.75 275 90 

TETRODE 

POWER AMPLIFIER MEDIUM 5-PIN 
PENTODE 5K 

4ii " x lii " FILÁM-CENT 2.0 0.26 180 180 

36 R-F AMPLIFIER 
TETRODE 

SMALL 5-PIN 5E 4H" x HEATER 6.3 0.3 250 90 

37 
DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 5-PIN 5A 41" X 1A" HEATER 6.3 0.3 250 - 

38 POWER AMPLIFIER 
PENTODE SMALL 5F 4H" X 1-A" HEATER 6.3 0.3 250 250 

39/44 
SUPER-CONTROL 
R-F AMPLIFIER 

PENTODE 
SMALL 5-PIN 5F 4H" x 1-A" HEATER 6.3 0.3 250 90 

40 
VOLTAGE 
AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bayonet 40 41-1" X 114" D-C 

FILAMENT 5.0 0.25 180 ---

41 POWER AMPLIFIER 
PENTODE 

SMALL 6-PIN 68 41" X ly7g" HEATER 6.3 0.4 250 250 
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Receiver Tube Characteristics 

USE 

Values to right glse 
operating conditions 
and characteristics tor 
Indicated typical use 

PLATE 

Re 
PLY 

VOLTS 

GRID 
BIAS um 
VOLTS 

SCREEN 
SUPPLY 
VOLTS 

SCREEN 

CUR- 
RENT 
PAA. 

PLATE 
COR- 
RENT 

MA. 

A.0 
PLATE 
RESIS- 
TANCE 
OHMS 

TRANS. 

CONDUC* 
TANCE 
(GRID. 
PLATE) 

01110S 

AMPLIF1. 
CAT" 

"" 
FACTOR 

LOAD 
FOR 

STATED 

POWER 
OUTPUT 
OHMS 

POWER 
OUT-
PUT 

WATTS 

TYPE 

CLASS A AMPLIFIER 90 
135 

- 4.5 
-10.5 - 

2.5 
3.0 

15500 
15000 

425 
440 

6.6 
6.6 -   

II 
12 

Maximum A-C 
Maximum D 

Plate Voltage  
C Output 

250 
Current  60 

Volts, RMS 
Milliamperes 

1213 

CLASS A AMPLIFIER 67.5 
135 

- 1.5 
- 1.5 

67.5 
67.5 

0.3 
0.3 

1.85 
1.85 

630000 
800000 

710 450 
750 600 - 15 

CLASS B AMPLIFIER 
135 
135 

o 
- 3.0 - 

Power Output is 
 stated plate-to 

for one tube at 
-plate load. 

10000 
10000 

2.1 
1.9 19 

CLASS A AMPLIFIER 90 
135 

-16.5 
-22.5 - 

3.0 
6.5 

8000 
6300 

415 
525 

3.3 
3.3 

9600 
6500 

0.045 
0.110 20 

SCREEN-GRIT) 
R-F AMPLIFIER 

135 
135 

- 1.5 
- 1.5 

45 
67.5 

0.6* 
Le 

1.7 725000 
325000 

375 
500 

270 
160 -_---3.7  22 

SCREEN-GRID 
R-F AMPLIFIER 

180 
250 

- 3.0 
- 3.0 

90 
90 

1.7* 
1.7* 

4.0 
4.0 

400000 
600000 

1000 
1050 

400 
630 
 _  _ 

BIAS DETECTOR 250, -5.01 
'approx.( 

20 to 
45 

_ Plate current to be adjusted 
wài-i no 

to 0.1 
.iignal. 

milliampere 24-A 

CLASS A AMPLIFIER 95 
180 

-15.0 
-20.0 

95 
135 

4.0 
7.5 

20.0 
38.0 

45000 
40000 

2000 
2500 

90 
100 

4500 
5000 

0.9 
2.75 25A6 

VOLTAGE 
DOUBLER 

Maximum 
Maximum 

A-C 
D-C 

Voltage per Plate. 
Output Current.. 

............ ... 

.. 
... 125 Volts, 

100 Milliamperes 
RMS 

25Z5 HALF-WAVE 
RECTIFIER 

Maximum 
Maximum 

A-C 
D-C 

Voltage per Plate, 
Output Current per 

. .. ..   
Plate .. 

250 Volts, 
. 85 Milliamperes 

RMS 

VOLTAGE 
DOUBLER 

Maximum 
Maximum 

A-C 
D-C 

Voltage per Plate 
Output Current ..   

. 125 Volts, 
85 Milliamperes 

RMS 

2516 HALF-WAVE 
RECTIFIER 

Maximum 
Maximum 

A-C 
D-C 

Voltage per Plate 9  
Output Current per Plate   

250 Volts, 
85 Milliamperes 

RMS 

CLUS A AMPLIFIER 90 
180 

- 7.0 
-14.5 - 

2.9 
6.2 

8900 
7300 

935 
1150 

8.3 
8.3  - - 26 

CLASS A AMPLIFIER 
135 
250 

- 9.0 
-21.0 - 

4.5 
5.2 

9000 
9250 

1000 
975 

9.0 
9.0   - 

27  
BIAS DETECTOR 250 f - 30.0 

,approx. 
- Plate current to be adjusted 

with no 
to 0 

signal. 
2 milliampere 

CLASS A AMPLIFIER 
90 
135 
180 

- 4.5 
- 9.0 
-13.5 

- - 
2.5 
3.0 
3.1 

11000 
10300 
10300 

850 
900 
900 

9.3 
9.3 
9.3 

- 
• 

30 
CLASS B AMPLIFIER 157.5 -15.0 - - 1.0 - - 8000 2.11' 

CLASS A AMPLIFIER 
135 
180 

-22.5 
-30.0 - - 

8.0 
12.3 

4100 
3600 

925 
1050 

3.8 
3.8 

7000 
5700 

0.185 
0.375 31 

SCREEN-GRID 
R-F AMPLIFIER 

135 
180 

- 3.0 
- 3.0 

67.5 
67.5 

0.4 * 
0.4* 

1.7 
1.7 

950000 
1200000 

640 
650 

610 
780 - 

32 
BIAS DETECTOR 180, 

f - 6.0: 
r 1approx467.5- 

Plate current o be adjusted 
with no 

to 0 
signal. 

2 milliampere 

CLASS A AMPLIFIER 180 -18.0 180 5.0 22.0 55000 1700 90 6000 1.4 33 
SCREEN-GRID 
R-F AMPLIFIER 

135 
180 

f - 3.0, 
1 min. f 

67.5 
67.5 

1.0 
1.0 

2.8 
2.8 

600000 
1000000 

600 
620 

360 
620 - 34 

SCREEN-GRID 
R-F AMPLIFIER 

180 
250 

f - 3.01 
i min. f 

90 
90 

2.5* 
2.5* 

6.3 
6.5 

300000 
400000 

1020 
1050 

305 
420 - 35 

SCREEN-GRID 
R-F AMPLIFIER 

100 
250 

- 1.5 
- 3.0 

55 
90 

- 
5.7° 

1.8 
3.2 

550000 
550000 

850 
1080 

470 
595 - 

36 
BIAS DETECTOR 1006 

250111 
- 5.0 
- 8.0 

55 
go - 

Grid -bias values 
adjusted to 

are approximate. 
0.1 milliampere 

Plate 
with 

current 
no signal. 

to be 

CLASS A AMPLIFIER 90 
250 

- 6.0 
-18.0 - 

2.5 
.7.5 

11500 
8400 

800 
1100 

9.2 
9.2 - 

37 
BIAS DETECTOR 90 

250 
-10.0 
-28.0 - 

Grid bias values are approximate. Plate current to be 
adjusted to 0.2 milliampere with no signal. 

CLASS A AMPLIFIER 100 
250 

- 9.0 
-25.0 

100 
250 

1.2 
3.8 

7.0 
22.0 

140000 
10000(1 

875 
1200 

120 
120 

15000 
10000 

0.27 
2.50 38 

SCREEN-GRID 
R-F AMPLIFIER 

90 
250 

f - 3.01 
1 min. f 

90 
90 

1.6 
1.4 

5.6 
5.8 

375000 
1000000 

960 
1050 

360 
1050 - 39/44 

CLASS A AMPLIFIER 135X 
180X 

- 1.5 
- 3.0 - 

0.2 
0.2 

150000 
150000 

200 
200 

30 
30 - 40 

CLASS A AMPLIFIER 100 
250 

- 7.0 
-18.0 

100 
250 

1.6 
5.5 

9.0 
32.0 

103500 
68000 

1450 
2200 

150 
150 

12000 
7600 

0.33 
3.40 41 
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Receiver Tube Characteristics 

TYPE NAME BASE 
SOCKET 
CONNEC. 
TIONS 

DIMENSIONS 
MAXIMUM 
OVERALL 
LENGTH 
X 

DIAMETER 

CATHODE 
TYPE 

RATING 

FILAMENT OR 
NEATER PLATE SCREEN 

VOLTS AMPERES 
MAX. 
VOLTS 

MAX. 
VOLTS 

42 
POWER AMPLIFIER 

PENTODE 
MEDIUM 6-PIN 6B 4-ii" X 1H" HEATER 6.3 0.7 

315 315 

315 

375 250 

350 

43 POWER AMPLIFIER 
PENTODE 

MEDIUM 6-PIN 6B 4.1-r X 1 tr HEATER 25.0 0.3 180 135 

45 POWER AMPLIFIER 
TRIODE MEDIUM 4-PIN 4D X 1-1-r FILAMENT 2.5 1.5 275 

46 
DUAL-GRID 

POWER AMPLIFIER 
MEDIUM 5-PIN 5C 5:" x 2.*" FILAMENT 2.5 1.75 

250 

400 

47 POWER AMPLIFIER 
PENTODE 

MEDIUM 5-PIN 58 X 2 26 " FILAMENT 2.5 1.75 250 250 

48 POWER AMPLIFIER 
TETRODE MEDIUM 6-PIN 6A x 2*" 

D-C 
HEATER 30.0 0.4 125 100 

49 
DUAL-GRID 

POWER AMPLIFIER MEDIUM 5-PIN 5C 41-k" x 
D-C 

FILAMENT 2.0 0.12 
135 

180 - 

50 POWER AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bayonet 

40 

53 TWIN-TRIODE 
AMPLIFIER MEDIUM 7-PINat 78 

61" x 2-*" 

41-k" x 11-1" 

FILAMENT 7.5 1.25 450 

HEATER 2.5 2.0 300 

55 DUPLEX-DIODE 
TRIODE 

SUPER-TRIODE 
AMPLIFIER 
DETECTOR* 

SMALL 6-PIN 6G 4H" x I*" HEATER 2.5 1.0 250 

56 SMALL SPIN 5A 41 x I*" HEATER 2.5 1.0 250 

57 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 6-PIN SF 4+8" x 1* HEATER 2.5 1.0 250 100 

58 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL 6-PIN OF 411" X 11'6 » HEATER 2.5 1.0 250 100 

59 
TRIPLE-GRID 

POWER AMPLIFIER MEDIUM 7-PINO 7A x 2* HEATER 2.5 2.0 

250 

250 250 

400 

71-A POWER AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bayonet 40 x ilr FILAMENT 5.0 0.25 180 

75 DUPLEX-DIODE 
HIGH-MU TRIODE 

SMALL 6-PIN 6G 411" x I*" HEATER 6.3 0.3 250 

76 
SUPER-TRIODE 
AMPLIFIER 
DETECTOR* 

SMALL 5-PIN 5A 41 X HEATER 6.3 0.3 250 

77 
TRIPLE-GRID 
DETECTOR 
AMPLIFIER 

SMALL 6-PIN 6F 4 X IA " HEATER 6.3 0.3 250 100 

78 
TRIPLE-GRID 

SUPER-CONTROL 
AMPLIFIER 

SMALL 6-PIN 6F HEATER 6.3 0.3 250 125 



It&DIO Characteristics 
H wri CI ROOK 

163 

Receiver Tube Characteristics 

USE 

Veg.' to right gi" operating conditions 
and characteristics for 
indicated 

PLATE 

SUP- puf 

VOLTS 

MO 
BIAS • 
VOLTS 

SCREEN 
SUPPLY 
VOLTS 

SCREEN 

CUR. 
RENT 
MA. 

PLATE 
CUR- 
RENT 
IAA. 

A-C 
PLATE 
RESIS- 

TANCE 

OHMS 

TRANS- 

OONOUC- 
TANCE 
MID- 
PLATE) 

muss 

AMPLIFI- 
Cum 

FACTOR 

, 
LOAD 
FOR 

STATED 
POWER 
OUTPUT 
OHMS 

POWER 

OUT. 
PUT 

WATTS 

TYPE 

PENTODE 
CLASS A AMPLIFIER 

250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

34.0 
42.0 

80000 
100000 

2350 
2600 

190 
260 

7000 
7000 

3.0 
5.0 

42 
TRIODE 0 

CLASS A AMPLIFIER 250 -20.0 - - 31.0 2700 2300 6.2 3000 0.65 

PENTODE PUSH-PULL 
CLASS AB, AMPLIFIER 

375 
375 

Self-bias 
-26.0 

250 
250 

8.0 
5.0 

54.0   
34.0 

Self-Bias Resistor, 
- 

340 ohms 10000 
10000 

19.01 
19.0t 

TRIODE PUSH-PULL 0 
CUSS AB, AMPLIFIER 

350 
350 

Self-bias, 
-38.0 volts, 

730 ohms 
fixed bias 

50.0 
45.0 

- 10000 
6000 

14.01 
18.01 

CLASS A AMPLIFIER 95 
180 

-15.0 
-20.0 

95 
135 

4.0 
7.5 

20.0 
38.0 

45000 
40000 

2000 
2500 

90 
100 

4500 
5000 

0.90 
2.75 

43 

CLASS A AMPLIFIER 
180 
275 

-31.5 
-56.0 

- - 
31.0 
36.0 

1650 
1700 

2125 
2050 

3.5 
3.5 

2700 
4600 

0.82 
2.00 

45 
CLASS AB, ANIFLIFILK 2,U Self-bias, 

v7o71t5s,ofixmesd bias 7282:: 
_ __ _ 5060 

3200 
12.01 
18.01 

CLASS A AMPLIFIER O 250 -33.0 - - 22.0 2380 2350 5.6 6400 1.25 

46 
CLASS B AMPLIFIER. 300 

400 
0 
0 

_____ 8.0 
12.0 

_ - 5200 
5800 

16.01 
20.0t 

CLASS A AMPLIFIER 250 -16.5 250 6.0 31.0 60000 2500 150 7000 2.7 47 

TETRODE 
CLASS A AMPLIFIER 

96 
125 

-19.0 
-20.0 

96 
100 

9.0 
9.5 

52.0 
56.0 

- 
- 

3800 
3900 

- 
- 

1500 
1500 

2.0 
2.5 48 

TETRODE PUSH-PULL 
CLASS A AMPLIFIER 125 -20.0 100 - 100.0 - 

- 3000 5.01 

CLASS A AMPLIFIER° 135 -20.0 ---- 6.0 4175 1125 4.7 11000 0.17 
49 

c LASS 8 AMPLIFIER* 180 0 - 4.0 ---- 12000 3.51 

CLASS A AMPLIFIER 
300 
400 
450 

-54.0 
-70.0 
-84.0 

- 

- 

- 

- 

35.0 

55.0 
55.0 

2000 

1800 
1800 

1900 

2100 
2100 

3.8 

3.8 
3.8 

4600 

3670 
4350 

1.6 

3.4 
4.6 

50 

AMPLIFIER For other characteristics, refer to Type 6N7. 53 

TRIODE UNIT AS 
AMPLIFIER For other characteristics, refer to Type 85. 55 

AMPLIFIER 
DETECTOR For other characteristics, refer to Type 76. 56 

AMPLIFIER DETECTOR For other characteristics, refer to Type 6.17. 57 

ANIL)!ÉhER For other characteristics, refer to Type 6D6. 58 

TRIODE , 
CLASS A AMPLIFIER 250 -28.0 - - 26.0 2300 2600 6.0 5000 1.25 

59 PENTODE. • 
CLASS A AMPLIFIER 250 -18.0 250 9.0 35.0 40000 2500 100 6000 3.0 

TRIODE'. 
CLASS B AMPLIFIER 

300 
400 

0 
0 

________ 20.0 
26.0 

_ ___ 4600 
6000 

15.01 
20.01 

CLASS A AMPLIFIER 90 
180 

-19.0 
-43.0 - 

10.0 
20.0 

2170 
1750 

1400 
1700 

3.0 
3.0 

3000 
4800 

0.125 
0.790 

7I-A 

TRIODE UNIT AS 
CLASS A AMPLIFIER 250K - 1.35 - - 0.4 - - Gain per stage = 50-60 75 

CLASS A AMPLIFIER 
100 
250 
250, 

- 5.0 

- 9.0 

2.5 

1•0 

12000 
9500 
- 

1150 
1450 
- 

13.8 
13.8 
- 

- - 
76 

BIAS DETECTOR 250 f - 20.0 
'approx.! -  -  

Plate current o be adjusted to 0.2 milliampere 
with no signal. 

SCREEN-GRID 
P-F AMPLIFIER 

100 
250 

- 1.5 
- 3.0 

60 
100 

0.4 
0.5 

1.7 
2.3 

650000 
1500000 

1100 
1250 

715 
1500 

77 
BIAS DETECTOR 250 - 1.95 50 Cathode current 

0.65 ma. 
____ Plate Resistor, 250000 ohms. 

Grid Resistor, •• 250000 ohms. 

AMPLIFIER 
MIXER For other characteristics, refer to Type 6K7. 78 
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Receiver Tube Characteristics 

TYPE NAME BASE 
SOCKET 
CONNEC• 
TIONS 

DIMENSIONS 
MAXIMUM 
OVERALL CATHODE 

TYPE y 

RATING 

FILAMENT OR 
HEATER PLATE SCREEN 

LENGTH 
X 

DIAMETER VOLTS AMPERES 
MAX. 
VOLTS 

MAX. 
VOLTS 

79 TWIN-TRIODE 
AMPLIFIER SMALL 6-PIN 6H 4,.,. " X HEATER 6.3 0.6 250 — 

SO 
FULL-WAVE 
RECTIFIER MEDIUM 4-PIN 4C 411" X II FILAMENT 5.0 2.0 — — 

81 HALF-WAVE 
RECTIFIER 

MEDIUM 4-PIN 
Bayonet 413 61" X 2 j FILAMENT 7.5 1.25 — — 

82 FULL-WAVE> 
RECTIFIER MEDIUM 4-PIN 4C 4 1-1 " X I 1 Z '' FILAMENT 2.5 3.0 — — 

83 FULL-WAVE> 
RECTIFIER MEDIUM 4-PIN 4C 5,3  x 2à" FILAMENT 5.0 3.0 — — 

83-v FULL-WAVE 
RECTIFIER MEDIUM 4-PIN 4L 4H " X 11-r HEATER 5.0 2.0 — — 

84/624 FULL-WAVE 
RECTIFIER SMALL 5-PIN SD 41 X le- HEATER 6.3 0.5 — — 

85 DUPLEX-DIODE 
TRIODE SMALL 6-PIN 60 4H" X lee HEATER 6.3 0.3 250 — 

89 TRIPLE-GRID 
POWER AMPLIFIER SMALL 6-PIN 6F 4ki" x 1,96  HEATER 6.3 0.4 

250 — 

250 250 

250 — 

V-99 
X-99 

DETECTOR* 
AMPLIFIER 
TRIODE 

SMALL 4-NUB 
SMALL 4-PIN 

4E 
4D 

3i x 1, 

4" X 1-i-4," 
D-C 

FILAMENT 3.3 0.063 90 — 

I I 2-A 
DETECTOR* 
AMPLIFIER 
TRIODE 

MEDIUM 4-PIN 
Bayonet 40 4H " X IH " FILleENT 5'0 0'25 180 — 

874 VOLTAGE 
REGULATOR 

MEDIUM 4-PIN 
Bayonet 4S 5 " X 2A' — _ _ __ — 

876 CURRENT 
REGULATOR 

MOGUL 
SCREW  __ 8 2116  FILAMENT — — — _ 

886 CURRENT 
REGULATOR 

MOGUL 
SCREW 

— 2 2-6 ' FILAMENT — 

*For Grid-leak Detection—plate volts 45, grid return to + filament or to cathode. 

• Either A. C. or D. C. may be used on filament or heater, except as specifically noted. For use of D.C. on A-C 
filament types, decrease stated grid volts by 3¡ (approx.) of filament voltage. 

o Supply voltage applied through 20000-ohm voltage-dropping resistor. 

o Mercury-Vapor Type. 

••Grid A 1 is control grid. Grid * 2 is screen. Grid * 3 tied to cathode. 

«, Grid # I is control grid. Grids * 2 and 83 tied to plate. 

is Grids A 1 and 8 2 connected together. Grid * 3 tied to plate. 

O Grids 83 and It 5 are screen. Grid * 4 is signal-input control grid. 

A Grids 8 2 and # 4 are screen. Grid 8 1 is signal-input control grid. 

÷ Triode Plate-Supply Voltage and Max. Target Voltage; Min. Target Voltage = 90 volts. 

°Both grids connected together; likewise, both plates. 

l'Power output is for two tubes at stated plate-to-plate load. 
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Receiver Tube Characteristics 

USE 
Values to right give 
operating conditions 
and characteristic. for 
indicated typical use 

PLATE 

SUP- 
my'' 

S VOLTS 

GRID 
BIAS , 

VOLTS 

SCREEN 
supply 

VOLTS 

SCREEN 
mi, 
..^* 

RENT 
KA . 

PLATE 

CUR-
RENT 
MA . 

IC 
PLATE 
RESIS- 
TANCE 

OHMS 

TRANS-

°MC' 
TANCE 
(GRID- 
pu () 

ono, 

AMPL1Fk 
CATION 
FACTOR 

LOAD 
FOR 

STATED 
POWER 
OUTPUT 
OHMS 

POWER 

OUT-
PUT 

WATTS 

TYPE 

180 0 Power Output is for one tube at 7000 5.5 
CLASS El AMPLIFIER 

250 0 
- = 

stated plate-to-plate load. 14000 8.0 79 
A-C Voltage per Pate (Vo ts RMS) ... 350 400 550 The 550-volt rating applies to filter circuits having an 
D-C Output Current (Maximum MA.) 125 110 135 input choke of at least 20 henries. 80 

Maximum A-C Plate Voltage .. 700 Volts, RMS 
Maximum D-C Output Current 85 Milliamperes 81 

Maximum A-C Voltage per Plate 500 Volts, RMS Maximum Peak Inverse Voltage  1400 Volts 
Maximum D-C Output Current 125 Milliamperes Maximum Peak Plate Current ...... 400 Milliamperes 82 
Maximum A-C Voltage per Plate 500 Volts, RMS Maximum Peak Inverse Voltage  1400 Volts 
Maximum D-C Output Current 250 Milliamperes Maximum Peak Plate Current  800 Milliamperes 83 

Maximun--nr-C Voltage per Plate ..... .. ......... .. . 4011 Volts, RMS 
Maximum D-C Output Current ...200 Milliamperes 83-v 
Maximum A-C Voltage per Plate .. 350 Volts, RMS 
Maximum D-C Output Current.   60 Milliamperes 84/6I4 

TRIODE UNIT AS 
CLASS A AMPLIFIER 

135 
250 

-10.5 
-20.0 - 

3.7 
8.0 

11000 
7500 

750 
1100 

8.3 
8.3 

25000 
20000 

0.075 
0.350 85 

AS TRIODE ç 160 -20.0 17.0 3300 1425 4.7 7000 0.30 
CLA.SS A AMPLIFIER 250 -31.0 - 32.0 2600 1800 4.7 5500 0.90 

AS PENTODE•• 100 - 10.0 100 1.6 9.5 104000 1200 125 10700 0.33 
CUSS A AMPLIFIER 250 -25.0 250 5.5 32.0 7000 1800 125 6750 3.40 89 

AS TRIODE 0 13600 2.*Of 
CUSS B AMPLIFIER 180 0 - - 6.0 ---- - 9400 2.5:8 

V-99 
CLASS A AMPLIFIER 90 - 4.5 - - 2.5 15500 425 6.6 - - x-99 

CLASS A AMPLIFIER 
90 
180 

- 4.5 
-13.5 - 

5.0 
7.7 

5400 
4700 

1575 
1800 

8.5 

8.5 - - 112-A 

Minimum D-C Starting Supply Voltage 125 Volts D-C Operating Current . ..  10-50 Ma' 
D-C... erating Vo tage.   90 Volts Maximum Current (Continuous) ............ .. .50 Ma. 

874 

Voltage Range   .40 to 60 Volts Operating Current 1.7 Amperes 876 

Voltage Range 40 to 60 Volts Operating Current 2.05 Amperes 886 

• Applied through plate resistor of 250000 ohms or 500-henry choke shunted by 0.25-megohm resistor. 

'Applied through plate resistor of 100000 ohms. 

X Applied through plate resistor of 250000 ohms. 'Maximum. 

• 50000 ohms. I Megohms. 

'Requires different socket from small 7-pin. 

Grid * 2 tied to plate. + Grids # 1 and 82 tied together. "For grid of following tube. 

t Plate voltages greater than 125 volts RMS require 100-ohm series-plate resistor. 

00 Applied through plate resistor of 150000 ohms. 

For signal-input control-grid (* I); control-grid * 3 bias, - 3 volts. 

"Applied through 200000-ohm plate resistor. 

Note 1: Types with octal bases have Miniature Metal Cap; all others have Small Metal Cap. 
Note 2: Subscript 1 on class of amplifier service (as AB;) indicates that grid current does not flow during any part of 

input cycle. 

Subscript 2 on class of amplifier service (as ABS) indicates that grid current flows during some part of the 
input cycle. 
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Receiver Tube Characteristics 
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INDEX OF TYPES BY USE AND BY CATHODE VOLTAGE 

Tubes of All-Metal construction are shown in BOLD FACE 

CAVOnir RECTIFIERS 
VOLTAGE AMPLIFIERS 

Includkng Duplex-Diode Typos POWER AMPLIFIERS 

1.1 - 11, 12 

1.5 26 

2.0 IA4, IA6, IB4, 1E5/ 25S, IF6, 15, 30, 32, 34 IF4, 19, 31, 33, 49 

2.5, 82 
2A6, 2B7, 24-A, 27, 35, 

55,56,57,58 

2A3, 2AS, 45, 46, 

47,53,59 

3.3 22, 99 • 20 

6.0 504, 523, SZ4, 80, 83, 83-v 01-A, 40, 1I2-A 71-A, 112-A 

6.3 6H6, 6X5, I-v, 84,624 
6B7, 6138, 6CS, 6C6, 6D6, 6F5, 6F7, 6J7, 6147, 

6L7, 0.17, 6R7, 36. 37, 39/44, 75. 76, 77, 78, 85 

6A4, 

6N7, 38, 

6A6, 6F6, 6L6, 

41, 42, 79, 89 

7.5 81 10, 50 

12.6 1223 

25.0 2525, 2SZ6 2SA6, 43 

30.0 - 48 

CATHODE 
VOLTS 

CONVERTERS IN 
SUPERHETERODYNES DETECTORS 

MIXER TUBES 
IN SUPERHETERODYNES 

INDICATORS 
,V1sual 

1.1 _ 11, 12 --

1.5  
2.0 1A6, IC6 IA6, 1E5 , 25S, 1176. 30, 32 IA6, 106, 34 

2.5 2A7 
2A6, 2B7, 24-A, 27, 

55, 56, 57 
2A7, 35, 58 

3.3  99 

5.0  - 00-A. 01-A, 40, 112-A 

6.3 6A7, GAS6A7, 6B7. 6118, 6CS, 6C6, 6F7, 6J7, 016, 6117, 

hu, 36, 37, 75, 76, 77, 85 
6A8, 6D6, 61(7, 

6L7, 39 44, 78 
6E5, 605 

7.,5 
12.6 ____ 

25.0 _ 

30.0 

RCA-Z.556-G: 

Characteristics: 

Heater Voltage 25.0 a-c or d-c Volts 
Heater Current 0.3 Ampere 
Plate Voltage 95 Volts 
Screen Voltage 95 Volts 
Grid Voltage -15 Volts 
Plate Current 45 Milliamperes 
Screen Current 4 Milliamperes 
Plate Resistance Subject to considerable variation 
Transconductance 4000 Micromhos 
Load Resistancc 2000 Ohms 
Power Output ( 10% Distortion) 1.78 Watts 

KEY TO TERMINAL DESIGNATIONS OF SOCKETS 

Alphabetical subscripts o. p, and r indicate, respectively, diode unit, pentode unit, 
and triode unit in multi-unit types. 

Numerical subscripts are used ( 1 ) in multi-grid types to indicate relative position of grids 
to cathode or filament, and ( 2) in multi-unit types to differentiate between two identical 
electrodes which would otherwise have the same designation. 

BP Bayonet Pin H Heater P Plate 
F Filament K Cathode PBF Beam- Forming Plates 
G Grid NC No Connection TA Target 



RADIO 
HArlDBOOK 

Socket Connections 167 

48 

4F 

4M 

G, 

5C 

Receiver Tubes 

SOCKET CONNECTIONS 
BOTTOM VIEWS 

40 

4K 

54 

5E 

612 

4C 

4G 

45 

50 

62 

5M 

GT, 

BP 

4E 

4L 

G, 

5F 

58 

63 

6A 65 6C 6E 



RADIO 168 Receiving Tubes 

Receiver Tubes 

SOCKET CONNECTIONS 
BOTTOM VIEWS 

G2 G3 PO 2 PG, CT? 

6F 

Py 

PT 

G2 

7C 

7R 

Ci 

7A 

.D2 

et 

7D 7E 

• 75 

GT2 

3P 

6L 

6R 

7AC 

GT1 

HebitIDBOOK 

G2 

65 

7B 

7Q 

Po2 

GI 

PD. 
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_ 

He1111DBOOK 

P 2 

PI 

G2 G3 

Receiver Tubes 

SOCKET CONNECTIONS FOR G-TYPES 
BOTTOM VI EWS 

GI 

NC KEY ., 

G-7R(6K7-G) 

SHiELD KEY K 

G-5M 

NC NC 

NC KEY m 

G-5U 

G 

G-51, 

K 2 PI 

SHIELD KEY K 

G- 6Q 

Ge 63 

GI 

SHIELD KEY K 

G-7R(6J7-G) 
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G-Type Radio Tubes 

tOctal-Base, Glass-Bulb Types) 

In addition to the types of tubes shown on the preceding pages, the following octal-base, 
glass-bulb types are also available. These types are identified by the letter "G" following 
the type number. For each of these types, the corresponding glass or metal types are indicated 
below, together with socket connections and overall dimensions. Characteristics data for the 
G-types, except for some differences in capacity values, are the same as those for the corres-
ponding types. 

Max Overall 
G-Series Corresponding Socket Dimensions 
Type Glass Type Metal Type Connections Length x Diam. 

1C7-G 106 — G-7Z 4%" x 
1D5-G 1A4 G-5Y 41342" x 194 " 
1D7-G 1A6 G-7Z 41.3e x 194" 
1E5-G 1B4 G-5Y 4134" x 194 " 
1E7-G § G-8C 4% " x 194 " 
1F5-G 1F4 G-6X 4% " x 1134" 

1F7-G 1F6 G-7AD 415,(2" x 194" 
1H4-G 30 G-5S 4% " x 194" 
1H6-G 1B5/25S G-7AA 4% " x 194" 
1J6-G 19" G-7AB 4% " x 194 " 
5U4-G 5Z3 G-5T 5546 " x 214 " 
5V4-G 83-v G-5L 4% " x 1134" 

5X4-G 5Z3 G-5Q 5fi'6 " x 214 " 
5Y3-G 80 G-5T 4% " x 1134" 
5Y4-G 80 — G-5Q 4% " x 14(6' 
6A8-G — 6A8 G-8A 4%" x 194" 
6C5-G 6C5 G-6Q 4% ' x 194" 

6F5-G 6F5 G-5M 4%" x 194" 
6F6-G 6F6 G-7S 4% ' x 1134" 
6H6-G — 6H6 G-7Q 4% " x 194 " 
6J5-G — 6J5 G-6Q 434 " x 194" 
6J7-G 6J7 G-7R (6J7-G) 4%" x 194" 
6K5-G See data below G-5U 413/e x 194" 

6K6-G 41 — G-7S 4% " x 194" 
6K7-G 6K7 G-7R (6K7-G) 413,e x 194 " 
6L6-G 6L6 G-7AC % " x 214" 
6L7-G 6L7 G-7T 41342" x 
6N7-G 6N7 G-8B 4% " x 1%, 

6Q7-G 6Q7 G-7V 415,e x 194" 
6R7-G 6R7 G-7V 413‘2" x 194" 
6T7-G 6Q7 G-7V 415(2" x 194" 
6V7-G 85 — G-7V 4% " x 194" 
6W5-G 84 G-6S 4% " x 194" 
6X5-G 6X5 G-6S 4% ' x 194" 
6Y7-G 79 — G-8B 4% ' x 194" 

25A6-G 25AG G-7S 4% ' x 1134" 
25B6-G — G-7S 4% " x 1134' 
25Z6-G 25Z6 G-7Q 4% " x 1%" 

'Except that filament current is 0.24 ampere. *Two 1F4's in the same bulb. 
NOTE: Certain G-types have an internal shield which is brought out to Pin No. 1. Socket connections 

for such types designate Pin No. 1 as SHIELD. For G-types without SHIELD connections. Pin No. 1 is marked 
NC. Other symbols on socket diagrams are explained in the KEY TO TERMINAL DESIGNATIONS OF 
SOCKET CONNECTIONS on page 166. 

RCA-6K5-G: Similar to triode section of 6Q7. 
Characteristics: 

Heater Voltage  6.3 6.3 a-c or d-c Volts 
Heater Current. 0.3 0.3 Ampere 
Plate Voltage  100 250 Volts 
Grid Voltage .   —1.5 —3 Volts 
Amplification Factor .   70 70 approx. 
Plate Resistance  78000 50000 approx. Ohms 
Transconductance  900 1400 Micromhos 
Plate Current  0.35 1.1 Milliamperes 



Chapter 9 

TRANSMITTING TUBES 

SOME OF THE necessary information 
for determining the operating conditions 

of transmitter vacuum tubes is not generally 
found in technical bulletins which are sup-
plied by tube manufacturers. For this rea-
son it was necessary to compute this data in 
"RADIO's" laboratory; the findings are 
in the pages which follow. 
The typical operating conditions fo r 

class-B audio amplifiers or modulators, and 
for r.f. amplifier service, are included. From 
this data the reader can tell at a glance what 
type of driver stage is needed, what the 
power supply requirements must be, the ap-
proximate output that can be expected, and 
how the tube constants vary under certain 
operating conditions. 
The ratings in the Tube Tables are for 

safe values of plate voltage and current. 
Amateurs who operate their transmitters at 
higher than normal tube ratings, without ex-
ceeding the actual plate dissipation ratings 
of the tubes, should remember that this con-
dition of operation sometimes can be toler-
ated for c.w. telegraphy only, and with con-
sequent increase in the required grid driving 
power, so that the tube can be operated over 
a lesser angle of plate current flow during 
each r.f. cycle. The d.c. grid current never 
should exceed the maximum rated value, yet 
the grid bias voltage may be increased to 
such an extent that from two to four times 
as much grid driving power is applied to the 
grid ( or grids) of the tube ( or tubes) in the 
final amplifier stage. This practice results in 
greater plate efficiency (within limits), but 
with a sacrifice in power gain. 

In extreme cases, 200 watts of grid-driving 
power would be required to obtain 600 watts 
of antenna power from the final r.f. amplifier 
stage. Thus it can be seen that the fore-
going does not represent economy in design; 
for this reason the Tube Tables in this chap-
ter are, in general, based on a power gain of 
approximately 10, with plate efficiencies of 
from 66 per cent to 75 per cent. Radiation 
of harmonics will not be so troublesome 
when the class-C amplifier operates in this 
range of efficiencies, particularly when the 
C-to-L ratio of the tank circuit is chosen 
correctly. 

The values of grid driving power shown 
in the Tables are those actually used by the 
grid of the tube. The power loss in the 
C-bias supply or grid-leak should be added 
to these values. Circuit losses should be 
given consideration when designing buffer or 
amplifier stages for all-band operation. The 
tuned circuit losses are appreciably higher in 
the 10- and 20-meter bands than for opera-
tion at 80- or 160-meters. These circuit 
losses cannot be given in a tube table; only 
the grid bias loss and grid-driving power can 
be listed. The driving stage should be cap-
able of supplying some excess of power to 
compensate for circuit losses. 

• Crystal Oscillator 
Circuit Tubes 

The most satisfactory tube for operation 
in a crystal oscillator circuit of an amateur 
transmitter is the 6L6 beam power pentode 
or its glass equivalent with octal base, the 
6L6G. These tubes also are available with 
isolantite sockets, enabling slightly higher 
plate voltages to be used without breakdown 
in the tube base. Next in order are the types 
6A6 and 53, identical in characteristics ex-
cept for heater voltage and current. Other 
suitable tubes for crystal oscillators are the 
types 41, 42, 2A5, 59, 47, 56, 76, 6F6, 6C5, 
6F5, 61\17, 30, 19, and 10. 

• Frequency Doubler Tubes 

The 6L6 or 6L6G again takes its place at 
the top of the list for most satisfactory fre-
quency doubler service. And too, the 6A6 and 
53 are next in order, followed by the 46. It 
is obviously assumed that these tubes are for 
operation in medium power stages only. A 
tube for frequency doubler service should 
have a high amplification constant; pentode 
2A5, 42 or 59 types are, therefore, used 
occasionally. Outputs of from 2 to 15 watts 
can be realized from these receiver type 
pentodes. 

Greater output from frequency doublers is 
secured with larger tubes, such as the 35T, 
841, and 756. These tubes will deliver from 
15 to 50 watts of output when driven by a 
6A6 or 6L6-6L6G crystal oscillator. They 
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have a further advantage in that they can 
be easily neutralized when operated as buff-
ers. The output from a frequency doubler is 
almost as high as that from a buffer stage if 
the grid bias in the former is at least six 
times cut-off and if nearly normal d.c. grid 
current flows. 

• R. F. Amplifier Tubes 

The more popular inexpensive tubes for 
moderate-power, c.w. amateur service are 
the types 10 and T-20, the latter having its 
plate lead brought through the top of the 
glass envelope. When two or three of these 
tubes are driven by a crystal exciter, the 
output will be more than 100 watts. 

Many of the new carbon plate tubes are 
easy to drive to high outputs. This is par-
ticularly true of some of the Taylor and 
A Inperer types, such as the T-55, HF-100, 
and T-200. On the other hand, the inter-
electrode capacities of tantalum plate tubes 
are lower than in those tubes which have 
carbon plates; thus, they are more efficient 
for operation at the higher frequencies and 
at higher plate voltages. Both types can be 
made to operate with equal effectiveness in 
the most commonly used amateur bands. 

Tantalum plate tubes are gas-free and can 
be operated at plate potentials as high as 
4,000 or 5,000 volts for one kw. input to a 
single tube; however, a more powerful driver 
is needed than for two carbon plate tubes 
operated at lower plate voltage with the 
sanie power input. 

• The Tube Tables 

With the exception of small receiver-type 
tubes, all tubes for transmitter, modulator 
and audio application are listed in the 
Tables in the order of their rated plate 
dissipation. Frequency range, interelectrode 
capacities, grid driving power, power output, 
and average operating conditions are given. 
The capacity of the neutralizing condenser 
should be made to equal the grid-to-plate 
capacity of the tube. Power output and 
grid-driving power requirements are given 
for average conditions where Class-C ampli-
fiers operate at an angle between 120° and 
140°. The Class-C plate efficiency will be 
between 66 percent and 75 percent under 
these conditions. Greater output and higher 
efficiency sometimes can be secured when 
more grid drive is available. The ampli-
fication factor (g) determines the value of 
d.c. grid bias needed for the particular type 
of amplifier circuit in which the tube 
operates. 

RADIO 
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• Receiver-Type Tubes for Crystal 
Oscillators and Low - Power Buffer-
Doubler Service 

RK-15 RAYTHEON 4-pin base tube. 
similar to 46, and designed 
for Class B audio amplifier 

01 r.t. doubling. Control grid at top of tube. 

c haracteristies: 
Max. DC Plate Voltage 400 volts 
Max. DC Plate Current 60 ma. 
Max. Plate Dissipation 10 watts 

• 

RAYTHEON Triode 5 - pin RK-16 base, similar to 59 when tri-
ode-connected. For use as 

Class B driver stage. Characteristics same as RE-15. 

• 
RAYTHEON Pentode, 5-pin RK-17 base. Designed primarily for 
crystal oscillators in standard 

pentode circuits. Control grid at top r f tube. Char-
acteristics same as RK-15. 

• 

RK-34 RAYTHEON Twin- Triode 
Power Amplifier. Designed 
primarily for U.H.F. ampli-

fier or oscillator service. May be used efficiently 
up to 240 mc., providing the plate dissipation is 
not allowed to exceed 10 watts. 

Note: A fixed bias of —15 volts is desirable in 
case of failure of RF-excitation. 

Unusual Feature: Two plate leads are brought 
through the top of the tube envelope, thus reducing 
interelectrode capacities for U.H.F. service. 

Characteristics: 

Heater Voltage 6  3 volts 
Heater Current 0  8 amps. 
Amplification Fartor  13 
Grid- to- Plate Capacity  2.7 Att,ftl. 
Input Capacity 4  2 (q.(fil. 
Output Capacity  2.1 mmfd. 
Max. Plate Dissipation  10 watts 
haz. D.C. Plate Voltage 300 volts 
Max. D.C. Plate Current 80 ma 
Max. D.C. Grid Current 25 ma. 

Class A Amplifier (Sections In Parallel): 

1).C. Plate N'oltage  300 volts 
D.C. Grid Voltage   —16 volts 
Plate Resistance  2950 ohms. 
Mutual Conductance  4400 micromhos. 
Plate Current  25 ma. 
Load Resistance  5000 ohms. 
l'ower Output 0  8 watts 

Class B Amplifier: 

D.C. Plate Voltage   180 300 volts 
D.C. Grid Voltage  —6 —15 volts 
Static Plate Current   15 15 ma. 
Load Resistance  6000 10.000 ohms. 
Power Output   7.2 12 uatts 
Peak A.F. Input ( grid- to- grid)   100 100 Volts 

R- F Service—Class C Amplifier: 

D.C. Plate Voltage  300 volts 
I) C. Crud Voltage   —45 volts 
D.C. Plate Current  75 ma. 
D.C. Grid Current  15 ma. 
Geld Driving Power  1.8 watts 
Grid Bias Loss 0  67 watts 
Power Input  14 watts 
Approx. A.C. Load Impedance 1600 ohm. 

• 
Twin triode class B audio amplifier for 
portable radio receivers. Class B Mod-
ulator in portable U.H.F. transmitters and 

transceivers. U.1-1.F oscillator in push-pull cir 
cuits. Occasionally used as crystal oscillator or 
r.f, amplifier in portable transmitters. 

19 
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Characteristics: 

Filament Voltage (D.0  )  
Filament Current   

As Class B Power Amplifier: 

Plate Voltage   
Dynamic Peak Plate Current (Per 

plate)   

Typical Operation: 
Filament Voltage   
Plate Voltage   135 135 
Grid Voltage   —6 —3 
Static Plate Current   1 4 
Load Resistance ( plate-

to- plate)  10000 10009 
Average Power Input  95 130 
Nominal Power Output   1.6 1.9 

• 

2A3-6A3 

2.0 volts 
0.26 amps. 

135 max. coke 

50 max. ma. 

2.0 volts 
135 volta 
0 volt* 

10 ma. 

10000 ohms 
170 ap. mw. 
2.1 watta 

Triode Power Amplifier. 
Normally used in push-
pull in radio receivers 

and as a P.P. driver stage for Class B modulators 
which have outputs of from 100 to 300 watts. 
The low plate resistance load with fixed grid bias 
makes these tubes desirable as Class B stage 
drivers. Sometimes operated as a Class C r.f. am-
plifier in radio transmitters, in which case the max-
imum plate voltage is 400 volts. The 6A3 is sim-
ilar to the 2A3, except for its heater, which is 
rated at 6.3 volts and one ampere. 

Note: As a Class C r.f. amlifier, approx. 15% 
more output can be obtained than from a 45 tube. 
Not recommended for Class C service above 7 mc. 

Characteristics, Class A Amplifier: 
Filament Voltage 
Filament Current 2  5 amps. 
Grid to Plate Capacitance 13 med. 
Input Capacitance  9 PAK 
Output Capacitance  4 med. 
Plate Voltage  250 max. volts 
Grid Voltage  —45 volts 
Plate Current  60 ma. 
Plate Resistance  800 ohms 
Amplification Factor 4  2 
Mutual Conductance  5250 micromhos 
Load Resistance  2500 ohms 
Self Bias Resistor 750 ohms 
Power Output 3  5 watts 

Push- Pull Class AB Amplifier (2 tubes): 
Fixed 
Bias Self Bias 

Plate Voltage   300 300 max. volts 
Grid Voltage  —62 ... volts 
Self Bias Resistor  750 ohms 
Plate Current ( per tube)  40 40 
Load Resistance ( Plate to 

Plate)   3000 5000 ohms 
Harmonic Distortion  2.5 5% 
Power Output   15 10 watts 

116 

Power Amplifier for radio receiv-
ers. More often used as a crystal 
oscillator-amplifier or doubler in 

radio transmitters. 

Unusual Characteristics: Two triodes in one en-
velope. The power amplifier grid is direct-coupled 
to the driver cathode, and the driver plate connects 
directly to plus B. 

2  5 volts 

2B6 

SOSSÀF 

Ai 

500V 

266 " LES-TET . CRYSTAL OSCILLATOR- DOUBLER 
.AVACI. SECOND TRIODE IS USED AS AN n 

IT 11e/ST M.TPIALIZED 

Characteristics. Class A Amplifier: 
Heater Voltage 2  5 volts 
Heater Current 2  25 amps. 
Plate Supply  250 volts 
Grid Bias  —24 volts 
Plate Current  40 ma. 
Plate Resistance  5150 ohms 
Mutual Conductance  3500 micromhoa 
Amplification Factor  18 
Load itesistanee  5000 ohms 
Power Output  4 watts 
Base med. 7 pin 

• 

Triode Detector. Audio Amplifier and 
Oscillator for battery-operated radio re-
ceivers. Also used in 5 meter trans-

ceivers. Sometimes used as crystal oscillator or 
amplifier, in portable transmitters. 
Characteristics: 
Filament Voltage ( it.0  t 20 volts 
Filament Current  06 amps. 
Grid to Plate Capacitance 60 ¡'ed. 
Input Caparitanee 30 med. 
Output Capacitance  2.1 med. 
Base  small 4 pin 

30 

RK-42 
• 

RAYTHEON TRIODE for 
Portable Sets. Similar to Type 
30, except for filament. 

Filament Voltage   1.5 volts 
Filament Current   60 ma. 

• 
RAYTHEON High Mu Twin. 
Triode for Class B. service. 
Each Tris de is somewhat sim-

ilar to RK.-42, except for higher MU. 

Filament Voltage   1.5 volts 
Filament Current   120 ma. 

RK-43 

42-6F6-2A5 Pentode 
Power Am-
plifier fo r 

radio receivers. 2.5 volt equivalent of glass 42 tube 
is 2A5, with filament current of 1.7 amp. 

(I) Single or push-pull audio amplifier for radio 
receivers ( pentode). 

(2) Crystal oscillators in transmitters. 

(3) Frequency doublers in transmitters. 
(4) Triode driver stage or Class AB push-pull 

power amplifier. 

(See 61.6 applications for other uses.) 

42 

A F 

ass» 

2tV 

42 

42 la   

OUT•UT 

+250V. C BIAS 
-38V 350V 

,.-'n = 1.67 
,soc,.. 

CLASS AB TRIODE AUDIO AMPLIFIER 

Characteristics. Pentode Amplifier. Class A: 
Heater Voltage ( 42, 6F6) 6  3 volts 
Heater Current 0  7 amp. 
Plate Voltage  250 volta 
Screen Voltage  250 volts 
Grid Voltage   16.5 volt" 
Plate Current  34 ma. 
Screen Current 6  5 ma. 
Plate Resistance  100,009 ohms 
Amplification Factor  220 
Mutual Conductance  2200 interomhol 
Load Resistance  7000 ohms 
Power Output (7% distortion) S  0 watts 
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45 Equivalent to Metal Tube 6D5. Triode 
Power Tube for push-pull Class A or 
AB service. The output in Class AB 

is sufficient to drive Class B modulators of 100 to 
200 watts output. Also useful as a low power 
R-F buffer tube in transmitters. 

25. 

• 2,2 + 250 - 300V 

Low Distortion Audio Amplifier for Radio 
Receivers 

.• 250v - 60v 

push- Pull Class AB Amplifier for Class B Driver 
or P. A. Service 

45 

+ 250V 

AUDIO AMPLIFIER - OR MODULATOR FOR 

GRID MODULATED TUBES 

Characteristics for Class 

Filament Voltage 2  5 volts 
Filament Current I  5 amps. 
Plate Voltage  250 voila 
Grid Voltage  —50 volts 
Plate Current  34 ma. 
Plate ResIstarsce  1610 ohms. 
Amplification Factor 3  5 
Mutual Conductance  2175 micromhos. 
Load Resistance  3900 ohms. 
Power Output 1  6 watts 
Grid- to-plate Capacitance  7 mat 4. 
Input Capacitance  4 ((std. 
Output Capacitance  3 Asfd. 

A Amplification: 

Class AB Push- Pull Amplifier: 
Fixed Bias Self Blas 

Plate Voltage   275 275 volts 
Grid Voltage  —68 ... 
Zero Signal Plate Current (per tube)  35 36 ma. 
Max. Signal Plate Current ( per tube)  69 45 ma. 
Load Resistance ( plate to plate)  3200 5060 ohms 
Self Blas Resistor   775 ohms 
Total Harmonic Distortion  5 5% 
Power Output   18 12 watts 

Class C R- F Amender: 
Plate Voltage  400 volts 
Plate Current  50 ma. 
Peak Plate Current (AC) 90 ma. 
Grid Bias Voltage —200 volts 
Grid Bias Current 4 ma. 
Plate Power Input 20 watts 
Grid Power Input 1  0 watts 
Grid-Blas Power Loss 0  8 watt 
Power Output  15 watts 
Efficiency  75% 
Plate load Impedance 3700 ohms 

• 

46 Class B Amplifier for radio receivers 
and public address systems. More often 
used in modulator systems for small 

radiophone transmitters. Frequently serves as a 
doubler in RF circuits of radio transmitter. 
Note: Audio peak outputs of 40 watts for speech 

can be secured if a 500 volt plate supply is avail-
able, although this exceeds the manufacturers' rat-
ings of 400 volts plate supply. 

.44“Eoulo. 
5.6 WATTS — AS AN ALIPLIFIER — ICI WATTS 

2.3 — AS A DOuBLER — 

40 
48 

•801,2 ,,,,, 

sT•Gt 

.275V • 500V 

GLASS B MODULATOR FOR PHONE TRANSMITTER 

AVERAGE POWER OuTPuT 20 wATTS - PEAK OUT PUT 40 WATTS 

Characteristics: 
Filament Voltage 2  5 volts 
Filament Current 1  75 amps. 

As Class A Amplifier ( grid adjacent 
Plate Voltage  250 volts 
Grid Voltage  —33 volts 
Plate Current  22 ma. 
Plate Resistance  2380 ohms 

56 

to plate tied to it): 

Amplification Factor 
Mutual Conductance  2350 micromhos 
Load Resistance  6400 ohms 
Power Output 1  25 watts 

As Class B Amplifier ( grids tied together): 
Plate Voltage   300 400 volts 
Grid Voltage   0 0 volts 
Zero Signal Plate Current ( Per 

tube)   4 6 ma. 
Load Resistance ( plate to 

plate)  5200 5800 ohms 
Power Output   16 20 watts 
Grid Driving Power  950 650 milliwatts 

• 

47 Audio power amplifier for radio re-
ceivers or modulator service in small 
AC operated 5-meter transmitters. Crys-

tal oscillator in radio transmitters. 
Note: This tube has been replaced for most 

services by tubes with a separate cathode and 
heater. 
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47 

+265v 

47 

AUDIO AMPLIFIERS OR MOGUL AT ORS 

Character istics : 
Filament Voltage  2.5 volts 
Filament Current 1  75 amps. 
Plate Voltage  250 volts 
Screen Voltage    250 volts 
Grid Voltage  —16.5 volts 

31 ma 
Screen Current  6 ma. 
Amplification Factor    150 
Plate Resistance   ....... 00.000 ohms 
Mutual Conductance  2500 micromhos 
Potter Output   
Loud Resistance  7000 ohms 

1  2 ACM. 
8  6 Red. 

 13 Petal. 

Plate Current ........ 

Plate to Grld Capacitance 
Input Capacitance 
Output Capacitance 

• 

RCA-1609 
Battery type Pent-
o d e incorporating 
low microphonic de-

sign for speech amplifier application. 5-prong base. 

Filament Voltage 
Filament Current   
Maximum D.C. Plate Voltage 
Maximum D.C. Screen Voltage 

RCA-1610 

1  1 volts 
.0.25 amps. 
1  volts 

 67.5 volts 

Pentode crystal os-
cillator tube having 
characteristics and 

tube base identical to that of type 47. 

59 
oscillator 
matters. 

• 
Triple Grid Pentode Amplifier. Class A 
Audio amplifier. Triode Class A driver 
for Class B stage of 59 tubes. Crystal 
and frequency-doubler in radio trans-

TR Ter CRYSTAL OSCtLLATOR ITOoRLCR 

000. 

A AA—I 

59 

59 

• IZTV •350, 

RfCEN[RATI" FREOU" OCuBLER 

(CATI.opy coAodA5t• Pt ) 

•••5 

Characteristics : 
Heater Voltage 
Heater Current 

Class A Amplifier 

Plate Voltage   250 250 volts 
250 volts 

Grid Voltage (Nu. It —28 —18 volts 
Plate Current   26 35 ma. 
Screen Current   9 ma. 
Amplification Facto,   6 100 
Plate Resistance  2300 40,000 ohms 
Mutual Conductance  2600 2500 micromhos 
Load Resistance  5000 6000 ohms 
Self-Biae Resistor  1080 410 ohms 
Power Output 1  25 3 with 
Grid No. 2  t ied to plate Screen 
Grid No. 3 tled to plate Tied to cathode 

59 

E 

2  5 volts 
2  0 amp.. 

Triode Pentode 

Screen Voltage 

Class B Amplifier: Triode Connected 

Plate Voltage   300 400 volts 
AVR. Plate Dissipation  10 19 watts max. 
Grids No. 1 and 2 tied together  
Grid No. 3 tied to plate. 

Zero Signal Plate Current (per 
tube)   10 13 ma. 

Max. Signal Plate Current  200 ma. 
Load Resistance ( plate to plate) . 4600 6000 ohms 
Poser Output (2 tubes)  15 20 watts 

• 

6A6-53 6ERiva ynpte eta: Tube— i identical 
in characteristics, except for 

its heater, which is rated at 2.5 volts at 2 amps. 
Twin Triode Power Tube designed for fins. B 
audio amplifiers in radio receivers. Also very use-
ful as crystal oscillator and frequency doubler in 
transmitters. for frequencies up to 30 mc. Often 
used in 5 meter transmitters and receivers as oscil-
lators and detectors. 

Precautionary Measures: 300 volt plate supply 
is maximum as a Class B audio amplifier. As an 
RF oscillator or doubler, the plate potential must 
not exceed 400 volts if cathode bias is used, and 
not over 300 for grid-leak bias. For RF pur-
poses the DC plate current per plate should not 
exceed 35 ma. and excessive grid excitation should 
be avoided. 

Characteristics: 
Heater Voltage 6  3 volts 
Heater Current .. 0  8 amp. 
Plate Dissipation  10 watts 
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FUNDAYCHT AL 8A8 

6A6 Push- Push RF Frequency Doubler 

As Class A Amplifiers (Triodes In Parallel): 
Plate Voltage   250 300 volts 
Plate Current   6 7 ma. 
Grid Voltage   —5 —6 volts 
Amplification Factor   35 35 
Plate Resistance   11300 11000 ohms 
Mutual Conductance   3100 3200 micromhos. 

As Class B Amplifier ( Triodes in Push- Pull): 
Plate Voltage   250 300 volts 
Grid Voltage   0 0 volts 
Zero Signal Plate Current ( per plate) 14 17.5 ma. 
Maximum Plate Current  125 125 ma. 
Load Resistance ( pInte-to-pl de ,   13000 10000 ohms 
Power output ( with 350 milliwatt input 

to grids)   8 10 watts 

6135 

• 

Equivalent Tubes — 6N6G, 6N6. 
Glass Tube Special Power Ampli-
fier. Designed for power amplifier 

use in the output stage of a radio receiver. Can 
be used in push-pull for outputs as high as 20 
watts in small power amplifiers or modulators. Due 
to the gain within the double triode tube, the in-
put grid does not need to be driven beyond Class 
A, and a 76 tube will drive a pair of 6B5 tubes to 
20 watts output. 

Unusual Characteristics: An internal grid of 
the power output triode is direct-coupled to an in-
ternal cathode. No external connections are neces-
sary, and the small triode drives the large triode 
in Class AB. 

8E15 

+400V 

RO 

6B5 MODULATOR OR DRIVER STAGE 

Characteristics, Single Tube Class A Amplifier: 
  Voltage 

Heater Current 

v • *T T I 

6  3 volts 
0  8 amps. 

Plate Supply  300 volts 
Input Plate Current  6 ma. 
Output Plate Current  45 ma. 
Plate Resistance  24100 ohms 
Load Resistance  7000 ohms 
Power Output  4 watts 
Amplification Factor   58 
Mutual Conductance  2400 micromhos. 
Grid Bias Voltage . 0 
Base  medium, 7 pin 

6L6-616G fPresipg:sehd-
pull ampifier in radio 

receivers but also widely used in crystal oscillator 
and RF amplifiers for radio transmitters. 

Unusual Characteristic: Has two beam-forming 
plates internally connected to the cathode, lias no 
physical suppressor grid. The beam action sup-
presses secondary emission and results in a more 
ideal pentode operation. 

Precautionary Measures: Good air ventilation 
is desirable because the tube shell becomes very hot 
under normal operation. In push-pull circuits, bal-
anced tubes are necessary, as well as balanced 
transformers if second harmonic elimination is 
desired. 
Audio Amplifier Application: If not over 34 

watts of audio output is required, a single 6C5 
audio amplifier or power detector will drive a pair 
of 6L6 tubes in push-pull. A 5-to-2, or 1-to-3 
step-up interstage transformer is suitable. For out-
puts of over 34 watts, push-pull 6C5 tubes are 
suitable for drivers. with a 1-to-iZ ratio interstage 
transformer (primary to Vz secondary). The out-
put transformer should be of large size in order 
to handle up to 60 watts of audio power without 
core saturation. May be used as a modulator fot 
phone transmitters. 

6C5 

• Ef 
T0.000 ,1 

• • 
• 300T • 00w 

RsvTASED rt./SALA A1,1," TOTIPLITILTT TOP 1.114IT 1,T1./ LIT RCLEIvERS 

6CS 6L6 

PuSro - PULL AUDIO AM, lEIER ; OR R ECEiv ER 

Rue,. ¡ C ADDRESS OR MODULATOR SER ' CC . 

Feed-back Amplifier Application: Reverse feed-
back operation in a receiver amplifier will damp 
out low-frequency loudspeaker resonance. The re-
sult is similar in action to a triode, but the DC 
efficiency of a pentode is retained without much 
sacrifice in power sensitivity. Part of the output 
is fed back to the grid circuits in reverse phase in 
order to produce the effect of lower plate im-
pedance. 

6L6 CRYSTAL OSCILLATOR WITH CATHODE REGENERATION 

This Circuit Can Also Be Used with 41, 42, 2A5, 
89 and 6F6 Tubes 

Crystal Oscillator Application: The crystal RF 
current is very low due to the high power sensitiv-
ity of this tube. Outputs of from 5 to 15 watts 
can be obtained as a crystal oscillator without ex-
ceeding tube ratings. 
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Characteristics: 
Heater Voltage 
Heater Current 
Amplification Factor 
Plate Resistance   
Mutual Conductance 

Receiver Types 177 

A. F. Operation Characteristics: 
Plate Voltage   
Screen Voltage   
Centro.' Grid Voltage   
Zero Signal Plate Current   
Full Signal Plate Current   
Zero Signal Screen Current   
Full Signal Screen Current   
Signal- Peak Volta   
Load in Ohms   
Power Output-Watts   
Total Distortion   
2nd Harmonic   
3rd Harmonic   
Peak Grid Driving Power  

+400V 

6L6 TRITET OR DOW cF , 5TAL OSCILLATOR 

The Same Circuit Is Also Suitable for 41, 42, 2A5 
89 and 6F6 Tubes 

RF Applications: The 61.6 is suitable for a low 
power frequency doubler in transmitters. Due to 
high sensitivity and harmonic output, only a small 
amount of power is required to drive the grid as a 
doubler for outputs of 20 watts and more for fre-
quencies as high as 15 mc. 

+ 50-500v 

6L6 REGENERATIVE R F DOLD .__FF 

Circuit also Suitable for Other Tubes, Such as 41 
42, 2A5, 89 and 6F6 

23,000A 
2 %V 

20000A 
341r 

SAUL 2.112COIT FOR loi 
223- •1, 

El 'PUT 

1301.4 TO 
1321C. 

+ 4005 

6L6 NEUTRALIZED O F BUFFER OR DOUBLER 

41, 42, 2A5, 89 or 6F6 Tubes Can Be Used in Same 
Circuit 

6.3 volts 
0.9 amps. 
135 

22500 ohms 
6000 micromhoo. 

Single Tube Push Pull Tubes 
250 375 250 400 400 
250 250 250 300 300 
-14 -17.5 -16 -25 -25 

72 57 60 50 
79 67 70 76 
5 2.5 5 2.5 

7.3 6 8 8.5 
14 17.5 16 25 

2500 4000 5000 6600 
6.5 11.5 14.5 34 

10. 14.5 2. 2. 
9.7 11.5 ... ... 
2.5 4.2 2. 2. 
... ... ... 0 

A F 

114 
2.5 per tubo 
9.5 

42.5 
3800 plate to plate 

60 
2. 

2. 
400 milliwatts 

05 6 L 6 

3000A 

T 

23,000A 
R TA 

100.000A 
1 vo 

3.24A 

25. 

300n 

.300v 

u• VO 
01,1ui 

+400V 

6L6 Audio Amplifier with 6F6 Driver. Low 
Values of .` R" Tend to Generate Out-of-Rho e 
2nd Harmonic Which Cancels Distortion of 6L6 

as Single-Tube Audio Amplifier 

89 

• 

Triple Grid Power Amplifier. Designed 
for storage battery operation, such as in 
automobile radio receivers. Can be 

used with AC supply. Occasionally used as an 
electron-coupled or crystal oscillator in short-wave 
transmitters. 

Note: The triple-grid construction makes opera-
tion possible as a Class A triode or pentode ampli 
fier and as a Class B triode. 

Not in general use. Not very desirable for 
operation at RF frequencies above 10 mc. 

• 125V • 350V 

Trid00E 

89 

Characteristics: 
Heater Voltage (AC. or D.C.) 
Heater Current 

CLA55 
89 

180V • 1210V 

6  3 arena 
0  4 amps. 

Base Small 6- pin 
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Class A Power Amplifier-Pentode Connection: 
(Grid No. 3 tied to cathode). 

Heater Voltage   6.3 volts 
Plate Voltage   100 135 180 250 max. volts 
Screen Voltage ( Grid :No. 2)   100 135 180 250 max. volts 
Grid Voltage ( Grid No. 1)   -10 -13.5 -18 -25 volts 
Amplification Factor   125 125 125 125 
Plate Resistance  104000 92500 80000 701100 ohms 
Mutual Conductance   1200 1350 1550 1800 micromhos 
Plate Current   9.5 14 20 32 milliampere, 
Screen Current   1.6 2.2 3.0 5.5 milliamperes 
Power Output   0.33 0.75 1.5 3.4 watts 
Load Resistance   10700 9200 8000 6750 ohms 

'9% total harmonic distortion. 

Class B Power Amplitler-Triode Connection: 

(Grids No. 1 and No. 2 tied together; grid No. 3 tied to 
plate) 

Plate Voltage  250 max. volts 
Dynamic Peak Plate Current  90 max. milliamperes 
Average Grid Dissipation (Grids No. 1 and No. 2 

together) 0  35 max. watt 

Class A Power Amplifier-Triode Connection: 

(Grids No. 2 and No. 3 tied to plate). 
Heater Voltage   6.3 volts 
Plate Voltage   160 180 250 max. volts 
Grid Voltage ( Grid 

No. 1)   -20 -22.5 -31 volts 
Amplification Factor 4.7 4.7 4.7 
Plate Resistance   3300 3000 2600 ohms 
Mutual Conductance   1425 1550 1800 micromhos 
Plate Current   17 20 32 milliamperes 
Load Resistance   7000 6500 5500 ohms 
Undistorted Power 
Output   0.3 0.4 0.9 watt 

• Transmitting Type Tubes 

RK-23-25 
RAYTHEON R F 
Amplifier, Frequency 
Doubler, Oscillator, 

Suppressor, Control Grid or Plate Modulated Ampli-
fier. As a doubler, approx. 12 watts can be obtained. 
This tube has large 7-pin base. Plate at top of tube. 
Frequency Range: 100% ratings up to 80 mc. 

R523- R625 

- 90V • 500V 

Typical Low Power Buffer 
R K-25 

Circuit for RK-23, 

Characteristics: 
Heater Voltage   
Heater Current   
Grid- Plate Cap.   
Input Capacity   
Output Capacity   
Max. Plate Dissipation   

R K -23 RK-25 
2.5 6.5 volts 
”.0 0.8 amps. 

0.2 med. 

R- F Service: 
Control 
Grid 
Modu-
lation 

D.C. Plate Voltage 500 
D.C. Screen Voltage.. 200 
D.C. Suppress. Voltg. 45 
D.C. Grid Voltage -125 
l'eak RF Grid .1 oltage 150 
l'eak AF Grid Voltage 45 
D.C. Plate Current 34 
D.C. Screen Current 20 
D.C. Grid Current 1.5 
Grid Driving Power 1.3 
Grid Blas Loss   
Pier. Output ( sprint' ) 6 5 
Screen Resistor  20.000 

10 med. 
10 med. 
8 watts 

Sm. Class C 
Mod. Telegraphy 

500 500 500 V. 
200 200 200 v. 
- 45 0 45 v. 
- 90 -90 -90 V. 
135 185 185 v. 
75 
32 .56 55 ma. 
40 40 35 ma. 

8 6 ma. 
.8 .8 .8 watts 
.5 .5 .5 watts 

5.5 18 24 watts 
7500 7500 0500 ohms. 

RK-44 
• 

Raytheon pentode, similar to 
R1‘.25, except for somewhat 
higher ratings. Designed for 

aircraft and mobile services. 
Heater Voltage  12.6 volts 
Heater Current  0.7 amps. 
Maximum D.C. Plate Voltage 650 volts 
Maximum D.C. Plate Current 80 ma. 
(iass-C Output  30 watts 

• 

Raytheon pent( de, identical to RK-45 RR-25, except for heater, which 
operates at 12.6 volts and 0.45 

amps. Designed for aircraft and mobile transmit-
ters. 

842 
• 

RCA Audio Frequency Amplifier and 
Modulator. Triode. Not as desirable 
as a type 2A3, which will provide 

more output at lower plate voltage. 

Charaeterlsties: 
Filament Voltage 7  5 volt, 
Filament Current  1  25 amps. 
Grid- Plate Capacity    7 med. 
Grid-Filament Capacity .  4 meld. 
Plate-Filament Capacity  3 med. 
Amplification Factor   a 
Max. Plate Dissipation   12 watts 
Max. Plate Voltage  425 volts 
Base  4-Pin 

Class A Audio Amplifier ( I Tube): 
Plate Voltage   350 425 volts 
Grid Voltage   -72 -100 volts 
Plate Current   34 28 ma. 
Plate Resistance   2400 2500 ohms. 
Mutual Conductance   1250 1200 micromhos. 
Peak Grid AF Voltage  67 95 volts 
Load Resistance   5000 8000 ohms. 
Power Output   2.1 5.0 watts 
Self- Bias Resistor   2120 3570 ohms. 

10 
• 

Triode. Class C Amplifier or Doubler. 
Class B Power Amplifier and Modulator 
for medium power transmitters. Crystal 

Oscillator in commercial transmitters (at 250 volts 
max. plate supply). Often operated at 750 to 900 
volts plate supply and 75 ma. per tube in Class C 
Telegraphy, amateur service. 
Frequency Range: Up to 15 mc. at normal ratings. 

May be operated on frequencies as high as 60 mc. at 
reduced plate voltage (400 volts) if tube is equipped 
with ceramic base, or if molded bakelite base- are 
cross-slotted with hacksaw cut. 

Characteristics: 
Filament Voltage   7.5 volts 
Filament Current   1.25 amps. 
Plate Voltage   350 425 man. volts 
Grid Voltage   -31 -39 max. volts 
Plate Current   16 18 ma. 
Plate Resistance   
Amplification Factor 
Mutual Conductance   1550 1600 micromhos. 
Load Resistance  11.000 10.200 ohms. 
Self- Bias Resistance  1950 2150 ohms. 
Power Output   0.9 1 6 watts 
Plate-Grid Cap.   7 med. 
Input Capacitance 4 PPfd. 
Output Capacitance 3 cold. 
Base   Medium 4 pin 

5150 5000 ohms. 
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210 or 801 Buffer- Doubler Circuit with Split 
Plate Coil, Requiring Minimum Grid Drive 

Under Load 

D.C. Plate Voltage 
D.C. Plate Current 
D.C. Grid Voltage 
D.C. Grid Current 
Approx. AC Load Imped. 9000 
Approx. Power Output 16 
R.F. Grid Excitation 2.7 
Grid Blas Lose   1.0 
Plate Loss   10 

Class C Amplifier ( Tel hY) • 
400 
65 

—100 
10 

Class B. A- F Amplifier: 
Plate Voltage   
Grid Biao   
Zero Sig. Plate Barrent (per tube) 
Max. Sig. Plate Current (per tube) 
Load Resistance ( Plate to Plate) 
Approx. Power Output (2 tubes). 

802 

• 

500 
65 

—125 
10 

3800 
21 
9.0 

1.25 
11.5 

400 
—50 
4 

65 
6000 

27 

600 v. 
65 ma. 

—150 v. 
12 ma. 

4600 ohms. 
27 watts 
3.8 watts 
1.8 watts 
12 watts 

600 v. 
—75 v. 
4 ma. 

65 ma. 
10.000 ohms. 

45 watts 

RCA Pentode. R-F Amplifier, Fre-
quency Doubler, Oscillator; Suppres-
sor, Grid or Plate Modulated Ampli-

fier. Plate at top of tube. 

Frequency Range: 100% up to 30 mc., 05% at 
60 mc. 
Note: The internal shield should connect to 

cathode at the socket, in all circuits. 

802 

-.00v • 500v 

802 Pentode Low Power Buffer Stage 

Characteristics: 

Heater Voltage 6  3 volts 
Heater Current 0  8 amps. 
Grid-to-Plate Capa( ity 0  15 med. 
Input Capacity  12 meci. 
Output Capacity 8  5 fzufd. 
Max. Plate Dissipation 10 watts 
Max. Screen Dissipation   ...(I watts 
Hase  7 pin, large 

R F Service: 
Grid 
Modo-
latIon 

D.C. Plate Voltage 500 
D.C. Screen Voltage 200 
D.S. Suppress. Voltg  
D.C. Grid Voltage —130 
Peak RF Grid Voltg 145 
Peak AF Grid Volta 50 
D.C. Plate Current  25 
D.C. Screen Current 8 
D.C. Grid Current 1 
Grid Driving Power .8 
Grld Rias Loss   . 13 
P9r. Output ( Approx 1 4 
Screen Resistor  37.500 

SuPP. 
Mod. 

500 
200 
— 45 
— 90 
125 
65 
22 
28 
4.5 
.5 
4 

3..5 
10.700 

Chus C 
Teles. 

500 500 volts 
200 200 volts 
0 40 volts 

—100 —100 volts 
155 135 volts 

45 45 ma. 
22 12 ma. 
6 2 ma. 
.9 .25 watts 

.2 watts 
14 16 watts 

13.700 20.000 ohms. 

WE-307A 
Western Electric 
Pentode. Oscilla-
tor, High- Fre-

quency Amplifier and Doubler, Suppressor-Modu-
lated Amplifier. Designed for portable H.F. and 
U.H.F. transmitters. 

Frequency Range: 100% ratings up to approx. 
80 mc. 

Unusual Feature: Quick-heating filament instead 
of heater for intermittent use in automobile trans-
mitters. 

Characteristios: 

Filament Voltage 5  5 volts 
Filament Current 1  0 amps. 
Grid- to- Plate Cap 0  55 9“fd. 
Input Cap.  15 merl. 
Output Cap.  12 ((ifd. 
Max. Plate Dissipation 15 watts 

R - F Service: 

Suppress. Class C 
Mod. Teleg. 

D.C. Plate Voltage   500 500 v. 
D.C. Screen Voltage   200 200 v. 
D.C. Suppress. Voltage  —50 0 v. 
D.C. Grid Voltage  —35 —35 V. 
Peak R-F Grid Voltage  50 50 v. 
Peak A.F. Grid Voltage  50 0 v. 
D.C. Plate Current   40 52 ma. 
D.C. Screen Current   21 18 ma. 
Power Output ( APP181.)  6 17 watts 
Screen Resistor  14.000 14.000 ohms. 

841 
Oscillator. 

• 

RCA, Amperex, United. High-Mu 
(10) Triode. Class B modulator. 
Class C RF amplifier or doubler. 

Resistance Coupled audio amplifier. 

Frequency Range: 100% ratings up to 6 mc. 
New ceramic base types may be operated up to 30 
mc at full ratings, which are about 50% higher 
than the 450 volt type listed. 

Note: Grid excitation varies under different op-
erating conditions; thus the driver stage should be 
capable of supplying twice as much power as listed 
for grid drive and bias loss. 

+ 

Neutralized Buffer or Doubler Stage 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current 1  25 amps. 
Amplification Factor  30 
(.rid to Plate Capacity 7 (0(fd. 
(l'id to Filament Caparit...   4 mord. 
I'late to Filament Capacity 3 mmfit 
Maxunum Plate Dissipation  15 9 atta 
Maximum DC Plate Voltage 450 volts 
Maximum DC Plate Current 60 ma. 
Maximum DC Grid Current 20 ma. 
Rase  LX- 4- pin 

Class CI Modulator or AF Amplifier: 
DC Plate Voltage   350 
DC Grid Voltage   
Zero Sig. Plate Current ( per tube)   3.5 
Maximum Sig. Plate Current iper tube) 57 
Load Resistance ( plate to plate)  5200 
Power Output   21 

425 volts 
—5 volts 
6.5 ma. 
60 ma. 

7000 ohms. 
20 watts 
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865 
be obtained. 

R- F Service 

Class C 
Tele- Class C Doubler 
phony Telegraphy 

DC Plate Voltage  350 450 600 450 volts 
DC Grid Voltage  -36 -32 -74 -170 volts 
DC Plate Current   50 50 50 28 ma. 
DC Grid Current   18 12.5 12 8 ma. 
Grid Driving Power ( Ap-

prox.)   1.75 1.25 2.1 1.75 watts 
Grid Bias Loss   .65 .4 .9 1.4 watts 
Power Output ( Approx.) 11.5 14 18.5 7.5 watts 
Approx. A.C. Load Im-

pedance   3500 4500 5400 8100 ohms 
Mod. DC Load Resist-

ance   7000 9000 12.000 .... ohms 

843 
• 

RCA Triode. Oscillator, AF power 
amplifier and R.F. Amplifier of the 
heater-cathode type for 2.5 volt fila-

ment supply. Not in general use. 
Frequency Range: 100% ratings up to 6 mc. 

50% at 80 mc. 
Note: Grid driving power requirements vary over 

wide limits. 

Characteristics: 
Heater Voltage  2.5 volts 
Heater Current  2.5 amps. 
Amplification Factor   7.7 
Grld to Plate Capacity 6 cord. 
Grid to Cathode Capacity 5 »gfeL 
Plate to Cathode Capacity 1 cord. 
Maximum D.C. Plate Voltage  450 volts 
Maximum D.C. Plate Dissipation 15 watts 
Maximum D.C. Plate Current 40 ma. 
Maximum D.C. Grid Current 7  5 ma. 
Base  UX-5 Pin 

Class A Audio Amplifier: 

D.C. Plate Voltage   350 425 volts 
D.C. Grid Voltage ( Approx.).. • -25 -35 volts 
Peak Grid Swing (Approx.)  25 35 volts 
D.C. Plate Current   -5 25 ma. 
Plate ResIstance   4700 4800 ohms. 
Mutual Conductance   1700 1600 micromhos. 
Load Resistance   9500 12.000 ohms. 
Power Output   0.95 1.6 watts 

Class C Amplifier: 
Plate Mod. 
Telephony 

D.C. Plate Voltage 250 
D.C. Grid Voltage -100 
D.C. Plate Current 30 
D.C. Grid Current 7 
Grid Driving Power 1.3 
Grid bias loss   0.7 
Power Input   7.5 
Power Output ( Approx ) 4 

844 
Characteristics: 

(Heater- Cathode Type) 
Heater Voltage 2  5 Volts 
Heater Current 3  25 amps. 
Amplification Factor   75 
Grid to Plate Capacity 0  15 ottfd. 
Input Capacity 9  5 cord. 
Output Capacity 7  5 cord. 
Maximum Plate Dissipation  15 watts 
Maximum Screen Dissipation  3 watts 
Maximum D.C. Plate Voltage 500 volts 
Maximum D.C. Plate Current 30 ma. 
Maximum D.C. Grid Current 5 ma. 
Base  UX 5- pin 

Telegraphy 

350 350 450 volts 
-140 - 100 -149 volts 

30 30 30 ma. 
7 5 5 ma. 

1.6 0.8 1.0 watts 
1.0 0.8 1.5 watts 

10.5 10.5 13.5 watts 
6 6 8 watts 

• 
RCA Screen-grid R. F. Amplifier-
doubler or buffer. Oscillator. Not 
in general use. 

R- F Service 

Class B Plate 
Tele- Mod. Class C 
phony Class C Telegraphy 

D.C. Plate Voltage ... 500 500 400 500 volts 
D.C. Screen Voltage... 180 150 175 175 volts 
D.C. Grid Current -40 -100 -125 -125 volts 
D.C. Plate Current  20 28 25 25 ma. 
Power Output   8 4 6 9 watts 

• 
RCA Screen-Grid Tetrode. Buffer, 
amplifier, and frequency doublers. As 
a doubler about 5 to 10 watts may 

HADDBOOK 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current 2  0 amps. 
Grid to Plate Capacity 0  10 cord. 
Input Capacity  8.5 Med. 
Output Capacity 8  5 cold. 
Plate Voltage  500 volts 
Screen Voltage  125 volts 
Grid Voltage   0 volts 
Amplification Factor  130 
Plate Resistance  200.000 ohms. 
Mutal Conductance  750 mleromhos 
Plate Current  21 ma. 
Maximum Plate Dissipation 15 watts 
Base  4-pin. Plate through top of envelope 

Class C Operation: 
D.C. Plate Voltage   500 750 volts 
D.C. Plate Current   50 40 ma. 
D.C. Screen Voltage   125 125 volts 
D.C. Grid Voltage   -80 -80 volts 
D.C. Grid Current   9 5 5 ma. 
Grid Driving Power ( Approx.)   2.0 1.0 watts 
Grid Bias Power Loss   .7 .45 watts 
Plate Power Input   25 30 watts 
Power Output ( Approx.)  10 16 watts 

865 

JO«, 

A C,TER 

8+ 800 

Single 865 Buffer or Doubler Circuit 

• 

T20 pTuai:ploo,reTegîi Cmo;. Hst;iFta. bTleriofdoe, . h?geiniefriael. 

quencies up to 58 Mc. Suitable for 
class B audio service, or as an r.f. frequency-dou-
bler or r.f. amplifier. Isolantite-based tube with 
plate through top of envelope. 4-pin base. Molybde-
num plate. Greater plate dissipation than type 10 
or 841 triode. 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current 1  75 amps. 
Amplification Factor  20 
Grid- to- Plate Capacity  4 cord. 
Maximum Plate Dissipation  20 watts 
Maximum D.C. Plate Voltage 750 volts 
Maximum D.C. Plate Current  75 ma. 
Maximum D.C. Grid Current  23 ma. 

Class B Modulator or A.F. Amplifier (2 Tubes) 
D.C. Plate Voltage  800 600 volts 
D.C. Grid Voltage  -10 -130 volts 
Zero signal plate current ( per tube) 10 0 m 
Matuxbtmern signal plate current ( per 

68 70 ma. 
I.oad resistance ( plate- to-plate)  12,000 8100 ohms 
lower Output   70  50 watts 

Class C Amplifier: 
D.C. Plate Voltage 710 volts 
D.C. Grid Voltage  -100 volts 
D.C. Plate Current  75 ma. 
D.C. Grid Current  20 ma. 
Grid Driving Power ( Approx.) 3 watts 
Grid Blas Loss 2 watts 
Power Output (Approx.)  42 watts 

TZ-20 

• 

Taylor Tube Co. H.F. triode. 
Primarily designed for zero-bias 
class B audio use. Also suitable 

for all r.f. uses for which the T-20 is suitable. 
Operating conditions for r.f. use of the TZ-20 will 
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be similar to those of the T 20; the grid bias, 
however, will he scmewhat lower in each case. An 
improved doubler over the 1%20. Isolantite base, 
metal plate, plate lead through top. 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current 1  75 amps. 
Amplification Factor  62 
Average Plato Resistance 26.700 ohms 
Mutual Conductance  2320 (+mhos 

Class El Audio Amplifier or Modulator: 
D.C. Plate Voltage  800 600 volts 
Grid Illas Voltage  o o volts 
Zero-signal Plate Current  20 14 ma. 
Max.- signal Plate Current  69 70 ma. 
Load Res.. Plate- to- [' late  12,000 8100 ohms 
Power Output, Two Tobes   70 50 natta 
Radio Frequency Amplifier Service: 
See operating conditions for T-20. 

• 

801 eicaAss, èimkei5exa,ZrAteerd for Sl0 .p hTo nrieo doer. 

cw. Class B modulators. Frequency 
doubler. 

Caution: The values given for grid driving power 
and power output 'sari fiequency and load 
circuit impedance. The driving stage should have, 
if possible, twice as much power output as needed 
for grid driving power and bias supply loss. 

Note: As a doubler, regeneration can be ob-
tained at the output frequency to improve the out-
put efficiency without requiring as high grid bias 
and grid drive as listed in the table. 

Characteristics: 
Filament Voltage  7.5 volts 
Filament Current 1  25 amps. 
Grid to Plate Capacity 6  0 u4fd. 
Amplification Factor   8 
Grid to Filament/ Capacity 45 mmtd. 
Plate to Filament Capacity 1 5 Amid. 
Maximum Plate Dissipation  20 watts 
Maximum D.C. Plate Voltage 600 volts 
Maximum D.C. Plate Current "0 ma. 
Maximum D.C. Grid Current  15 ma. 
Base  UX-4 prong Isolantite 

Class fi Audio: 

Plate Voltage   400 500 600 750 volts 
Grid Voltage ( Approx ) —50 —60 —75 —90 volts 
Zero Sig Plate Current 

(Der tube)   4 5 4 6 ma. 
Maximum Sig Plate Cur-

rent ( per tube)   65 65 65 65 ma. 
Load Resistance ( Plate 

to plate)   6000 8000 10.000 12.000 ohms. 
Power Output   27 36 45 60 watts 

Class C Operation. Amplifier: 
D.C. Plate Voltage ... 500 500 600 750 volts 
D.C. Grid Rias   —190 —125 —150 —190 volts 
D.C. Plate Current   55 65 65 65 ma. 
D.C. Grid Current   15 10 15 15 ma. 
Grid Driving Power 

(Approx.)  4.5 2.2 4 5.3 watts 
Bias Supply Poseer Loss 2.9 1.2 2.25 2.9 watts 
Power Output ( Approx.) 18 16 25 35 watts 
Approximate A.C. Load 

Resistance   4300 3600 4500 5500 ohms. 
D.C. Modulator Load  9100 

Frequency Range   60 90 120 150 megacycles 
Class C Telephony   400 360 310 260 volts 
Class C Telegraphy   600 455 390 330 volts 

No Regen- With 
Frequency Doubler eration Regeneration 
D.C. Plate Voltage  600 600 volts 
D.C. Plate Current   75 75 ma. 
D.C. Grid Voltage   —495 —250 volts 
D.C. Grid Current   8 10 ma. 
Grid Driving Poseer   4.75 3.5 watts 
Grid Bias Supple Loss   4 2.5 watts 
Poseer Output ( Approx.)   25 25 watts 
Plate Loss   20 20 watts 

• 

RCA-1608 Coated filament tri-
ode, similar to 
RCA-SOS, but with a 

higher amplification oonstant. 

Filament Voltage  2.5 volts 
Filament Current  2.5 amps. 
Amplification Factor  20 
Maximum D.C. Plate Voltage 425 volts 
Maximiun D.C. Plate Current Si ma. 
Class-C 11.F. Output  27 watts 
Class- 11 Linear Output  10 watts 
('laos-Il Audio (Vivo Tubes)  50 watts 

07 
• 

R.C.A. Beam Power Pentode Trans-
mitter Tube. R- F buffer or doubler 
for frequencies up to 60 mc. at full 

rated input. 50% ratings at 150 mc. Also useful 
as crystal oscillator with external capacity con-
nected between grid and plate. Class AB audio 
amplifier with 60 watts output for two tubes (see 
6L6 characteristics). If care is taken in placement 
of parts and if shield is placed around tube and if 
the input circuits are shielded from the output 
circuits, no neutralization will be required for R-F 
circuits. 

sip av 0_1 
807 

+250 + 400 

Buffer or Doubler Circuit 

Characteristics: 
lighter Voltage 
Heater Current 
Grid to Plate Capacity 

6  3 volts 
0  9 amps. 
0  2 isestd. 

Input Capacity  11.6 /surd-
Output Capacity 5  6 44fd. 
Maximum Plate Dissipation 21 watta 
51aximuin D.C. Plate Voltage 600 volts 

Plate lead at top of envelope. 
Standard 5- pin Ceramic base. 

R- F Amplifier: C. W. Phone 

D.C. Plate Voltage  600 400 volts 
D.C. Screen Voltage  250 250 volts 
D.C. Grid Voltage —50 —50 volts 
Peak R-F Grid Voltage  80 80 volts 
D.C. Plate Current  95 95 ma. 
D.C. Screen Current  10 9 ma. 
D.0 Grid Current  3 2.5 ma. 
Grid Driving Poseer ( Approx)  0.20 0 IA watts 
rinser Output ( Approx.)   37 25 watts 

RK-39 
• 

Raytheon beam power tetrode, 
designed for frequency-doubler, 
amplifier, or crystal oscillator 

service. Frequency range: full voltage ratings up 
to 30 Mc. Slaxisnutsns plate voltage at 60 Mc., 400 
volts. 

Characteristics: 
Heater voltage 6  3 volts 
Heater Current 0  9 amps. 
Grid- to- Plate Capacity 0  15 told. 
Input Capacity  13 tord. 
Output Capacity  10.5 told. 
Maximum Plate Dissipation  21 watts 
Maximum Screen Dissipation 3  5 watts 
Maximum D.C. Plate Voltage  500 volts 
Maximum D.C. Screen Voltage  300 volts 
Maximum D.(' Screen Current  20 ma. 
51axinium D.C. Plate Current  100 ma. 
Nlaximum D.C. Control Grid Current 5 ma. 
Base Standard 3- Pitt ( Isolantlte.) 
Plate Through Top of Enve!ope. 

R.F. Service Class 13 R.F. Class C 
D.C. l'iate Voltage   500 500 volt s 
D.C. I'late Current   75 95 nia. 
D.C. Screen Voltage   250 250 volts 
D.C. Screen Current   3 12 ma. 
D.C. Control Grid Current   0.3 3 ma. 
Carl iei 1-0,1PI lialillit   11 35 II al It 
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RK-41 
at 2.4 amps. 

250 

Raytheon Beam Power Pentode, 
identical with RR-39, except 
for heater which is 2.5 volts 

• 

RCA Audio Amplifier in radio re-
ceivers or as a low power modulator 
for transmitters. 

Note: Not over 10,000 ohms resistance can be 
placed in the grid circuit without endangering tube 
operation. These tubes have been supplemented by 
more modern tubes, such as the 2A3 and 6L6. 

Characteristics: 
Filament Voltage 
Filament Current 
Grid to l'iate Capacity 
Grid to Filament Capacity 
Plate to Filament Capacity 
Maximum Plate Dissipation 
Maximum Plate Voltage 
Base 

7  5 volts 
1  25 amp. 

 9 med. 
 5 med. 
 3 med. 
25 watts 

 450 volts 
 4 pin 

Class A Audio Amplifier: 
Plate Voltage   350 
Grid Voltage   —63 
Plate Current   45 
Plate Resistance   1900 
Amplification Factor 3.8 
Statuai Conductance 2000 
Load Resistance   4100 
Undistorted Power 
Output   2.4 

400 450 max. volts 
—70 —84 volts 

55 55 milliamperes 
1800 1800 ohms. 
3.8 3.8 

2100 2100 micromhos. 
3670 4350 ohms. 

3.4 

• 

WE-254B 
15 mc. 66Y3% at 20 mc. 

Characteristics: 
Filament Voltage 
Filament Current 3  25 amps. 
Plate to Grid Capacity 0  85 med. 
Input Capacity  11.2 med. 
Output Capacity  5.4 mmfd. 
Amplification Factor   100 
Maximum Plate Dissipation  25 watts 
Maximum Screen Dissipation  4 watts 
Maximum D.C. Plate Voltage 750 volts 
Maximum D.C. Plate Current  75 ma. 
Maximum D.C. Grid Current  25 ma. 
Base 4 prong, plate through top of envelope 

R- F Service 
Class B Class C 

r. 1. Telegraphy 
D.C. Plate Voltage  750 500 750 volts 
D.C. Screen Voltage   150 150 150 volts 
D.C. Grid Voltage  —70 —125 —125 volts 
D.C. Plate Current   50 75 75 ma. 
Approximate Power Output. 12.5 25 37.5 watts 

4.6 netts 

Tetrode R. F. Ampli-
fier. Frequency 
Range: 100% up to 

7  5 volts 

• 

WE-316A U.H.F. oscillator or 
amplifier especially 
designed for opera. 

lion at frequencies above 100 megacycles. The 
upper limit of oscillation as a regenerative negative 
grid oscillator is 750 nie. 

Note: Outputs of approximately 8 watts can be 
obtained at 4(i meter, and 4 watts at V2 meter 
(600 mc.). 

U H F OSCILLATOR 

+ 13 
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Characteristics: 
Filament Voltage  2 volts 
Filament Current 3  65 amps. 
Thermlonic Emission .....     0.4 amp 
Amplification Factor   6.5 
Grid to Plate Capacit3  1.6 med. 
Grid to Filament Capacity 1  2 motel. 
I'late to Filament Capacity 08 med. 
Maximum Plate Dissipation  30 watts 
Maximum D.C. Plate Voltage  450 volts 
Maximum D.C. Plate Current  80 ma. 
Maximum D.C. Grid Current  10 ma. 

All leads extend directly out from tube elements. 

• 
RCA or Amperex Triode. Class B 
Modulator. Class C RF Amplifier. 
Frequency doubler. U.H.F. oscil-

lator and amplifier. 

Frequency Range: 90 120 159 200 MC. 
Class C plate Voltage ( max.) 1125 1000 875 650 Teleg. 

900 800 700 500 Telep. 
Caution: Maintain at least 7.5 volts at filament 

terminals of tubes. 
Note: Grid driving power is a function of load 

impedance, frequency and type of neutralizing cir-
cuit. The driver stage should be capable of supply-
ing approximately twice as much power output as 
required for the listed values of grid drive and grid 
bias loss. 

Class B RF Telephony: Plate voltage of 1000, 
plate current of 42 ma., grid voltage-55, carrier 
power 14 watts. 

Note: Regeneration at the output frequency in 
doubler operation will allow equivalent outputs 
without as high grid drive and grid bias. 

800 

0001 

+500V 

DRIVER FOR PUSH-PULL CLASS C 
TYPE SOO TUBES 

Characteristics: 
Filament Voltage 
Filament Current 
Amplification Factor 

7  5 volts 
3  25 amps. 
  15 

Maximum Plate Dissipation  35 matt, 
Grid to Plate Capacity e.5 med. 
Grid to Filament Capacity 2.75 Fed. 
Plate to Filament Capacity 1  0 neg. 
Maximum D.C. Plate Voltage 1250 volts 
Maximum D.C. Plate Current 80 ma. 
Maximum D.C. Grid Current 25 ma. 
Base  4 pin 

Plate and grid at top of envelope. 

Class B Audio Amplifier: 
D.C. Plate Voltage  750 1000 1250 volts 
D.C. Grid Voltage (Approx.) —40 —55 —70 volts 
Zero Sig. Plate Cur-

rent ( per tube)   13 14 15 ma. 
Load Resistance ( plate to 

plate)   6400 12.500 21,000 ohms. 
D.C. Plate Input   80 80 80 watts 
Power Output (2 tubes)  90 100 106 watts 
Class C R.- F. Amplifier ( Telegraphy): 
D.C. Plate Voltage   750 1000 1250 volts 
D.C. Plate Current   70 70 70 ma. 
D.C. Grid Voltage   —100 —135 —175 volts 
D.C. Grid Current   15 15 15 ma. 
Grid Driving Power   2.5 3.5 4.5 watts 
Grid Bias Loss   1.5 2.0 2.6 watts 
Approximate Power Output  35 50 65 watts 
Power Input   52.5 70 87.5 watts 
Approximate A.C. Load Im-

pedance   5300 7100 9000 ohms. 

R.• F. Frequency Doubler: 
D.C. Plate Voltage  1000 volts 
D.C. Plate Current  53.5 ma. 
D.C. Grid Voltage —517 volta 
D.C. Grid Current  6 ma. 
Grid Driving Power 3  8 watts 
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3  1 watts 

Approximate Power Output  36 o tots 
A.C. Load Impedance ( Approx.)  10,100 ohms 
Class C R.F. Amplifier ( Telephony): 
D.C. Plate Voltage   750 
D.C. Plate Current   70 
D.C. Grid Voltage   -150 
D.C. Grid Current   18 
Grid Driving Pon-er ( Approx. )   5 
Grid Bias Loss   2.7 
Power Output ( Approx.)  35 
A.C. Load Resistance ( Approx.) 5300 
Modulator D.C. Load  10.700 
Power Input   52.5 

RK-30 
Characteristics: 
Filament Voltage 7  5 volts 
Filament Current 3  25 amps. 
Maximum Plate Dissipation  35 watts 
Amplification Factor  14 
Grid-Plate Capacity  2.5 Pmfd. 
Grid-Filament Capacity 2  75 Pont 
Plate-Filament Capacity 2  75 curd. 
Maximum D.C. Plate Voltage  1250 volts 
Maximum D.C. Plate Current  115 ma. 
5Iaximum D.C. Grid Current  25 ma. 
Base  UX 4 pin 

Plate and grid at top of envelope. 

1000 volts ( max.) 
70 

-200 volts 
18 ma. 
6 watts 

3.8 watts 
50 watts 

7100 ohms. 
14.300 ohms 

70 watts 

• 
Raytheon H. F. Triode 
Similar to 800 in all respects. 
See 800 data. 

RK-35 
• 

Raytheon U.H.F. Triode. Gen-
eral purpose triode with tanta-
lum plate. Class B Audio, 

R.F. Amplifier or oscillator. 
Frequency Range: 80% of full ratings at 56 mc., 

60% at 112 mc. 
Note: Grid driving power requirements vary 

over wide limits, depending upon plate load, circuit 
losses and type of circuit. 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current 3  25 amps. 
Amplification Factor  8 
Grid to Plate Capacity 2.7 i‘ofri. 
Grid to Filament Capacity 3  5 oofd. 
Plate to Filament Capacity  0.4 omfd. 
Maximum Plate Dissipation 35 watts 
Maximum D.C. Plate Voltage 1250 volts 
Maximum D.C. Plate Current 100 ma. 
Maximum D.C. Grid Current 20 ma. 
Base UX-4 pin. Plate at top, grid at side of envelope 

R - F Service 
Class 8 Grid 

r.f. Mod. r.f. 
D.C. Plate Voltage  1000 1000 
D.C. Grid Voltage  160 240 
D.C. Plate Current  52 50 
D.C. Grid Current  
Grid Driving Power 

Class C 
1000 volts 
320 volts 
96 ma. 
15 ma. 

6 2.6 8.5 watts 
Grid Bias Loss  5 watts 
Power Input   52 50 96 watts 
Power Output ( Approx.)   17 16 70 watts 

• 
Raytheon High-Mu Triode, 
Tantalum Plate. Oscillator or 
Amplifier for very high f re-

quency operation. 100% ratings up to 30 MC. 80% 
ratings at 56 MC. 60% ratings at 112 MC. 

Characteristics: 

Filament Voltage 7  5 volts 
Filament Current 3  25 amps. 
Maximum Plate Dissipation  35 matte 
Maximum D.C. Plate Voltage  1250 volts 
Maximum D.C. Plate Current   100 ma. 
Maximum I) C. Grid Current  25 ma. 
Grid to I'late Capacity 2  g med. 
Grid to Filament Caparity 3  2 med. 
Plate to Filament Capacity 0  3 ;lord. 
Standard UX-4 pin base. 
Plate through top. grid through side of envelope. 

R. F. Service 
Grid 

doss B Mod. 
R.F. Telephony Class C 

D.C. Plate Voltage   1000 1000 1000 volts 
D.C. Grid Voltage   -45 -52.5 -70 volts 
D.C. Plate Current   50 50 95 ma. 
D.C. Grid Current   20 ma. 
Peak RF Grid Power   2.3 2.3 3.0 watts 
Peak Audio Voltage   45 . volts 
Carrier Output Power   15 15 60 watts 

RK-37 

35 -T Eimac High-Mu Triode. Crystal 
oscillator for plate voltages up to 
1200 volts. Class B modulator or 

AF amplifier. Class C buffer or doubler. Class C 
telephony. U.H.F. oscillators with quarter-wave 
line frequency control. U.H.F. r. f. amplifiers. 

Frequency Range: 100% ratings up to 100 mc. 

Note (I): For plate modulation, the values of grid 
bias should be increased at least 50%, and the grid 
drive will be approximately doubled. 

Note (2): Values of grid bias and grid drive may 
be reduced with regenerative doubler circuits. The 
above values are for values of efficiencies between 
58% and 68%. Lower grid bias and drive give 
lower efficiencies. With regeneration, the bias may 
be reduced to approximately 3<3 of the above values 
without loss of output. The bias should never be 
less than 3y4 times cut-off bias when doubling. 

40,000/1 

-45V 

+10005 

REGENERATivE FREQUENCY OnuBLER 

Characteristics: 
Filament Voltage  5 to 54a volts 
Filament Current  4 amps 
Amplication Factor (Average) 30 
Maximum Normal Plate Dissipation 35 watts 
Grid to Plate Capacity 1.9 mgf.l. 
Maximum D.C. Plate Voltage 1500 volts 
Maximum D.C. Plate Current 150 ma. 
Maximum D.C. Grid Current 25 ma. 
Base: UX-4 pin. Plate at top of envelope. 

Class 8 Audio Amplifier (2 tubos): 

D.C. Plate Voltage. 500 
D.C. Grid Voltage. 0 
Zero Signal D.C. 

Plate Current  65 
Maximum Signal 
D.C. Plate Current 200 

Load Resistance 
(Plate to Plate)  4000 

Driving Power   6.5 
Output Power   50 

750 1000 1250 1500 volts 
-10 -22.5 -40 -50 volts 

50 40 20 16 ma. 

200 188 158 140 ma. 

7000 11000 17200 23600 ohms 
8.5 7.5 5.5 4.5 watts 
90 120 130 140 watts 

Class C r.f. Amplifier Telegraphy ( Buffer Service) 

D.C. Plate Voltage  400 750 1000 1500 volts 
D.C. Grid Voltage  -20 -38 -50 -100 volts 
D.C. Plate Current  90 90 90 90 ma. 
D.C. Grid Current  15 18 20 20 ma. 
Grid Driving Poner 

(ADDrox.)   2 3.0 3.5 4.5 watts 
Grid Bias Loss  .3 .7 1 2 watts 
Power Input   36 67.5 90 135 watts 
Power Output (Approx.)  20 47.5 62 101 watts 
LC. Load Resistance  1700 3500 5200 8400 ohms 

Frequency Doubler ( Without Regeneration): 

D.C. Plate Voltage  750 1250 1500 volts 
D.C. Grid Voltage  -445 -502 -530 volts 
D.C. Plate Current  87 85 87 ma. 
D.C. Grid Current  10 10 10 ma. 
Grid Driving Power  5 6.5 6.8 watts 
Grid Bias Loss   4.5 5 5.3 watts 
Power Input   65 106 130 watts 
Power Output   37.5 72 90 watts 
A.C. Load Resistance  4000 7600 9500 ohms 

Regenerative Frequency Doubler: 

D.C. Plate Voltage  750 1000 volts 
D.C. Grid Voltage  -90 -150 volts 
D.C. Plate Current  100 80 ma. 
D.C. Grid Current  20 20 ma. 
Grid Driving Power  4.5 5.5 watts 
Grid Bias Loss  1.0 3 watts 
Power Input   75 RO matte 
Power Output ( Approx.;   40 50 ', att. 
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825 
Taylor 40 watt Triode. Intermediate 
between 801 and 211 tubes. Class B 
audio amplifier operating in the Class 

AB region. Class B r.f. amplifier for telephony 
or telegraphy in high frequency transmitters. 
Note: Grid drive requirements vary widely under 

various circuit conditions. 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current  2 amps. 
Amplification Factor  8 
Grid to Plate Capacity  7 mmfd. 
Grid to Filament Capacity 3 med. 
Plate to Filament Capacity 2.7 med. 
Maximum Plate Dissipation 40 watts 
Maximum D.C. Plate Voltage 850 volts 
Maximum D.C. Plate Current 110 ma. 
Maximum D.C. Grid Current 25 ma. 
Base  UX-4 pin 

Class B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage 850 volts 
D.C. Grid Voltage (Approx.) —67.5 volts 
Zero Signal D.C. Plate Current 50 ma. 
Maximum Signal D.C. Plate Current 170 ma. 
Load Impedance ( Plate to Plate) 8000 ohms. 
Power Output  80 watts 

Class C R.F Amplifier: 
Plate Mod. 
Telephony Telegraphy 

D.C. Plate Voltage  750 750 850 volts 
D.C. Grid Voltage  —235 —180 —225 volts 
D.C. Plate Current  80 100 100 ma. 
D.C. Grid Current  20 15 15 ma. 
Grid Driving Power 

(Approx.) 6 4.3 4.8 watts 
Grid Bias Loss   4.7 2.7 3.4 watts 
Power Input   60 75 85 watts 
Power Output   40 45 55 watts 

930 
United Electronics Co. Triode. Am 
perex ( 830). Oscillator, modulator, 
r.f. amplifier, generally as a neutral-

ized r.f. amplifier or buffer stage in high frequency 
transmitters. 

Note: Intermediate between 211 and 210 or 801 
in operation. 

Frequency Range: 100% ratings up to 6 MC. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  2 amps. 
Amplification Factor  8 
Grid to Plate Capacity 9  9 med. 
Grid to Filament Capacity 4  9 med. 
Plate to Filament Capacity 2  2 effd. 
Maximum Plate Dissipation 40 watts 
Maximum D.C. Plate Voltage 750 volts 
Maximum D.C. Plate Current 110 ma. 
Maximum D.C. Grid Current 18 ma. 
Baso  UX 4 pin 

R- F Service 
Class C 

Class B Plate Mod. Class C 
Telephony Telephony Telegraphy 

D.C. Plate Voltage  750 600 750 max. v. 
D.C. Grid Voltage  —95 —180 —180 volts 
D.C. Plate Current  80 100 110 ma. 
D.C. Grid Current  ... 15 15 ma. 
Grid Driving Power  ... 5 5 watts 
Grid Bias Loss  . 2.7 2.7 watts 
Power Input   60 60 82.5 watts 
Power Output   20 40 55 watts 

e 

WE-300A 
'Western Electric 
Class A audio am• 
plifier or modulator, 

f, r automobile transmitters. 
If 5XsI C bias is used, the plate current 

should be limited to not over 70 ma. 

Characteristics: 
Filament Voltage 5  0 volts a.c. or d.c. 
Filament Current 1  2 amps. 
A me I Bleat ion Factor ( Approx.) 3  8 
Grid to Plate Capacity 1.) med. 
Grid to Filament Capacity q effd. 
Plate to Filament Capacity 4  3 med. 
Maximum Plate Dissipation 40 watts 
Maximum D.C. Plate Voltage 450 volts 
Maximum D.C. Plate Current 108 ma. 

H14110BOOK 

Class A (Single Tube) Modulator: 
D.C. Plate Voltage 200 250 
D.C. Grid Voltage —39 —45 
D.C. Plate Current 40 80 
Load Resistance   2500 1500 
Power Output   2.6 5.0 

350 
—71 

80 
2200 
9.6 

450 volts 
—97 volts 

80 ma. 
3000 ohms. 
14.6 watts 

Push Pull Operation (2 Tubes) 

D.C. Plate Voltage  450 volts 
D.C. Plate Current ( Per Tube) 70 ma. 
Mutual Conductance  5200 mhos. 
Class-A Power Output 25 watts 

RK-18 

• 

Raytheon H. F. Triode, Class B 
modulator. Class C r. f. amplifier 
or oscillator. Buffer or doubler. 

Note ( j): Values of grid drive will vary witb 
load resistance, circuit design, and losses; thus the 
driver stage should be capable of supplying approxi-
mately twice as much output as listed idv grid 
drive and bias loss. 

Note (2): The efficiency of a doubler at a lower 
value of grid bias than that listed may be im-
proved by regeneration at the output frequency. 

Frequency Range: 100% ratings up to 30 KC. 

R K 8 

50 

102 

50 

e cc 

+4000V 

Neutralized Buffer Stage 

Characteristics: 

Filament Voltage 7  5 volts 
Filament Current  3.0 amps. 
Mnplification Factor  18 
Grid to Plate Capacity 4  8 med. 
Grid to Filament Capacity 4  6 mmfd. 
Plate to Filament Capacity 2.9 med. 
Maximum Plate Dissipation  40 watts 
Maximum D.C. Plate Voltage 1000 volts 
Maximum D.C. Plate Current 85 ma. 
Maximum D.0 Grid Current 25 ma. 
Base  UX-4 pin. Plate at top of envelope 

Class B Modulator or A.F. Amplifier: 

D. C. Plate Voltage  
D.C. Grid Voltage  
Peak A.1'. Grid Voltage 

(per tube)   
Zero Signal D.C. Plate Current 

(per tube)   
Maximum Signal D.C. Plate 
Current ( per tube)  80 

Load Resistance ( Plate to Plate)  10.000 
Power Output ( 2 Tubes)  65 

R- F Service 

Class C 
Telegraphy 

Final Buffer 
1000 1000 
—122 —80 

88 80 
22 15 
6.0 2.7 
2.7 1.2 
88 80 
60 42 

D.C. Plate Voltage  
D.C. Grid Voltage  
D.C. Plate Current  
D.C. Grid Current  
Grid Driving Power  
Grid Bias Loss  
Power Input   
Approximate Power Output 
Approximate A.C. Load 

Impedance   5300 5650 7000 ohms 
Efficiency   68 52.5 55% 

750 1000 volts 
40 —50 volts 

90 100 volts 

5 7 ma. 

RO ma. 
12.000 ohms 

100 watts 

Frequency 
Doubler 

1000 volts 
—425 volts 

64 ma. 
10 ma. 
5.3 watts 
4.3 watts 
64 watts 
35 watts 
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CLASS B AUDIO AMPLIFIER OR MODULATOR 

Characteristics: 
Filament Voltage   
Filament Current 
Amplification Factor Varies o ith Input  
Maximum Plate Dissipation  
Maximum D.C. Plate Voltage 1250 volts 
Maximum D.C. Plate Current 85 ma. 
Base  UX-4 pin. Plate at top of envelope 

Class 13 Modulator or AF Amplifier: 
D.C. Plate Voltage  1000 1250 volts (max.) 
D.C. Grid Voltage  0 0 volts 
Grid Driving Power ( 2 tubes)  900 900 milliwatts 
Zero Signal D.C. Plate Current 

(per tube)   12 15 ma. 
Maximum Signal D.C. Plate 

Current ( per tube)  80 
Load Resistance ( Plate to Plate) 13,600 
Power Output ( 2 tubes)   110 

R.F Service 
Class C Frequency 

Telegraphy Doubler 
D.C. Plate Voltage  1250 1000 volts 
D.C. Grid Voltage  —90 —300 volts 
D.C. Plate Current  85 85 ma 
D.C. Grid Current  
Grid Driving Power  
Grid Blas Loss  
Power Input   
Approximate Power Output  
Approximate A.C. Load Impedance  

• 
Taylor Triode for Doubler and Class 
C operation. Class B audio ampli-
fier. 

Note: Grid drive requirements vary widely 
under different operating conditions. 

T-756 

BUFFER 

+750V 

R F DOUBLER OR NEUTRALIZED 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current  2 amps. 
Amplificat ion Fartor   

3  58 Mort.g)(f1 2t5. 

Plate to Filament Capacity 2.7 PPfd. 
51axtnitun b .C. Plate Voltage 850 volts 
Maximum D.C. Plate Voltage 850 watts 
Maximum D.C. Plate Current 110 ma. 
Maximum D.C. Grid Current 20 ma. 
Base • 17X-4 pin. Isolantlte. 

Class B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage 850 volts 
D.C. Grid Voltage  —30 volts 
Zero Signal Plate Current 20 ma. 
Maximum Signal Plate Current 225 ma. 
Load Impedance ( Plate to Plate) 6750 ohms. 
Power Output  100 watts 

Grid to Plate CapaeltY 
Grid to Filament Capacity 

RK-31 Raytheon High Mu Triode. 
Primarily a Class B Audio Am-
plifier. May be used for R.F. 

Note: R. h. grid excitation requirements vary 
widely, thus the driver stage should be designed 
with ample factor of safety for output needs. 

45 R534 

756 

25 
5.25 

106 
76 

7250 

7.5 volts 
3  0 amps. 
high mu. 
40 u at ts 

80 ma. 
17000 ohms 

140 watts 

15 ma. 
6 watts 

4.5 watts 
85 watts 
52 watts 

5400 ohms 

Class C R.F. Amplifier: 

Plate Mod. 
Tele. 
phony Telegraphy 

D.C. Piste Voltage  750 750 850 volts 
D.C. Grid Voltage  —80 —75 —85 volts 
D.C. Plate Current   90 110 110 ma. 
D. C. Grid Current  20 16 16 ma. 
Grid Driving Power ( Ap-

prox.)   5 3.5 3.7 watts 
Grid Blas Loss   1.6 1.2 1.4 watts 
Power Input   67.5 82.5 93.5 watts 
Power Output   40 50 60 watts 

804 
• 

RCA Pentode R. F. Amplifier. Fre-
quency doubler. Oscillator. Sup-
pressor, grid or plate modulated am-

plifier. 

Caution: Do not apply screen voltage without 
simultaneous application of plate voltage. 
Frequency Range: 100% ratings at 15 mc. 75% 

at 35 mc. and 50% at 80 mc. Special attention 
should be given to shielding and by-passing at high 
frequencies. 

Characteristics: 

Filament Voltage  5 volts 
Filament Current .3  0 amps. 
Grid to l'iate Capacity U  01 Void. 
Input Capacity  16 acid. 
Output Capacity  14.5 PPfd. 
Maximum Plate Dissipation  40 watts 
Maximum Screen Dissipation  15 watts 
Mutual Conductance  3250 mtcromhos. 
17X-5 pin base plate at top of envelope. 

D.C. Plate Volt-
age   1250 1000 1250 1250 1250 volts 

D.C. Screen Volt-
age   300 300 300 300 180 volts 

D.C. Suppressor 
voltage   45 —35 —50 45 180 volts 

D.C. Grid Bias  —20 —100 —100 —100 —100 volts 
Peak R.F. Grid 

Volts   27 140 140 150 160 volts 
Peak A.F. Grid 

Volts   60 70 .. ... volts 
D.C. Plate Cur-

rent   45 45 48 92 92 ma. 
D. C. Screen Cur-

rent   11 33.5 35.5 27 23 ma. 
D.C. Grid Current 1 5.5 7 7 8 ma. 
Grid Driving Power. .25 .7 .85 .9 1.2 watts 
Grid Bias Loss  .6 .7 .7 .8 watts 
Power Output ( Ap-

prox.)   16 16 21 80 80 watts 
Screen Resistor   86.000 21.000 27.000 35.000   ohms. 

R- F Service 

Class B Suppres-
Tele- sor Mod. 
Phony Telephony 

Pentode Tetrode 
Class C Class C 
Teleg- Teleg-
raphy raphy 

_._ 

804 on 0020 

102 

,Là• 

OC6 00t 

011C 

- • OC, • .10 DV 

»C. 

• • Z,V 

Conventional Screen-Grid Buffer or Final 
Amplifier 

• 

RK-20 Raytheon RF Amplifier. Fre-
quency Doubler. Oscillator. 
Suppressor, Grid - or - Plate - 

modulated Amplifier. 
Caution: Do not apply screen voltage without 

simultaneous application of plate voltage. 
Frequency Range: 100% ratings up to 20 MC. 

The RK 20 has lower input and output capacitances 
than the 804, and may therefore be used more 
effectively at higher frequencies, such as 30 mc. 
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Characteristics: 
Filament Voltage 
Grid Current 
Grid to Plate Capacity 
Input Capacity 
Output Capacity 
Maximum Plate Dissipation  
Maximum Screen Dissipation   
Base 

Isolantite. Plate at top of envelope. 

7  5 volts 
3  0 amps. 
0  12 med. 

 11 ',ord. 
10 /surd. 
40 watts 
15 watts 

 UN'. 5 pin 

R- F SERVICE 

Sup-
Class B pressor 
Tele- Modu- Class C 
phony lation Telegraphy 

D.C. Plate Voltage 1250 1250 1250 1250 volts 
D.C. Screen Voltage 300 300 300 300 volts 
D.C. Suppressor Volt-

age   0 —45 0 
D.C. Grid 11las ... —30 —100 —100 
Peak R.F. Grid Volts 70 175 175 
Peak A.F. Grid Volts .. 75 
D.C. Plate Current  43 43 80 
D.C. Screen Current  15 36 37 
D.C. Grid Current  . • 5 
Grid Driving Power  .5 .9 
Grid Bias Loss   .5 
Power Output (Ap-

prox.)   16 18 64 80 watts 
Screen Resistor  60.000 25.000 26.000 29.000 ohms. 

• 

5 
.9 
.5 

—45 volts 
—10o volts 

175 volts 
volts 

92 ma. 
32 ma. 
5 ma. 
.9 watts 
.5 watts 

RK-46 except for 
envelope, which are heavier in 

construction. Filament is rated at 12.6 volts at 
2.5 amps. Designed for mobile and aircraft trans-
mitters. 

• 
RK 47 Raytheon beam - power- bea-power tetrode, _ designed for r.f. amplifier-dou-

bler service. Somewhat similar 
to RK 20, except for 'special grid structure; slightly 
higher plate efficiency than in similar types of 
pentode tubes. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  3.25 amps. 
Ntaximum D.C. Plate Voltage  1250 volt s 
Maximum D.C. Screen Voltage  300 volts 
Maximum Plate Dissipation  10 watts 
Maximum Screen Dissipation  15 watts 
Maximum D.C. Grid Current  10 lea. 
Grid-to-Plate Capacity 0  12 isnfil. 
Input Capacity  13 esafil. 
Output Capacity  10 00f ii. 
liase iandard UX- 5- prong 
Plate through top of envelope. 

841A 
411 

Taylor H. F. Triode. Doubler or 
buffer stage in high power trans-
mitters. R.F. Amplifier down to 

rneteI, 
Note: Grid driving power requirements vary 

over wide limits under operating conditions. 

100 

annote 

20 

841A 

RFC 

002 002 

'11H 

002 

50 

+1000v 
43012R 

Neutralized Buffer 

HAVIDBOOK 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  2 amps. 
Amplification Constant  14.6 
Grid to Plate Capacity 9 ssufd. 
Grid to Filament Capacity 1  5 med. 
Plate to Filament Capacity •›.5 mufti. 
laxiinum Plate Dissipation 50 watts 
Maximum D.C. Plate Voltage 1250 volts 
Maximutn D.C. Plate Current 150 ma. 
Maximum D.C. Grid Current 30 ma. 
Base  1 X 4 pin 

Class C R- F Amplifier: 

D.C. Plate Voltage 1000 volts 
D.C. Grid Voltage  —180 volts 
D.C. Plate Current 150 ma. 
D.C. Grid Current 20 ma. 
Grid Driving Poner 7 watts 
Grid Blas Loss 3  6 watts 
Power Input  150 watts 
Cosser Output  100 watts 

304B 
Frequency 
100 me. 
200 mc. 
300 me. 

Characteristics: 
Filament Voltage 
Filament Current 
Amplification Factor 
Grid to Plate Capacity 2 enfil. 
Grid to Filament Capacity 2.0 "" Id. 
Plate to Filament Capacity 0  7 nnfsl. 
31aximum Plate Dissipation 50 m at ts 
Maximum D.C. Plate Voltage 1210 volts 
Maximum D.C. Plate Current 100 ma. 
Maximum D.C. Grid Current 25 ma. 
Base  CX 4 pin 

Plate and Grid at Top of Envelope  

Class 13 Audio Amplifier (2 tubes): 

D.C. Plate Voltage  750 1000 1250 volts 
D.C. Grill Voltage  —55 —85 —110 volts 
Max. Sig. D.0 Plate Cur  200 200 200 inas: 

D.C. Zero Sig.  Plate Cur  40 40 40 m Load Res. ( Plate to I'late) 7000 10.000 14.000 ohms 

Power Output   85 110 140 watts 
Driver Pinter   10 10 10 matte 

• 
Western Electric U.H.F. oscilla-
tor or amplifier up to 300 mc. 

Class C Telegraphy 
Plate Volts 

1250 
1000 
750 

Oscillator 
Plate Volts 

1000 
800 
600 

7  5 volts 
 25 amps. 

11 

Class C Service :—See 834. 

808 
• 

RCA Tantalum Plate Triode. High. 
Frequency Oscillator and Amplifier. 
100% ratings up to 30 MC. 50% 

ratings at 130 MC. 

su 
10S1 

SO 

808 

30 

/002 002 
002 

= 

SO 

002 

04 

+ 15 00v 
123u1k 

Neutralized Buffer or C. W. Amplifier 

Characteristics: 

Filament Voltage " 5 volts 
Filament Current  4 amps 
Amplification Factor   47 
Grid to Plate Capacity  ,safd 
Grid to Filament Capacity 3 aufil 
Plate to Filament Capacity 0  2 mat's!. 
Standard UX-4 pin base. 
Plate through top, grid through side of envelope. 
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Class B Audio Amplifier (2 Tubes): 

D.C. Plate Voltage   1250 1500 volts 
D.C. Grid Voltage   —15 —25 volts 
Zero Signal D.C. Plate Current  40 30 ma. 
Maximum Signal D.C. Plate Current 230 190 ma. 
Load Resistance ( plate- to- plate)  12700 18300 ohms 
Grid Driving Power   7.8 4.8 watts 
Power Output, Approximate  190 185 watts 

Class C RF Amplifier: 
Plate Mod. Class C 
Telephony Telegraph), 

D.C. Plate Voltage   1250 1250 1500 volts 
D.C. Grid Voltage  —225 —150 —200 volts 
D.C. Plate Current   100 135 125 ma. 
D.C. Grid Current   32 30 30 ma. 
Grid Driving Power   10.5 8 9.5 watts 
Grid Bias Loss   7 4.5 6 watts 
Power Output ( Approximate)  105 120 140 watts 

HK-154 
plate and grid. 
Note: Grid drive requirements vary widely un-

der different operating conditions. 

• 

Heintz & Kaufman. Gen-
eral purpose U.H.F. and 
H.F. triode. Tantalum 

GRID NEUTRALIZED FINAL AMPLIFIER' 

Characteristics: 
Filament Voltage 
Filament Current 
Amplification Factor 
Grid to Plate Capacity  «Pfd. 

 ,0 watts 
_1500 volts 

Maximum Plate Dissipation 
Maximum D.C. Plate Voltage 
Maximum D.C. Plate Current 175 ma. 
Maximum D.C. Grid Current 30 ma. 
Base  UX-4 Pin. 
Grid and Plate Leads Through Opposite Sides of Envelope. 

A- F Amplifier (2 tubes): 
D.C. Plate Voltage  750 1000 
Power Output   150 200 
Grid Driving Potter ( Approx.)  10 10 

R- F Service 

Class B R- F Class C 
D.C. Plate Voltage.. 750 1500 750 1000 
D.C. Plate Current.. 80 56 175 175 
D.C. Grid Voltage.. —112 —225 —275 —350 
D.C. Grid Current... ... ... 20 20 
Approx. Grid Driving 
Power   

Grid Bias Loss  
Approx. Poseer Output 

5  0 volts 
6  5 amps. 

67 

834 

8 
5.5 

18 28 85 

• 

10 
7 

125 

1500 volts 
250 watts 
10 watts 

R•F 
1500 volts 
175 ma. 

—500 volts 
20 ma. 

13 watts 
10 watts 

200 watts 

RCA U.H.F. amplifier and oscillator. 
Frequency Range: Up to 350 meg-

acycles. 

Rated input at 100 mc.-100% 
Rated input at 350 mc.— 50% 

Note (1): Grid driving power varies with type 
of circuit used, load impedance, and frequency 
range (dielectric and circuit losses increase with 
frequency). Driver should be capable of twice as 
much output as listed for grid drive and bias loss, 
as a factor of safety in design. 
Note (2) : Regeneration in the frequency doubler 

will allow lower values of grid bias and grid drive 
for same output power 

LI H F OSCILLATOR 

Characteristics: 
Filament Voltage 
Filament Current 
Amplification Factor  10.5 
Grid to Plate Capacity ..6 Red. 
Grid to Filoutent Capacity 2  2 Med. 
Plate to Filament Capacity 0  6 reed. 
Maximum Plate Dissipation   50 watts 
Maximum D.C. Plate Voltage   1250 volts 
Maximum D.C. Plate Current 100 ma. 
Maximum D.C. Grid Current 20 ma. 
Base 1" 4 pin 

Plate and Grid Through Top of Tube Envelope. 

R- F Amplifier 

Class C 
Telegraphy 

Ampli. Doe. Class C Class B 
fier bler Telephony Telephony 

D.C. Plate Voltage  1250 1000 1000 1000 volts 
D.C. Plate Current  95 78 90 50 ma. 
D.C. Grid Current  15 10 17.5 0.5 ma. 
D.C. Grid Voltage —193 —684 —310 —90 volts 
Grid Driving Power  4.8 8.4 7.5 3 watts 
Grid Bias Loss  2.9 8.8 5.5 ... watts 
Power Input   119 78 90 50 watts 
Approx. Power Output  89 45 60 18 watts 
Approx. AC Load Imped  6500 6600 5500 ... ohms 
Max. DC Load limped  ... ... 11.100 ... ohms 

Ii 

+13 

7  5 volts 
3  25 amps. 

RK-32 

• 

Raytheon U.H.F. Triode. Sim-
ilar to 834 in all respects. 
See 834 data. 

Characteristics: 

Filament Voltage  7.5 volts 
Filament Current 3  25 amps. 
Amplification Factor  11 
Grid to Plate Capacity 30 Frsfd. 
Grid to Filament Capacity 2  0 fsisfd. 
Plate to Filament Capacity 1  0 Fed. 
Maximum Plate Dissipation 50 watts 
Maximum D.C. Plate Voltage 1250 volts 
Maximum D.C. Plate Current 100 ma. 
Maximum D.C. Grid Current 20 ma. 
Base  UX 4 pip 

Plate and Grid at Top of Envelope. 

T-55 

• 

Taylor Class C r.f. Amplifier. 
U.H.F. oscillator down to 2 meters 
wavelength. 

A 1500V 

p.r. R.F. Amplifier 
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Characteristics: 

Filament Voltage 7  5 volts 
Filament Current  2.73 amps. 
Amplification Factor  20 
Grid to Plate Capacity 3  75 med. 
Grid to Filament Capacity 4  0 med. 
Plate to Filament Capacity 1  5 med. 
Maximum Plate Dissipation 55 watts 
Maximum D.C. Plate Voltage 1500 volts 
Maximum D.C. Plate Current 150 ma. 
Maximum D.C. Grid Current 40 ma. 
Base  UX-4 pin. 

Plate at Top of Envelope. 

Class C R- F Amplifier: 
D.C. Plate Voltage 1500 volts 
D.C. Grid Voltage  —180 
D.C. Plate Current 150 ma. 
D.C. Grid Current 30 ma. 
Grid Driving Power 10 a atts 
Grid Bias Loss 5  5 watts 
Power Input  225 watts 
Power Output  170 watts 

Class B Audio Amplifier (Two Tubes): 
D.C. Plate Voltage  1000 volts 
D.C. Grid Voltage (Approx.)   —45 volts 
Zero D.C. Signal Plate Current  40 ma. 
Load Resistance. Plate to Plate- 10.000 ohms 
Audio Output (2 tubes)  125 watts 

203-B 
DI i‘cr: 

2A3s in push-pull with 
transformer. 

45 

45 ••1  
¡Ste 

+ 275V 

• 

1500 volts 
—67.5 volts 

40 ma. 
12.000 ohms 

175 watts 

Taylor High-mu Triode. Rede-
signed primarily for class B 
audio amplifiers. 

Primary 
  — 1.6 ratio input 
Y2 sec. 

T-203B 

-35V +1000V 

ECONOMICAL CLASS El MODULATOR 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  85 amps. 
Amplification Factor  25 

55 watts 
Maximum D.C. Plate Voltage  1250 volts 
Maximum D.C. Plate Current. . 150 ma. ( in R-r circuits) 
Grid to Plate Capacity 14 Odd. 
Grid to Filament Capacity 6 med. 
Plate to Filassent CaparitY 5 etet(d. 
Base Standard 4 pin. 50 watt 

Maximum Plate Dissipation 

Class B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage   
D.C. Grist Voltage ( approx.)   
Zero Signal D.C. Plate Current ( per 

tube)   
Maximum Signal D.C. Plate Cur-

rent ( 2 tubes)  
Load Impedance ( Plate to Plate)  
Power Output   
Driving Power   

830B 
• 

1000 
—35 

20 

330 
6800 
200 
10 

1250 volts 
—45 volts 

20 ma. 

350 ma. 
7900 ohms 
300 watts 
12 watts 

RCA 830-B. United Electronics 
Co. 930-B. Class B modulator 
for outputs up to 175 watts. May 

be driven by a push-pull 45 or 2A3 driver stage. 
Also used for RF. 

R.F. Frequency range: 100% ratings up to 15 
mc. 75% at 30 mc. 50% at 60 mc. 
Note: R. F. Grid driving power requirements 

vary with load impedance, circuit design and cir-
cuit losses with increase of frequency. The driver 
stage should be capable of supplying twice as much 
power output as listed for grid drive and grid bias 
loss. 

PR, 

scc 
- 2 

830B 

RADIO 
basanotiook 

+ 4000V 

Is:wATTS 

Characteristics: 
F Hainaut Voltage  10 volts 
Filassent Current  2 amps. 
Amplification Factor  25 
Maximum Plate Dissipation 60 watts 

11 med. 
Grid to Filament Capacity 5 med. 
Plate Filament Capacity 1  8 med. 
Ma; D.C. Plate Voltage 1000 volts 
Maximum D.C. Grid Current 60 ma. 
Maximum D.C. Plate Current 150 ma. 
Base  UX 4 pin 

Plate at top of envelope. 

Class B Modulator or A- F Amplifier: 
D.C. Plate Voltage  800 1000 volts 
D.C. Grid Voltage  —27 —35 volts 
Peak Grid to Grid A-F Volts  250 270 volts 
Zero Sig. D.C. Plate Current 

(2 tubes)   20 20 ma. 
Maximum Sig. D.C. Plate Current 

(2 tubes)   280 280 ma. 
Elf. Load Resistance ( Plate to Plate) 6000 7600 ollms 
Grid Driving Power  5 6 watts 
Maximum Sig. Power Output  110 150 watts 

R- F SERVICE 

Class C 
Class Tel- Class C Frequency 
B R- F ephony Telegraphy Doubler 

D.C. Plate Voltage...1000 800 600 1000 1000 volts 
D. C. Plate Current... 85 95 140 140 75 ma. 
D.C. Grid Bias —35 —150 —95 —110 —435 volts 
D.C. Grid Current  6 20 30 30 15 ma. 
Grid Driving Power 

(A rox )   le 5 
Grid Bias Loss  o 3 
Power Input   85 76 
Power Output ( Approx ) 26 50 
Mod. D.C. Load Resist  ... 8400 
Approximate A.C. Load 
Impedance   4200 2150 3600 ... ohms 

Grist to Plate Capacity 

•At Peak. 

• 

WE-305A 
generator at ultra- high frequencies. 

Frequency Range: 100% ratings up to 50 mc. 
50% plate voltage rating at 100 mc. 

Note: Plate, screen, and filament center-tap leads 
conte out through rods at top of tube to enable short 
leads at very high frequencies. Cooling lugs of 
copper are needed for operation at frequencies 
above 50 mc. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  1 amps. 
Plate to Grid Capacity 0  14 med. 
Input Capacity  10.5 med. 
Output Capacity 5  4 med. 
Maximum Plate Dissipation 60 watts 
Maximum Screen Dissipation 6 watts 
Maximum D.C. Plate Voltage 1000 volts 
Maximum D.C. Screen Voltage 200 volts 
Maximum D.C. Plate Current 125 ma. 
Maximum D.C. Grid Current 40 ma. 

6 
2.8 
84 
45 

7 
3.3 
140 
90 

8.5 watts 
6.5 watts 
75 watts 
45 watts 

... ohms 

Western Electric 
R.F. amplifier, os. 
cillator or harmonic 

R- F Service 

Class B 
R- F  Class C R- F 

D.C. Plate Voltage  1000 1000 750 500 volts 
D.C. Grid Voltage  —135 —250 —175 —200 volts 
D.C. Screen Voltage  200 200 200 200 volts 
D.C. Plate Current  90 125 125 125 ma. 
Approx. Power Output  30 85 65 42 watts 
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203-Z Tearylor.  Dezesit-o-beis fi d sfor  plii 

audio amplifiers or modulators 
is uh z, : o ,o,,I ! ia ,.. Can be operated as r.f ampli• 
fier below 15 Mc. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  85 amps. 
Niutual Conductance  5300 mhos 
Amplification Factor  85 
Maximum D.C. Plate Voltage 1250 volts 
Maximum Plate Dissipation 6' watts 
liase 'itandard 4- pin 50-watt 
Plate through top of envelope. 

Class- B Modulator ( 2 Tubes): 
D.C. Plate Voltage  900 1000 1100 1250 volts 
D.C. Grid Bias  zero zero zero zero volts 
Zero Signal D.C. Plate 

Current ( per tube)  30 35 40 
Max. Signal D.C. Plate 
Current ( 2 Tubes)   350 300 350 

Load Impedance, Plate- to-
Plate   5400 6900 6700 

Audio Power Output  200 200 260 
Approx. Grid Driving 
Power   7 

• 

WE-282A 
or frequency doubler. 
Frequency Range: 100% 

50% ratings at 60 mc. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  3 amps. 
Amplitleat ion Factor  100 
Plate to Grid Capacity 0  2 cord. 
Input Capacity  12.2 cord. 
Output Capacity 6  8 ited 
Maximum Plate Dissipation 70 watts 
Maximum D.C. Plate Voltage 1000 volts 
Maximum D.C. Plate Current 100 ma. 
Maximum D.C. Grid Current 50 ma. 
Maximum Screen-Grid Dissipation  5 watts 
Base  Standard 4 pin 50 matt 

R.F Service 

Class B Class C 
R- F Telegraphy 

D.C. Plate Voltage  1000 750 1000 volts 
D.C. Grid Voltage  —90 —150 —150 volts 
D.C. Screen Grid Voltage  150 150 150 volt» 
D.C. Plate Current  100 100 100 ma. 
Plate Power Input  100 75 100 watts 
Approximate Power Output  33 50 67 watts 

45 ma. 

350 ma. 

7900 ohms 
300 watts 

7 7 7 watts 

HF-100 

Western Electric 
Tetrode. Screen-
grid r.f. amplifier 

ratings up to 30 mc. 

Amperex Triode. H.F. and 
U.H.F. amplifier or oscil-
lator down to 2 meters in 

wavelength. 
Note: Similar to 830-B, except for lower inter-

electrode capacities and ability to operate efficiently 
in U.H.F. applications. 

+ 1500V 
150MA 

Neutralized R. F. Amplifier or Doubler 

Characteristics: 

Filament Voltage  10 to 10.5 volta 
Filament Current  2 amp. 
Amplification Factor  23 
Grid to Plate Capacity 4  5 Cold. 
Grid to Filament Capacity 3  8 Cold. 
Plate to Filament Capacity 1  4 cold 
Maximum Plate Dissipation 75 watts 
Maximum D.C. Plate Voltage 1500 volts 
Maximum D.C. Plate Current 150 ma. 
Maximum DC. Grid Current 30 ma 
Base Standard 4 prong base (UX) 

l'iate Out Top, Grid Out Side of Envelope. Carbon plate. 

Class C R- F Service: 
30 me. 

or Lower 120 me. 
D.C. Plate Voltage  1500 1000 volts 
D.C. Grid Voltage   —200 —110 volt. 
D.C. Plate Current  150 120 ma. 
D.C. Grid Current   20 20 ma. 
Grid Drive ( Approx.)   7 6 watts 
Grid Blas Loss   4 2.2 watts 
Power Output ( Approx.)   170 70 watts 
Maximum Plate Dissipation  75 50 watts 

50T bi.maf„. general Taunrítiaoisuem IpriaFt. and 
and 

grid. The low inter-electrode capaci-
tances and small physical size make this tube very 
effective for ultra-high frequency amplification. 

Frequency Range: 100% ratings up to 80 mc. 
Note: Values of grid excitation vary consider-

ably with load impedance, circuit design, and losses 
at higher frequencies; thus the driver should be 
designed to furnish approximately twice as much 
output as listed for grid drive and bias loss. 

Characteristics: 
Filament Voltage  5 to 5.25 volts 
Filament Current  6 amps. 
Amplification Factor ( Avg.) 11 
Grid to Plate Capacity 
Grid to Filament Capacity 
Plate to Filament Capacity 
Maximum Plate Dissipation 75 watts 
Maximum Plate Voltage 3000 volts 
Maximum Plate Current 125 ma. 
Maximum Grid Current  30 ma. 
Base  UX-4 Pin. 

Plate at ton, grid at side of envelope. 

Class B Audio Amplifier (2 tubes): 

DC plate voltage.. 1000 1500 2000 2500 
D.C. Grid Voltage 
(Approx.)   —80 —135 —180 —225 

Zero Sig. D.C  
Plate Current 
(Approx.)   20 20 20 20 

Max. Sig. D.C. 
Plate Current  250 . 230 200 180 

Load Resistance 
(Plate to Plate) 5000 12,000 20,000 30.000 

Driving Power  7 7 7 7 
Output Power  106 200 250 300 

R- F Service 

Plate Mod. Class C 
Telephony Telegraphy 

D.C. Plate 
Voltage  1500 2500 1000 2000 3000 2000 volts 

D.C. Grid 
Voltage  —350 —600 —200 —400 —600 —810 volts 

D.C. Plato 
Current  100 100 125 125 125 100 ma. 

D.C. Grid 
Current  25 25 25 25 25 15 ma. 

Grid Driving 
Power ( Ap.) 12.5 19 9 14 19 14 watts 

Grid Bias 
Loss   9 15 5 10 15 12 watts 

Power Input  150 250 125 250 375 200 watts 
Power Output 

(Approx.)   105 185 90 197 300 132 watts 
A.C. Load Re-

sistance   8000 13.000 4000 8500 13.000 18,000 ohms 
Mod D.C. 
Load  15.000 25.000 ... ohms 

• 
Amperex. Zero bias Triode. 
Especially designed for class 
B audio amplification. Can be 

used as linear r.f. power amplifier. Is capable of 
delivering up to 150 watts in class C r.f. service. 
Its high amplification factor makes it an efficient 
frequency doubler. 

 Y Cold. 
 Y Cord. 
0  4 gold. 

3000 volts 

—275 volts 

20 ma. 

160 ma. 

45.000 ohms 
7 watts 

350 watts 

Frequency 
Doubler 

ZB120 
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Characteristics: 
Filament Voltage  10 volts 
Filament Current   .2 amps. 
Amplification Factor    ilu 
Maximum Plate Dissipation    74 watts 
Maximum D.C. Plate Voltage  1200 volts 
Maximum A.F. Power Output (2 tubes)  300 watts 
Transconductarwe at 100 Ma. Plate Current. — 501)0 gmhos 
Base Standard 50- watt, Plate: Carbon 

• 
WE-242A 
Audio amplifier in modulators. 

Frequency Range: 100% up to 6 mc. 50% of 
plate voltage ratings at 30 mc. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  25 amps. 
A mpl I firation Factor   12.5 
Grid to Plate Capacity ' 13.0 ggfd. 
Grid to Filament. Capacity . 99.9 6.5 «ed. 
Plate to Filament Capacity 4.0 /red. 
Maximum Plate Dissipation  85 matte 
Maximum D.C. Plate Voltage 1250 volts 
Maximum D.C. Plate Current 150 ma. 
Maximum D.C. Grid Current 50 ma. 
Base  4 pin, 50 watt 

Class B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage   1000 
D.C. Grid Voltage   —55 
Maximum Signal D.C. Plate Current  300 
Zero Signal D.C. Plate Current  60 
Load Resistance (plate to platel  6000 
Power Output   165 
Driver Power   25 

W  est e rn Electric 
Triode. R.F. Am-
plifier or oscillator. 

D.C. Plate Voltage  
D.C. Grid Voltage  
D.C. Plate Current  
D.C. Grid Current   
Grid Driving Power  
Grid Bias Loss   
Power Input   
Power Output   

211 

R- F Saralee 

Class C 
Class B Tale-

R- F phony 
1250 1000 
—90 —175 
106 150 

30 
10 
5 

132.5 150 
44 100 

• 

1250 volts 
—80 volts 
300 ma. 
60 ma. 

8000 ohms. 
200 watts 
25 watts 

Class C 
Telegraphy 

1250 volts ( man.) 
—200 volts 

150 ma. 
30 ma 
11 watts 
6 watts 

187.5 watts 
125 watts 

Class B modulator. Class B and C 
r.f. amplifier for telephony or teleg-
raphy. Occasionally used as a fre-

quency doubler. 
Frequency Range: Full ratings up to 6 mega-

cycles. 50% ratings at 30 mc. 
Note (1): Grid driving requirements vary with 

load impedance, frequency of operation (due to 
losses), and type of circuit; thus the driver stage 
should be capable of supplying twice as much power 
output as listed for grid drive and bias loss. 
Note (2): The W. E. 242A is similar in char-

acteristics and operation to the 211. The 21ID is 
similar to the 211 but it also has slightly lower 
inter-electrode capacities. 

MOO 1 

211 

100 

002 002 

004 

3 IA 

400 

81111— 

.00 

Rrc 

+ 1250V 
4001/A 

Grid-Modulated R. F. Amplifier 

Characteristics: 
Filament Voltage  10.0 volts 
Filament Current 3  25 amps. 
Amplification Factor   12 
Grid-Plate Capacity  14.5 sed. 
Grid- Filament Capacity  6 Med. 
Plate-Filament Capacity 5  5 mmtd. 
Maximum Plate Dissipation  100 watts 
Base  4 pin. 50 watt 

Class B Modulator ( A- F): 
D.C. Plate Voltage   1000 1250 volts 
Zero Signal Plate Current (per tube) 10 10 ma. 
Zero Grid Bias   —77 —100 volts 
Maximum Signal Plate Current ( Per 

tube)   160 160 ma. 
Load Resistance ( plate to plate)  6900 9000 ohms. 
Power Output (2 tubes)   200 260 watts 

R- F Ampliger Service: 
Class 13 Class C Class C 

Tel- Tel- Telep-
ephony ephony raphy Doubler 
  1250 1000 1250 1250 volts 
  106 150 165 145 ma. 
—100 —260 —215 —712 volt 

D.C. Plate Voltage 
D.C. Plate Current 
D.C. Grid Blas   
D.C. Grid Current 
 Approx. zero 35 20 30 ma. 

Grid Driving Power 
(approx.)   14 7.3 26 watts 

Grid Bias Loss   9 4.3 21 watts 
Power Input   133 150 208 180 watts 
Approx. Power Output  42.5 100 150 120 watts 
Approx. A.C. Load Im-
pedance   3300 3800 4870 ohms. 

Modulator D.C. Load Re-
sistance   6666 .... ohms. 

• 

WE-284D Western Electric Tri-
ode for audio fre-
quency applications. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  3.25 amps. 
Maximum Plate Voltage 1250 volts 
Mutual Conductance  2500 mhos 
D.C. Plate Cerrent 175 ma. 
Class-A Output, 2 Tubes  50 watts 
)'lass-B Output, ") Tubes  105 watts. 

203A 
• 

Class B audio service and as an 
RF Amplifier. 
Frequency Range: 100% rat-

ings up to 6 Inc. 10% at 30 Inc. 
Note: The grid drive requirements vary with 

load impedance, circuit design, and high frequency 
circuit losses; thus the driver should be able to 
deliver twice as much power as listed for grid, 
drive and bias loss. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  25 amps. 
Amplification Factor   ZS 
Maximum Plate Dissipation 100 watts 
Grid- Plate Capacity  14.5 mufd. 
Grid- Filament Capacity 6  5 umfd_ 
Plate- Filament Capacity 5  5 emsfd_ 
Base  4 pin, 50 watt 

Class B Modulator or A- F Amplifier (2 Tubes): 
D.C. Plate Voltage   1000 1250 coin 
D.C. Grid Bias   —35 —45 volts 
Zero Signal D.C. Plate Current ( per 

tube)   13 13 ms. 
Maximum Signal D.C. Plate Current 

(per tube)   160 160 ma. 
Load Resistance ( plate to plate)  6900 9000 ohms. 
Power Output   200 260 mall 

R- F Service 
Class Class C 

B Teleg- Frequency-
R- F ephony raphy Doubler 

D.C. Plate Voltage   1250 1000 1250 1000 volts 
D.C. Plate Current   106 150 160 126 ma. 
D.C. Grid Bias   —45 —135 —130 —495 volts 
D.C. Grid Current   50 25 20 ma. 
Grid Driving Pone, 

(Approx.)   
Grid Blas Loss   
Power Input   
Approx. Porter Output  
Approx. A.C. Load Inined-

ance   
Modulator D.C. Load Re-

sistance   

7 7 
6.8 3.3 

133 150 200 
42.5 90 125 

3300 3900 

6666 

13 watts 
5 watts 

126 watts 
80 watts 

4200 ohms.. 
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838 

85-100 Watts Dissipation 191 
Most used as 
Class B mod-
ulator due to 

its zero bias characteristic. 
R.F. Frequency Range: 

100% ratings up to 30 me. 
00% at 60 mc. 50% at 90 
me. 
Note ( I): Push-pull 2A3 

tubes in Class A will serve 
as a driver for Class B 838 
tubes. The Class B input 
transformer should have a 

Prim. 
turns ratio of  = 3.2 if 

sec. 
fixed bias is used on the 
2A3s. A little greater ratio 
of stepdown is desirable if 
the 2A3 drivers are self 
biased. 

Note (2): For R.F. the 
driver should have approx. 
twice as much output as listed in the table 
in order to compensate for variations of load im-
pedance, circuit design and range of frequency of 
operation. 

838 

125-Watt Output Modulator with 845's in Push-Pull 
with Provision for Balancing Plate Current 

stc +1250V 

CLASS B MODuLATOR 

2410, 

2m3 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 
Amplification Factor  latina ,, ith amplitude of signalpfd  
Nfaxirnuin Plate Dissipation   . 

m 
Grid- Plate Capacity  d u 
Grid-FIlaent Capacity   Plate- Filament Capacity  160 5 ,,_v 0 ,•,,,‘a, watts 

I. 

Maximum D.C. Plate % Oita.,   1250 volts 
Maximum D.C. Plate Curren,   ...... 175 ma. 
Maximum D.C. Grid Current  70 ma. 
Base  4 pin, 50 watt 

Class B Modulator: 
D.C. Plate Voltage   1000 1250 volts 
D.C. Grid Voltage   0 0 volts 
Approx. Peak A- F Grid Input Voltage 90 90 volts 
Zero Signal D.C. Plate Current ( per 

tube)   53 74 ma. 
Maximum Signal D.C. Plate Current 

(per tube)   160 160 ma. 
Load Resistance ( plate to plate)   7600 11200 ohms. 
Maximum Power Output ( 2 tubes)  200 260 watts 
Peak Driving Power ( Approx.)   5 5 watts 

R- F Service 

Class Class C 
B Tel  Tele- Frequency 

R- F ephony rushy Doubler 
D.C. Plate Voltage  1250 1000 1250 1000 volts 
D.C. Plate Current   106 150 155 157 ma 
D.C. Grid Blas ... 0 —135 —90 —465 volts 
D.C. Grid Current 6V 60 30 20 ma. 
Grid. Driving poor. 

(Approx.)   10• 17.5 6 12.3 watts 
Grid Bias Loss   g 2 7 9.3 watts 
Power Input .... .... 133 150 195 157 watts 
Approx. Power Output .. 42.5 100 140 100 watts 
Approx. A.C. Load Imnid 

unce   3300 4070 5360 ohms. 
Modulator D.0 Load Ilc 
sistanee   ... 6666 ... ... ohms. 

•(At Peak). 

845 

3  25 amps. 

• 
Triode. Class A or AB audio ampli-
fier in public address systems or as 
modulator in radio transmitters. Sel-

dom used in R.F. amplifiers. 

845 

• 300 .1450V 

Single 845 Modulator for 50-Watt Radiophone 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 
Amplification Factor average) 

3  25 amps. 
  5 

Grid to Plate Capacity 13.5 med. 
Grid to Filament Capacity 6  0 med. 
Plate to Filament Capacity 6  5 me d. 
Maximum Plate Loss  100 watts 
Maximum Plate Voltage  1250 volts 
Maximum Plate Current  175 ma. 
Base  4 pin. 50 matt 

Class A Audio Amplifier ( I Tube): 
D.C. Plate Voltage   750 1000 1250 volts 
D.C. Grid Voltage   —98 —155 —209 volts 
D.C. Plate Current   95 65 52 ma. 
Peak Grid A-F Voltage  93 150 204 volts 
Load Resistance   3400 9000 16000 ohms 
Pox er Output   15 21 94 watts 

Class AB Audio Amplifier (2 Tubes): 
D.C. Plate Voltage  1250 volts 
D.C. Grid Voltage   —225 volts 
Zero Signal D.C. Plate Current  45 ma. 
Power Output  125 watts 
Load Impedance. Plate- to- Plate 12,000 ohms. 

852 

• 

Triode. RCA, Amperex, United. 
U.H.F. Oscillator. H.F. Amplifier or 
Class B modulator. 

Frequency Range: 100% ratings up to 30 mc. 
80% at 60 mc. 50% at 120 mc. and 40% at 150 
mc. (2 meters). 

Characteristics: 
Filament Voltage .  10 volts 
Filament Current 3  25 amps. 
Amplification Factor   12 
Grid to Plate Capacity 2  6 Med. 
Grid to Filament Capacity 1  9 med. 
Plate to Filament Capacity 1  0 Med. 
Maximum plate Dissipation  100 watts 
Maximum D.C. Plate Voltage  2500 volts 
Maximum D.C. l'iate Current  150 ma. 
Maximum D.0 Grid Current 40 ma. 
Base  'mall 4 pin. UX 

firm at lap. Plate through side of envelope. 



192 Transmitting Tubes 

Class B Modulator or R- F Amplifier: 
D.C. Plate Voltage   2000 3000 volts 
D.C. Grid Voltage   —155 —250 volts 
Zero Signal Plate Current ( per tube)  11 7 ma. 
Maximum Signal Plate Current ( per 

tube)   90 80 ma. 
Load Resistance ( plate to plate)   .2000 36000 ohms. 
Power Output   220 360 watts 

R•F Service 
Plate 

Modula-
Class B tion 
Tele- Tele-
phony 

D.C. Plate Voltage 3000 2000e 
D.C. Grid Voltage  —250 
D.C. Plate Current 43 
D.C. Grid Current....... 
Grid Driving Power 

(Approx.)   
Grid Blas Loss   
Power Output ( Approx ) .'.115 
Power input   129 
Approx. A.C. Load Im-
pedance   

Modulator D.C. Load 
Resistance   

(Max.) 

RK-36 

Class C 
Telegraphy 

3000 3500 volts 
—500 —600 —950 volts 

67 85 100 ma. 
30 25 35 ma. 

23 20 44 watts 
15 15 33 watts 
75 180 270 watts 

134 255 350 watts 

15000 17000 15000 ohms. 

30000 ... ohms. 

• 
Raytheon R.F. amplifier or os-
cillator for H.F. and U.H.F. 
applications. 

Frequency Range: 100% ratings up to 56 mc. 
Note: Grid drive may vary widely under dif-

ferent operating conditions. 

+ 2000V 
300MA 

Grid-Neutralized P. P. Amplifier 

Characteristics: 
Filament Voltage 
Filament Current 

5  0 volts 
8  0 amps. 

Amplification Factor   11 
Grid to Plate Capacity 5 iced. 
Grid to Filament Capacity 4  5 tcfcfcl. 
Plate to Filament Capacity 1  0 icictd. 
Maximum Plate Dissipation  100 watts 
Maximum D.C. Plate Voltage  3000 volts 
Maximum D.C. Plate Current 165 ma. 
Maximum D.C. Grid Current 35 ma. 
4 prong med. base. Plate out top and grid out side of 

envelope. Tantalum plate. 

R- F Service 
Grid 

Class B Mod. Class C 
D.C. Plate Voltage   2000 2000 2000 volts 
D.C. Grid Voltage   —180 — 270 —360 volts 
D.C. Plate Current   75 72 150 ma. 
D.C. Grid Current   30 ma. 
Grid Driving Power 

(Approx.)   10. 3.5. 15 watts 
Grid Bias Loes   5 4 watts 
Power Output ( Approx.)   50 42 200 watts 

(Peak). 

• 
Raytheon High-Mu Triode. RK -38 Tantalum Plate. Designed for 
Class B Audio Amplifier, RF 

Amid:tier or Oscillator Service. 100% ratings up to 
MC. 

D.C. Plate Voltage  
D.C. Grid Voltage  —100 
D.C. Plate Current   75 
D.C. Grid Current   
Peak RF Grid Power   
Peak Audio Voltage   
Carrier Power Output  

100TL 
thermy service and 
Eimac SOT. 

• 

Characteristics: 
Filament Voltage 

cord. 
Filament Current  8 amps. 

4  5  
3  9 MUd. 
1   0 wed. 
 100 watts 
3000 volts 

RADIO 

Hibiloaocritc 

Grid to Plate Capacity 
Grid to Filament Capacity 
Plate to Filament Capacity 
Maximum Plate Dissipation 
Maximum D.C. Plate Voltage 
Maximum D.C. Plate Current  165 ma. 
Maximum D.C. Grid Current 40 ma. 
Standard 4 pin-UX base. Plate through top, grid through 
side of envelope. 

5  0 volts 

RF Service 
Class B Grid Mod. 

RF Telephony Class C 
2000 2000 2000 volts 

—150 —200 volts 
80 150 ma. 

30 ma. 
7 4 11.5 watts 

100 ... volts 
55 60 225 watts 

Eimac UHF Triode with me-
dium amplification constant. 
Designed primarily far dia-
as replacement for original 

Characteristics: 
Filament Voltage   to 5.1 volts 
Filament Current 6  5 amps. 
Grid- to-Plate Capacity 2  I word. 
Grid-to-Filament Capacity  ').0 wed. 
Plate-to- Filament Capacity 0  4 Med. 
Normal Plate Dissipation 100 watts 
Maximum D.C. Plate Voltage  3000 volts 
Maximum D.C. Plate Current  .25 ma. 
Maximum D.C. Grid Current  35 ma. 
Amplification Factor  1° 
Base Standard L'X 4-pin 
Plate through top, grid through side of envelope. 

Class C R.F. Amplifier: 
D.C. Plate Voltage   1000 2000 3000 volts 
D.C. Plate Current   200 150 135 ma. 
D.C. Grid Current   30 30 30 ma. 
D.C. Grid Bias  —200 —400 —600 volts 
Approximate Power Output  120 225 300 watts 
Approx. Grid Driving Power 7.5 13.5 21 watts 
Grid Bias Loss  6 12 18 watts 

Class B Audio Amplifier: 
D.C. Plate Voltage  1000 2000 3000 volts 
Load Impedance, Plate-to-

Plate   5200 16,000 30,000 ohms 
Power Output. 2 Tubes  170 350 465 watts 

100TH 
class 

• 
Eimac. High-mu U.H.F. Tri-
ode. Especially suitable for 
class C r.f. amplification and 

B audio service. 

100TH 

+3000V 
1751. 

R. F. Amplifier 

Characteristics: 
Filament Voltage   
Filament Current 
Amplification Factor  30 
Grid- to-Plate Capacity  2 »mfd. 
Grid-to-Filament Capacity 2  2 med. 

5 to 5.1 volts 
6  5 amps. 
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100 Watts Dissipation 193 
'late- to- Filament Capacity   
Maximum D.C. Plate Voltage 
Maximum D.C. Plate Current 
%Laximum D.C. Grid Current 
Normal Plate Dissipation  
Base  

Plate through top, grid 

Class C R.F. Amplifier: 
D.C. Plate Voltage  100 2000 

• D.C. Plate Current  200 130 
D.C. Grid current   45 45 
D.C. grid bias  —70 —140 
Approximate grid &Mpg 

3000 volts 
 .25 ma. 
 50 ma. 
100 watts 

landard UN Isolantite 
through side of envelope. 

3000 volts 
135 ma. 

45 ma. 
—210 volts 

Dower   4.5 s 10 watts 
Grid bias loss   3.2 6.3 9.5 watts 
Approximate power output  120 225 300 watts 

Class B Audio Amplifier: 
D.C. plate voltage 1000 2000 3000 volts 
Load impedance. plate- to-
Plate   200 18000 30000 obtus 

Poser outuut. . tubes  210 300 500 salts 

211C 
• 

The 211C tubes of various 
manufacturers (Amperex, Tay-
lor, United) are similar to 211 

tubes in operation, except for lower grid to plate 
capacitance. They are somewhat more effective 
at the higher frequencies down towards the U.H.F. 
region. See 211 tube data. 

Note: The W.E. 261A and WE 276A are some-
what similar to the 211C in characteristics and 
operation. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  25 amps. 
Maximum Plate Dissipation  100 to 120 watts 
Maximum D.C. Plate Voltage 1350 volts 
Maximum D.C. Plate Current 180 ma. 
Maximum D.C. Grid Current 50 ma. 
Grid to Plate Capacity  7 to 9 agfil. 
Grid to Filament Capacity -,  5 timfd. 
Plate to Filament Capacity -, med. 
Fluor  standard 4 pin 50 %van 

850 
• 

RCA screen-grid r.f. amplifier of the 
100 watt type. 

Frequency Range: 100% ratings up 
to 13 mc. 50% at 30 mc. 
Note: Grid drive varies widely under various 

load impedances. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  25 amps 
Amplification Factor   550 
Grid to Plate Capacity 0  23 ogrd. 
Input Capacity  17 Cord. 
Output Capacity  25 oord. 
Maximum Plate Dissipation  100 walla 
Maximum D.C. Plate Voltage  1250 volts 
Maximum D.C. Plate Current 175 ma. 
Maximum D.C. Grid Current  40 ma. 
NIavimum Screen Dissipation  10 watts 

R- F Service 

Class B 
Tele- Class C 
phony Telegraphy 

D.C. Plate Voltage  1250 750 1000 1250 volts 
D.C. Screen Voltage  175 175 175 175 volts 
D.C. Grid Voltage   —13 —150 —150 —150 volts 
D.C. Plate Current   110 160 100 140 ma. 

. D.C. Grid Current   . 35 35 35 ma. 
Grid prielna Power 
(Approx.)   ... 10 10 10 watts 

Grid Bias Loss   5 5 5 watts 
Plate Power Input   137.5 120 180 200 salts 
Power Output   40 55 100 130 watts 
Screen Series Resistor   ... 15000 25000 40000 ohms. 

860 
• 

Screen-Grid Tetrode. ( RCA). R.F. 
Amplifier for high frequencies. 

Frequency Range: 100% ratings up 
to 30 mc. SO% at 40 mc. 

• Mien plate modulated, the screen 
should he modulated simultaneously. 

A small r.f. bypass condenser from screen to 
filament, and a series 100,000 ohm resistor to the 
r.f. plate return, will allow simultaneous screen 
and plate modulation. 
Note (2): The grid excitation will vary with 

load impedance and circuit losses, thus the driver 
should have an available output of approximately 
twice that listed for grid drive and bias loss. 

Caution: Do not turn off filament without first 
removing plate voltage. Do not apply screen volt-
age without plate voltage. 

ELECTRON COUPLED COLPIT TS OSCILLATOR 

Characteristics: 
Filament Voltage   
Filament Current 
Amplification Factor 
Grid Plate Capacity 
Input Capacity 
Output Capacity 

10 volts 
3  .5 amps. 
  200 
 08 Cold. 
7.75  
7  5 Cord. 

Maximum Plate Dissipation  100 watts 
Maximum Screen Dissipation  10 watt 
Base  4 pin 

R•F Service 

Plate 
Mod. 

Class B Class C 
Teleph- Teleph-
ony 

D.C. Plate Voltage.... 3000 
D.C. Screen Voltage... 300 
D.C. Grid Voltage —50 
D.C. Plate Current  43 
D.C. Grid Current   
Grid Driving l'oser  . . 
Grid Bias Loss  
Power Output I Ap.).... 40 

Maximum. 

RK-28 

Class C 
ny Telegraphy 

2000° 2000 3000 volts 
300 300 300 volts 

—225 —150 —150 volts 
67 90 85 ma. 
30 15 15 ma. 
15 7 7 watts 
6.7 2.25 2.25 watts 
75 100 165 watts 

• 
Raytheon screen-grid tube for 
Suppressor Modulated tele-
pnony. Buffer or final ampli-

fier in radio transmitters. Since it is a screen grid 
tube, no neutralization is needed. May be used as 
a crystal oscillator or doubler at reduced inputs 
and outputs of approx. 60%. 

Precaution: Input and output circuits should 
be shielded and all circuits carefully by-passed 
for r.f. Screen voltage should only be applied 
when plate voltage is connected. 

RK-28 C-W Radio- Frequency Amplifier 
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Frequency Range: 100% ratings up to 20 mc. 
The RK-28 has a lower output capacitance than 
the 803, so can be operated more effectively at 
higher frequencies, such as 14 and 30 mc. 
Note: Combined plate and screen modulation 

may be applied for a carrier output of 100 watts 
with a maximum plate supply of 1500 volts. With 
400 volts DC on screen, 300 volts peak AF on it, 
and 1500 peak volts on the plate will provide 
100% modulation. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  5 amps. 
Grid to Plate Capacity 0.02 word. 
Input Capacity  15.5 gmfd. 
Output Capacity  5.5 gmfd. 
Maximum Plate Dissipation  100 watts 
Maximum Screen Dissipation  35 watts 
Base  5 pin, 50 watt. Plate at top of envelope 

R- F Service 

SUP-

D.C. Plate Voltage   
D.C. Screen Voltage 400 400 
D.C. Suppressor Voltage 0 — 50 
D.C. Grid Bias Voltage —38 —100 
Peak R-F Grid Voltage 90 180 
Peak A-F Grid Voltage 90 
D.C. Plate Current 75 80 
D.C. Screen Current 30 85 
D.C. Grid Current   
Grid Driving Power .9 2.7 
Grid Bias Loss  . 1.1 
Power Output (Approx ) 50 60 
Screen Resistor   55000 20000 

RK-48 

SSSSS or 
Medula. 

Class B Don 
Tele- Tele-
phony Phony 
2000 2000 

• 

Class C 
Telegraphy 

2000 2000 volts 
400 400 volts 
0 45 volts 

—100 —100 volts 
180 180 volts 

volts 
lié 140 ma. 
75 60 ma. 
10 10 ma. 

1.8 1.8 watts 
1.0 1.0 watts 
180 200 watts 

21000 26000 ohms. 

Raytheon beam-power tetrode, 
designed for r.f. amplifier serv-
ice. Requires very low grid 

excitation. Somewhat similar to RK-28, hut with, ut 
suppressi ,r grid. Easier to drive than RK-28 for 
slightly higher power output. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  5 amps. 
Maximum D.C. Plate Voltage  2000 volts 
Maximum D.C. Sers-en Voltage  400 volts 
Maximum Plate Dissipation  100 watts 
Maximum Screen Dissipation  35 watts 
Maximum D.C. Grid Current  25 ma. 
Average Required D.C. Grid Current  
 10 ma. for normal output 

Base --prong 50- watt 
Plate through top of envelope. 

203H 
• 

Amperex R.F. Amplifier or Os-
cillator, especially at high fre-
quencies. 

Note (1): The grid r.f. excitation requirements 
vary with efficiency, plate load and circuit design; 
thus the driver must be designed to allow for these 
factors 

203H 

20W 

- PC, 
40645 

Neutralized R. F Amplifier 

50 

002 za 002 

100 

002 .0 

Note (2): The plate lead 
the tube; thus it will stand 
and operate more efficiently 
than a regular type 203-A. 

Characteristics: 
Filament Voltage  10 eolts 
Filament Current 3  25 amps. 
Grid to l'iate Capacity to etetfd. 
Grid to Filoutent Capacity  6 ggfd. 
Plate to Filatuent Capacity 1  8 PAM. 
Maximum Plate Dissipation 120 watts 
Maximum Plate Voltage 1500 volts 
Maximum Plate Current 180 ma. 
Maximum Grid Current 50 ma. 
Amplification Factor  25 
Base  standard 50 watt 

Class C Amplifier 
At Less 

60 me. Than 20 me. 
D.C. Plate Voltage  1200 1500 volts 
D.C. Grid Voltage  —150 —180 volts 
D.C. Plate Current  175 175 ma. 
D.C. Grid Current  40 40 ma. 
Grid Driving Power  14 17 watts 
Grid Bias Loss  6 7.3 watts 
Power Input   210 263 watts 
Power Output (Approx.)  100 180 watts 

HA/10E100K 

• 

's through the top of 
higher plate voltages 
at high frequencies 

211H Adimn p terraenx snIrt:rs'inplifier for ra-
Note (1): The grid input and 

plate output powers will vary greatly with different 
values of load impedance and frequency. The 
values listed are typical operating conditions. 

Note (2): At high frequencies, circuit and 
dielectric losses increase and thus the grid driver 
should have available approximately twice as much 
output as shown in the table below for grid drive 
and bias supply power loss. 

Note (3): This tube has the plate lead out 
through the top of the envelope and thus it will 
operate more efficiently at higher frequencies than 
a standard type 211 tube. 

Characterist ics: 
Filament Voltage  10 volts 
Filament Current 3  25 amps. 
Grid to Plate Capacity 8  0 omfd. 
Grid to Filament Capacity 5  5 aettd. 
Plate to Filament Capacity  
Amplification factor  2.0 ;(141(1. 2 
Mutual Conductance at 100 ma. It, 4000 mlcromhos 
Maximum Allowable Plate Dissipation 120 watts 
Base  standard 4 nin 50 watt 

Class C Amplifier 
Single Less 
Tube Than 

at 60 me. 20 me. Telegraphy 
D.C. Plate Voltage  1200. 1500. 2000 volts 
D.C. Plate Current  175 175 180 ma. 
D.C. Grid Bias  —200 —300 —300 
D.C. Grid Current  30 30 50 ma. 
Grid Driving Power (Ap.)  11 14 20 watts 
Grid Bias Supply Loss  6 9 15 watts 
Power Output (Approx.)  100 190 250 waits 
Power Input   216 263 300 watts 
Plate Loss   110 73 110 netts 
Approx. A.C. Load !raped  3500 4300 5500 ohms 
Modulator D.C. Load  6850 8500 11.100 ohms 
--
*Maximum 

T-125 
203-A. 

• 

Taylor carbon-tantalum plate 
high-frequency triode, suitable 
as replacement tube for type 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  3.81 snips. 
Mutual Conductance  4400 mhos 
Amplification Factor 2) 
Maximum Plate Dissipation  125 watts 
Maximum D.C. Plate Voltage  2000 volts 
Maximum D.C. Grid Current  60 ma. 

+1500V :Maximum D.C. Plate Current  200 ma. 
4/5110. Grid-to-Plate Capacity 4  5 e-•,; 

Rase Standard 4- pin 50-natt 
Plate through top of envelope: grid through side. 
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Class-C R.F. Amplifier: 
D.C. Plate Voltage  2000 volts 
D.C. Plate Current  200 ma. 
D.C. Grid Bias  —200 volts 

50 ma. 
Grid Driving Power (APPro  / 15 watts 
Grid Bias Loss  10 watts 
Approx. Power Output 300 in atts 

D.C. Grid Current 

805 

• 

RCA High-mu type tube for Class B 
audio service. May also be used for 
r.f. service. 

Note (1): Plate lead out top of tube reduces 
flash-over danger. 

Frequency Range: 100% ratings up to 30 mc. 
75% at 45 mc. and 50% at 85 mc. 

Note (2): The Class B input transformer be-
tween push-pull 2A3s ( fixed bias) and Class B 
305 tubes should have a turns-ratio of 

primary 
3.0 

I/4 Sec. 

Note (3): The grid excitation and bias may vary 
widely for Class C operation. It is desirable that 
the driver be capable of supplying approximately 
twice as much output as listed for grid drive and 
bias loss. 

405 

• 1,500V • 300v 

806 High Power Class B Modulator and_Driver 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  25 emirs. 
Amplification Factor Varies with Input Signal. 
Grid to Plate Capacity 6  5 ggfd. 
Grid to Filament Capacity  8.5 ged. 
Plate to Filament Capacity 10.5 gmfd. 
Maximum Plate Dissipation 125 watts 
Maximum D.C. Plate Voltage 1500 volt. 
Maximum D.C. Plate Current 210 ma. 
Maximum D.C. Grid Current 70 ma. 
Base standard 4 pin 50 watt 

Plate at top of envelope. 

Class 13 Modulator or A- F Amplifier: 
D.C. Plate Voltage  1250 
D.C. Grid Bias  0 
Peak A-F Grid to Grid Voltage  235 
Zero Signal D.C. Plate Current (per tube) 74 
Max. Sig. D.C. Plate Current ( per tube) 200 
Load Resistance ( Plate to Plate)  6700 
Maximum Signal Driving Power  6 
Maximum Signal Power Output  300 

1500 volts 
—16 volt 
280 volts 
42 ma. 

200 ma. 
9200 ohms 
7 watts 

ea watts 

R•F 

R-F Service 
Plate 

Class B Mod. Class C 
Teleph- Teleph- Telas- Frequency 

any any raphy Doubler 
D.C. Plate Voltage 1250 
D.C. Grid Voltage  
Peak R-10 Grid Voltage  75 
D.C. Plate Current  135 
D.C. Grid Current  15 
Grid Driving Power 

(Approx.)   
Grid Bias Loss  
Power Input   169 
Approx. Power Output  55 
Ap. A-C Load Imped  
Mod. D.C. Load Resist  ... 

1250 1500 1250 volts 
—160 —100 —460 volts 

300 230 625 volts 
160 200 135 ma. 
60 40 25 ma. 

11 16 9.2 12.5 watts 
9.8 4 10 watts 
200 300 169 watts 
140 215 85 watt. 

3900 3600 3800 ohms 
7800 ... ... 

803 

e 

R CA. Suppressor Modulated telephony. 
Buffer or final amplifier in radio 
transmitters. Since it is a screen grid 

tube, no neutralization is needed. May be used 

803 

- 30V .• 500 , • 40, .2000v 

Medium Power 803 Final Amplifier 

as a crystal oscillator or doubler at approximately 
60% output. 

Frequency Range: 100% ratings up to 20 mc. 
High interelectrode capacities also tend to reduce 
output circuit efficiencies at higher frequencies such 
as 30 mc. 

Precaution: Input and output circuits should be 
shielded and all circuits carefully by-passed for 
R.F. Screen voltage should not be applied unless 
plate voltage is connected. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current 3  25 amps. 
Mutual Conductance at Ii,.55 4000 micromhos 
Grid to Plate Capacity 0  15 gmfd. 
Input Capacity  15.5 ggfcl. 
Output Capacity  28.5 ggfd. 
Maximum Plate Dissipation 125 watts 
Maximum Screen Dissipation 30 watt. 
Base  5 pin 50 watt 

Plate lead at top of envelope 

Service 

D.C. Plate Voltage  
D.C. Screen Voltage  
D.C. Suppressor Voltage  
D.C. Grid Bias Voltage  
Peak R-F Grid Voltage  
Peak A-1r Grid Voltage  
D.C. Plate Current  
D.C. Screen Current  
D.C. Grid Current  
Grid Driving Power (Approx.)  
Grid Bias Loss  
Power Output (Approx  5  
Screen Resistor   

Operating Data Below 

Class 13 Suppressor 
Telephony Mod. Telephony Class C Telegraphy 

2000 1500 2000 1250 2000 volts 
600 500 500 500 500 volts 
40 —110 —135 40 40 volt' 
—40 —50 —50 —30 —30 volts 

55 120 120 150 150 volts 
... 150 175 
80 80 80 iéé iié mi. 
15 55 55 45 42 ma. 
3 15 15 18 16 ma. 

1.5 1.8 1.6 1.8 1.6 watts 
.1 .75 .75 .5 .5 watts 
53 40 53 130 210 watts 

100.000 18,000 27,000 17.000 36.000 ohms 
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HD-203C 
HD-211C 
Taylor U.H.F. and H.F. oscillator for diathermy 
machines. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  4 amps. 
Amplification Factor  ,:o and 12 
Grid to Plate Capacity  9 mYtd. 
Plate to Filament Capacity 4 nord. 
Maximum Plate Dissipation   150 watts 
Maximum D.C. Plate Voltage  2000 volts 
Maximum D.C. Plate Current  250 ma. 
Maximum D.C. Grid Current  60 ma. 
Base Standard 4 Pin 50 watt 

Plate at top of envelope. 

• 

H D-203A 
and 203A. Class B audio amplifier or modulator. 
Class C r.f. amplifier. 
Note: Grid driving power requirements vary 

over wide limits. 
A. F. Driver. 2A3s in push-pull with fixed grid 

primary 
bias input transformer ratio of   1.6. 

54 sec. 

Taylor heavy duty 
203A tube, interme-
diate between 204A 

Characteristics: 

Filament Voltage 
Filament Current . 
Amplification Factor 
Grid to Plate Capacity 
Grid to Filament Capacity    m.fd. 
Plate to Filament Capacity 5 88fri. 
Maximum Plate Dissipation 150 watts 
Maximum D.C. Plate Voltage 2000 volts 

"50 tua. 
Maximum D.C. Grid Current 60 
Maximum D.C. Plate Current  

Base  standard 4 pin 50 watt 
Plate out top of envelope 

Class B Audio Amplifier (2 tubes): 
D.C. Plate VnMute   1500 1750 volts 
D.C. Grid Voltage  —45 —87.5 volts 
Load Resistance ( Plate to Plate).— 8000 9000 ohms 
Static Plate Current ( l'er Tube)  18 18 ma. 
Maximum D.C. Plate Current (2 Tubes) 423 425 ma. 
Power Output   400 500 watts 
Driver Power   18 18 watts 

 10 volts 
4 amps. 

 a5 
 12 ',ord. 

Class C R- F Amplifier: 
D.C. Plate Voltage  1500 1750 volts 
D.C. Grid Voltage —150 —180 volts 
D.C. Plate Current  250 250 ma. 
D.C. Grid Current  50 50 ma. 
Grid Driving Fumes   15 19 watts 
Grid Bias Loss    7.5 9 watts 
Power Input     375 433 watts 
Power Output     250 300 m atts 

e 

H F-200 l'ir:IfefrrgueIre7t7ilodep.ureite-
able for U.H.F. oscillators. 

Note: Grid excitation requirements vary greatly 
due to plate load, efficiency required, and circuit 
design. 

Frequency Range: 100% ratings up to 45 me. 
Characteristics: 

Filament Voltage  10 to 11 volts 
Filament Current 3  4 amps 
Amplification Factor  18 
Grid to Plate Caparity 50 MUM 
Grid to Filament Capacity.  5.2 nord. 
Plate to Filament Capacity 1  2 mufd 
Maximum Plate Dissipation 150 Wattle 
Maximum D.C. Plate Voltage...  2000 colts 

HALIDBOOK 

Maximum D.C. Plate Current 200 ma. 
Maximum D.C. Grid Current 60 ma. 
Base  standard 4 pin. 50 watt 

I'late at top, grid at side of envelope. 

Class C R- F Amplifier: 

D.C. Plate Voltage  1500 2000 volt 
D.C. Grid Voltage —210 —300 volts 
D.C. Plate Current  200 200 nia. 
D.C. Grid Current  35 35 ma. 
Grid Driving Power  13 19 watts 
Grid Bias Loss  7.5 10 watts 
Power Input   300 400 watts 
Power Output   180 260 watts 

806 
56 Me 

• 

RCA U.H.F. power trinde for genet al 
use in either r.f. or audio service. Fre-
queney range: 100 of rating up to 

Characteristics: 

Filament voltage   
10.560amcuplsts. Filament current   

Amplification factor  12.6 
Grid- to- plate capacity  3.4 e‘gfd 
(rid-to-tilatnent capacity 6  1 nerd. 
Plate- to-filament capacity    1.1 88fd. 
Maximum d.c, plate voltage u  300500 vino1ats. 
Maximum d.c. plate current  200 m.a. 
Maximum d.c. grid current   
Normal plate dissipation 150 watts 
Base: Standard 50-watt: grid through side, plate through 

top of envelope. 

Class B Audio Amplifier ( two tubes): 

D.C. plate voltage   2000 3000 volts 
D.C. grid voltage  --150 --219 volts 
Zero signal plate current  20 20 m.a. 
Max. signal plate current  390 330 m.a' 
Load res. ( plate to Plate)  11500 21500 ohms 
Max. signal driving power  14 10 watts 
Power output   500 660 watts 

Class C R.F. Amplifier: 

Maximum d.c, plate voltage  3000 volts 
Maximum d.r. plate current  200 ma. 
Maximum d.c. grid voltage  1000 volts 
Maximum plate input  600 watts 

HK-354 

• 

Heintz & Kaufman Tri-
ode. Tantalum plate and 
grid. Class B modulator. 

C r.f. aruplilier. Maximum DC plate voltage 
for plate modulation is 3000-volts. 

Note ( 1): The values of grid drive may be low-
ered for plate voltages less than 3500 without much 
sacrifice in plate efficiency. A 50% decrease of 
grid drive from the above values will drop the 
efficiency 10% to 15% which will not cause ex-
cessive plate dissipation if the load is reduced 
slightly with correspondingly less output and less 
plate current. 

Note (2): May be used as a linear ( Class B.) 
r.f. amplifier as above and also with grid modula-
tion under similar operating conditions, but with 
higher grid bias. 
Note (3): With forced ventilation, the plate 

dissipation may be increased to as high as 250 
watts. 
Frequency Range: 100% ratings up to 15 mc. 

Reduced ratings at UHF. (above 30 mc). 

Characteristics: 
Filament Voltage 5 0 yang 
Filament Current  10 amps 
Amp. Factor ( avg.1  14 
Normal Plate Dissipation  150 watts 
Grid to Plate Capacity 4 med. 
Grid to Filament Capacity 9 85'd. 
Plate to Filament Capacity 0  2 Cord. 
Maximum D.C. Plate Voltage 3500 volts 
Maximum D.C. Plate Current 300 me. 
Maximum D.C. Grid Current 50 ma. 

Plate Thru Top of Envelope Base. Standard 4-Pin 50 watt 
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Class B Modulator or A- F Amplifler (2 Tubes): 
D.C. Plate Voltage   1000 2000 2500 3000 volts 
D.C. Grid Voltage   —60 —150 —180 —225 volts 
Zero Sig. D.C. Plate Current (2 Tubes)  20 20 20 20 ma. 
Maximum Big. D.C. Plate Current ( 2 Tubes)  160 320 345 330 ma. 
Load Resistance ( Plate to Plate)   11,000 15,000 18,000 25.000 ohms 
l'eak Driving Power   5.0 21 20 30 watts 
Power Output   100 400 560 650 watts 
Plate Loss   60 232 300 300 watts 

Class C ri. AMpliner: 
D.C. Plate Voltage   1500 2000 3000 3500 4000 volts 
D.C. Grid Voltage   —428 —602 —960 —1180 —1300 volts 

285 285 285 285 277 ma. 
50 45 37 38 40 ma. 
30 35 45 53 65 watts 

Grid Blas Loss   21 27 35 47 52 watts 
Power Input   430 572 850 1000 1100 watts 
Approximate Poster Output   320 450 700 850 950 watts 
Approximate A.C. Load Resistance  2340 3060 4690 5630 6750 ohms 

D.C. Plate Current 
D.C. Grid Current  
Grid Driving Power 

Class B R - F Amplifier. Telephony: 
D.C. Plate Voltages   1500 2000 2500 3000 volts 
D.C. Grid Voltages   105 —155 —188 —233 volts 
D.C. Plate Current   65 84 88 82 ma. 
Grid Driving Power   6 11 13 15 watts 
Plate Loss   70 116 150 150 watts 
Carrier Power Output   27.5 50 70 81 watts 

HK-354C Ileintz & Kaufman Triode. Ultra:high. 
frequency amplifier, 

tantalum plate and grid. Suitable for use as class 
it modulator and class C amplifier. All charac-
teristics are the same as those for 11K-354, ex-
cept for lower grid-to.filament capacity. The grid 
conies out through the side of the glass envelope, 
rather than though the base of the tube as in the 
HK-354, which makes the tube more suitable for 
high-f requency operation. Refer to 1-1K-354 for 
characteristics and iperating data. 

HK-354D 
Characteristics: 

Filament voltage 
Filament cur] ent    10.0 amp!. 
Amplification constant  22 
Normal plate dissipation lall watts 
Maximum 1.c. pl de voltage  1000 volts 
Maximum d.c, plate eunent  300 m.a. 
Maximum ,I.e, grid current  50 ma. 
Base: Standard 50 matt. Plate through top, grid through side of envelope. 

HK354D 

-17 5v 
•0 kaA 

+3500V 
25504A 

Heintz & Kaufman Triode. Ultra-high- frequency amplifier, doubler and class 
II audio amplifier. Similar te HK-354C except for amplification constant. 

5  0 volts 

Class C R.F. Amplifier: 
D.C. plate voltage   1500 2000 2500 am 3500 volts 
D.C. grid voltage   • •',361 —242 --317 —424 —490 volts 
D.C. plate current   300 297 274 255 240 m.a. 
D.C. grid current   56 50 50 50 50 nia. 
Grid driving power   24 26 30 35 38 watts 
Grld- bias loss   12 12 16 21 25 watts 
Approximate power output   .. ............. 316 445 535 614 690 watts 

R.F. Doubler: 
D.C. plate voltage   1000 1500 2000 volts 
D.C. grid voltage   —361 —458 —619 volts 
D.C. plate current   250 200 175 nia. 
D.C. grid current   50 50 50 tua. 
Grist driving power   32 36 44 watts 
Grid- bias loss   16 22 32 watts 
Approximate power output   100 150 200 watts 

Class B Audio Amplifier ( Two Tubesi: 
D.C. plate voltage   1500 2000 2500 3000 volts 
D.C. grid voltage   —60 —87 —112 —135 volts 
Zero signal d.c. plate current  50 50 50 50 m.a. 
Maximum signal d.r, plate current  277 362 290 327 ma. 
Plate- to- plate load resistance   12000 20000 20000 21000 ohms 
Power output   30. 469 519 692 watts 
Suggested Driver: Four mie 2A5 or 42 lobos. triode connected. with Ilya.' bias and 350 volts plate supply. 
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HK-354E 
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Heintz & Kaufman triode for 1.7.11.F. service. Tantalum plate and grid. Sim-
ilar to HK-354 in physical size, but with grid out of side of envelope. Principal 
difference lies in amplification constant. Suitable for class C r.f. amplifiers, 

class B audio and r.f. frequency doubling. 

Characteristics: 
Filament voltage 
Filament current 
Amplification constant 
Maximum d.c. plate voltage  4000 volts 
Maximum «i.e. plate riment  00 ma. 
Normal plate dissipation 150 watts 
Base: Standard 50 matt. Plate through top, grid through 

 5 volts 
 10 amps. 

35 

side of ouvelopc. 

Class C R.F. Amplifier: 
D.C. plate voltage   
D.C. plate current   
D.C. grid bias   
D.C. grid current   
Grid driving poner   
Grid- bias loss   
Power output. approximate   

R.F. Doubler: 
D.C. plate voltage   
D.D. plate current   
D.C. grid bias   
D.D. grid current   
Grid driving power   
Grid- bias loss   
Power output. approximate   

Class B. Audio Amplifier ( Two Tubes): 
D.C. plate voltage     1500 
D.C. grid Mas   --25 
No signal dm. plate current  50 
Maximum signal d r, plate rurrent  325 
Load resistance, plate- to- plate  10000 
Power output   320 

HK-354F 

1500 2000 2500 3000 3500 volts 
300 297 275 255 240 nia. 

—287 —295 —392 —437 —448 volts 
60 60 60 60 GO ma. 
35 36 42 45 45 watts 
17 18 24 211 27 watts 

315 445 525 615 690 watts 

1000 1500 2000 volts 
250 200 175 tua. 

  —238 —379 —471 volts 
60 60 GO in.a. 
31 38 44 isatis 
14 23 29 watts 

100 150 200 watts 

2000 2500 3000 volts 
- -37.5 —50 —67 volts 

50 50 50 ma. 
372 343 335 ma. 

11000 1G000 20000 ohms 
470 GOO 700 watts 

Heintz & Kaufman triode. Ultra-high-frequency. Class C r.f. frequency 
doubling and class B audio amplification. Similar to HK-354 in size. 

Characteristics: 
Filament voltage 
Filament current  5  0 volts 

10.0 amps. Amplification factor   
50 Normal plate dissipation  

Maximum «I.e. plate voltage   150 watts 
4000 volts Maximum «I.e. plate fitment   

Maximum tic. grid current 30705 mm ..a.: 

Base: Standard 50 net. Plate through top, grid through side or envelope. 

Class C R.F. Amplifier: 
D.C. plate voltage   
D.C. grid voltage   
D.C. plate current   

C. grid current   
Grid driving potter   
Grid- bias loss   
Power output. approximate   

R.F. Doubler: 
D.C. plate voltage   
D.C. grid voltage   
D.C. plate current   
D.C. grid current   
Grid driving power   
Grid- bias loss   
Power output. approximate   

Class El Audio Amplifier ( Two Tubes): 
D.C. plate voltage   
D.C. grid voltage   
Zero signal plate current  

1500 
—15 

50 
Maximum signal I.e. plate current   280 
Plate- to- plate load resistance   12000 
Poner output   

290 

H-K Heintz and Kaufman 
Gridless Gammatrons, Types 
HK55, HK155, HK255. 

Characteristics: Type 
55 

Filament 'Voltage   6.0 
Filament Current   3 
Normal Plate Dissipation   75 
Amplification Factor   3.5 
Maximum D.C. Plate Current  150 
Maximum D.C. Plate Voltage  1250 
Plate Impedance   1200 

Type 
155 Type 255 
5 14 volts 

10 30 amps. 
150 500 watts 
2 3 

300 1000 ma. 
9000 5000 volts 
1100 1000 ohms. 

1500 2000 2500 3000 a5no volts 
—85 — 135 —225 —312 —368 volts 
300 295 260 255 250 ma. 
75 75 75 75 75 mn. 
28 31 38 45 50 watts 
6.5 10 17 23.5 27.5 watts 
300 435 500 615 720 watts 

1000 1500 2000 volts 
—243 — 395 —425 volts 

250 200 175 ms. 
75 75 75 m.a. 
38 49 50 watts 
IR 30 32 watts 

100 150 200 watts 

2000 2500 3000 volts 
—22.5 —35 —45 watts 

50 50 50 ma. 
347 300 344 ma. 

12000 20000 20000 ohms 
445 550 725 watts 

Unusual Features: 

Control element is a gamma plate of tantalum. 
Filament is between regular plate and gamma 

plate. 

Use:: Oscillators, audio and radio frequency amp-
lifiers. Nearly complete plate current variation may 
be secured without driving the control (gamma 
plate) element positive. 

Type 255. Inter- Electrode Capacity: 
Gamma Plate to Power Plate 5 gutd. 
Filament to Gamma Plate  12 mufd. 
Filament to Power Plate  7 Red. 

Type 255 Class A Audio Amplifier ( Single Tulle with no 
Grid ( Gamma) Current): 
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+300V +2500V 

HIGH OUTPUT CLASS A AUDIO AMPLIFIER 

D.C. Plate Voltage  1500 2000 
D.C. Grid Voltage —350 —570 
D.C. Plate Current ..... 34 . 25 
Load Resistance   5000 6000 
Output Power   eo 125 
Efficiency   12 25 
Harmonic Distortion 

(Approx.)   5 

2500 
—800 

.20 
8000 
175 
35 

3000 volts 
—1000 volts 

.17 amps. 
20000 ohms 

180 watts 
36% 

5 5 5% 

Type 255 Class B Audio Amplifier (2 Tubes. "Grids" Swing 
to Zero and Draw no Current): 

D.C. Plate Voltage 2000 3000 5000 8000 volts 
D.C. Grid Voltage —800 —1200 —2100 —3300 volts 
D.C. Plate Current .....60 .83 .90 . 75 amps. 
Power Output   450 1100 2500 4000 watts 
Plate Efficiency   38 44 56 67% 
Lead ReSiatanCe ( Plate 

to Plate)   4000 5000 10000 23000 ohms. 
Plate Loss   750 1400 2000 2000 watts 

Type 255 Class E3 R- F Amplifier (Single Tube, no "Grid" 
Current): 

D.C. Plate Voltage  2000 3000 5000 9000 volts 
D.C. Grid Voltage —800 —1200 —2100 —3300 volts 
D.C. Plate Current   120 155 142 97 ma. 
Load Resistance   1500 2000 4500 12000 ohms. 
Plate Loss   188 347 490 500 watts 
Power Input   240 465 710 775 watts 
Power Output   52 118 220 275 watts 
Efficiency   21.5 25 31 36% 

150T 

• 

F:mac medium power triode for 
general use, either in r.f, or audio 
circuits. More efficient at high 

frequencies than tubes with higher inter-electrode 
Capacities (of equal power ratings). 

Frequency Range: 100% ratings up to 60 mc. 

Note (1): Values of grid r.f. excitation vary 
over wide limits depending upon efficiency desired, 
circuit losses at higher frequencies, plate load im-
pedance and circuit design. The driver should be 
designed to provide considerably more output than 
shown by the table, if possible. 

Note (2): For keyed telegraphy, the above rat-
ings may be exceeded by 60%. Higher grid bias 
and grid drive are desirable if more output is 
wanted. 

Characteristics: 

Filament Voltage  5 to 5.25 volta 
Filament Current  10 amps. 
Amplification Fedor  11 
Grid to Plate Capacity 3  5 cord. 
Grid to Filament Capacity 3.0 RAM. 
Plate to Filament Capacity 0 5 itord. 
Normal Plate Dissipation 150 watts 
Normal Plate Voltage 3000 volts 
Normal Plate Current  200 ma. 
Normal Grid Current  50 ma. 
Base Standard 4 Pin 50 watt 

Plate through top, grid through side of envelope. 

Class B Audio Amplifier (2 Tubes): 

D.C. Plate Voltage 1000 
D.0 Grid Voltage  —75 
Zero Sig. D.C. Plate Current 

(Approximate)   20 
Maximum Sig. D.C. Plate Cur-

rent ( Approximate)  400 
Load Resistance ( Plate to 

Plate)  4500 
Driving Power   11 
Out put Power   200 

2000 3000 volts 
—160 —230 volts 

20 20 ma. 

400 385 ma. 

13.500 20.000 ohms 
15 17 watts 

450 700 watts 

Class C R- F Amplifier Telephony or Telegraphy: 

D.C. Plate Voltage.  1000 
D.C. Grid Voltage.... —200 
D.C. Plate Current 200 
D.C. Grid Current 35 
Grid Driving Power 14 
Grid Blas Loss   7 
Power Input   200 
Power Output   150 
A.C. Load Resistance .2500 
Mod. D.C. Load 1000 

T-155 

2000 3000 volts 
—400 —600 volts 

200 
35 
21 
14 
400 
300 
5000 

10.000 

200 ma. 
35 ma. 
30 watts 
21 watts 

600 watts 
450 watts 
8000 ohms. 

15,000 ohms 

• 
Taylor general purpose triode, 
suitable for U.H.F. service 
down to 2 meters. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  4 ampo. 
Amplification Factor  20 
Grid to Plate Capacity  3 cord. 
Grid to Filament Capacity  2.5 con 
Plate to Filament Capacity 1 word. 
Maximum Plate Dissipation 155 watts 
Maximum D.C. Plate Voltage 3000 volts 
Maximum D.C. Plate Current 200 ma. 
Maximum D.C. Grid Current 60 ma. 
Base Standard 4 Pin 50 watt 

Plate through top, grid through side of envelope. 

Class C II- F Amplifier: 
D.C. Plate Voltage 2500 volts 
D.C. Grid Voltage 250 volts 
D.C. Plate Current 200 ma. 
D.C. Grid Current 50 ma. 
Grid Driving Power 22 watts 
Grid Bias Loss 12.5 watts 
Power Input  500 watts 
Power Output  370 watts 

WL461 
• 

Westinghouse ultra - high - fre-
quency triode for medium and 
high power service. Special 

design of terminals for elements enables direct con-
nection to elements, thus providing a very low 
inductance path to the tube electrodes. This con-
struction, together with low interelectrode capaci-
ties, gives 5 megacycle performance at 60 mega-
cycles and useful output up to 150 megacycles. 

uaracterIstles: 
Filament Voltage  5.0 volts 
Filament Current  11.5 amps. 
Amplification Constant  26 
Maximum D.C. Plate Voltage  2000 volts 
Maximum A.C. Plate Voltage ( RIMS) 2500 volts 
Maximum D.C. Plate Current  250 ma. 
Maximum Plate Dissipation  160 watts 
Dimensions 7""long. 3./.." diameter 
Tantalum plate, all leads out through base in special 

short leads for diathermy operation. 
Approximate Power Output on 50 Mr 400 watts 

• 
Federal Tel. Co. General 
purpose triode. Especially 
suitable for very high fre-

quencies. 
Note: Grid excitation requirements vary greatly. 

due to circuit design, plate load, and required effi-
ciencies. 

Frequency Range: 100% ratings up to 30 mc. 

Characteristics: 

Filament Voltage  10 volts 
Filament Current  11 amps. 
Amplification Factor  12 
Grid to Plate Capacity  7 word. 
Grid to Filament Capacity  3 cord. 
Plate to Filament Capacity . cord. 
Maximum Plate DI)sination  175 watts 
Maximum D.C. Plate Voltage  3000 volts 
Maximum TIC'. mate Current  200 ma. 
Maximum D.C. Grid Current  50 ma. 

F-108A 

Class C R- F Amplifier: 
D.C. Plate Voltage  
D.C. Grid Voltage  
D.C. Plate Current  
Di` Grid Current 
(Approx.) 

Grid Drive   
Grid Blatt LOSS  
Power Input   
Power Output   

2000 
_400 
200 

40 
2t1 
10 

450 
260 

30(10 volta 
—600 volts 

200 ma. 

40 ma. 
34 watte 
24 watts 

ono watts 
480 watts 
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HF-300 Amperex Gen eral purpose 
triode for high 

frequency and U.H.F. amplifiers en 
oscillators. 

Note: Grid excitation requirements 
vary greatly due to circuit design, 
plate load, and required efficiency. 

Frequency Range: 100% ratings up 
to 45 mc. 

Characteristics: 

Filament Voltage  11 to 12 volts 
Filament Current  4 amps. 
Amplification Factor  23 
Grid to Plate Capacity 6  5 66fd. 
Grid to Filament Capacity 6  0 6Pfd. 
Plate to Filament Capacity 1  4 uPfd. 
Maximum Plate Dissipation 200 watts 
Maximum D.C. Plate Voltage 2500 volts 
Maximum D. C. Plate Current 275 ma. 
Maximum D.C. Grid Current  75 ma 
Base standard 4 pin A watt 
Plate through top, grid through side of envelope. 

Class C R- F Amplifier 
D.C. Plate Voltage  1500 2500 volts 
D.C. Grid Voltage —200 —300 volts 
D.C. Plate Current  275 275 ma. 
D.C. Grid Current  60 60 ma. 
Grid Driving Power  27 33 watts 
Grid Bias Loss  12 18 watts 
Power Input   420 700 watts 
Power Output   260 500 watts 

814 
Frequency 

• 

Fi F 300 

B — 

ANT 

Grid- Neutralized Circuit for HF-300 Amplifier 

Primary 
input transformer ratio of   = 1.6 

Ys' sec. 

Characteristics: 
Filament Voltage  10 volts 

Taylor H.F. Triode. Class C r.f. am- Filament Current  4 amps. 
plifier of high output with relative', Amplification Constant  27 
low grid-driving requirements. 
Range: 80 to 2 mc. 

POWER FINAL AMPLIFIER 

550 WATTS 

HIGH 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  4 amps. 
Amplification Factor  12 
Grid to Plate Capacity 13 Pmfd. 
Grid to Filament Capacity 7Putd. 
Plate to Filament Capacity 5  5 6Pfd. 
Maximum Plate Dissipation 200 watts 
Maximum D.C. Plate Voltage 2500 volts 
Maximum D.C. Plate Current 300 ma. 
Maximum D.C. Grid Current 75 ma. 
Base standard 4 pin 50 watt 

Plate through top of envelope. 

Class C R- F Amplifier: 
D.C. Plate Voltage 2000 volts T-200 Taylor U.H.F. Triode, suitable for Oscillator or Amplifier sery 
D.C. Grid Voltage   —400 volts ice. Similar to HF-300. 
D.C. Plate Current 300 ma. Note: Grid driving requirements vary widely 
D.C. Grid Current 45 ma. under different operating conditions. 
Grid Driving Power 25 watts 
Grid Bias Loss 18 watts Character istics : 
Power Input  600 watts Filament Voltage  10 to 11 volts 
Power Output  400 watts Filament Current  4 arm 

Grid to Plate Capacity 14 Hord. 
Grid to Filament Capacity 8 Hard. 
Plate to Filament Capacity 6 Pufd. 
Maximum Plate Dissipation 200 watts 
Maximum D.C. Plate Voltage 2000 volts 
Maximum D.C. Plate Current 300 ma. 
Maximum D.C. Grid Current 60 ma. 
Base standard 4 pin 50 watt 

Plate through top of envelope. 

Class B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage 2000 volts 
D.C. Grid Voltage (Approx.) —75 volts 
Zero Signal D.C. Plate Current 50 ma. 
Maximum Signal D.C. Plate Current 450 ma. 
Load Impedance (Plate to Plate) 9000 ohms 
Power Output  500 watts 
Driving Power  30 watts 

Class C R•F Amplifier: 
D.C. Plate Voltage 2000 volts 
D.C. Grid Voltage —220 volts 
D.C. Plate Current 300 ma. 
D.C. Grid Current 50 ma. 
Grid Driving Power 20 watts 
Grid Bias Loss  11 watts 
Power Input  00 watts 
Power Output  400 watts 

Amplification Factor 
Grid to Plate Capacity 7 Pmfd. • Grid to Filament Capacity .5 mmt d. 
Plate to Filament Capacity 3 med. 
Maximum Plate Dissipation 200 watts 822 Taylor High-Mu Triode. Class B Maximum D.C. Plate Voltage  

audio amplifier or modulator. May be Maximum D.C. Plate Current 350 ma. Maximum D.C. Grid Current 2500 volts 
'N ma. 

used in Class C r.f. service. Base  standard 4 pin 50 watt 
A.F. Driver: Push-pull parallel 2A3 tubes with Plate at top, grid at side of envelope. 

• 
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200-250 Watts Dissipation 201 

—120V 
.001. 

+2000V 
50.110, 

1 Kw. PP. Amplifier 

Class C R- F Amplifier: 
D.C. Plate Voltage  2500 volts 
D.C. Grid Voltage —300 volts 
D.C. Plate Current 300 ma. 
D.C. Grid Current 50 ma. 
Grid Driving Poner ( Approx.) 24 watts 
Grid Bias Loss 15 watts 
Power Input  750 watts 
Power Output  560 watts 

250TL 
• 

Eimac. U.H.F. Triode with me-
dium amplification factor. De-
signed for diathermy service 

and f or rqddcemeut of older type 150 T Eimac. 

Characteristics: 
Filament soilage  5 to 5.1 volts 
Filament current  10.5 amps. 
Amplification factor  18 
Grin- to- plate capacity 3  5 isisfd. 
Grid- to- filament capacity 30 ,'Pfd. 
Plate-to- filament capacity 0  5 Ped. 
Maximum d.c. plate voltage 3000 volts 
Maximum d.c. plate current  350 m.a. 
Maximum d.c. grid current  50 m.a. 
Normal plate dissipation  250 watts 
Base: Standard 50 net. Plate through top. grid through 

side of envelope. 

Class C R.F. Amplifier: 
D.C. plate voltage   1000 2000 3000 volts 
D.C. plate current   300 350 330 m.a. 
D.C. grid current   45 45 45 m.a. 
D.C. grid bias  —200 —400 —600 volts 
Approximate grid driving 
power   11 21 53 watts 

Grid bias loss   9 18 27 watts 
Approximate power output  200 500 750 watts 

Class B. Audio Amplifier: 
D.C. plate voltage   1250 2000 3000 volts 
Load impedance. plate- to-

Plate   3280 6000 12400 ohms 
Power output. 2 tubes  540 900 1180 nets 

250TH 
audio sers ice. 

• 
Eimac. High-mu U.H.F. 
ode. Designed primarily for 
r.f. amplification and class B 

Characteristics. 
Filament voltage  5 to 5.1 volts 
Filament current  10.5 amps. 
Amplification factor  32 
Grid- to- plate capacity 33 gmfd. 
Grid- to- filament capacity 3  5 med. 
Plate- to-filament capacity 03 Pi«. 
Maximum d.c. plate voltage  3000 volts 
Maximum d.c. plate current 350 m.a. 
Maximum d.c. grid current  65 m.a. 
Normal plate dissipation  250 watts 
Base: Standard 50- watt. Grid through side. plate through 

top of envelope. 

Class C R.F. Amplifier: 
D.C. plate voltage  1000 2000 3000 volts 
D.C. plate current   300 350 330 m.a. 
D.C. grid current   55 55 55 m.a. 
D.C. grid bias  — 70 —140 —210 volts 
Approximate grid driving 
Dower   8 16 25 watts 

Grid bias loss   3.9 7.7 11.6 watts 
Approximate owner output  200 500 750 watts 

Class B. Audio Amplifier: 
D.C. plate voltage 1000 1500 3000 volts 
Load impedance. plate- to-
plate  2360 4200 1100 watts 

l'ower output. 2 tubes  350 630 12400 ohms 
((rid Bias: Zero for plate potentials up to 1400 volts. 

n00 

25 

250TH 

-435v 

SO 

1.02 

50 

002 50 

3. S 

1 Kw. R F Amplifier 

• 

WE-308B 
phone transmitters. 

Characteristics: 
Filament Voltage  14 volts 
Filament Current  6 amps. 
D.C. Plate Current 300 ma. 
Maximum Plate Voltage 2250 volts 
Mutual Conductance  7500 mhos 
Class-A Output, 2 Tubes  100 watts 
Class- B Output, 2 Tubes  500 watts 

04 

+3000V 
301. 

\\ estero Electric Tri-
ode, designed for mod 
ulators in radiotele-

204A 

• 

Triode ( RCA-Amperex-United). 
Oscillator or amplifier for fre-
quencies below 3000 KC. 

Frequency Range: 100% ratings up to 3 mc. 
50% at 15 mc. 

Note: Grid excitation requirements vary with 
plate impedance, circuit design and circuit losses, 
so the driver stage should be able to supply ap-
proximately twice as much output as listed for grid 
drive and bias loss. 

Characteristics: 

Filament Voltage  11 volt. 
Filament Current 3  85 amps. 
Amplification Factor  25 
Grid to Plate Capacity  15 ged. 
Grid to Filament Capacity  12.5 med. 
Plate to Filament Capacity  2.8 megd. 
Maximum Plate Dissipation  250 watts 
Maximum D.C. Plate Voltage 2500 volts 
Maximum D.C. Plate Current 275 ma. 
Maximum D.C. Grid Current 80 ma. 
Base standard 250 watt 

Plate through top. 

Class B Modulator or A- F Amplifier: 

D.C. Plate Voltage  1500 2000 volts 
D.C. Grid Bias (Approx.)  —40 —60 volts 
Zero Signal Plate Current ( Per Tube)  37 37 ma. 
Max. Signal Plate Current (Per Tube)   250 250 ma. 
Load Resistance ( Plate to Plate)   7800 8800 ohms 
Power Output (2 tubes)  400 600 watts 

R- F Service 

Class Plate 
B Te- Mod. Te- Class C 
lephony lepheny Telegraphy 

D.C. Plate Voltage  2000 1800 1500 2500 volt» 
D.C. Grid Blas  —70 —250 —150 —200 volts 
D.C. Plate Current  160 250 250 250 ma. 
D.C. Grid Current  ,0 50 50 ma. 
Power Output ( Approx.)  100 300 225 400 watts 
Grid Driving Power  .. 35 17 22 watts 
Grid Blas Loss  . . 17.5 7.5 10 watts 
Power Input   140 450 375 625 watts 
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WE-212E 
Western Electric 
general purpose tri-
ode for frequencies 

below 1500 KC. Normally used in audio circuits. 
Frequency Range: 100% ratings up to 1.5 mc. 

33% plate voltage ratings at 4.5 mc. 

Characteristics: 
Filament Voltage  14 volts 
Filament Current  6 amps. 
Amplification Factor  16 
Grid to Plate Capacity  18.8 00(d. 
Grid to Filament Capacity  14.9 med. 
Plate to Filament Capacity 8  6 cord. 
Maximum Plate Dissipation 275 watts 
Maximum D.C. Plate Voltage 3000 volts 
Maximum D.C. Plate Current 350 ma. 
Maximum D.C. Grid Current  75 ma. 
Special W.E. base. 

Class B Audio Amplifier (2 tubes): 
DC. Plate Voltage  1500 
D.C. Grid Voltage  —75 
Maximum Signal D.C. Plate Current  600 
Zero Signal D.C. Plate Current  80 
Load Resistance ( Plate to Plate)  5900 
Power Output   500 
Driver Power   50 

R- F Service 
Class B Class C Class C 
R- F Telephony Telegraphy 

D.C. Plate Voltage  2000 1500 2000 volts 
D.C. Grid Voltage —120 —200 —250 volts 

200 300 300 ma. 
60 60 mg. 
21 25 watts 
12 15 watts 

Power Input   400 450 600 watts 
Power Output   135 300 400 watts 

• 
Eimac. General purpose "Low 
C" triode for audio and high 
frequency amplifiers. 

Frequency Range: 100% ratings up to 40 mc. 
Note: Values of grid r.f. excitation vary over 

wide limits so this should be taken into account 
when designing the driver stage. 

D.C. Plate Current  
D.C. Grid Current  
Grid Drive ( Approx.)  
Grid Blas ( Loss) 

300T 

1 - K.W. AMPLIFIER 

Characterlsties: 
Filament Voltage 
Filament Current 

300-T 

2000 volts 
105 volts 
600 ma. 
100 ma. 
8000 ohms 
650 watts 
50 watts 

7  5 volt 
 11.5 amps. 

Normal Plate Dissipation 300 watts 
Amplification Factor ( Avg.) 16 
Maximum Plate Current 350 ma. 
Maximum Plate Voltage 3500 volts 
Maximum Grid Current 75 ma. 
Grid to Plate Capacity  4 00fd. 
Grid to Filament Capacity  4 card. 
Plate to Filament Capacity  
Base standard 4 pin 50 watt 

Plate through top, grid through side of envelope. 

Class B Audio Amplifier (2 tubes): 
D.C. Plate Voltage 1000 2000 3000 3500 volts 
D.C. Grid Voltage (Ap.) -60 —135 —200 —240 volt. 
Zero Signal D.C. Plate 
Current ( Approx.)  40 40 40 40 ma. 

Max. Signal D.C. Plate 
Current   700 700 700 600 ma. 

Load Resistance ( Plate to 
Plate)  2800 8500 10,000 13.000 ohms 

Driving Power   30 38 48 46 watts 
Output Power   400 950 1500 1620 watts 

HAII1DBOOK 

Class C R-F Amplifier ( I tube) Telephony or 
D.C. Plate Voltage  2000 3000 
D.C. Grid Voltage —300 —500 
D.C. Plate Current  300 300 
D.C. Grid Current  40 50 
Grid Driving Power (Approx.)  22 40 
Grid Bias Loss  12 25 
Power Input   600 900 
Poner Output   450 700 
AC Load Resistance  3400 5000 

H K-654 
• 

Telegraphy: 
3500 volts 
—600 volt, 

300 ma. 
60 ma. 
55 watts 
36 watts 

1050 watta 
800 watts 
5800 ohms 

Heintz and Kaufman Tri-
ode for Class B, Modula-
tor and high-frequency RF 

Service. Espeually suitable for Class B RF and 
grid-modulated telephony. Tantalum plate and grid. 
100% ratings up to 15 MC; reduced ratings above 
30 MC. 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current  15 amps. 
Amplification Factor   25 
Normal Plate Dissipation  300 watts 
Maximum D.C. Plate Voltage  5000 volts 
Maximum D.C. Plate Current  450 ma. 
Maximum D.C. Grid Current  100 ma. 
Base: Standard 4-pin 50- watt. Plate through top, grid 
through side of envelope. 

• 

WE-270A 
station operation in high frequency transmitters. 
Frequency Range: 100% ratings up to 7.5 mc. 

33% plate voltage ratings at upper limit of 22.5 mc. 
Characteristics: 
Filament Voltage 
Filament Current 
Amplification Factor 
Grid to Plate Capacity   
Grid to Filament Capacity   
Plate to Filament Capacity  
Maximum Plate Dissipation  
Maximum D.C. Plate Voltage  
Maximum D.C. Plate Current  
Maximum D.C. Grid Current  

Chu B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage  2000 2500 volts 
D.C. Grid Voltage  —105 —140 volts 
Maximum Sig. D.C. Plate Current  750 750 ma. 
Zero Sig. D.C. Plate Current  120 120 ma. 
Load Resistance (Plate to Plate)   6000 8000 ohms 
Power Output   850 1000 watts 
Driver Power   75 75 watt. 

R- F Service 

Class B Class C Class C 
R- F Telephony Telegraphy 

D.C. Plate Voltage ... 3000 2250 3000 volts ( max.) 
D.C. Grid Voltage .... —180 —300 —375 volts 
D.C. Plate Current.... 175 300 350 ma. 
D.C. Grid Current70 70 ma. 
Grid Driver ( Approx.). .... 32 97 watts 
Grid Bias Loss  21 11 watts 
Power Input   525 675 1050 watts 
Power Output   175 450 700 watts 

• 

861 RCA Screen Grid RF. Amplifier for 
i normal operation up to 20 mega-

cycles. 
Frequency Range: 100% ratings up to 20 me. 

75% at 30 mc. 
Note ( 1): Grid driving power requirements vary 

over wide limits, depending upon load impedance and 
circuit losses. 

Note (2): In modulated operation (plate type) 
the screen voltage should be modulated simul-
taneously with the plate voltage. Grid modulation 
characteristics are approx. similar to Class B r.f. 
operation, except for grid bias. 

eharasterisUrs: 
Filament Voltage  11 volts 
Filament Current  10 amns. 
Amplification Factor  300 
Grid to Plate Capacity 0.1 curd. 
Input Capacity  11.5 nurd. 
Output Capacity  11 surd. 
Nfaximum Plate Voltage  3500 volts 
Maximum Plate Dissipation  400 watts 
Maximum Screen Dissipation  35 watts 
Maximum D.C. Plate Current 390 ma 
Maximum D.C. Grid Current 75 ma. 

Western Electric 
general purpose tri-
ode for broadcast 

 10 volte 
 9.75 amps. 

 16 
21 med. 
18 Amid. 
2 cord. 

350 watts 
3000 volts 
375 ma. 
75 ma. 
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R- F Service 

D.C. Plate Voltage   
D.C. Screen Voltage   
D.C. Grid Voltage   
D.C. Plate Current   
D.C. Grid Current   
Grid Driving Power   
Grid Bias Loss   
Plate Power Input   
Power Output   

Class B 
Tele-
phony 
3500 
500 
—60 
145 

Plate Mod 
Class C Telephony Class C Telegraphy 
2000 3000 max. 2000 3500 volts 
350 500 350 600 volts 
—200 —300 —150 —250 volts 

265 200 300 275 ma. 
70 50 60 30 ma. 
40 35 40 25 watts 
14 15 9 7.5 watts 

510 530 600 600 965 watts 
160 281 360 325 590 watts 

831 
RCA and Amperex Oscillator and r.f. 
amplifier for high frequency operation. 

Frequency Range: 100% ratings up 
to 20 mc. 55% at 75 mc. 
Note: Grid driving requirements vary greatly 

under different values of load impedance, neutraliz-
Mg circuits and circuit losses which vary with 
frequency. 

Characteristics: 
Filament Voltage  It volts 
Filament Current  10 amp. 
Amplification Factor  14.5 
Grid to Plate Capacity  4.0 unid. 
Grid to Filament Capacity 3  8 Pion. 
I'late to Filament Capacity 1  4 ggfd. 
Maximum Plate Dissipation  400 watts 
Maximum D.C. Plate Voltage  3500 volts 
Maximum D.C. Plate Current  350 ma. 
Maximum D.C. Grid Current 75 ma. 

D.C. 
D.C. 
D.C. 
D.C. 60 45 40 ma. 
Grid 50 25 30 watts 
Grid 30 9 16 oo atts 
Power Input   600 600 965 watts 
Power Output   375 400 600 watts 

)Max.) 

R- F Service 

Class C 
Plate 

Class B Mod. 
Tele- Tele- Class C 
phony phony Telegraphy 

Plate Voltage ... 3500 3000. 2000 3500 volts 
Grid Voltage.... —220 —500 —200 —400 volts 
Plate Current.... 145 200 300 275 ma. 
Grid Current....... 
Driving Power...... 
Blas Loss 

510 
160 

• 

849 'criraieyde.suiRteCdAf-Aorm pc; r assex - UBn imt eodi u l aEt sopr se-. 

May be used in Class C as well as 
Class B r.f. amplifiers. 
Frequency Range: 100% ratings up to 3 mc. 

50% at 15 mc. 

Characteristics: 
Filament Voltage  11 volts 
Filament Current 5  0 amps. 
Amplification Factor  19 
Grid to Plate Capacity 31 i ggfd. 
Grid to Filament Capacity  17 seofd. 
Plate to Filament Capacity 3 »ed. 
Maximum Plate Dissipation 400 watts 
Maximum Plate Dissipation ( Telephony) 270 watts 
Maximum D.C. Plate Voltage 3000 volts 
Maximum D.C. Plate Current 350 ma. 
Maximum D.C. Grid Current 125 ma. 
Base  250 watt 

Plate through top of envelope. 

Class B Modulator or A.F Amplifier: 
D.C. Plate Voltage  2000 5500 volts 
Grid Bias (Approximate)  —105 —130 volts 
Zero Sig. Plate Current ( Per Tube)  7 10 ma. 
Maximum Sig. Plate Current ( Per 
Tube)   325 275 ma. 

Load Resistance ( Plate to Plate)._ 7040 11.480 ohms 
Power Output   870 920 watts 
Class B—R- F Amplifier: 
D.C. Plate Voltage  1500 2000 volts 
D.C. Grid Blas   —70 —95 volts 
D.C. Plate Current   340 265 ma. 
Carrier Output   155 175 watts 
Plate Modulated Class C. Amplifier: 
D.C. Plate Voltage   1500 
D.C. Grid Bias   —250 
D.C. Plate Current   300 
Power Output   300 
Class C Telegraphy: 
D.C. Plate Voltage   1500 
D.C. Grid Bias   —175 
D.0 Plate Current  300 
Power Output   300 
D.C. Grid Current  75 
Grid Driving Power ( Approx.)  32 
Grid tGss 1..rd.   11 

1800 volts 
— 300 volts 

300 ma. 
390 watts 

450TH 
450TL 

Eimac high power triodes. 
The 450TH has an amplifica-
tion factor of 82, the 450TL 
has an amplification factor of 
16. These tubes are especially 
designed for broadcast and 

tiansmitters. Tantalum plates and grids. 

Filament Voltage  7.5 volts 
Filament Current  12 amps. 
Maximum D.C. Plate Current 500 ma. 
D.C. Plate Voltage 4000 volts 
Normal Plate Dissipation 450 watts 
Grid to Plate Capacity 4  5 Sfofd. 
Base Standard 50 watt type 
Plate out through top and grid through side of glass en-

velope. 

SOOT 
Eimac general purpose triode for 
audio and high-frequency ampli-
fiers. Its low enter-electrode 

capacities allow effective r.f. amplification at high 
radio frequencies. 

Frequency Range: 100% ratings up to 40 mc. 

Note: Values of r.f. grid excitation vary over 
wide limits so this should be taken into account 
when designing the driver stage. 

Characteristics: 
Filament Voltage 7  5 volts 
Filament Current  20 amps. 
Amplification Factor (Average)  13 
Normal l'iate Dissipation  500 watts 
Maximum Plate Voltage   

4060000vmolats. Maximum Plate Current 
Maximum Grid Current  125 ma. 
Grid to Plate Capacity 4  5 Card. 
Grid to Filament Capacity  6 med. 
Plate to Filament Capacity 0  8 nerd. 
Raie  Special Ermac 

Plate through top, grid through side of envelope. 

Class B Audio Amplifier (2 Tubes): 
D.C. Plate Voltage ... 1500 2000 
D.C. Grid Voltage ( Ap-
prox.)   —110 —150 

Maximum Signal D.C  
Plate Current   1200 1150 

Load Resistance ( plate 
to plate)   2400 3000 

Grid Driving l'omet  90 90 
Poorer Output   900 1200 

Class C R- F Amplifier ( I Tube) Telephony er 
D.C. Plate Voltage   2000 3000 
D.C. Grid Voltage   —350 —550 
D.C. Plate Current   450 450 
D.C. Grid Current   90 90 
Grid Driving Power (Approx.)  60 80 
Grid Bias Loss   31.5 40 
Power Input   900 1350 
Power Output ( Approx.)  650 1000 

3000 4000 volts 

—225 —310 volts 

900 800 ma. 

6800 11300 ohms 
85 80 watts 

1800 2300 watta 

F-100A 

• 

Telegraphy: 
4000 volts 
—800 volts 

450 ma. 
90 ma. 

110 ss atte 
72 watts 

1800 watts 
1350 oo atts 

Federal Tel. Co. general 
purpose triode for high 
frequency transmitters. 

Useful up to 100 mc. 

Characteristics: 

Filament Voltage  11 volts 
Filament Current  25 amps. 

2000 volts Amnl)tleatinn Factor   14 
— 200 volts Grid to Plate Capacity  10 nerd. 

300 ma. C.rid to Filament Capacity  4 Cord. 
450 watts Plate to Filament Capacity 2 ustcl. 
75 ma. Maximum Plate Dissipation  500 watts 
34 watts Maximum D.C. Plate Voltage  4000 volts 
11 netts Maximum D.C. Plate Current  300 ma. 
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887, 888 
RCA UHF water-
c ooled triodes. De-
signed for use as os-

cillators or amplifiers in the ultra-high frequency 
spectrum. Either tube may be used at full input 
as an oscillator up to 240 Mc. or as an amplifier 
at full input to 300 Mc. Operation at higher fre-
quencies is permissible with reduced input. The 
characteristics of the 887 are given; tip se of the 
888 are almost identical except that the latter tube 
has an amplification factor of 30 and has slightly 
higher interelectrode capacities. 

Characteristics: 
Filament voltage  il volts 
Filament current  24 amps. 
Amplification factor  10 
Plate dissipation ( max.) 600 watts 

Direct intereieetrode capacities: 
Grid- plate 
Grid-filament   
Plate- filament 
Type of cooling W.iter and 

Class B R.F. Amplifier: 
D.C. plate voltage ( max.)  3000 volts 
D.C. plate current ( max.)  200 mo. 
Plate input ( max.) 600 watts 

Typical operation: 
D.C. plate voltage   2500 3000 volts 
D.C. grid voltage   250 —300 volts 
Peak r.f, grid voltage   290 320 volts 
D.C. plate current   200 200 ma. 
D.C. grid current   2 1 ma. 
Driving power   45 50 watt s 
Power output   165 200 watts 

Class C Modulated Amplifier— Modulation factor of 1.0 
Maximum Conditions: 

D.C. plate voltage ( max.)  2000 volte 
D.C. plate current ( max.)  200 me. 
D.C. grid bias (max.)  —500 volts 
D.C. grid current ( max.)  75 m a. 
Plate Input ( max.)  400 watts 
Plate dissipation  400 watts 

Class C. Amplifier-0W. Telegraphy Maximum Conditions: 
D.C. plate voltage  3000 volts 
D.C. grid voltage  —500 volts 
D.C. plate current  400 m.a. 
D.C. grid current  75 ma. 
Plate input  1200 watts 
Plate dissipation  1000 watts 

• 

6  9 cold. 
2.5 oofd. 
2  7 gold. 

forced air 

851 fatiCrA—ooâemdperfeAto—doUn iftoerd. Alighorpo7zee 

service. 
Frequency Range: 100% ratings up to 3 mc. 

60% at 6 mc. 

Characteristics: 

Filament Voltage  11 volts 
Filament Current  15.5 amp. 
Amplification Factor   20 
Grid to Plate Capacity  55 cold. 
Grid to Filament Capacity  30 mold. 
Plate to Filament Capacity 7 mold. 
Maximum Plate Dissipation  750 watts 
Maximum D.C. Plate Voltage  2500 volts 
Maximum D.C. Plate Current  1 Amp. 
Maximum D.C. Grid Current  200 ma. 
Stase  Standard 250 watt 

Plato through top of envelope. 

• 
HK-1554 Heintz & Kaufman 

general purpose tri-
ode. Designed for 

commercial transmitters in the high frequency 
range. 

Note: Air-cooled plate. With forced ventilation, 
plate dissipation may be increased to 1500 watts. 

Charaeteristics: 

Filament Voltage  11 volts 
Filament Current  17 amps. 
Normal Plate Dissipation  750 watts 
Amplification Factor  14.5 watts 
Grid to Plate Capacity.  11 mold. 
Grid to Filament Capacity 15  5 cold. 
Plate to Filament Capacity 1  2 cord. 
Base  Special BR 

Plate through top of envelope. 

RADIO 
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Class 8 Audio Amplifier: 
D.C. Plate Voltage... 2500 3000 4000 5000 volts 
D.C. Grid Voltage .... —160 —200 —275 —350 volts 
Zero Signal D.C. Plate 

.050 . 050 .050 amps. Current (2 tubes) • • •050 
Maximum Signal D.C. 

Plate Cur. (2 tubes) 1.74 1.59 1.34 1.15 amps 
Peak Driving Power.. 106 104 100 87 watts 
RMS Signal Voltage.. 375 389 413 445 volts 
Power Output ( 2 tubes) 2850 3260 3860 4260 watts 
Load Resistance ( plate 

to plate)   3000 4200 7000 10400 ohms 
Maximum Signal D.C  
Grid Current ( 2 tubes) 122 122 99 72 ma. 

Class 13 R- F Telephony: 
D.C. Plate Voltage .... 2500 3000 4000 5000 volts 
D.C. Grid Voltage .... —160 —200 —275 —350 volts 
D.C. Plate Current .. 448 378 293 242 ma. 
Plate Loss   750 750 750 750 watts 
Load Resistance   750 1100 2000 3200 ohms 
Peak Grid Driving 
Power   53 45 42 36 watts 

Carrier Power   370 385 420 460 waIts 
Efficiency   33 34 36 38% 

Class C Operation (3000 Max. Plate Voltage for Plate 
Modulation): 

D.C. Plate Voltage.... 2500 3000 4000 5000 volts 
D.C. Grid Voltage.... —600 —610 —700 —760 volts 
D.C. Plate Current .. 1.00 .930 1.00 1.00 amps. 
D.C. Grid Current .... 110 95 104 95 ma. 
Grid Driving Power .. 117 125 124 120 watts 
Grid Bias Loss   66 58 73 72 watts 
Load Resistance   1120 1460 1960 2500 ohms 
Power Input   2500 2760 4000 5000 watts 
Power Output   1750 2030 3040 3950 watts 
Plate Efficiency   70 73 76 79% 
Plate Loss   750 750 960 1050 watts 

• 

WE-251A 
Western Electric 
H.F. triode broad-
cast or police 

transmitter tube for r.f. or a.f. service. 

Frequency Range: 100% ratings up to SO mg. 
66% plate voltage ratings at 50 mc. 

Characteristics: 
Filament Voltage  10 volts 
Filament Current  16 amos. 
Amplification Factor  10.5 
Grid to Plate Capacity  8 cold. 
Grid to Filament Capacity  10 geld. 
Plate to Filament Capacity 6 cold. 
Maximum Plate Dissipation  1000 watts 
Maximum D.C. Plate Voltage  3000 volts 
Maximum D.C. Plate Current 600 ma. 
Maximum D.C. Grid Current  150 ma. 
Air-cooled tube. 

R- F Service 
Class C 

Class B Tele. Class C 
R- F phony Telegraphy 

D.C. Plate Voltage   3000 2250 3000 volts. 
D.C. Grid Voltage   —300 —470 —550 volts 
D.C. Plate Current   400 400 600 ma. 
Power Input   1200 900 1800 watts 
Power Output   400 600 1200 watts 

•(Maximum). 

• 

WE-279A 
Western Electric 
H.F. triode broad. 
cast or police sta-

tion operation for AF or RF service. 
Frequency Range: 100% ratings up to 20 mc. 

50% plate voltage ratings at 40 mc. 

Characterist les: 
Filament Voltage  10 volts 
Filament Current  21 amps. 
amplification Factor   10 
Grid to Plate Capacity  18 cold. 
Grid to Filament Capacity  15 gold. 
Plate to Filament Capacity 7 gold. 
Maximum Plate Dissipation  1200 watts 
Maximum D.C. Plate Voltage  3000 volts 
Maximum D.C. Plate Current  800 ma. 
Maximum D.C. Grid Current  150 ma. 
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1 600-1500 Watts Dissipation 205 
Class B Audio Amplifier (2 Tubes): 

D.C. Plate Voltage   2000 
D.C. Grid Voltage   —150 
Maximum Signal D.C. Plate Current 1600 
Zero Signal D.C. Plate Current  220 
Load Resistance ( plate to plate)  2240 
Power Output   1760 
Driver Power   100 

R- F Service 

2500 volts 
—200 volts 
1600 ma. 
300 ma. 
2800 ohms 
2200 watts 
100 watts 

Class C 
Class B Tele- Class C 
R- F phony Telegraphy 

D.C. Plate Voltage   3000 2250 3000 volte 
D.C. Grid Voltage   —325 —450 —600 volts 
D.C. Plate Current   600 600 800 ma. 
Power Input   1800 1350 2400 watts 
Power Output   600 900 1600 watts 

HK-3054 Heintz & Kaufman 
general purpose tri-
ode for commercial 

application. Largest air-cooled tube made. 
Note: Plate dissipation may be increased to 

3 KW by forced ventilation, air cooled H.F. tube 
construction. 

Characteristics: 

Filament Voltage  16 volts 
Filament Current  50 amps. 
Normal Plate Dissipation 1  5 kw. 
Amplification Factor   20 
Grid to Plate Capacity  15 Med. 
Grid to Filament Capacity  25 word. 
Plate to Filament Capacity 2  5 »ed. 
Maximum D.C. Plate Voltage 5000 volts 
Maximum D.C. Plate Current  2 amps. 
Maximum D.C. Grid Current 0  5 amps. 

RECTIFIERS 

866-866A-872-872A 
Note: The 866-A and 872-A rectifiers are lim-

ited to 5,000 peak inverse voltage if the temper-
ature near the base of the tube is below 15° C, 
or above 50° C. 

Uses: Half wave rectifiers, of the mercury vapor 
type, for high voltage plate supplies in radio trans-
mitters. Two or four tubes may be connected in 
full wave rectifier circuits. (See power supply 
chapter.) 

Max. Peak inverse voltage is the highest peak 
voltage that the rectifier tube can safely stand in 
the opposite direction to which it is supposed to 
pass current. In a single phase, full wave choke 
input circuit, the peak inverse voltage is approx. 
1.4 times the RMS voltage applied to the tube. 
In a single phase, half wave circuit with con-
denser input, the peak inverse voltage may be 
2.8 times the RMS value. 
Max. peak plate current is the highest value of 

peak current that the rectifier tube can safely pass. 
With large choke inductance input to the filter, 
the peak current is not much higher than the 
load current. With condenser input, the peak 
current may be four times as high as the load 
current. 

Charasteristin : 

Filament Voltage   2.5 2.5 5.0 
Filament Current   5.0 5.0 10 
Peak Inverse Voltage  7500 10009 7500 
Peak Plate Current ....6 .6 2.5 
Tube Voltage Drop 

(Approx.)   15 10 15 10 volts 
Base   -1 pin 4 pin 50 watt 50 watt 

•Mavirotim 

Characteristics: 
Filament Voltage  2.5 volts 
Filament Current 2  5 amps. 
Maximum RMS A.C. Voltage  1250 volts 
Maximum D.C. Load Current ( Choke Input) 250 ma. 
Base Standard 4 pin. UX, isolantite 

• 

RK-19, RK-21, 
RK-22 

Raytheon Rectifiers. Intermediate between 88 
and 866 rectifiers, but of high vacuum type con-
struction. Designed for 1000 volt DC supplies. 

Characteristics: 
Full 
Wave 
RK-I9 

Half Full 
Wave Wave 
RK-2I RK-22 

heater Voltage   7.5 2.5 2.5 volts 
Ileater Current   2.5 4.0 8.0 amp 

866 866-A 872 872-A Masita,,,,, ItNIS Voltage Per I'late 1250 volts 
Maximum Peak Inverse Voltage  3500 volts 
Maximum Peak Current  600 ma. 
Maximum D.C. Load Current (with Cond. Input) 200 ma. 

• 

5.0 volts 
6.75 amps. 

10000 volts* 
2.5 amps.° 

866 Jr Taylor Tuhe Co. Mercury . vapor half wave rectifier for 
operation in full wave or 

bridge rectifier systems. intermediate in load capa-
bility between the type 566 and 33 rectifiers. 

866B 

• 

Taylor mercury-vapor half -wave 
rectifier for operation in full-
wave or bridge rectifier systems. 

Intermediate in load capacity between 868 and 
872A rectifiers. 

Characteristics: 
Filament Voltage  5 volts 
Filament Current  5 amps. 
Peak Inverse Voltage  8500 volts 
Peak Inverse Current  1 amp. 
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Ilearghation of Transmitting; Tubes 

Thoriated tungsten type transmitting tubes that have had 

their filaments temporarily "poisoned" or "paralized" by in-

sufficient filament voltage or temporary overload can be per-

manently reactivated by "flashing" the filament at a voltage 

considerably higher than the rated filament voltage and then 

"cooking" the filament for a period at slightly more than 

the rated filament voltage. No voltage is applied to any of 

the other elements during either the "flashing" or "cooking" 

processes. An attempt at reactivation is a waste of time if 

gas has been liberated during the overload. 

Tubes that have lived a long and useful life, tubes that 

have "seen better days," can be only temporarily reactivated. 

The emission will fall off worse than ever after a few hours 

use. In buying used tubes it is wise to make certain you are 

not purchasing reactivated "duds," as their apparently good 

emission will be short lived. 

If you have an expensive tube that has been "paralized" 

but is otherwise in good condition ( in other words, if the 

tube is not gassey and has seen only a fraction of its ex-

pected useful life), write to the manufacturer for specific 

reactivation data on that particular type before attempting 

to "bring it back." 

Filament voltmeters can be surprisingly inaccurate, espe-

cially when mounted on a steel panel. With expensive tubes 

it is highly important that the filament voltmeter be checked 

carefully for accuracy. Excessive filament voltage will greatly 

shorten the life of a tube. Insufficient voltage may result in 

the filament's being paralized. Continued deficiency in fila-

ment voltage is just as damaging to a tube as is excessive 

filament voltage. 



Chapter 10 

TRANSMITTER THEORY 
• Introduction 

EARL1ER in this text it was indicated that 
all electrical circuits conducting alternat-

uig currents radiate some electrical energy in 
the form of radio, or electromagnetic waves. 
The amount of this radiation depends upon 
the ratio of the dimensions of the circuit tu 
a wave length. Thus it can be seen that 
with higher frequencies, and consequently 
shorter wavelengths, it becomes increasingly 
possible to radiate more and more electrical 
energy. Physical limitations in radiator 
dimensions prevent the efficient radiation of 
truly low-frequencies; an efficient radiator 
of ordinary 50 or 60 cycle currents would 
require circuit dimensions to be thousands 
of miles in length. Radio frequency radia-
tors however, may be measured in feet. The 
transmitting antenna is just such a radiator. 

The amount of radiated energy released 
from any antenna is proportional to the 
square of the radio frequency current flow-
ing in that antenna. Resonating the antenna 
circuit to the frequency of the wave to be 
transmitted greatly increases this current. 
This, then, ordinarily is attempted. Antenna 
problems are considered more fully in a later 
chapter. The transmitter, essentially a gen-
erator of the radio frequency power, is con-
sidered here. 

Various methods have been used in the 
past to generate r.f. power. Today, how-
ever, such power virtually always is ob-
tained from vacuum tube oscillators and 
amplifiers. The transmitters are of two 
general types: c.w. (continuous wave) or 
code transmitters; and 'phone, or voice 
transmitters. We shall consider them in 
that order. 

• The C. W. Transmitter 

The essential portions of a c.w. transmit-
ter are the crystal oscillator, frequency 
doubler or doublers, and r.f. amplifiers. The 
crystal oscillator determines the frequency 
in the short-wave spectrum at which the 
transmitter will operate; frequency doublers 
multiply the relatively low frequency of the 
crystal oscillator when high-frequency op-
eration is desired; the r.f. amplifier increases 

the output of the source of frequency control 
to the desired value before connection to the 
antenna circuit. Intermediate r.f. amplifiers 
are called "buffer amplifiers"; their use is 
necessary where the output of the crystal 
oscillator or frequency doubler is insuf-
ficient to drive the final r.f. amplifier for 
normal operation. The final r.f. amplifier 
stage is a converter of direct current power 
into radio-frequency power, which then is 
supplied to the antenna system for transmis-
sion of signals. 

• Circuit Analysis 

A simple c.w. telegraph transmitter is 
shown schematically in figure 1. The crys-
tal oscillator portion of the transmitter con-
sists of the tuned circuit Li-C., the type-47 
pentode tube, various resistors and con-
densers, and the quartz crystal. The quartz 
crystal has piezo-electric properties; i.e., the 
crystal will vibrate physically at a resonant 
frequency as long as some electrical stimulus 
is applied to it. This stimulus is obtained 
from r.f. feedback through the plate-to-grid 
interelectrode capacity of the type-47 tube. 
The tuned circuit Li-C. is tuned to a point 
near resonance. A surge, such as is obtained 
when the plate voltage is applied to the 
type-47 tube, will start an oscillation which 
is controlled by the frequency of the quartz 
crystal. Only a small portion of the oscil-
lating energy in the plate circuit Li-Cs is 
needed to maintain the crystal in oscillation. 
the main portion of the power output can 
be used to drive the grid circuit of a buffer-
amplifier, as shown in figure 1, or to drive 
the grid circuit of a frequency doubler, as 
explained later in this chapter. The actual 
frequency of the crystal-controlled oscillator 
is either very slightly higher or lower than 
the exact mechanical resonant frequency of 
the quartz plate. The type of feedback cir-
cuit determines which side of resonance this 
oscillation will occur; the actual difference 
of frequency from the resonant point is very 
small and practically constant for various 
outputs and plate voltages applied to the 
oscillator tube. 
The quartz crystal circuit acts as a 

sharply tuned resonant circuit which has a 
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very high "Q." The latter is an index of 
the ability of the crystal to maintain con-
stant frequency of oscillation. The "Q" is 
much higher for the crystal than for an 
ordinary tuned circuit. A crystal-controlled 
oscillator therefore has much better fre-
quency stability than self-excited oscillators 
of the tuned-grid-tuned plate, Hartley, or 
Colpitts variety. 

OcARTS 

CRYSTAL 

OSCILLATOR 

47 
GIROS PL•TE 

-350 VOL TS + 350 VOLTS 

CRYSTAL 
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of pentodes suitable for crystal oscillator 
service. The main requirement of the tube 
is that very little grid drive or r.f. excita-
tion be necessary to maintain stable oscilla-
tion in the tuned plate circuit 1.4-C. As a 
general rule, pentode or tetrode tubes re-
quire and have less r.f. feedback into the 
quartz crystal circuit than is needed with 
triode tubes. 

CA 
14• ON 

COIL 

D C MILLION ,,,,,, 

ALL GROUNDS 
COMMON 

AMPLIFIER 

lo 

-• 500 VOLTS 

NCUTRALIDING 
COND EEEEE 

+500 VOLTS 

OS CILLATOR — BUFFER - AMPLIFIER CIRCUIT 

Figure 1 

Each of the various resistors and con-
densers in the oscillator circuit of figure 1 
serves a separate and distinct function. Re-
sistor RI provides a path for the direct 
current component in the grid circuit of the 
type-47 tube. When the tube is oscillating, 
the grid circuit is positive with respect to 
the filament for a portion of each cycle, 
which causes a flow of electrons to the grid 
electrode; the resultant pulsating direct cur-
rent flows through the resistance R1. The 
direct current cannot flow through the 
quartz crystal because the crystal, acting like 
a condenser in this respect, prevents direct 
current flow. The current which flows 
through R4 causes a voltage drop propor-
tional to the current, and provides a negative 
grid-bias for proper oscillator action of the 
type-47 tube. 
The center-tap resistor R4 in the type-47 

tube circuit supplies a balanced point of 
connection to the filament; the filament nor-
mally is operated from an alternating cur-
rent source and the 60-cycle variation at the 
center point of the resistor 124 is zero and 
does not introduce a.c. hum into the output 
of the oscillator. 
The type- 47 tube is only one of a number 

L2 

L3 

The screen-grid in a tetrode or pentode 
tube tends to shield the plate circuit elec-
trostatically from the control-grid circuit, 
and also causes the tube to operate with 
less grid excitation than that used by a 
similar tube without a screen-grid. This 
screen-grid must be bypassed to the filament 
(or cathode) of the tube, which, in turn, is 
connected to a common ground and negative 
B supply. The screen-grid of a type-47 tube 
should be operated at a positive potential 
of from 100 to 123 volts, and this voltage 
is obtained from the 350 volt plate supply 
by connecting two resistors (R2 and R5) 
across the positive and negative terminals 
of the 350-volt supply ii the manner of a 
voltage divider. 

The tuned plate circuit, must be 
connected from the plate to the filament of 
the vacuum tube. This is accomplished by 
means of the condenser C., which bypasses 
the r.f. to filament, yet at the same time 
prevents the plate circuit from being short-
circuited. The plate circuit r.f. power out-
put ranges from 25% to 50% of the d.c. 
power input for different types of crystal 
oscillators. A meter or meter jack should 
be connected in the plate circuit of the 
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crystal oscillator tu aid in tuning of the 
circuit. 

e Buller-Ampliher 

The r.f. power from the crystal oscillator 
usually is amplified to secure greater out-
put. A large variety of tubes can be used 
for amplifier circuits. For the purpose of 
illustration, a type-10 triode tube is shown 
in figure 1. This tube has its grid to fila-
ment circuit connected across part of the 
plate circuit of the crystal oscillator. The 
filament of the type-10 circuit is connected 
to the common ground by means of a cen-
ter-tap resistor R«, or by a center-tap con-
nection on the filament transformer proper. 
The filament voltage of a type-10 tube is 
three times as high as that required for a 
type-47 tube, and the resistance R, there-
fore is made from three to five times as 
high in value as the 47 filament resistor. 
This increase in resistance adds an appre-
ciable amount of impedance to the flow of 
r.f. current from the center point of R« to 
the actual filament of the type-210 tube. To 
provide a low impedance path for r.f., two 
filament bypass condensers C. should be 
connected from filament to ground. The 
grid of the amplifier tube is connected to the 
oscillator circuit L,-C. through a coupling 
condenser, C., which isolates the grid cir-
cuit from the oscillator plate supply, and 
yet enables r.f, current to flow to the grid 
circuit. The position of the tap on the coil 
L, and the capacity of condenser C., deter-
mines the amount of grid circuit drive. The 
closer this tap is to the bottom end of coil 
Li (which is at r.f. ground potential) the 
lower will be the r.f. voltage on the grid 
of the amplifier tube. 

The grid circuit of the amplifier requires 
actual power to operate the tube in the 
usual form of Class-C operation. When the 
grid circuit is driven positive it has an aver-
age finite value of impedance, and this forms 
the output load for the crystal oscillator. 

The grid of the type-10 amplifier tube for 
Class-C operation must be biased to more 
than cut-off voltage, which is a function of 
the plate voltage and amplification constant 
of the amplifier tube. The rectified current 
flows through the r.f. choke, resistor R. 
and meter to ground, the latter being 
the return circuit to the filament. This rec-
tified current flowing through R. must be 
sufficient to bias the amplifier tube at least 
to cut-off, and normally is made high 
enough to reach twice this value. Correct 
valnes of grid current and grid bias volt-

age are listed in the Transmitter Tube 
Tables. The radio-frequency choke in series 
with R. is needed in cases where the re-
sistance of R« is relatively low, for instance 
only one-fourth of the ohmic resistance of 
I?,. Actual values of resistances and ca-
pacities are shown in numerous circuits 
throughout this Handbook, and also in the 
Tube Tables. 

The type-10 amplifier tube is a triode; 
it has a capacity of several micro-micro-
farads between its grid and plate electrodes. 
When the plate circuit is tuned to the same 
frequency as the grid-driving circuit L,-C3, 
the type-10 tube will act as a regenerative 
self-excited oscillator, unless it is neutral-
ized. When the grid-to-plate capacitance of 
the tube is balanced by means of a neutral-
izing condenser C5, connected in a circuit 
of the type shown in figure 1, there is no 
feedback from the plate to the grid circuit. 
The tube acts as a stable r.f. amplifier and 
power can be taken from the tuned plate 
circuit L.-C« by means of the coil L.. 

The tuned plate tank circuit L.-C, must 
be center-tapped to supply a radio-frequency 
voltage 180 degrees out-of-phase across 
each end of the inductance L. so as to ob-
tain the desired neutralizing action. The 
r.f. voltage fed back through the tube ele-
ments from plate to grid is exactly neutral-
ized by the feedback through the small 
variable condenser C5, which is adjusted to 
the same capacitance as the actual grid-to-
plate capacitance of the tube. A split-stator 
tuning condenser often is used as a substi-
tute for C., which is shown as a single-sec-
tion variable condenser in figure 1. This 
provides a center-tap connection to the 
tuned circuit L.-C« for neutralizing purposes 
the same as does a bypassed center tap. 

• Frequency Multipliers 

It is repeated here that quartz crystals 
are not suitable for direct control of the 
output frequency of high-frequency trans-
mitters. Frequency multipliers are needed 
to multiply the frequency to the desired 
value. These multipliers operate on exact 
multiples of the crystal frequency; a 3.6 
megacycle crystal oscillator can be made to 
control the output of the transmitter on 7.2, 
or 14.4 megacycles, or even on 28.8 mega-
cycles, by means of one or more frequency 
multipliers. When used at twice-frequency. 
as they most usually are, they are often 
termed frequency doublers. A simple 
doubler circuit is shown in figure 2. It con-
sists of a vacuum tube with its plate cir-
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cult tuned to twice the frequency of the 
grid driving circuit. This doubler can be 
excited from a crystal oscillator, or con-
nected to another doubler or buffer amplifier 
stage. 

Doubling (frequency multiplication) is 
accomplished by operating the tube with 
extremely high grid bias in order to make 
the output plate circuit rich in harmonics. 
The grid circuit is driven approximately to 
normal values of d.c. grid current through 
the r.f. choke and grid-leak resistor, shown 
in figure 2. The resistance value generally 
is from two to five times as high as that 
used with the tube for simple amplifying. 
For the same value of grid current the grid 
bias is several times as high, and should be 
at least six times cut-off bias. Cut-off is 
calculated by dividing the d.c. plate volt-
age by the amplification constant of the 
tube. It is that value of bias which will 
cut off the d.c. plate current when no r.f. 
excitation is present in the grid circuit. 

e .7  

Figure 2—Simple doubler circuit with type 46 
Tube 

No neutralization is necessary in a 
doubler circuit, since the plate is tuned to 
twice the frequency of the grid circuit. The 
feedback from the doubler plate circuit tc 
the grid circuit is at twice the fre-
quency of the grid driving circuit to which 
the coupling condenser ( figure 2) is con-
nected. The impedance of this external 
tuned grid driving circuit is very low at the 
doubling frequency and thus there is no 
tendency for self-excited oscillation when 
ordinary triode tubes are used. At very 
high frequencies however, this impedance 
may be great enough to cause regeneration, 
or even oscillation, at the tuned output fre-
quency of the doubler. 
A doubler can either be neutralized, or 

made more regenerative by adjusting Cz in 
the circuit shown in figure 3. 
When condenser C2 is of the proper value 

to neutralize the plate-to-grid capacity of 
the tube, the plate circuit can be tuned to 
twice the frequency (or to the same fre-
quency) as that of the source of grid drive: 
the tube is operated as a neutralized ampli-
fier or doubler. The capacity of C2 can be 
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Figure 3— Regenerative Doubler or Neutralized 
Buffer 

increased so that the doubler will become 
regenerative, if the r.f. impedance of the 
external grid driving circuit is high enough 
at the output frequency of the doubler. This 
doubler is regenerative at its output fre-
quency; regeneration will increase the effi-
ciency when there is a lack of sufficient 
grid excitation. A doubler which receives 
sufficient grid excitation does not require 
regeneration to obtain efficiencies of from 
50% to 60%. This efficiency refers to the 
ratio of r.f. power output to d.c. power in-
put of the doubler plate circuit. The circuit 
in figure 3 generally is operated with the 
condenser C2 adjusted for exact neutraliza-
tion, so that the tube can be operated either 
as an amplifier or doubler for two-band 
operation. 
Frequency doublers require bias of sev-

eral times cut-off, and high-g tubes there-
fore are desirable for this type of service. 
Tubes which have amplification constants of 
from 20 to 200 are suitable for doubler cir-
cuits. Tetrodes and pentodes usually have 
amplification constants of approximately 
200. Low-g triodes, having amplification 
constants of from 3 to 10, are not appli-
cable for doubler service because in some 
cases the grid voltage must be as high as 
the plate voltage, for efficient doubling ac-
tion. The necessary d.c. grid voltage for 
high-g tubes can be obtained more easily 
from average driver stages in conventional 
exciters. 

• Push-Push Doublers 

Two tubes can be connected with the 
grids in push-pull, and the plates in parallel. 

• 

Figure 4—Push-Push Doubler 
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for operation in a so-called "push-push" 
doubler, as shown in figure 4. 

This doubler circuit will deliver twice as 
much output as a single-tube circuit; it has 
proven pupular in amateur transmitters be-
cause of its operating ease. In previous 
doubler circuits, capacitive coupling was 
shown. Link coupling to the tuned circuit 
in a preceding stage is shown in figure 4. 
This coupling arrangement simplifies the 
push-pull connection of the two grid cir-
cuits. The circuit C2-1.2 is tuned to the 
same frequency as that of the preceding 
tuned circuit, and the doubler plate circuit 
Ci-L1 is tuned to twice the frequency. The 
grid circuit should be tuned by means of a 
split-stator condenser, connected as shown 
in figure 4, rather than by means of the 
single-section tuning condenser and bypassed 
center-tapped coil arrangement. The latter 
would provide a relatively high impedance 
at the doubling frequency. The push-push 
doubler then would be highly regenerative, 
and in most cases it would break into sel f-
oscillation. The split-stator tuning circuit 
provides a capacitive reactance at the 
doubling frequency, so that there is very 
little regenerative action, and the circuit 
therefore is quite stable. 
Some multi-grid crystal oscillators are 

designed so that frequency doubling can be 
accomplished directly in the oscillator tube 
circuit by connecting the various grids in 
push pull (2 tubes) and the output plates 
in parallel. 
High power push-push doubler stages for 

use with such tubes as the HK-354D or 
250-TH will become too highly regenerative 
and therefore should be neutralized, as 
shown in the circuit in figure 5. Each tube 
is separately neutralized (the plate voltage 
having first been removed) with the plate 
circuit tuned to the same frequency as that 
of the grid circuit. The plate circuit then 

can be tuned to twice the frequency of the 
grid circuit (after the neutralizing process 
has been completed) without danger of self-
oscillation. 

• Cathode Regeneration 

Another form of regenerative 
shown in figure 6. This circuit 

000. 

S0,000 

doubler is 
employs a 

Figure 6—RegeneratIve Doubler 

pentode tube with its cathode only partially 
bypassed for radio frequencies. This pro-
vides a common impedance for both plate 
and grid circuits and causes a regenerative 
effect at high frequencies, such as 14 or 28 
megacycles. The circuit tends to be degen-
erative, rather than regenerative, at the low 
frequencies 

• Neutralizing Circuits 

Those screen-grid tubes which have a 
plate-to-control-grid capacitance of a small 
fraction of one micro-microfarad require 
no neutralization. All triodes and some 
multi-grid tubes must be neutralized for r.f. 
amplifier service. Single-tube amplifiers can 
be either plate or grid neutralized. A typical 
grid neutralized circuit is shown in figure 7. 
The out-of-phase neutralizing voltage is 

obtained by using a "split-tank" connection 
in the grid, rather than in the plate circuit. 
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Figure 7—Grid neutralizing with series feed 

The circuit shown in figure 7 is suitable for 
low or medium-C tubes, in which the grid-
to-filament capacitance is less than 8 or 10 
eteds. Tubes with higher interelectrode 
capacitance cannot be satisfactorily neutral-
ized in circuits which have a single-section 
tuning condenser in both plate and grid cir-
cuits. The circuit in figure 7 becomes more 
regenerative as the frequency increases, and 
cannot be used at frequencies of the order 
of 28 megacycles. The tuning condenser 
which is connected across the neutralizing 
circuit should be of the split-stator variety 
for frequencies above 7 Mc. The electrical 

INPUT 
LINK 

OUTPUT 
LINK 

Figure 8—Plate, or Hazeltine neutralization 

center of the tuning condenser ( rotor of a 
split-stator condenser) is connected to 
ground, or bypassed to ground, but the cen-
ter-tap of the coil is not bypassed to ground. 
This holds for either plate or grid neutrali-
zation. An r.f. choke is necessary at the 
center-tap for external connection to the 
plate supply or grid-bias supply. Grid and 
plate neutralization are equally efficient, 
and the choice between the two usually de-
pends upon the type of equipment available 
when building the r.f. amplifier. This point 
is emphasized later in this chapter, where 
a number of c.w. amplifier designs are 
treated. 
A comparison between split-stator and 

single-section plate neutralized circuits can 
be seen in figure 9. 
As was previously stated, the single-sec-

tion condenser tuned circuit is somewhat re-
generative, and therefore is more easily 

H Afl DBOOK 

driven from a low power source of grid ex-
citation. Some regeneration can be toler-
ated in an amplifier for c.w. transmission, 
but not for radio phone service. The split-
stator tuned circuit always should be used 
in modulated r.f. amplifiers which operate 
at high frequencies. The single-section con-
denser tuned circuit only requires about half 
as much grid driving power as the split-

O02 

C. 
002 

B 

C NC 

Figure 9--The upper circuit has a center-tapped 
plate coil bypassed to ground; the lower circuit 
uses a split-stator plate tuning condenser with 

r.f. choke in the coil center-tap connection 

stator tuned circuit. In c.w. transmitter de-
sign this may eliminate one buffer stage, or 
allow higher efficiencies to be obtained from 
the final amplifier. The efficiency of the 
final amplifier is dependent to a large extent 
upon the amount of grid drive; if there is a 
deficiency in the latter, the amplifier effici-
ency may drop to a low value, with attend-
ant low r.f. power output and excessive 
plate dissipation. 
The same grid excitation requirements 

hold true for the two types of grid neutral-
ized circuits as well as for the two types of 
plate neutralized circuits. 

• Push-Pull R. F. Circuits 

Two tubes can be connected for push-Mill 
operation so as to obtain twice as much 
output as that of a single tube. A push-pull 
connection, such as that shown in figure 10, 
also has an advantage in that the circuit can 
be more easily balanced than a single-tube 
r.f. amplifier. The various interelectrode ca-
pacities and neutralizing condensers are con-
nected in such a manner that those on one 
side of the tuned circuits are exactly equal 
to those on the opposite side. For this rea-
son, push-pull r.f. amplifiers can be more 
easily neutralized in very-high-frequency 
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Figure 10 Push-pull r.f. amplifier stage 

transmitters; also they usually remain in 
perfect neutralization when tuning the am-
plifier to different bands. 
The center-tap of the grid coil is some-

times bypassed to ground; in other cases it 
can "float." It is possible to use a single-
section plate tuning condenser with twice 
the plate spacing between adjacent plates 
as that of a normal split-stator tuning con-
denser, providing a split-stator grid tuning 
condenser is used in the push-pull amplifier. 
The center-tap of the plate tuned circuit 
should be bypassed to ground in this case. 
The plate tuning condenser, as a general 
rule, should be of the split-stator type, with 
the stator connected to ground, or bypassed 
to ground by means of a high-voltage .002 
gfd. mica condenser in series with the rotor 
of the variable condenser and ground. The 
latter connection is particularly desirable 
because it prevents a d.c. arc from being 
formed and damaging the r.f. choke and 
power supply components in the event of 
r.f. flashover across the plates of the tuning 
condenser. 

• Neutralizing Procedure 

The r.f. amplifier is neutralized to pre-
vent self-oscillation or regeneration. A neon 
bulb, a flashlight lamp and a loop of wire, 
or an r.f. galvanometer can be used as a 
"null indicator" for neutralizing low power 
stages. Plate voltage is disconnected from 
the r.f. amplifier stage while it is being neu-
tralized. Normal grid drive then is applied 
to the r.f. stage; the neutralizing indicator 
is coupled to the plate coil, and the plate 
tuning condenser is tuned to resonance. The 
neutralizing condenser (or condensers) 
then can be adjusted until minimum r.f. is 
indicated for optimum settings of both grid 
and plate tuning condensers. Both neutraliz-
ing condensers are adjusted simultaneously 
when a push-pull stage is being neutralized. 
A final check for neutralization should be 

made with a d.c. milliammeter connected in 

the grid-leak or grid-bias circuit. There will 
be no movement of the meter reading as the 
plate circuit is tuned through resonance 
(without plate voltage being applied) when 
the stage is completely neutralized. The mil-
liammeter check is more accurate than any 
other means for indicating complete neu-
tralization and it also is suitable for neu-
tralizing the stages of a high power trans-
mitter. 

Push-pull circuits usually can be more-
completely neutralized than single ended cir-
cuits when operating at very high frequen-
cies. In the intermediate range of from 3 
to 15 megacycles, single-ended circuits will 
give satisfactory results. Operation in the 
3-to-i5 megacycle range calls for a split-
stator tuning condensers; for example: a 
grid-neutralized circuit requires a split-
stator grid tuning condenser, while a plate-
neutralized circuit requires a split-stator 
plate tuning condenser. 

• Neutralizing Problems 

If a stage cannot be completely neutral-
ized, the difficulty can be traced to one or 
more of the following causes: ( 1) The fila-
ment leads may not be bypassed to the com-
mon ground bus connection of that particu-
lar stage. ( 2) The ground lead from the 
rotor connection of the split-stator tuning 
condenser to filament may be too long. ( 3) 
The neutralizing condensers may be in a 
field of excessive r.f. from one of the tun-
ing coils. ( 5) Electromagnetic coupling may 
exist between grid and plate coils, or be-
tween plate and preceding buffer or oscilla-
tor circuits. ( 6) Insufficient shielding be-
tween stages, or between grid and plate cir-
cuits in compact transmitters may prevent 
neutralization or give false indications of 
neutralizing adjustments. ( 7) If shielding 
is placed too close to plate circuit coils, neu-
tralization will not be secured because of 
induced currents in the shields. ( 8) Para-
sitic oscillations may take place when plate 
voltage is applied. The cure for the latter is 
to rearrange the parts, change the length 
of grid or plate or neutralizing leads, insert 
an ultra-high-frequency r.f. choke in the 
grid lead or leads, or eliminate the grid r.f. 
chokes which may be the cause of a low-
f requency parasitic ( in conjunction with 
plate r.f. chokes). 

High power amplifiers can be neutralized 
under normal operating conditions, when 
necessary, by means of a cathode-ray oscil-
loscope. The neutralizing condenser or con-
densers can first be adjusted to approximate 
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settings from available data on grid-to-plate 
capacities, and a knowledge of the maxi-
mum and minimum capacities of the neu-
tralizing condensers. The latter can be ad-
justed for exact neutralization under nor-
mal conditions by observing the wave pat-
tern on the oscilloscope. 

• Grid Excitation 

Sufficient grid excitation must be avail-
able for class-B or class-C service. The 
excitation for a plate modulated class-C 
stage must be sufficient to drive a normal 
value of d.c. grid current through the bia,. 
supply of about 2V2 times cut-off. The bias 
voltage preferably should be obtained from 
a combination of grid-leak and fixed C-bias 
supply. Cut-off bias can be calculated by di-
viding the amplification constant of the tube 
into the d.c. plate voltage. This is the value 
normally used for class-B amplifiers ( fixed 
bias, no grid-leak). Class-C amplifiers use 
from to 5 times this value, depending 
upon the available grid drive, or excitation, 
and the desired plate efficiency. Less grid 
excitation is need for c.w. operation, and 
the values of fixed bias ( if greater than 
cut-off) may be reduced, or the value of the 
grid-leak resistor can be lowered until nor-
mal d.c. grid current flows. This value 
should be between 75% and 100% of the 
value listed under tube characteristics. 

The values of grid excitation listed for 
each type of tube may be reduced by as 
much as 50% if only moderate power out-
put and plate efficiency is desired. When 
consulting the tube table, it is well to re-
member that the values listed are those ac-
tually used by the tube for grid excitation. 
The power lost in the grid bias supply in 
the form of PR loss, or charging current, 
plus that lost in the tuned circuits, must be 
taken into consideration when calculating 
the available grid drive. At very high fre-
quencies, the r.f. circuit losses may be 
greater than the power lost in the grid-
bias, plus that which is useful for grid 
drive. 

Readjustments in the tuning of the oscil-
lator, buffer, or doubler circuits, will result 
in greater grid drive to the final amplifier. 
The actual grid driving power is propor-
tional to the d.c. voltage developed across 
the grid-leak ( or bias supply) multiplied by 
the d.c. grid current. 

Link coupling between stages, particularly 
to the final amplifier grid circuit, normally 
will provide more grid drive than can be 
obtained from other coupling systems. The 
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number of turns in the coupling link and 
the location of the turns on the coil can 
be varied with respect to the tuned circuits 
to obtain the greatest grid drive for allow-
able values of buffer or doubler plate cur-
rent. Slight readjustments sometimes can be 
made after plate voltage has been applied. 
Power output and efficiency, within lim-

its, are proportional to the grid drive in 
class-C amplifiers. Excessive grid current 
will damage the tubes by overheating the 
grid structure; beyond a certain point of 
grid drive no increase in power output can 
he obtained for a given plate voltage. 

• Plate Circuit Tuning 

When the amplifier is completely neu-
tralized, reduced plate voltage should be ap-
plied before any load is coupled to the am-
plifier. This reduction in plate voltage 
should be at least 50% of normal value be-
cause the plate current will rise to excessive 
values when the plate tuning condenser is 
not adjusted to the point of resonance. The 
latter is indicated by the greatest dip in 
reading of the d.c. plate current milliam-
meter; the r.f. voltage across the plate cir-
cuit is greatest at this point. With no load, 
the r.f. voltage may be several times as high 
as when operating under conditions of full 
load; this may result in condenser flash-over 
if normal d.c. voltage is applied. The no-
load plate current at resonance should dip 
to 10% or 20% of normal value if the plate 
circuit losses are not excessive, and if no 
parasitic oscillations are taking place. 

The load (antenna or succeeding r.f. 
stage) then can be coupled to the amplifier 
under test. The coupling can be increased 
until the plate current at resonance (great-
est dip in plate current meter reading) ap-
proaches the normal values at which the 
tube is rated. The value at reduced plate 
voltage should be proportionately less in or-
der to prevent excessive plate current load 
when normal plate voltage is applied. Full 
plate voltage should not be applied to an am-
plifier unless the r.f. load also is connected. 
otherwise the condensers will arc-over or 
flash-over, thereby causing an abnormally 
high tube plate current which will damage 
the tube. The tuned circuit impedance is 
lowered when the amplifier is loaded, as are 
the r.f. voltages across the tuning con-
denser. 

• Tank Circuit Capacities 

The plate tank circuit of any transmitting 
r.f. amplifier consists of a parallel resonant 



RADIO Tank Circuits 
HACIDROOK 

215 
tuned circuit. The ratio of actual capacity 
to inductance of a tuned circuit in a class-C 
amplifier is of considerable importance. The 
capacity must be great enough at a desired 
frequency to give a certain "fly-wheel" ef-
fect to the tuned circuit. The tube fur-
nishes power during only a small part of 
the time of each r.f. cycle; the LC circuit 
must have a sufficient "fly-wheel" effect to 
carry on during the remainder of the r.f. 
cycle if approximate sine wave output is 
desired. The latter is necessary because an 
irregular wave-form of the carrier fre-
quency will produce excessive harmonic 
power output. For example: 70% funda-
mental carrier frequency and 30% in the 
form of harmonics of the carrier frequency 
is obtained easily by using very low C cir-
cuits when operating a class-C amplifier at 
high values of grid drive. Radiation of har-
monics Is illegal, not to mention the power 
that is wasted. Proper L-to-C ratios will re-
duce the harmonic content to values of less 
than 5%, and further reduction is possible 
by means of r.f. filters or antenna tuned 
circuits. 

e. 

E 

E 

E 

Figure 11—Typical Tank Circuits 

The "flywheel-" effect normally is defined 
as the ratio of radiorfrequency volt-amperes 
to actual power transferred to the antenna 

VA 
circuit, or —. For all practical purposes, 

this value is equal to the circuit Q and 

should not be less than 10, even for c.w. 
operation. Values of from 15 to 20 are 
more appropriate for phone operation in or-
der to prevent distortion of the modulated 
carrier wave output. 
The ratio between the inductive reactance 

of a coil and its effective resistance gives a 
measure of its efficiency and is called Q, 
where 

cuL 
Q = - 

The value of R depends largely upon the 
degree of antenna loading, because Q for an 
unloaded circuit may be over 100, and may 
drop to 5 or 10 as the load is increased to 
normal. By properly proportionating the 
value of C and L, the circuit Q can be made 
from 15 to 20 at normal values of tube 
plate current. The effective series resistance 

1 
in the tuned circuit is R =  , there-

z (wc) 2 
1 

fore Z =   which is the load im-
R (wC) 2 

pedance into which the tube should work. 
Practically, this value of Z is one-half of the 
d.c. tube impedance, calculated by dividing 
the d.c. plate voltage by the d.c. plate current. 

coCR„ 
Q = — = coCZ =   Since 

R wCR 2 

then C =7-  2Q  , because to =- .27rf. 
.7rfRz, 

where f is the frequency of operation and a 
is the constant 3.1416. For phone operation, 
C in micro-micro-farads can be calculated if 
the d.c. plate voltage and current and fre-
quency of operation are known. 

6.400,000 
C 

f 
= gmfd. 
= frequency in megacycles. 

E 
R,= d.c. plate resistance -=   

This formula applies for single-ended 
grid neutralized amplifiers. For plate neu-
tralization, these values of plate tuning ca-
pacities should be divided by 4, since in this 
case the tube is across only one-half of the 
tuned circuit, or one-fourth of its imped-
ance. 

Push-pull circuits are similar to plate 
neutralized circuits, except for greater plate 
current, therefore lower plate resistance. 
Somewhat lower values of Q are permissible 
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Plate Neutralized Circuit Class C 
Modulated Amplifier Tuning 

Capacity 

DC Plate 2 4 14 28 
Resist. Mega- Mega- Mega- Mega-
Ed, cycles cycles cycles cycles 
- (Capac. (Cap«. Capac. (Capac. 
1,k, In pptd.) in ppfd.) n µdd.) in ppfd.) 

2,000 400 200 57 28 

3,000 267 133 38 19 

4,000 200 100 28 14 

5,000 160 80 23 11 

6,000 133 66 19 10 

7,500 107 53 15 8 

10,000 80 40 11 6 

15,000 53 27 8 4 

20,000 40 20 6 3 

25,000 32 16 5 2 

30,000 27 13 4 2 

Grid Neutralized Circuit Modulated 
Class C Amplifier Plate Tuning 

Capacity 

DC Plate 2 4 14 28 
Resist. Mega- Mega- Mega- Mega-
Ede cycles cycles cycles cycles 
- (Capac. (Capee. (Capee. (Capee. 

Id, in ppfd.) in mufti.) in ppfd.) in gpfd.) 

2,000 1600 800 228 114 

3,000 1064 532 152 76 

4,000 800 400 114 56 

5,000 640 320 92 46 

6,000 533 266 76 38 

7,500 427 213 60 30 

10,000 320 160 46 22 

15,000 217 108 30 15 

20,000 160 80 23 11 

25,000 128 64 18 8 

30,000 106 53 15 7 

Hann000K 

Push- Pull Class C Modulated 
Amplifier Plate Tuning Capacity 

DC Plate 
Resist. 

E,i, 
- 
Ide 

2 
Mega- 
cycles 
(Capac. 
In ppfd.) 

4 
Mega- 
cycles 
(Capac. 
in µdd.) 

14 
Mega- 
cycles 
(Capac. 
In µµfd.) 

28 
Mega-
cycles 
(Capac. 
in µµfd.) 

2,000 200 100 29 14 

3,000 133 66 19 9 

4,000 100 50 14 7 

5,000 

6,000 

7,500 

10,000 

15,000 

80 40 11 6 

67 33 10 5 

53 • 27 8 4 

3 

2 

1.5 

40 20 6 

27 13 4 

20,000 20 10 3 

since the tank circuit receives impulses dur-
ing a portion of each half cycle in a push-
pull circuit. A Q of 10 is sufficient in the 
case of a plate modulated class-C amplifier. 
Tables are given for grid neutralized, plate 
neutralized, and plate-modulated amplifiers. 
The d.c. plate resistance, in all cases, is cal-
culated by dividing the d.c. plate voltage by 
the total d.c. plate current. 
The values given in these tables can be 

divided by two for c.w. transmitters. 

• Parasitic Oscillations 
in R. F. Amplifiers 

"Parasitics- are undesirable oscillations 
either of very high or very low frequencies 
which occur in radio-frequency amplifiers. 
Their presence reduces the operating effi-
ciency and output at the desired frequency, 
and introduces distortion in radiophone 
transmitters. Parasitics can be detected by 
excessive values of plate current in com-
parison to the r.f. output at the desired fre-
quency; difficulty will be experienced in ob-
taining a satisfactory dip in plate current 
when tuning the r.f. amplifier circuit to 
resonance when unloaded. 

Parallel or push-pull operation of two 
tubes often will form a Tuned-Grid-Tuned-
Plate oscillating circuit which will be 
resonant at from 3 to 6 meters. This u.h.f. 
circuit is formed by the two plate leads and 
grid leads. Parasitic oscillations of this type 
can be prevented by making one of the grid 
leads longer than the other, or by the in-
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PARASITIC SUPPRESSOR FOR PARALLEL 
OR PUSH-PULL R F AMPLIFIERS 

F igure 12 

stallation of a parasitic suppressor in one of 
the grid or plate leads, as shown in fig-
ure 12. 
From six to eight turns of No. 14 wire, 

1/2-inch in diameter and slightly spaced in 
provide a suitable parasitic choke. A 

100 to 200 ohm 2-watt carbon resistor some-
times is shunted across the parasitic r.f. 
choke, as shown in fig. 12. Parasitic elimi-
nation requires considerable experimenting 
with each individual amplifier. An all-wave 
diode-type field strength meter or absorption 
wavemeter is of great convenience in locat-
ing the frequency of the undesired oscilla-
tion, and also an aid in making tests to re-
move the parasitic. 
Low frequency parasitic oscillations may 

occur in an r.f. amplifier in which r.f. chokes 
are in both the bias and plate supply leads. 
The r.f. chokes form a tuned-grid-tuned-
plate circuit at some very low r.f. frequency, 
as determined by the natural period of the 
plate and grid r.f. chokes. 
The leads to the plate tank condenser 

and neutralizing condenser may form an 
ultra-high-frequency oscillator circuit in a 
single-tube amplifier. A change in physical 
layout, and use of shorter leads, are the 
best cure for most parasitic oscillations of 
these types. Parasitic oscillations, in gen-
eral. are more troublesome in high power 
transmitters. 

• Grid Bias 

All amplifiers require some form of grid 
bias for proper operation. Practically all 
r.f. amplifiers operate in such a manner that 
plate current flows in the form of short. 
peaked impulses which have a duration of 
only a fraction of an r.f. cycle. The plate 
current is cut-off during the greater part 
of the r.f. cycle, which makes for high effi-
ciency and high power output from the 
tubes, since there is no power being dissi-
pated by the plates during a major portion 
of each r.f. cycle. The grid bias must be 
sufficient to cut-off the plate current, and 
in very high efficiency class-C amplifiers 
this bias may be several times cut-off value. 
Cut-off bias, it will be recalled, is that value 
of grid voltage which will reduce the plate 

current to zero, and the method for calcu-
lating it has been indicated previously. This 
theoretical value of cut-off will not reduce 
the plate current completely to zero, due to 
the "variable et" tendency which is char-
acteristic of all tubes as the cut-off point is 
approached. This factor, however, is of no 
importance in practical applications. 
Radiophone class-C amplifiers should be 

operated with the grid bias adjusted to 
values between two and three times cut-off 
at normal values of d.c. grid current. C.w. 
telegraph transmitters can be operated with 
bias as low as cut-off, if limited excitation 
is available and high plate efficiency is not a 
factor. In a c.w. transmitter the bias sup-
ply, or resistor, should be adjusted to the 
point which will allow normal grid current 
to flow for the particular amount of grid 
driving r.f. power available. This form of 
adjustment will allow more output from the 
under-excited r.f. amplifier than when twice 
cut-off, or higher bias is used with low 
values of grid current. 

• Grid Leak Bias 

A resistor can be connected in the grid 
circuit of an r.f. amplifier to provide grid-
leak bias. This resistor Ri in figure 13 is 
part of the d.c. path in the grid circuit. 
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GRID LEAK BIAS 

Figure 13 

The r.f. excitation is applied to the grid 
circuit of the tube. This causes a pulsating 
d.c. current to flow through the bias supply 
lead and any current flowing through Ri 
produces a voltage drop across that resis-
tance. The grid of the tube is positive for 
a short duration of each r.f. cycle, and 
draws electrons from the filament or ca-
thode of the tube during that time. These 
electrons complete the circuit through the 
d.c. grid return. The voltage drop across 
the resistance in the grid return provides a 
negative bias for the grid. The r.f. chokes 
in figures 13, 14, 15 and 16 prevent the r.f. 
excitation from flowing through the bias 
cupply, or from being short-circuited to 
ground. The bypass condenser across the 
bias source proper is for the purpose of 
providing a low impedance path for the 
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small amount of stray r.f. energy which 
passes through the r.f. choke. 

Grid-leak bias automatically adjusts itself 
even with fairly-wide variations of r.f. ex-
citation. The value of grid-leak resistance 
should be such that normal values of grid 
current will flow at the maximum available 
amount of r.f. excitation. Grid-leak bias 
cannot be used for grid-modulated or linear 
amplifiers in which the d.c. grid current is 
approximately zero and constantly varying. 
Grid-leak bias alone provides no protection 
against excessive plate current in case of 
failure of the crystal oscillator, or failure 
of any other source of r.f. grid excitation. 

COMBINATION BATTERY 

11. CRIS LEAN BIAS 

Figure 14 

A C-battery or C-bias supply can be elm-
nected in series with the grid leak, as shown 
in figure 14. This additional C-bias should 
at least be made equal to cut-off bias. This 
will protect the tube in the event of failure 
of grid excitation. 

• Cathode Blas 

A resistor can be connected in series with 
the cathode or center-tapped filament lead 
of an amplifier to secure automatic bias. The 
plate current flows through this resistor, 
then back to the cathode or filament, and 
the voltage drop across the resistor can be 
applied to the grid circuit by connecting the 
grid-bias lead to the grounded, or power 
supply end of the resistance R, as shown 
in figure 15. 

CATHODE BIAS 

Figure 15 
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The grounded ( B-minus) end of the 
cathode resistor is negative relative to the 
filament by an amount equal to the voltage 
drop across the resistor. The value of re-
sistance must be so chosen that the desired 
plate current flowing through the resistor 
will bias the tube for proper operation at 
that plate current. 

This type of bias is used more extensively 
in audio-frequency than in radio- frequency 
amplifiers. The voltage drop across the re-
sistor must be substracted from the total 
plate supply voltage when calculating the 
power input to the amplifier, and this loss 
of plate voltage in an r.f. amplifier may be 
excessive. A class-A audio amplifier is 
biased only to approximately one-half cut 
off, whereas an r.f. amplifier may be biased 
to twice cut-off, or more, and thus the plate 
supply voltage loss may be a large per-
centage of the total available voltage when 
using low or medium it tubes. 

• Separate Blas Supply 

C-batteries, or an external C-bias supply 
sometimes are used for grid bias of an am-
plifier, as shown in figure 16. 

BATTERY BIAS 

Figure 16 

Battery bias gives very good voltage reg-
ulation and is satisfactory for grid modu-
lated or linear amplifiers, which operate 
nearly at zero grid current. In the case of 
class-C amplifiers which operate with high 
grid current, battery bias is not very satis-
factory. This d.c. current has a charging 
effect on the dry batteries; after a few 
months of service the cells will become un-
stable, bloated and noisy. 
A separate a.c. operated power supply can 

be used as a substitute for dry batteries. 
The bleeder resistance across the output of 
the filter can be made sufficiently low in 
value that the grid current of the amplifier 
will not appreciably change the amount of 
negative grid-bias voltage. This type of bias 
supply is used in class-B audio and class-B 
r.f. linear amplifier service where the volt-
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age regulation in the C-bias supply is im-
portant. For a class-C amplifier it is not so 
important, and an economical design of 
components in the power supply therefore 
can be utilized. 

• R. F. Coupling Systems 

Energy is coupled from one circuit into 
another in several ways. These various sys-
tems are called "couplings," and are of three 
general types; capacitive coupling, inductive 
coupling or link coupling. The latter is a 
special form of inductive coupling. The 
choice of a coupling method depends upon 
the purpose for which it is to be used. 

• Capacitive Coupling 

"flic grid circuit of an amplifier or 
doubler circuit can be coupled to a preceding 

+8 

F-

- c +8 

CAPACITIVE COUPLING 

Figure 17 

driver stage by means of a fixed or variable 
condenser, as shown in figure 17. 

Condenser C isolates the d.c. power sup-
plies from each other and provides a low 
impedance path for the r.f. energy between 
the tube being driven, and the driver tube. 
This method of coupling is simple and eco-
nomical for low power amplifier or exciter 
stages, but has certain disadvantages for the 
coupling of a final amplifier to the preceding 
stage. The grid leads in a neutralized am-
plifier should be as short as possible, but 
this is difficult to attain in the physical ar-
rangement of a high power amplifier with 
respect to a capacitively coupled driver 
stage. 
The r.f. choke in series with the C-hiay 

supply lead must offer an extremely high 
impedance to the r.f. circuit, and this too is 
difficult to obtain when the transmitter is 
operated on several harmonically related 
bands. Another disadvantage of capacitive 
coupling is the difficulty of adjusting the 
load on the driver stage. Impedance adjust-
ment can be accomplished by tapping the 
coupling lead a part of the way down on 
the plate coil of the tuned stage of the 
driver circuit, as can be seen by referring 
back to figure 1. However, when this lead 
is tapped part way down on the coil, a 
parasitic oscillation tendency becomes very 
troublesome and is difficult to eliminate. If 
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Figure 18—Typical Capacitive Coupling Circuit between 6L6-G Oscillator 
and T-20 R. F. Amplifier. The 50 MMF Coupling Condenser Can Be Made 

Variable, If Desired 
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the driver stage has sufficient power out-
put so that an impedance mismatch can be 
tolerated, the condenser C in figure 17 can 
be connected directly to the top of the coil. 
and made small enough in capacity for the 
particular frequency of operation that not 
more than normal plate current is drawn 
by the driver stage. 
The impedance of the grid circuit of a 

class-C amplifier may be as low as a few 
hundred ohms in the case of a high-g tube, 
and may range from that value up to a few 
thousand ohms for low-g tubes. 

Capacitive coupling places the grid-to-
filament capacity of the driven tube directly 
across the driver tuned circuit, which re-
duces the L-C ratio and sometimes makes 
the r.f. amplifier difficult to neutralize be-
cause the additional driver stage circuit ca-
pacities are connected into the grid circuit. 

Capacitive coupling can be used to advan-
tage in reducing the total number of tuned 
circuits in a transmitter so as to conserve 
space and cost. It also can be used to ad-
vantage between stages for driving tetrode 
or pentode amplifier or doubler stages. 
These tubes require relatively small amounts 
of grid excitation. 

• Inductive Coupling 

The r.f. amplifier often is coupled to the 
antenna circuit by means of inductive coupl-
ing, which consists of two coils electro-
magnetically coupled to each other. The an-
tenna tuned circuit can be of the series-
tuned type, such as is illustrated for Mar-
coni type 160 meter antennas in the chapter 
on Antennas. Parallel resonant circuits 
sometimes are used, as shown in figure 19, 
in which the antenna feeders are connected 
across the whole or part of the circuit 

INDUCTIVE COUPLING 

Figure 19 

The degree of coupling is controlled by 
varying the mutual inductance of the two 
coils, which is accomplished by changing 
the spacing between the coils. 

Inductive coupling also is used exten-
sively for coupling r.f. amplifiers in radio 
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receivers, and occasional y in transmitting 
r.f. amplifier circuits. The mechanical 
problems involved in adjusting the degree 
of coupling in a transmitter make this sys-
tem of limited practical value. 

• Link Coupling 

A special form of inductive coupling 
which is applied to radio transmitter circuits 
is known as link coupling. A low imped-
ance r.f. transmission line, commonly known 
as a "link," couples the two tuned circuits 
together. Each end of the line is termi-
nated in one or more turns of wire, or 
"loops," wound around the coils which are 
being coupled together. These loops should 
be coupled to each tuned circuit at the point 
of zero r.f. potential. This nodal point is 
the center of the tuned circuit in the case 
of plate neutralized for push-pull amplifiers, 
and at the positive-B end of the tuned cir-
cuit in the case of screen-grid and grid neu-
tralized amplifiers. The nodal point in ail 
antenna tuned circuit depends upon the type 
of feeders, and the node may be either at 
the center or at one end of the tuned cir-
cuit. The nodal point in tuned grid circuits 
is at the C-bias or grounded end of plate-
neutralized r.f. or screen-grid amplifiers, and 
at the center of the tuned grid coil in the 
case of push-pull or grid-neutralized am-
plifiers. The link coupling turns should 
be as close to the nodal point as possible. 
This ground connection to one side of the 
link is used in special cases where harmonic 
elimination is important, or where all ca-
pacitive coupling between two circuits must 
be minimized. 

Typical link coupled circuits are shown 
in figures 20, 21 and 22. 
Some of the advantages of link coupling 

are listed here: 

(1) It eliminates coupling taps on tuned cir-
cuits. 

Figure 20 Link coupling between single-ended 
stages 
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coupling 
stages 

- c 

between push-pull 

(2) It permits the use of series power sup-
ply connections in both tuned-grid and 
tuned-plate circuits, and thereby elimi-
nates the need of r.f. chokes. 

(3) It allows separation between transmit-
ter stages of distances up to several 
feet without appreciable r.f. losses. 

(4) It reduces capacitive coupling and 
thereby makes neutralization more eas-
ily attainable in r.f. amplifiers. 

It provides semi-automatic impedance 
matching between plate and grid tuned 
circuits, with the result that as much 
as 50% greater grid "swing" can be 
obtained in comparison to capacitive 
coupling. 

(6) It effectively reduces harmonic radia-
tion when a final amplifier is coupled 
to a tuned zunenna circuit, due to the 
additional tuned circuit and, particu-
larly, it eliminates capacitive coupling 
to the antenna. 

The link coupling line and loops can be 
made of no. 18 or 20 gauge push-back wire 
for coupling low power stages. High 
power circuits can be link coupled by means 
of no. 8 to no. 12 rubber-covered wire, or 
EO-1 cable. 
The impedance of a link coupling line 

varies from 75 to 200 ohms, depending upon 

(5 ) 

e-
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G Li 

the diameter of the conductors and the spac-
ing between them. 

• Grid Saturation 

Excessive grid excitation is just as in-
jurious to a vacuum tube as abnormal plate 
current or low filament operation. Too 
much grid driving power will overheat the 
grid wires in the tube, and will cause a re-
lease of gas in certain types of tubes. An 
excess of grid drive will not appreciably 
increase the power output and increases the 
efficiency only slightly after a certain point 
is reached. The grid current in the tube 
should not exceed the values listed in the 
Tube Tables, and care also should be exer-
cised to have the bias voltage low enough to 
prevent flashover in the stem of the vacuum 
tube. 

Grid excitation usually refers to the ac-
tual r.f. power input to the grid circuit of 
the vacuum tube, part of which is used to 
drive the tube, and part of which is lost in 
the C-bias supply. There is no way to 
avoid wasting a portion of the excitation 
power in the bias supply. 

• R. F. Chokes 

Radio-frequency chokes are connected in 
circuits for the purpose of preventing r.f. 
energy from being short-circuited, or es-
caping into power supply circuits. They 
consist of inductances wound with a large 
number of turns, either in the form or a 
solenoid or "universal" pie-winding. These 
inductances are designed to have as much 
inductance and as little distributed or shunt 
capacity as possible, since the capacity 
bypasses r.f. energy. The unavoidable small 
amount of distributed capacity resonates the 
inductance, and this frequency normally 
should be lower than the frequency at which 
the transmitter or receiver circuit is oper-
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Figure 22—Complete Circuit Diagram of 47 Oscillator link coupled to 210 amplifier stage. One or two 
turns of wire are wound around coils L1 and L2 to form the coupling loop. The two loops are connected 

through a twisted-pair feed line, made with hook-up wire. 
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ating. R.f. chokes for operation on several 
harmonically-related bands must be de-
signed carefully so that the impedance of 
the choke will be extremely high (several 
hundred thousand ohms) in each of the 
bands. 
The r.f. choke is resonant to the harmon-

ics of its fundamental resonant frequency; 
however, the even harmonics have a very 
low impedance, so that an r.f. choke de-
signed for maximum impedance in the 80 
meter amateur band would not be satisfac-
tory for operation in the 40 meter band. 
The harmonic resonance points of the r.f. 
choke usually are made to fall between fre-
quency bands, so that a reasonably high 
value of impedance is obtained on all bands. 
The d.c. current which flows through the 
r.f. choke largely determines the size of wire 
to be used in the windings. The inductance 
of r.f. chokes for very short wavelengths 
is much less than for chokes designed for 
broadcast and ordinary short-wave opera-
tion, so that the impedance will be as high 
as possible in the desired range of opera-
tion. A very high inductance r.f. choke 
has more distributed capacity than a smaller 
one, with the result that it will actually offer 
less impedance at very high frequencies. 

• Self-Excited Oscillators 

A continuously variable range in frequency 
control often is desirable for a radio trans-
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mitter. Some form of self-excited oscillator 
(s.e.o.) is a practical means of accomplish-
ing this purpose. The electron-coupled os-
cillator is to be preferred because of its 
greater stability with respect to power sup-
ply voltage variation. Good design of a 
self-excited oscillator requires the use of 
good parts, solid connections, freedom from 
vibration, and a power supply with a built• 
in voltage regulator. The construction of 
an exciter of this type is more difficult and 
costly than is that of a crystal-controlled 
oscillator, for comparative stability of fre-
quency control. For this reason it is not in 
general use. 

In many cases a self-excited oscillator is 
used as a complete transmitter, especially on 
the 80 meter c.w. band, employing a fairly 
large size transmitter tube. Simplicity and 
variable frequency control are its only 
virtues. The output efficiency is less than 
can be obtained in an r.f. amplifier, and the 
frequency stability can be very poor under 
certain conditions. 

• Shunt and Series Feed 

Direct-current grid and plate connections 
are made either by shunt or parallel feed 
systems. Simplified forms of each are 
shown in figures 28 and 29. 

Series feed can be defined as that in which 
the d.c. connection is made to the grid or 
plate circuit at a point of very low r.f. po-
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tential. Shunt feed always is made to a 
point of high r.f. voltage and always re-
quires a high impedance r.f. choke or re-
sistance in the connection to the high r.f. 
point in order to prevent loss of r.f. power. 

Series feed is more popular than shunt 
feed, since r.f. choke coils can usually be 
omitted. 

e Parallel and Push-Pull 
Tube Circuits 

The comparative r.f. power output from 
parallel or push-pull operated amplifiers is 
the same if proper impedance matching is 
accomplished and if sufficient grid excitation 
is available in both cases. 

Parallel operation of tubes has some ad-
vantages in transmitters designed for oper-
ation on 40, 80 and 160 meters, or for 
broadcast band operation. Only one neutral-
izing condenser is required for parallel op-
eration, as against two for push-pull. How-
ever, on wavelengths below 40 meters, par-
allel tube operation is not advisable because 
of the unbalance in capacity across the tank 
circuits. Low-C typii of vacuum tubes can 
be connected in par el with less difficulty 
than the high-C types, in which the com-
bined interelectrode capacities might be 
quite high in the parallel connection. 

Push-pull operation provides a well-bal-
anced circuit insofar as miscellaneous ca-
pacities are concerned; in addition the cir-
cuit can be neutralized more easily, espe-
cially in high- frequency amplifiers. The 

L-C ratio in a push-pull amplifier can be 
made higher than in a plate-neutralized 
parallel-tube operated amplifier. Push-pull 
amplifiers, when perfectly balanced, have 
less second-harmonic output than parallel 
or single-tube amplifiers. In actual prac-
tice, undesired capacitive coupling and cir-
cuit unbalance usually nullifies this theo-
retical advantage of push-pull r.f. circuits. 

• C. W. Telegraphy Keying 

The carrier frequency signal from a c.w. 
transmitter must be broken into dots and 
dashes in the form of keying for the trans-
mission of code characters. The carrier 
signal is of a constant amplitude while the 
key is closed, and is entirely removed when 
the key is open. If the change from the 
no-output condition to full-output occurs too 
rapidly, an undesired key-click effect takes 
place, which causes interference in other 
signal channels. If the opposite condition 
of full output to no output condition occurs 
too rapidly, a similar effect takes place. 
The two general methods of keying a c.w. 

transmitter are those which control either 
the excitation, or the plate voltage which is 
applied to the final amplifier. Direct plate 
voltage control can be obtained by connect-
ing the key in the primary line circuit of 
the high voltage plate power supply. A 
slight modification of direct plate voltage 
control is the connection of the c.w. key or 
relay in the filament center-tap lead of the 
final amplifier. Excitation keying can be 
of several forms, such as crystal oscillator 
keying, buffer stage keying, or blocked-grid 
keying. 
Key clicks should be eliminated in all 

c.w. telegraph transmitters. Their elimina-
tion is accomplished by preventing a too-
rapid make-and-break of power to the an-
tenna circuit. A gradual application of 
power to the antenna, and a similarly slow 
cessation, will eliminate key clicks. Too 
much lag will prevent fast keying, but for-
tunately key clicks can be practically elimi-
nated without limiting the speed of manual 
(hand) keying. Some circuits which elimi-
nate key clicks introduce too much time-lag 
and thereby add "tails" to the dots. These 
tails may cause the signals to sound chirpy. 
or make them difficult to copy at high 
speeds. 
The elimination of key clicks by some of 

the key-click-filter circuits illustrated in the 
following text is not easily applied to every 
individual transmitter. The constants in 
the time-lag and spark-producing circuits 
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depend upon the individual characteristics 
of the transmitter, such as the type of filter, 
power input, and various circuit impedances. 
All keying systems have one or more dis-
advantages, so that no particular method 
can be recommended as an ideal one. An 
intelligent choice can be made by the reader 
for his particular transmitter requirements 
by carefully analyzing the various keying 
circuits. 

e Primary Keying 

Key clicks can be eliminated entirely by 
means of primary keying, in which the key 
is placed in the a.c. line supply to the 
primary of the high voltage plate supply 
transformer. This method of keying also 
has the advantage that grid-leak bias can be 
used in the keyed stages of the transmitter. 
As ordinarily applied, the plate voltage to 
the final amplifier is controlled by the ac-
tion of the key. The filter in the high volt-
age rectifier circuit creates a time-lag in the 
application and removal of the d.c. power in-
put to the r.f. amplifier. Too much filter 
will introduce too great a time lag, and add 
tails to the dots. If a high power stage is 
keyed, the variation in load of the house-
lighting circuits may be sufficient to cause 
blinking of the lights. A heavy-duty key, 
or keying relay, is necessary for moderate 
or high power transmitters to break the in-
ductive a.c. current. The exciting current 
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or surge current may be several times as 
high as the average current drawn by the 
transformer which is being keyed. This 
will cause difficulty from sticking key con-
tacts, or burnt points on the keying relay. 
This effect can be minimized by proper de-
sign of the power transformer, which should 
have a high primary inductance and an iron 
core of generous size. 
An improved primary keying circuit is 

shown in figure 30. This circuit makes high 
speed keying possible, without clicks or 
tails, and the plate supply to the final am-
plifier can be very well filtered without in-
troducing tails to the dots. 
The final amplifier must have a fixed bias 

supply equal to more than cut-off value, so 
that when the grid excitation from the buf-
fer stage is removed the amplifier output 
will drop immediately to zero, in spite of 
the filter condenser's being fully charged in 
the final amplifier circuit. The bleeder 
across the final plate supply filter should 
have a very high resistance so that the filter 
condenser will hold its charge between dots 
and dashes. This will allow a quick appli-
cation of plate voltage as soon as the grid 
excitation, supplied by the buffer stage, is 
applied to the final amplifier. 

The buffer plate supply is keyed: its filter 
circuit consists of a single 2-12fd. filter con-
denser, shunted by the usual heavy-duty 
high-current bleeder resistor. This small 
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Figure 30 
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filter has no appreciable time lag, and will 
not add tails to the dots and dashes, but 
it does provide sufficient time lag for key 
click elimination. The small amount of fil-
ter will not introduce a.c. hum modulation 
into the output of the final amplifier, be-
cause the latter is operated in class-C, un-
der saturated grid conditions. A moderate 
a.c. ripple in the grid excitation will not in-
troduce hum in the output circuit under this 
operating condition. 

• Blocked Grid Keying 

The negative grid bias in a medium or 
low-power r.f. amplifier can easily be in-
creased in magnitude sufficiently to reduce 
the amplifier output to zero. The circuits 
shown in figures 31 and 32 represent two 
methods of such blocked grid keying. 

BLOCKED GRID KEYING 

Figure 31 

BLOCKED GRID KEYING 

FigureM 

In figure 31, 121 is the usual grid-leak. 
Additional fixed bias is applied through a 
100,000 ohm resistor R2 to block the grid 
current and reduce the output to zero. As 
a general rule, a small 300 to 400 volt power 
supply with the positive side connected to 
ground can be used for the additional C-bias 
supply. 
The circuit of figure 32 can be applied 

by connecting the key across a portion of 
the plate supply bleeder resistance. When 
the key is open, the high negative bias is 
applied to the grid of the tube, since the 
filament center-tap is connected to a positive 
point on the bleeder resistor. Resistor R2 

is the normal bleeder; an additional resistor 
of from one-fourth to one-half the value 
of R2 is connected in the circuit for Ri. A 
disadvantage of this circuit is that one side 
of the key may be placed at a positive po-
tential of several hundred volts above 
ground, with the attendant danger of shock 
to the operator. Blocked grid keying is not 
particularly effective for eliminating key 
clicks. 

e Oscillator Keying 

A stable and quick-acting crystal oscil-
lator may be keyed in the plate, cathode, 
or screen-grid circuit for the purpose of 
minimizing key clicks, and for break-in op-
eration. This type of keying requires either 
fixed or cathode bias, since the r.f. excita-
tion is removed from all of the grid circuits. 
The key clicks are minimized by the pres-
ence of several tuned circuits between the 
antenna and crystal oscillator in a multi-
stage transmitter. The key clicks act as 
side-band frequencies and are attenuated 
somewhat in a multi-stage transmitter by 
the resonant tuned circuits which are tuned 
to the carrier frequency. 

If a key click filter is placed in the crystal 
oscillator circuit, the tone may become 
"chirpy" and tails may be added to the ends 
of the transmitted characters. A practical 
circuit for clickless keying is illustrated in 
figure 33, in which both the cathode of the 
crystal oscillator and the cathode of the 
next succeeding buffer or doubler circuit 
are connected through a key click filter. 
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Two 6L6 or 6L6G tubes can be keyed 
very effectively with this type of circuit. 
The choke coil, shunted with a semi-variable 
resistor, provides a series inductance for 
slowing down the application of cathode cur-
rent to the two tubes. The inductance of 
the choke coil can be effectively lowered to 
one or two henrys by shunting it with a 
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semi-variable resistance so that the time lag 
will not be excessive. The 0.5 ihfd. con-
denser and 400-ohm resistor are connected 
across the key contacts, as close to the key 
as possible, and these serve to absorb the 
spark at the telegraph key each time the 
circuit is opened. This effectively prevents 
a click at the end of each dot and dash. This 
same key click filter can be connected in 
the center-tap lead of a final amplifier or 
buffer-amplifier stage for the elimination of 
clicks. 

• Center-Tap Keying 

The lead from the center-tap connection 
to the filament of an r.f. amplifier tube can 
be opened and closed for keying a circuit. 
This opens the B-minus circuit, and at the 
same time opens the grid-bias return lead. 
For this reason the grid circuit is blocked 
at the same time that the plate circuit is 
opened, so that excessive sparking does not 
occur at the key contacts. Unfortunately, 
this method of keying applies the power too 
suddenly to the tube, producing a serious 
key click in the output circuit, which gen-
erally is coupled to the antenna. This click 
often can be eliminated with the simple key 
click eliminator shown in figures 33 and 34. 

Figure 34 — Center - tap 
keying with an adjustable 
key-click filter. This sys-
tem gives very good re-
sults. The actual amount 
of inductance and capac-
ity in the circuit depends 
on the amount of current 
being keyed, and also on 
the voltage regulation of 
the plate power supply. LI 
should be of a value be-
tween 1 and 5 henrys; FC 
20,000 ohms; C, between 

and 2 dds.; R. 2,000 
ohms. 

Straight center-tap keying as shown in 
figure 35 never should be used, because this 
circuit produces extremely bad key clicks. 
The key click filter in figure 34 always can 
be connected into the center-tap lead as an 
external unit. A more effective key click 
filter for the center-tap lead is made pos-
sible through the use of vacuum tubes. A 
simple vacuum tube keying circuit is shown 
in figure 36. 

The keying tube is connected in series 
with the center-tap lead of the final r.f. am-
plifier. The grid of the keying tube is short-
circuited to the filament when the key is 
closed, and the keying tube then acts as a 

RAD101 
Finnonoe•I 

ORDINARY CENTER TAP KEYING 

MeVE0 Tune 

I, VOLTAGC 

Figure 35 

Ordinary center-tap keying. The center-tap of 
the filament transformer must not be grounded. 
As a general rule, the filament transformer which 
supplies the keyed stage will not be used to supply 
any of the other stages. The B minus lead from 

the power supply should be grounded. 

COMMEC, 

AT Ildlt 

B-

KEYED TUBE 

PAIR OF 245$ 
bd A 

Figure 36 Vacuum Tube Keying. The circuit 
shows one of the more simple vacuum tube key-
ing circuits. Some current flows through the key 
and this system sometimes produces clicks when 
the key is opened. Both filament transformers 
must be insulated from each other and also from 
ground. This circuit will not completely cut off 
the plate current to the keyed stage, but will 

reduce it to a very small value. 

low resistance in the center-tap lead. When 
the key is opened, the grid of the keying 
tube tends to block itself and the plate-to-
filament resistance of the tube increases to 
a high value, which reduces the output of 
the r.f. amplifier approximately to zero. A 
more effective vacuum tube keying system 
is shown in figure 37. 

In this system, the grids of the keying 
tubes are biased to a high negative poten-
tial, when the key is open, and to zero po-
tential when the key is closed. The fixed 
bias supply to the keying tubes provides 
very effective keying operation. The degree 
of time lag (key click elimination) can be 
adjusted to suit the individual operator, by 
varying both the capacity of the condenser 
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VACUUM- TUBE KEYING SYSTEM 

Figure 37 

Figure 38—The vacuum tube keying system, using four 45's. 

Sockets for two additional (optional for higher power) tubes are 

provided. It is advantageous to mount the b. c. chokes directly 

at the key terminals, as shown. 
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which is shunted from grid to filament, and 
the values of the two high resistances in 
series with the grid and power supply leads. 
R.f. chokes can be connected in series with 
the key directly at the key terminals, to 
prevent the minute spark at the key con-
tacts from causing interference in nearby 
broadcast receivers. These r.f. chokes are 
of the conventional b.c. type. There is no 
danger of shock to the operator when this 
keying circuit is used. 

The small power supply for this keying 
circuit requires very little filter and can 
be of the half-wave rectifier type with a '45 
tube as the rectifier. The negative voltage 
from this power supply only needs to be 
sufficient to provide cut-off bias to the type 
45 keying tubes; potentials of from 100 to 
300 volts are needed for this purpose. Ap-
proximately 50 milliamperes of plate cur-
rent in the final amplifier should be allowed 
per type 45 keying tube. If the final ampli-
fier draws 150 milliamperes, for example. 
three type 45 keying tubes will be required. 
A disadvantage of vacuum tube keying cir-
cuits is a plate supply potential loss of ap-
proximately 100 volts, which is consumed 
by the keying tubes. The plate supply there-
fore should be designed to give an output 
of 100 volts more than ordinarily is needed 
for the r.f. amplifier. This loss of plate volt-
age is encountered because the plate-to-fila-
ment resistance of the type 45 tubes, at 50 
milliamperes of current and zero grid po-
tential, is approximately 2000 ohms. 

This keying system is applicable for high-
speed commercial transmitters, as well as for 
amateur use. 

• Elimination of 
interference to 
Broadcast Reception 

The troublesome interference created by 
amateur radiotelephones in nearby b.c. re-
ceivers usually can be eliminated by means 
of shunt or series type wave traps which 

OrAvE TRAP 

TUNEO TO 

aNTERFERING 

FREOUENCY 

SERIES TYPE WAVE TRAP 

F114/3 n 

HAt) 0800K 

are tuned to the frequency of the interfer-
ing signal. The wavetrap coil should have 
a sufficient number of turns to resonate with 
a compression-type mica trimmer condenser 
of 30 or 70 lied. maximum capacity. The 
coil is similar to a short-wave receiver r.f. 
coil and should be tapped at several places 
along the winding to simplify adjustment. 
The wavetrap should be located as close 
as possible to the antenna post of the b.c. 
receiver. The series-type wavetrap usually 
is more effective than the shunt-type. 

Horizontal doublet transmitting antennas 
usually cause less interference than those of 

SHUNT TYPE WAVE TRAP 

Figure 40 

the Marconi type. If a Marconi antenna is 
to be used, a counterpoise, rather than a 
ground connection, will often minimize the 
interference in b.c. receivers. 

• Harmonic Elimination 

The second harmonic of a 75-meter phone 
signal falls outside the amateur bands and 
causes illegal interference with 37.5 meter 
commercial transmissions. Push-pull final 
amplifiers rarely cancel the second harmonic 
in amateur transmitters, due to unbalanced 
circuits and insufficient tank circuit capacity 
to inductance ratio. Reference should be 
made to the Chart of Tank Circuit Tuning 
Capacities for proper circuit design. Suffi-
cient tank circuit capacity will greatly min-
imize harmonic radiation. 

Several circuits which will greatly reduce 
harmonic radiation are shown here. 

Figure 41 shows link coupled antenna tuning 
circuits which discriminate against harmon-
ics from the r.f. amplifier. The additional 
circuit is tuned to the fundamental frequency 
by means of a 50 iLidd. or 100 liofd. con-
denser, somewhat similar to the plate tuning 
condenser. The coil L also is similar to the 
plate coil in the r.f. amplifier. Adjustments 
of the antenna or feeder tap, and also the 
link coupling, should be made with the aid 
of a field-strength meter. 
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• 'suitable for single wire fed an-
these circuits the tuning condenser 

he plate (or plate circuit) offers 
oedance to the harmonic and prac-
et-circuits the harmonic energy to 
The tuning coil in either circuit 
tively high impedance to the har-

the result that very little har-
•gy is present across the 350 ezeifd. 
pedance matching condenser. The 
ircuit always is resonated to the 
I frequency of operation. The 
coupler must be tuned exactly 
of the harmonic energy is to be 
The link coupling systems in 
superior to the Collins method 
nateur use, inasmuch as they 
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are not so critical of adjustment. Improper 
adjustment of a pi coupler will sometimes 
make the harmonic worse. 

• Quartz Crystals 

Quartz and tourmaline are minerals hav-
ing a crystalline structure which, when cut 
and ground on certain crystalographic (op-
tical) axes, possess piezo-electric properties 
in the influence of an oscillating electrical 
field. A detailed explanation of the piezo-
electric effect will be found in any modern, 
comprehensive encyclopedia. 
The mechanical activity or frequency of a 

piezo-electric element depends upon its 
physical dimensions ( the frequency being in-
versely proportional to the thickness). The 
stability of the oscillatory properties de-
pends mainly upon the optical cut and the 
crystal-temperature coefficient. 

Piezo-electric oscillator ( after the U.S.N. 
conference in 1929) : A circuit containing a 
resonator ( crystal) and possessing too little 
regeneration to oscillate itself, but which os-
cillates through the reaction of the crystal 
when the latter is vibrating near one of its 
normal frequencies with energy derived from 
the circuit. Such a circuit is often called a 
"crystal controlled" or "piezo-oscillator." 

POINTS OF SHEAR — 

L/ISRATION 

Figure 43 

e Crystal Cuts 

The face of an X-cut or V-cut crystal is 
made parallel to the Z axis in figure 43. 
Special-cut crystals, known as AT-cut, V-
ent, L D2, 11F2, etc., are made with the face 
of the crystal having an angle with respect 
to the Z axis, rather than being parallel te 
it. The purpose of these special-cut crystals 
is to increase their power-handling ability, 
in some cases, but especially to reduce the 
temperature coefficient. There is no fre-
quency drift in crystals which have absolute 
zero temperature coefficient. AT, V, and 
LD2-cut crystals have temperature coeffi-
cients approaching zero when correctly cut 
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and ground, and they should be used in 
radio transmitters in which accurate fre-
quency control is essential, such as edge of 
hand operation. These crystals eliminate the 
need of a crystal oven for amateur work. 
A constant operating temperature is still re-
quired for some commercial applications, but 
the oven temperature need not be kept within 
as close limits as for an X or Y cut plate. 

• Frequency Drift 
and "Twin-Peaks" 

Crystals that oscillate at more than one 
frequency are commonly known as crystals 
with "twin peaks." The dual vibrational 
tendency is more pronounced with Y-cuts, 
but to a certain degree is exhibited by 
many X-cuts. The use of a well-designed, 
space wound, low "C" tank coil in an oscil-
lator will prohibit the crystal from oscillat-
ing at two frequencies, and in addition will 
increase the output. Experiments have 
shown that the frequency stability is not 
improved by large tank capacities, which 
only tend to augment the double frequency 
phenomenon. 
Twin frequencies appear in several ways: 

sometimes the crystal will have two fre-
quencies several hundred cycles apart, os-
cillating on both frequencies at the same 
time, and producing an acoustically audible 
beat note. Other crystals will suddenly 
"jump" frequency as the tank tuning con-
denser is varied past a certain setting. Op-
eration with the tank condenser adjusted 
near the point where the frequency shifts 
is very unstable, the crystal sometimes go-
ing into oscillation on one frequency and 
sometimes one the other as the plate voltage 
is cut "on" and "off." Still other crystals 
will jump frequency only when the tempera-
ture is varied over a certain range. And 
some plates will jump frequency with a 
change in either tank tuning or temperature, 
and produce an audible beat tone at the same 
time, showing actually two pairs of fre-
quencies! 

• Use and Care 
of Crystals 

When operating close to the edge of one 
band, it is advisable to make sure that the 
crystal will respond to but one frequency in 
the holder and oscillator in which it is func-
tioning; a crystal with two peaks can jump 
frequency slightly without giving any indi-
cations of the change on the meter readings 
of the transmitter. If the transmitter fre-

quency is such that the operat 
on the edge of the band at al 
all conditions of room temp 
form of temperature control wi 
for the crystal unless it is of th. 
type. When working close to t 
the 14 or 28 megacycle band it 
that the crystal temperature b 
fairly constant value; the freque 
kilocycles per degree Centigrade 
direct proportion to the operatin& 
regardless of whether the funde 
harmonic is used. When a crysta 
frequency by two kilocycles, its s• 
monic has shifted 4 kilocycles. 
not operating on the edge of the 
not concern themselves about freq 
due to changes in room temperal 

If a pentode tube is used for 
oscillator having a plate potenti 
proximately 300 volts, the tempera 
crystal, regardless of cut, will no 
appreciably to cause any noticeab 
even 14 megacycles. When a cry 
lator is keyed on 3.5 or 1.7 mega( 
frequency drift is not of any co 
even with much higher values o' 
put, because of the keying and r 
that the drift is not multiplied 2 
be with harmonic operation of a 
fier. 

Crystal holders have a large e 
frequency; for example, the f, 
an 80 meter crystal can vary a, 
kilocycles in different holders. 
tals can be purchased in vari-
ers which enable the operat, 
frequency by varying the air 
or 25 kc. shift can be obt• 
Only 80 meter AT cut cry 
for this purpose. 

• High Frequency 

Crystals 

40 meter crystals can be treated m 
same as 80 meter crystals. providec 
are purchased in a dustproof holder fro. 
reliable manufacturer. However, it is a go, 
idea with 40 meter crystals to make sure 
the crystal current is not excessive, as it 
will run higher in a given oscillator circuit 
than when a lower frequency crystal is used 
in the same circuit at the same voltage. A 
low loss, low-C tank circuit and a pentode 
or beam type oscillator tube are desirable. 

20 and 10 meter crystals, especially the 
latter, require more care in regard to circuit 
details, components, and physical layout. 20 
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Quartz Crystals 

and 10 meter crystals are not of the zero 
drift type, as such crystals would be too 
thin to be of practical use. A special thick 
cut is used to give the crystal sufficient me-
chanical ruggedness. Crystals of this cut 
have a drift of approximately 40-45 cy• 
cles/Mcideg. C. This means that such crys-
tals must be run at very low power levels 
not only to avoid fracture, but to prevent 
excessive drift. However, their use permits 
considerable simplification of a u.h.f. trans-
mitter. 
A type 41 tube, running at 275 volts on 

the plate and 100 volts on the screen, makes 
a good oscillator tube for a 20 meter crystal. 
Bias should be obtained from a 500 ohm 
cathode resistor rather than a grid leak. 
Very- light loading, preferably with inductive 
coupling, is required. The tank coil should 
be low loss, preferably air-supported or 
wound on a ceramic form. 

\Vith 10 meter crystals it is necessary to 
use low capacity triodes as oscillator tubes. 
The high shunt capacities of multi-grid 
tubes makes their use impracticable with 10 
meter crystals. Medium-high µ triodes with 
high transconductance and low input and 
output capacities make the best oscillators. 
The types RK34, 6J5G, and 955 are the most 
satisfactory oscillators, the 6J5G permitting 
the most output besides being the least ex-
pensive. The second section of an RK34 
can be used as a doubler to 5 meters, thus 
giving about 3 watts of crystal controlled 
5 meter output from one tube. 

Contrary to general practice with pentode 
crystal oscillators, the plate tank circuit 
should not be too low C: a moderate amount 
of tuning capacity should be used in a 10 
meter triode crystal oscillator. The plate 
voltage on the oscillator tube should not be 
allowed to exceed 200 volts. About 2 watts 
output is obtainable from the 10 meter os-
cillator tank at this plate voltage. The 
tank coil can consist of 8 turns of nô. 12 
wire, air wound and spaced the diameter of 
the wire, 3% inches in diameter. Bias should 
be obtained from a 200 ohm cathode resistor 
(bypassed) and no grid leak. Connecting 
leads should be short and components small 
physically. 

Both 10 and 20 meter crystal oscillators 

should be followed, where practicable, b. 
tube of high power gain, such as the E 
This cuts down the number of tubes 
quired in a high power, stationary u.1 
transmitter. 
A 10 meter crystal oscillator with a 6J5 

driving a 6V6 doubler using a 150,000 oh 
grid leak, makes an excellent 5 meter m 
bile transmitter. The latter tube can I 
either plate or plate-and-screen modulate. 
The modulation is better when doubling i 
both plate and screen are modulated. 

Coil Winding Table For Low-C 
Wire-Wound Tank Coils 

Band 
In 

Meters 

160 

80 

No. 10 Wire 
Coils 

42 turns. 
5 in. dia. 
6 turns 
per inch. 

No. 14 Wire 
Cois 

38 turns. 
4 in. dia. 
8 turns 
per inch. 

Total 
Cond. 
Cameo. 

in 
maids. 

100 

50 

35 

28 turns. 
41A in. dia. 
4 turns 
per inch. 

34 turns. 
2% in. dia. 
8 turns 
per inch. 

40 
20 turns. 
3M in. dia. 
3 turns 
per inch. 

22 turns. 
2U in. dia. 
5 turns 
per inch. 

20 
10 turns. 
3% in. dia. 
1 turns 
per inch. 

11 turns. 
2% in. dia. 
2 turns 
per inch. 

35 

10 
6 turns. 
2, in. dia. 
1 turn 
per inch. 

6 turns. 
2% in. dia. 
1 turns 
per inch. 

25 

Note: These coils are suitable for 
plate neutralized or push-pull amplifiers 
zoith Low-C tubes. Grid neutralized am-
plifiers require from io% to 30% fewer 
turns than those listed above, depending 
upon the tube. Last column indicates 
smallest size tuning condenser usable. 
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Coil Winding Charts for Copper Tubing Tank Coils 

THE values given are a close approximation to your particular requirements in each 
case, but exact accuracy depends on the circuit arrangement and the length of the 

leads in the plate circuit of the tube to be used. The two factors mentioned become 
more important as the frequency increases. Long leads necessitate fewer turns on the 
coil, but the leads should be long enough to keep the tank condenser separated from the 
coil by at least the coil diameter 

All the values in the table are tor the tubes specified when used as single-ended' 
amplifiers with the neutralization tap near the center of the coil. If placed in the center 
of the coil, this tap will automatically give fixed neutralization on all bands. For push-
pull amplifiers, decrease the number of turns by 25% for any given tube. The reason for 
this decrease will be apparent upon close comparison of single-ended and push-pull cir-
cuits. Just twice as much tube capacity is shunted across the tank in push-pull circuits 
as when single-ended circuits are used. 

In low-C tanks, such as these, the voltage rating of the condenser should be equal to 
four times the plate voltage on the tube for single-section types, and twice the plate 
voltage (each section) for split-stator models. 

CHART NO I. For Coils Tuned With Split- Stator Condenser and Used in Circuits Employing 
Low-C Tubes, such as 150T, 50T, 354, 852, 800, 825, RKI8. 

BAND 

160 

2" Dia, Coll 

N.S. 

3 Die. Coil 

N.S. 

4" Dia. Coil 

N.S. 

5 Dia. Coil 

N.S. 

80 

40 

N.S. 

N.S. 

N.S. 

46 Turns 
16" Long 
1/4 " Tubing 
20 Turns 
12" Long 
14" Tubing 

6 Turns 
4" Long 

1/4 " Tubing 

20 

10 

32 Turns 
15" Long 
1/4 " Tubing 

8 Turns 
4" Long 
14" Tubing 

60 Turns 
20" Long 
1/4 " Tubing 

—34 Turns 
12" Long 
1/4 " Tubing 
16 Turns 
12" Long 
1/4 " Tubing 

4 Turns 
4" Long 
14" Tubing 

50 Turns 
18" Long 
.4" Tubing 
28 Turns 
12" Long 
1/4 " Tubing 
14 Tunis 
12" Long 
14" Tubing 

4 Turns 
4" Long 
14" Tubing 

6' Dia. Coil 
80 Turns 
36" Long 
..4" Tubing 
40 Turns 
18" Long 
N." Tubing 
22 Turns 
12" Long 
1/4 " Tubing  
10 Turns 
12" Long 
3/4 " Tubing  
.3 Turns 
4" Long 

14" Tubing 

Size of Tuning Condenser  

250 Mmf. Each Section for 
Full Band Coverage. 

100 Mm?. Each Section for 
Full Band Coverage. 

35 Mmf. Each Section. 

35 Mmf. Each Section. 

35 Mmf. Each Section. 
N.S. Indicates: 

NOT SATISFACTORY 

CHART NO 2. For Coils Tuned With Single-Section Condenser and Used ir Circuits Employing 
Low-C Tubes, such as 150T, 50T, 354, 852, 800, 825, RK18. 

BAND 2 Dia. Coil Die. Coil 4 Dia. Coil 5" Dia. Coil 6" Dia. Coil 

160 N.S. N.S. N.S. N.S. 

80 N.S. 

40 N.S. 

N.S. 

36 Turns 
14" Long 
1/4 " Tubing 
16 Turns 
12" Long 
1/4 " Tubing 

20 
22 Turns 
12" Long 
1/4 " Tubing 

6 Tunis 
5" Long 

ti" Tubing 
10 

4 Turns 
5" Long 

Tubing 

50 Turns 
20" Long 
IA" Tubing 
24 Turns 
12" Long 
1/4 " Tubing 
12 Turns 
12" Long 
1/4 " Tubing 
4 Turns 
5" Long 

14" Tubing 

60 Turns 
36" Long 
,‘" Tubing 
30 Turns 
18" Long 
N." Tubing 
16 Turns 
12" Long 
1/4 " Tubing 
8 Turns 

12" Long 
1/4 " Tubing 

2 Turns 
5" Long 

1/4 " Tubing 

40 Turns 
18" Long 
1/4 " Tubing 
20 Turns 
12" Long 
1/4 " Tubing 
10 Turns 
12" Long 
1/4 " Tubing 

4 Turns 
5" Long 

''t' Tubing 

Size of Tuning Condenser 

100 Mm?. 

100 Mmf. For Full Band 
Coverage. 

35 Mmf. 

35 Mmf. 

35 Mmf. 

CHART NO. 3. For Coils Tuned With Split-Stator Condenser and Used in Circuits Employin% 

High-C Tubes, Such as 50 Watters, 210, 204A, 849, 212D, 830, 46, RK20. 

au.. ,..., 11 .• Uld. %No 7 Ula.L.011 b" ula. LOH Size of Tuning Condenser 

160 

80 

N.S. 

N.S. 

N.S. N.S. N.S. 
72 Turns 
36" Long 
%" Tubing 

250 Mmf. Each Section for 
Full Band Coverage. 

N.S. 
54 Turns 
16" Long 
1/4 " Tubing 

46 Tunis 
18" LOTICI 

1/4 " Tubing 

36 Turns 
18" Long 
EX.," Tubing 

100 Mmf. Each Section for 
Full Band Coverage. 

40 N.S. 
36 Turns 
14" Long 
3/4 " Tubing 

24 Turns 
10" Long 
3/4 " Tubing 

20 Turns 
10" Long 
-1/4 " Tubing 

16 Turns 
10" Long 
1/4 " Tubing 

35 Mmf. Each Section. 

20 
24 Turns 
10" Long 
1,4" Tubing 

16 Turns 
10" Long 
1/4 " Tubing 

12 Tiros 
10" Long 
1/4 " Tubing 

10 Turns 
10" Long 
14" Tubing 

8 Turns 
10" Long 
1/4" Tubing 

35 Mrat. Each Section. 

10 
8 Turns 
5" Long 

11." Tuhine 

6 Turns 
5" Long 

1/." Tallinn 

4 Turns 
5" Long 

lz" Tai;.... 

4 Turns 
5" Long 

3 Turns 
5" Long 35 Mmf. Each Section. 
4 
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CHART NO. 4. For Coils Tuned With Single-Section Condenser and Used in Circuits Employint 
High-C Tubes, Such as 50 Wafters, 210, 204A, 849, 2I2D, 830, 46, RK20. 

BAND — 2" Dia. Coil 3" Dia. Coil 4' Dia. Coil 5 Dia. Coil 6" Dia. Loll Size of Tuning Condenser 

160 N.S. N.S. 

N.S. 

32 Turns 
14" Long 
1/4" Tubing 

 1 /4 " Tubing 

N.S. N.S. 
60 Turns 
.36" Long 
,fi" Tubing 

100 Mmf. 

80 N.S. 
50 Turns 
20" Long 

 1 /4 " Tubing 

40 Turns 
18" Long 
14" Tubing 

30 Turns 
18" Long 
15à" Tubing 

100 Mmf. For Full Band 
Coverage. 

40 

20 

10 

 1 4" Tubing 

N.S. 
22 Turns 
12" Long 
14" Tubing 

18 Turns 
12" Long 
1/4" Tubing 

14 Turns 
12" Long 
lye Tubing  
6 Turns 
10" Long 
1/4" Tubing 

35 Mmf. 

18 Turns 
10" Long 

 1 4" Tubing 

14 Turns 
10" Long 
14" Tubing 

10 Turns 
10" Long 
1/4" Tubing 

8 Turns 
10" Long 
14" Tubing 

35 Mmf. 

4 Turns 
5" Long 

1/v" Tubing 

4 Turns 
5" Long 

1/." Teing 

4 Items 
5" Long 

) '." Tubing 

4 Turns 
5" Long 

1.4" Tubing 

2 Turns 
5" Long 

),," Tubing 
35 Mmf. 

Wire Wound Coils 

Coil Chart for I 1/2 -in. and 21/2 -in. Dia. Coil Forms. 

BAND 
11/2 " Dia. 
Coil Form 

Size of Tuning 
Condenser BAND 

21/2 " dia. 
Coil Form 

Size of Tuning 
Condenser  

100 MMF. 
or larger 

100 MMF. 

 The  winding data shown 

here is tor coils that are 
tuned with single- sec-

tion variable condensers. 

See Chart below for 

coil winding data when 

split- stator variable 

condensers are used. 

REMARKS 

 The  winding data shown 

here is tor coils that are 
tuned with single- sec-

tion variable condensers. 

See Chart below for 

coil winding data when 

split- stator variable 

condensers are used. 

160 

80 

Not 
Satisfactory 

160 46 Turns No. 16 DCC. 
Close wound 

35 Turns 
No. 22 DCC. 
Close wound 

100 MMF. 80 
23 Turns 
No. 16 DCC. 
Spaced one dia. 

40 

20 

 Spaced  one dia. 

19 to 21 Turns 
No. 16 DCC. 

 Spaced  one dia. 
100 MMF. 40 

16 Turns 
No. 16 DCC. 
Spaced one dia. 25-35 MMF. 

11 to 13 Turns 
No. 16 DCC. 
Spaced one dia. 

25-35 MMF. 20 
8 to 10 Turns 
No. 16 DCC. 
Spaced one dia, 

25_35 MMF. 

10 
5 to 6 Turns 
No. 16 DCC. 
Sriaced one dia. 

25-35 k4K4F. to 
5 Turns 
No. 16 DCC. 
Snaced one dia. 

25-35 MMF. 

Coil Winding Chart for I 1/2 -in. and 21/2-in. Dia. Coil Forms and Split-Stator V.C. 

BAND 
1,/4" Dia. 
Coil Form 

Size of Tuning 
Condenser 

BAND 21/2 ," dia. 
Coil Form 

Size of Tuning 
Condenser ' 

160 
Not 

Satisfactory 

n 
16u 

59 Turns 
No. 16 Enameled 
Close wound. 
Tap at center, 

250 MMF. 
Each Section 

(smaller condenser 
can be used). 

35 mmf. Each 
section split- stater 
double-spaced midget 

80 
Not 

Satisfactory 80 

55 to 57 Turns 
No. 16 DCC. 
Close wound. 
Tap at center. 

35 M MF. 
Each Section 

35 MMF. 
Each Section 

variable condensers are 
satisfactory. 

40 

35 Turns 
No. 16 DCC. 
Close wound. 
Tap at center. 

35 MMF. 
Each Section 40 

29 Turns 
No. 14 Enameled 
Space wound. 
To cover 3 inches. 

20 

19 Turns 
No. 16 DCC. 
Spaced one dia. 
'Tan at center. 

35 MMF. 
Each Section 

20 

15 Turns 
No. 14 Enameled 
Snared one dia. 
Tap at center. 

35 MMF. 
Each Section 
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TRANSMITTER ADJUSTMENT CHART 

Quick Reference for Tuning and Meter Scale Readings 

Oscillator 
Band Plate or 
of Cathode 

Operation Current 
in M. A. 

160 

80 

Doubler 
Grid 

Current 
in M. A. 

Doubler 
Plate 

Current 
in M. A. 

Buffer 
Grid 

Current 
in M. A. 

Buffer 
Plate 

Current 
ri M A. 

Final 
Grid 

Current 
in Nt A. 

40 

20 

10 

5 

Final 
Plate 

Current 
in M. A. 

Oscillator Doubler Doubler 
Plate Plate Grid 

Tuning Dial Tuning Dial Dial 

Buffer 
Plate 
Dial 

Final 
Grid 
Dial 

Final 
Plate 
Dial 

Antenna 
Coupler 
Dials 

160 

80 

40 

20 

10 

5 

Miscellaneous Adjustment Notes 



• 

Fill-in 

Your 

Own 

Coil 
Data 
in 

Pencil 

• 

Coil Winding and Condenser Capacity Notes 

Band 
In Meters 

160 

Oscillator 
Plate Coil 

Doubler 
Plate Coil 

Buffer- Doubler 
Grid Coil 

Buffer- Doubler 
Plate Coil 

Final 
Grid Coil 

Final 
Plate Coil 

Wire Size 

Turns   

Spacing   

Condenser  

80 

Wire Size   

Spacing  

Turns  

Condenser   

40 

Wire Size 

Spacing  

Turns   

Condenser  

20 

Wire Size  

Spacing  

Turns  

Condenser  

10 

Wire Size  

Spacing  

Turns  

Condenser  

o 

C;) 

N.3 
CA) 
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Danger-High Voltage 

The high voltage power supplies even in a low power transmitter are 
potentially lethal. They are also potential fire hazards. Pages could be written 
on "don'ts" and precautionary measures, but the important thing is to use your 
head; don't fool with any part of your transmitter or power supply unless you 
know exactly what you are doing and have your mind on what you are doing. 

Not only should your transmitter installation be so arranged to minimize 
the danger of accidental shock for your own safety, but also because "hay-
wire" installations that do not pass the underwriter's rules will invalidate your 
fire insurance. You have no claim against the insurance company if they can 
prove that the installation did not meet underwriters' specifications. 

Some of the most important things to remember in regard to the high 
voltage danger are the following: 

Do not rely upon bleeders to discharge your filter condensers; short the 
condenser with an insulated-handle screwdriver before handling any of the 
associated circuits. Bleeders occasionally blow out, and good filter condensers 
hold a charge a long time. 

Beware of "zero adjuster" devices on meters placed in positive high voltage 
leads. Also be careful of dial set screws if the rotor shaft of the condenser 
is "hot." Both of these situations represent poor practice to begin with. 

Don't touch any transmitter components without first turning off all 
switches. If you do insist on making coupling adjustments, etc., with the trans-
mitter on (very bad practice), keep ONE HAND BEHIND YOU. 

Do not work on the high voltage circuits or make adjustments where it 
is necessary to reach inside the transmitter UNLESS SOMEONE ELSE IS 
PRESENT. 90% of the deaths of amateurs due to electrocution could have 
been prevented if someone had been present to kill the high voltage or remove 
the victim and to call the doctor, and administer first aid before he arrived. 

High voltage gear should be so fixed that small children cannot manipulate 
the switches or come in contact with any of the wires or components. Either 
keep the radio room or gear under lock and key or else provide an "interlock" 
system whereby all primary circuits are broken when the transmitter cabinet 
is opened. 

Familiarize yourself with the latest approved methods of first aid treatment 
for electrical shock. It may enable you to save a life some time. 

Don't attempt to hurry too much if a companion comes in contact with 
high voltage and cannot extricate himself. Act quickly but do not act without 
deliberation or you may be in as bad a fix as the person you are trying to help. 
Do not touch the victim with your bare hands if things. are wet. Otherwise 
it is safe to grab him by a loose fold of clothing to pun him free, first making 
sure that you are well insulated from anything grounded. Turning off the 
voltage is simpler, when possible. However, do not waste precious moments 
dashing around trying to discover how to open the circuit. If you do not already 
know, try to remove the victim if it can be done safely. 

A main primary switch at the entrance to the radio room, killing all 
primary circuits, will reduce the fire hazard and help your peace of mind, 
provided you make it an iron-clad rule always to throw the switch when leav-
ing the room. 

Beware of strange equipment. It may contain unconventional wiring or 
circuits. Do not take for granted that it is wired the way you would do it. 



Chapter 11 

EXCITER CONSTRUCTION 

0 NE OF the most important portions of 
a radio transmitter is the means of 

controlling its frequency of operation. This 
frequency determines the place in the radio 
spectrum in which the transmitter operates. 
Some form of oscillator is needed for this 
purpose. 

The most practical method of frequency 
control is by means of a quartz crystal oscil-
lator, because the oscillation frequency is 
determined by the physical dimensions of 
the quartz plate. Quartz is a very hard 
substance which is not easily affected by 
temperature or pressure changes, and for 
this reason the quartz crystal oscillator has 
a better frequency stability than other forms 
of oscillators. 

Relatively low-frequency crystal oscilla-
tors are often followed by frequency-
doublers or tripiers, in order to obtain fre-
quency control for high-frequency trans-
mitters. That portion of the transmitter 
which supplies the actual control of fre-
quency, in most cases, is defined as the 
exciter; therefore, the exciter includes the 
crystal oscillator and any frequency-multi-
pliers of medium or low power output. 

• Crystal Oscillators 

Crystal oscillators can be divided into 
three classifications: ( 1) low power circuits, 
which require several additional buffer 
stages to drive medium or high power final 
amplifiers; ( 2) high power crystal oscil-
lators, which minimize the number of buffer 
stages in a transmitter; ( 3) harmonic crys-
tal oscillators, which operate on more than 
one harmonically-related band from one 
quartz crystal. 

Low power crystal oscillators are often 
required in transmitter design where ex-
tremely accurate frequency control is needed. 
The crystal oscillator tube is operated at 
low plate potential, such as 200 volts, with 
the result that oscillation is relatively 
minute. This weak or moderate crystal 
oscillation means that there will be less 
heating effects in the quartz plate; the fre-
quency drift, due to changes in temperature, 
is therefore minimized. 

Mere operation of a quartz crystal oscilla-
tor tube at relatively low plate voltage does 
not necessarily mean a low degree of fre-
quency drift; a type of crystal oscillator 
tube must be used which has high power 
sensitivity, high g, and low feedback ( inter-
electrode) capacity. The amount of feedback 
determines the value of r.f. current flowing 
through the quartz plate, and thus deter-
mines the amplitude of the physical vibration 
of the quartz plate. Any tube which requires 
only a very small amount of grid excitation 
voltage and neutralizing capacity can be 
used to supply relatively high power output 
in a crystal oscillator without heating of 
the quartz plate. 
High power crystal oscillators are those 

which operate with as high a plate voltage 
as can be used with only moderate heating 
of the quartz crystal. Many transmitters, 
such as those used for c.w. telegraphy, do 
not require as high a degree of frequency 
stability as for radiotelephone transmitters 
used for commercial services. The relatively 
high output from such crystal oscillators 
usually means the elimination of one or two 
buffer-amplifier stages. This simplifies the 
transmitter, and may result in more trouble-
free operation. There are a great many 
types of tubes for high power crystal oscil-
lators, some of which are also used in high 
stability low power crystal oscillators by 
merely reducing the electrode voltages. 
The crystal oscillator circuits in figures 

1 and 2 are of the standard pentode-tube 
type. They operate on one frequency only, 
and the plate circuit is tuned to approxi-
mately the frequency of the quartz crystal. 
The plate circuit in most crystal oscilla-

tors is tuned to a frequency somewhat higher 
than the frequency of the crystal itself. The 
actual power output of crystal oscillators, 
such as those shown in figures 1 and 2, is 
from one to five watts, depending upon the 
values of plate and screen voltage. The use 
of AT-cut or low temperature coefficient 
quartz plates allows higher values of output 
to be obtained without exceeding the safe 
r.f. crystal current ratings or encountering 
frequency drift. X-cut and Y-cut crystals 
must he operated with comparatively low 
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47 

350v 

Figure 1--- Pentode Oscillator with Type '47 Tube 

42 

+125V + 350 , 

Figure 2—Pentode Crystal Oscillator with Type 
'42 Tube 

crystal current, because they not only will not 
stand as much r.f. crystal current, but also 
have a higher temperature coefficient. 

Push-Pull Crystal 
Oscillators 

The type 53 twin-triode tube ( 2.5 volt 
heater) and its 6.3 volt companion tubes, 
6A6 and 6N7, are very efficient for push-
pull crystal oscillators. A typical twin-
triode oscillator circuit is shown in figure 3. 

Figure 3—Dual-Triode 6A6 (or 53) High-Output 
Push-Pull Oscillator 

Outputs of from 5 to 10 watts can be 
obtained from the above circuit without 
exceeding the ratings of the usual X-cut 
crystals. The crystal current for a push-
pull oscillator is but little higher than for 
a single tube of the same type, and twice 
the output can he obtained. 

• Oscillator-Doubler 
Circuit 

The type 53 and 6A6 twin-triode tubes 
are very popular for circuits where one tri-

RADIO 
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ode acts as a crystal oscillator which drives 
the other triode as a frequency doubler; one 
tube therefore serves a dual purpose, supply-
ing approximately 5 watts output on either 
the fundamental frequency or the second 
harmonic of the quartz crystal. Two appli-
cations of the twin-triode tube in a crystal 
oscillator circuit are shown in figures 4 

and 5. 

JONES CRYSTAL OSCILLATOR-00uBLER 

Figure 4 

CmvsTAL PACQUERley 

br.• 

Figure 5--Jones Regenerative Exciter for all- band 
operation. R-50,000 ohms 

Figure 4 is a circuit which can be used 
with quartz crystals cut for 160, 80, 40 or 20 
meter operation. The circuit shown in fig-
ure 5 can be made regenerative in the fre-
quency-multiplier section in order to use the 
second triode as a tripler or quadrupler. By 
reducing the capacity of the 25 etl.tfd. con-
denser (shown with an arrow pointing to 
it) to a low enough value, the second triode 
can be neutralized for use as a buffer stage. 
A suitable condenser for this purpose is a 
small mica-insulated trimmer condenser 
having a capacity range of from 3-to-30 
/adds. The resistor R shown in figure 5 

should be from 30,000 to 50,000 ohms in 
value, and generally the r.f. choke shown in 
series with this resistor can be omitted. 
Coil data for any of these exciters can be 
obtained from those circuits (shown in the 
following pages) for which constructional 
details are given. 
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e Tritet Crystal Oscillator 

Any of the screen-grid tubes can be used 
in a tritet oscillator circuit, such as the one 
shown in figure 6. 

6L6 

Figure 6 Tritet Crystal Oscillator 

The tritet consists of a triode oscillator 
circuit with an additional tuned circuit con-
nected in series with the cathode. This 
allows the screen-grid circuit to be bypassed 
to ground, and the tetrode or pentode plate 
circuit is electron-coupled to the oscillator 
circuit. The plate circuit is generally tuned 
to the second harmonic and outputs of from 
5 to 15 watts can be obtained without dam-
age to the quartz crystal. This circuit is 
an improvement over the older forms of 

6L6G Tritet Coil Data 

All Coils Wound on 1' _ in. Diameter 

Forms 

Wave-
length 

160 

L2 
1 L1 Cath Plate Coil ode Coll 

78 turns 
no. 24 Short-
d.s.c. circuited 

close-
wound 

so 
38 turns 25 turns 
no. 18 no. 22 
Enam. d.s.c. 
close- 1Y2 in. 
wound long 

ao 

20 

20 turns 12 turns 
no. 18 no. 18 
Enam. Enam. 
1! in. 13/2 in. 
long long 

9 turns 7 turns 
no. 18 no. 18 
Enam. Enam. 
1% in. 13/4 in. 
long long 

Crystal 

160 

160 

so 

40 

tritet in which a grid-leak was used in place 
of the grid r.f. choke, and in which no 
cathode resistor and bypass condenser were 
included. The improved circuit ( figure 6) 
decreases the crystal current as much as 
50%, and thereby protects the crystal against 
fracture. The cathode circuit is "high C" 
and tuned to a frequency which is 40% or 

I; 

Figure 7-6L6G Tritet Oscillator for Operation on 
Both Fundamental Frequency and Second 

Harmonic 

50% higher than that of the crystal. Ii an 
802 or RK-25 is substituted for the 6L6 
tube, the plate circuit can be tuned to the 
fundamental frequency of the crystal with-
out making it necessary to short-circuit the 
cathode tuned circuit. 

e Regenerative Oscillators 

When a crystal oscillator circuit is made 
regenerative by means of a r.f. choke in the 
cathode-circuit bypassed to ground with a 
small mica condenser, nearly twice as much 
output can be obtained from the plate cir-
cuit without loss of crystal oscillation, and 
the r.f. crystal current is reduced. The 
cathode circuit produces a regenerative 
effect depending upon the capacity of the 
cathode bypass condenser, which varies in 
capacity from .0001 i.tfd. up to .0004 ¡dd. in 
different tube circuits. Figures 8 and 9 
show the conventional and regenerative pen-
tode oscillator circuits. 
The regenerative crystal oscillator be-

comes a good harmonic oscillator by simply 
changing the plate coil for operation on the 
harmonics of the crystal frequency. The 
circuit in figure 10 can be used on 40 and 
80 meters with an 80 meter crystal. If the 
plate tuning condenser has a maximum 
capacity of at least 150 gedds. this oscil-
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ANY PENTODE 
G • 

••1. 

CONUENTIONAL LOW OUTPUT PENTODE CRYSTAL 
OSCILLATOR WITH GRID'. EAR BIAS RESISTOR 

FIQU re 8 

ANY PENTODE 

NIGH OUTPUT PENTODE CRYSTAL OSCILLATOR WITS 
rE•yuRE AS DEYELOPEO By JONES  

Figure 9 

C—.0001 or . 00025 i.fd. (mice) 
Cl— Screen By- Pass Condenser 
R—Grld-Leak, 50,000 ohms 

25 WATT C w TRANSMITTER 

Figure 10 

, 

lator can be used on two bands with a 
single plate coil, the two extreme ranges of 
the condenser being used to tune the respec-
tive bands. A coil suitable for covering 
both the 40 and 80 meter bands would have 
approximately 20 turns of No. 20 d.c.c. wire 
on a 1V2 in. dia, form, over a winding space 
VA in. long. 

• Reinartz Crystal 
Oscillator 

RADIO 
HRROBOGK 

This regenerative crystal oscillator has a 
fixed-tuned cathode circuit which is reson-
ated to approximately one-half the crystal 
frequency. For example, with an 80 meter 
crystal the cathode circuit is tuned to 160 
meters, the plate circuit to 80 meters. Either 
an 802 or a 6F6 tube can be used in a Rein-
artz crystal oscillator circuit. The output 
will be from 5 to 25 watts, depending upon 
the values of plate and screen voltages. The 
6F6 is used as a high-it triode in this same 
type of circuit, whereas the 802 is used as a 
pentode oscillator with additional control-
grid-to-plate capacity feedback. The circuit 
is shown in figure 12. 

Figure 11--Reinartz 802 Oscillator 

Figure 12 Reinartz 802 Oscillator Circuit 

The crystal r.Í. current is quite low in 
this circuit, in comparison with the output 
power which can be obtained. The cathode 
circuit is tuned to half the frequency of the • 
crystal, and the reactive effect produces 
regeneration at the harmonic frequency. 
This increases the operating efficiency of the 
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802 Reinartz Coil Data 

Wave-
length 
Meters 

Plate Coll Cathode Coll 

160 
70 turns 
no. 22 d.s.c. 
2 in. long 
1% in. diam. 

80 
34 turns 
no. 18 Enam. 
2 in. long 
134 in. diam. 

40 
16 turns 
no. 18 Enam. 
1M in. long 
13% in. diam. 

20 
8 turns 
no. 18 Enam. 
1¡,; in. long 

” ,.1 in. diam. 

116 turns 
no. 26 Enam. 
close-wound 
1 in. diam. 

55 turns 
no. 24 d.s.c. 
close-wound 
1 in. diam. 

27 turns 
no. 24 d.s.c. 
1M in. long 
1 in. diam. 

14 turns 
no. 24 d.s.c. 
11 in. long 
1 I , in. diam. 

Figure 13 

tube without danger of uncontrollable oscil-
lation at frequencies other than that of the 
crystal. 

• New 6A6 Harmonic 
Oscillator 

A type 6A6 or 53 twin-triode tube will 
supply output on either the fundamental or 
second harmonic of the crystal frequency in 
the circuit shown ill figure 14. 

NEW 6A6 HARMON IC OSCILLATOR 

FUNDAMENTAL 

OR SECOND 
HARMONIC 

Figure 14 

The crystal i› connected between the grid 
and plate of one of the triodes of the twin-
• triode tube, and the same grid is connected 
to cathode and ground through a 10,000 ohm 
grid-leak. The circuit should be used only 
with RO and 160 meter crystals. A .0001 ¡dd. 

mica condenser is connected across the grid-
leak in order to obtain highest possible r.f. 
voltage at the plate of this triode section. 

The grid of the second section of the tube 
is capacitively-coupled to the plate of the 
first section; the plate circuit of the second 
section is tuned to either the fundamental or 
second harmonic, depending upon whether 
fundamental or second harmonic output is 
desired. This oscillator circuit requires an 
active crystal and will not function satisfac-
torily with 40 or 20 meter crystals. An out-
put of approximately 7 watts can be obtained 
with an active 80 or 160 meter crystal. The 
r.f. choke is non-resonant, and should llave 
an inductance of about 10 millihenrys. 

• 5 to 160 Meter 
Exciter 

An exciter which will supply from 3 to 7 
watts on any of the amateur bands from 5 to 
160 meters is shown in figure 15. 

Figure 15—Top View of 6- Band Exciter. 5 to 160 
Meter Operation 

It consists of a 42 regenerative oscillator 
and three type 6A6 frequency doublers. 
Each 6A6 has its grids and plates connected 
in parallel in order to obtain as high an 
output as possible. A type 42 pentode regen-
erative oscillator will supply approximately 
5 watts of output, in addition to exciting the 
succeeding 6A6 doubler stage. No neutral-
izing problems are involved, and when the 
exciter is operated on low frequencies the 
unused frequency doubler stages can be 
cut-out of the circuit by inserting an open 
plug in all unused cathode jacks. The cir-
cuit diagram is shown in figure 16, the coil 
construction data in figure 17. 160, 80 and 
40 meter crystals are necessary for all-band 
operation in conjunction with the six coils 
shown in the coil-winding chart. 
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42 6A6 6A4 6A6 

Figure 16 

ALL VARIABLE CONDENSERS DOUBLE - SPACED 'STAR. MIDGETS 
ALL 01 FIXED CONDENSERS 600VOLT RATING CORNELL- DUBILIER TUBULAR PAPER TYPE 
ALL RESISTORS 10 WATT RATING, EXCE 1.: IWBEL.,EEsDS,R.„.1,N 

JONES 6 BAND EXCITER 
DELIVERS 2 TO S WATTS OUTPUT ON 5 METERS 

EuNEO WITM SO *INFO TUNED WITH SS MA1F0 
DOUBLE SPACED STAR MIDGET VARIABLES DOUBLE SPACED STAR MIDGET V AR I ABL ES 

40A COIL 20A COIL 10A COIL 5 A COIL 
ISOLANTITC FORA. 

31;41;73 4 :11 4.1 r7,12"17, 
. Hp 

TURNS—-2 .1 V r I TAINS 

2 TURN LOOP 

COILS FOR 40, 20, 40 AND 5 METER OPERATION 

(400 CRYSTAL IN OSCILLATOR ) 

FIGURE 17 
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Coil Winding Specifications 
All coils, except the 5 meter coil, are 

wound on standard five prong 112 in. 
diameter low- loss plug-in coil forms. 
The 5 meter coil is wound on a 1 in. 
diameter ceramic 5- prong plug-in 
form. Coils for 160, 80, 40, 20 and 10 
meter operation have a 2-turn 
winding at the bottom of the form. 
This 2-turn winding is the coupling 
loop, and the ends of the loop are con-
nected to two of the prongs on the 
coil form. The pictorial drafting 
(figure 17) shows a complete group of 
coils for 40, 20, 10 and 5 meter opera-
tion with a 40 meter crystal in the 
oscillator stage. 
160 Meter Coil: 60 turns, no. 24 d.s.c., 

close-wound. 
80 Meter Coil: 30 turns, no. 18 d.s.c., 

close-wound. 
40 Meter Coil: 16 turns, no. 18 d.s.c., 

space-wound over a winding length 
of 1!! inches. 

20 Meter Coil: 8 turns, no. 18 d.s.c., 
space-wound over a winding length 
of 11 , inches. 

10 Meter Coil: 3 4 turns, no. 18 d.s.c., 
space-wound over a winding length 
of 1 inch. 

5 Meter Coil: 1% to 21; turns, no. 18 
d.s.c., spaced approximately in. 
between turns. Some readjustment 
of this spacing may be necessary in 
order to permit the plate tuning 
condenser to resonate the circuit. 

• 10 to 160 Meter Exciter 

The exciter shown in figure 18 can be 
highly recommended for any c.w. or phone 
transmitter because of its simplicity and 
relatively high output. 

Two type 6L6 or 6L6G tubes are used as 
a harmonic crystal oscillator and regenera-
tive frequency doubler, respectively. The 
harmonic oscillator circuit is an improved 
design which can be easily adjusted for 
stable operation with 160, 80 or 40 meter 
crystals, though some 40 meter crystals are 
not sufficiently active for use in this circuit. 
The plate circuit of the crystal oscillator 
may be tuned to either the fundamental fre-
quency or the second harmonic of the crys-
tal, and the degree of regeneration is con-
trolled by means of a small 3-to-30 eq.cfd. 
trimmer condenser connected between the 
cathode and plate of the oscillator tube. 

The ratio of the capacity of this condenser 
to that of the .0004 gfd. (mica type) 

cathode-to-ground bypass condenser deter-
mines the degree of regeneration. Excessive 
regeneration will cause the plate circuit to 
oscillate at fi equencies other than those con-
trolled by the crystal, whereas insufficient 
regeneration will result in low output when 
operating on the second harmonic. The re-
generation condenser can be set with a par-
ticular crystal to a value which will cause 
the tuned plate circuit output (as checked 
with a flashlight lamp and a loop of wire) 
to be the same for either the fundamental 
frequency or the second harmonic. Once 
adjusted, crystals can be changed from 160 
to 40 meters, the plate coils changed for 
output on any band from 160 to 20 meters 
without further adjustment of the regenera-
tion condenser. An output of 10 to 15 watts 
can be obtained from the plate circuit of 
either tube by means of link coupling. 

The second tube is capacitively coupled to 
the oscillator and its plate circuit is always 
tuned to the second harmonic of the fre-
quency applied to its grid circuit. 

The cathode circuit is bypassed with a 
relatively small condenser of only .0001 edd. 
capacity in order to obtain regeneration. 
This regeneration increases the output on 
10 meters, and to some extent on 20 meters. 
It has practically no effect when the second 
tube is used as a doubler for 80 or 40 meter 
output. The r.f. choke in series with the 
cathode circuit is needed in order to confine 
the r.f. path through the .0001 µfd. con-
denser. The cathodes of both tubes are con-
nected to a common keying circuit, which 
is very effective in removing all traces of 
key-click and back-wave for c.w. operation. 
The keying circuit is shown In the diagram 
of figure 18, and allows break-in operation 
for either c.w. or phone communication. The 
succeeding stages in the transmitter should 
have fixed C-bias equal to at least cut-off 
when using this keying circuit. The coils 

Band Coils in. Dia. Forms 

160 65 turns, no. 24 d.s.c., close-
wound. 

80 35 turns, no. 29 d.c.c., 
long. 

40 18 turns, no. 20 d.c.c., 1 in. 
long. 

20 10 turns, no. 16 Enam., 13/ 
long. 

10 4 turns, no. 16 Enam., 1- in, long. 

in. 

in. 
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LAMP 

15 WATT EXCITER 

Figure 18 

Figure 19—The Two Tube, 10 to 160 Meter 
15-Watt Exciter 

for this exciter are very simple to construct 
and only five are needed for five-band opera-
tion. The data is listed in the coil table. 

• 6A6-6L6 Five-Band 
Exciter 

The standard 6.-16 Oscillator already de-
scribe(' drives a 6L6G buffer or doubler 
stage for output on any band from 160 to 10 
meters. The circuit diagram is shown in 
figure 20, and a photograph of the complete 
unit in figure 21. 

This exciter has several advantages over 
other types, in that the 6L6G tube serves as 
a buffer even when operating on 160 meters. 
This makes it particularly desirable for 
driving a medium-power final amplifier for 
160 meter phone operation. The crystal 
oscillator is a 6A6, which is not at all criti-
cal with respect to crystals, and since the 
6A6 is only required to furnish sufficient 
power to drive the 6L6G, the plate potential 
can be reduced to around 300 volts. This 
means that the r.f. crystal current, even with 
40 meter crystals, will be quite low. It is 
more sure-fire with average 40-meter crys-
tals than the harmonic types of crystal oscil-
lators using 6L6 or 6L6G tubes. This 
exciter is recommended for average ama-
teur use because of the ease with which it 
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FIVE BAND 6A6 - 6L6G EXCITER 

Figure 20 
• 

can be made to operate, and also because 
it will work with 80 and 40 meter crystals 
that do not show high activity. 

The 6L6G tube is capacitively-coupled 
through a plug and a pair of pin-jacks to 
either of the two tuned circuits of the 6A6 
crystal oscillator. The 6I.6G tube is neu-
tralized, so that it can be used as a buffer 
or doubler. The cathode condenser is 
smaller than customary (.0001 1.4fd. in value) 
in order to obtain a little regeneration when 
the exciter is operated on 10 meters. This 
condenser is rather small for perfect neu-
tralization when working "straight through." 
but the neutralization need only be sufficient 
to prevent any tendency for self-oscillation 
when the plate circuit is tuned to the same 
frequency as the grid circuit. This can be 
accomplished with the circuit constants 
shown in figure 20. The neutralizing con-
denser consists of a 3-to-30 timid. mica trim-
mer with the movable plate bent-out and 
the adjusting screw removed so as to secure 
a very low minimum capacity. The plate 
Tuning condenser in the 6L6G circuit has 
a maximum capacity of 150 121.(fd.. so that 
two-band operation can be secured without 

Figure 21 Showing Construction of the 6A6-6L6 
Five Band Exciter, Top and Bottom Views 

• 
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any coil change. For example, the output 
can be tuned to 160 meters with the con-
denser near maximum capacity, and to 75 or 
80 meters with the condenser set near its 
minimum capacity. The output as a buffer 
or doubler will be around 15 watts on any 
band. 

This unit can be built on a 13" X 7" X 2" 
zinc-coated metal chassis, with a bakelite 
sub-panel for mounting the tuning con-
densers. All bypass condensers are con-
nected directly to the tube and coil sockets, 
the other end of these condensers being sol-
dered to the nearest point on the chassis. 

• Coll Data 

All of the coils are wound on standard 
».; in. diameter plug-in forms. Coils can 
be chosen for only the desired bands of 
operation. 

Band 

160 

Oscillator and 
Doubler Coils 6L6G Stage 

65 turns, 
no. 22 d.s.c., 
close-wound. 

80 

40 

20 

10 

30 turns, 
no. 22 d.s.c., 
1U in. long. 

17 turns, 
no. 22 d.s.c., 
1!/, in. long. 

50 turns, 
no. 22 d.s.c., 
close-wound 
and center-
tapped. 
(For 80 and 
160 Meters). 

26 turns, 
no. 18 Enam., 
center-
tapped. II!? 
in. long. 
(For 40 and 
80 Meters). 

8 turns, 
no. 22 d.s.c., 
1% in. long. 

12M turns, 
no.18 Enam., 
center-
tapped. 
in. long. 
(For 20 and 
40 Meters). 

6 turns, 
no.18 Enam., 
center-
tapped. 'IN 
in. long. 
(For 10 and 
20 Meters). 

6A6-6L6 Exciter Coil Table 

Hein DROOK 

• 30-Watt Exciter 

Operation from 80 to 10 meters can be 
secured from the exciter circuit shown in 
figure 22. The construction of the unit is 
shown in figure 23. 

Coil Data for High Power 
6L6G Exciter 

All Coils Wound on 1:U-inch Ceramic 
Forms 

160 Meter Oscillator 
70 turns no. 24 d.s.c., with C. T., 2 long, 
1 diameter 

80 Meter Oscillator or Doubler Coil 
34 turns no. 16 E., with C. T., 2" long, 
1,4" diameter 

40 Meter Oscillator or Doubler Coil 
16 turns no. 16 E., with C. T., 1,2" long, 
1 ,," diameter 

20 Meter Oscillator or Doubler Coil 
8 turns no. 16 E., with C. T., 1 L2' long, 
1,, diameter 

10 Meter Doubler Coil 
4 turns no. 16 E., 1 L2''' long, 1 1, diam-
eter 

This exciter is suitable where fairly high 
output is desired. A 6L6G harmonic crystal 
oscillator employs a split-stator plate tuning 
condenser which tunes the plate circuit to 
either the fundamental or second harmonic 
of the crystal, by merely changing the plug-
in plate coil. The split-stator tuning con-
denser provides a balanced circuit for cou-
pling into the push-pull grids of the fre-
quency-doubling stage. The two grids are 
capacitively coupled to each end of the oscil-
lator plate circuit, and the two plates of the 
doubler stage are connected in parallel in a 
standard push - push frequency - doubling 
stage. With the plate and screen voltages 
shown in the circuit diagram, outputs of 30 
watts can be obtained on bands of from 80 
to 10 meters. 
The crystal oscillator adjustments are 

similar to those described under the discus-
sion for figure 18. This exciter can be used 
to obtain outputs of about 15 watts at the 
crystal frequency by opening-up the heater 
circuit of one of the 6L6G doubler tubes 
with an on-off switch. With one tube inop-
erative, the other tube may be used as a 
neutralized buffer, since the "cold" tube acts 
as a neutralizing condenser. The plate cir-
cuit in this case would be tuned to the same 
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6.3V 

LAW, 

+500V 

30 WAT T EXCITER 

Figure 22 

L: 

II 

Figure 23 30-Watt Two-Band Exciter 

frequency as the plate circuit of the crystal 
oscillator. 

• Bi-Push Exciter 

The Bi-Push exciter, introduced recently 
in "RADIO" and widely popular among 
amateurs, is shown in figure 24. 

Only three five-prong coils are needed for 
operating this exciter on 40, 20 or 10 meters 
from a 40 meter crystal. The coil prongs 
should be connected with jumpers between 
prongs as shown in the sketch of the sche-
matic circuit diagram, figure 24. 

For 10 meter operation, a 40 meter crystal 
is plugged-into the first 5-prong socket and 

the three coils are plugged-in for operation 
as a 40 meter push-pull crystal oscillator 
driving a 20 meter push-push doubler, then 
driving a 10-meter push-push doubler to ap-
proximately 40 watts output. The output 
power depends upon the plate voltage avail-
able from the power supply. 
For 20 meter operation, the crystal is 

plugged into socket "A", coil No. 1 is 
plugged into socket "B", coil No. 2 into 
socket "C". This results in the second 6A6 
tube operating as a push-pull crystal oscil-
lator which drives the two 6L6G tubes as a 
20-meter push-push doubler. 
For 40 meter operation, the crystal is 

plugged into socket "B" and the 40 meter 
coil into socket "C". This results in a push-
pull 6L6 crystal oscillator. 
A band-changing switch is needed to 

change from grid-leak to cathode bias on 
whichever tube is acting as the crystal os-
cillator in order to prevent the r.f. crystal 
current from rising to excessive values. The 
additional grid-leak bias is necessary for 
operation as frequency-doublers, but should 
be short-circuited with the band switch 
when the particular tube is used as a crystal 
oscillator. 

It is very important that the bandswitch 
be thrown to the proper position when 
changing bands; if it is not done before the 
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plate voltage is applied the crystal may be 
fractured. 
The power supply used should deliver 

from 450 to 550 volts under load, and have 
good regulation. Otherwise the voltage will 
rise to an unsafe value when the first two 
tubes are not working or when the plate 
voltage is removed from the 6L6's as would 
be the case during keying of that stage. A 
mercury vapor rectifier and low-resistance 
choke input filter will give suffciently good 
regulation. 

Modulation can be applied for 10 or 20 
meter phone at J4. Approximately 30 watts 
of audio power will be required for operation 
at the plate voltage specified (525 volts). The 
modulation will be satisfactorily linear up 
to 90%, in spite of the fact that the tubes 
are running as doublers. 

Plate current for the 6L6's may be meas-
ured either at J3 or J. Keying should be 
attempted only at and not in one of the 
6A6 stages. Very short leads will be neces-
sary in the 6L6 stage for good operation on 
10 meters. The 6L6 50 /20d. tuning con-
denser should be so connected that the rotor 
is cold and the stator "hot" with r.f. on 10 
meters, rather than vice versa ( rotor "hot"). 
If you can draw pencil sparks off the rotor 
on 10 meters, the connections to the con-
denser should be reversed. On other bands, 
both rotor and stator will always be "hot." 
For maximum 10 meter output, the 10 me-
ter coil form, the 6L6 sockets, and the last 
coil socket should be of ceramic material. 

• Coll Data 

The coils are wound on 1 in. diameter 
isolantite coil forms. The "stubby" type of 
coil form is desirable in order to simplify 
solderine the jumper connections between 
prongs. 

Bi-Push Exciter Coil Table 

160 Meters 
70 turns e.t. no 22 Enam. close-wound, 1W 
diameter 

80 Meters 
34 turns c.t. no. 22 d.c.c. close-wound, 1 ' 
diameter 

40 Meters 
18 turns c.t. no. 18 d.c.c. close-wound, 1 3e 
diameter 

20 Meters 
8 turns c.t. no. 16 bare, spaced to 1 N., 1 ;4. 
dia., or 11 turns same 1 dia. spaced to 1W 

10 Meters 
3 turns no. 16 bare, spaced to 1W, 1W 
dia., or 43¡ turns same 1W dia, spaced to 
1 Eh' 

Figure 25 Illustrating Physical Layout of Parts 
in the " Si- Push" Exciter 

Any three bands, such as 160, 80 and 40 
meters, or 80, 40 and 20 meters, can be used 
with 160 or 80 meter crystals, respectively, 
in the same manner as that previously de-
scribed for a 40 meter crystal. 

If trouble from parasitic oscillations is 
encountered, a small parasitic choke can be 
placed in one of the 6L6G plate leads. This 
choke can consist of 5 turns of No. ir. 
hookup wire, wrapped around a pencil as a 
winding form, with slight spacing between 
turns. This self-supporting coil should be 
connected directly at one 6L6G tube socket. 
It will usually be found more effective in 
one plate lead than the otaer. Which lead 
will be determined by the individual me-
chanical layout. 

• High Power Regenerative 
Oscillator 

From I o0 to 1 watts of output can be 
obtained on 80 meters from the regenerative 
crystal oscillator illustrated below. Cathode 
bias and cathode regeneration make this high 
output possible, and without overloading the 
crystal. The crystal r.f. current measures 
only 40 milliamperes through an AT-cut 
crystal ; this current is so low that no fre-
quency drift is encountered. No external 
feed-back capacity is needed between the 
control grid and plate circuit in order to 
obtain oscillation, because the cathode or 
filament center-tap r.f. choke and variable 
condenser arrangement produces the neces-
sary feed-back. 
This oscillator will serve as a complete 

one-tube transmitter, with the key ill either 
the cathode or screen circuit. The screen 
and suppressor of the RK-2S are tied to-
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REGENERATIVE R213 CRYSTAL OSCILLATOR 

Figure 26 — RK-28 Oscillator 100 to 150 Watts 
Output on 80 Meters 

gether and operated with approximately 300 
volts on the screen. The 100 gµfd. midget 
variable condenser connected from center-
tap to ground should be set towards maxi-
mum capacity. Too much capacity will re-
duce the output, and the circuit cannot be 
properly keyed. 

• Crystal Oscillator 
Tuning Procedure 

Every oscillator circuit is generally tuned 
for maximum output, by means of an indi-
cator of some form, such as d.c. milliam-
meter in the grid-bias lead of the tube being 
driven by the oscillator. Maximum meter 
reading indicates maximum output from the 
crystal oscillator. Other indicators are: 
(1)—A small neon bulb held near the plate 
end of the oscillator tuned circuit; maximum 
glow of the bulb indicates maximum oscil-
lator output. (2)—A flashlight bulb, or a 
pilot light bulb, connected in series with a 

MAO 0800K 

turn of wire, can be coupled to the oscillator 
coil for indicating r.f. output. Maximum 
brilliancy of the lamp denotes maximum 
output from the oscillator. 

The type-53 or 6A6 oscillator-doubler cir-
cuit is adjusted by tuning the oscillator sec-
tion for maximum output, and the doubler 
section for greatest dip in cathode or plate 
current. The crystal plate section should 
generally be tuned until the circuit ap-
proaches the point where oscillation is about 
to cease; this is towards the higher-capacity 
setting of the oscillator plate tuning con-
denser and operation in this manner pro-
vides most output in proportion to r.f. crys-
tal current and frequency drift. The cathode 
current should never exceed 75 milliamperes 
and safe limits for plate current in each 
section is 30 milliamperes. With cathode 
bias in this oscillator circuit, the plate cur-
rent will drop to 20 or 30 milliamperes when 
the tube is not oscillating. The plate voltage 
for a 6M or 53 oscillator-doubler or push-
pull oscillator may range from 250 to 400 
volts, depending upon the power output 
which is needed. The heater voltage should 
be at least 2 2 volts for a type 53 tube, un-
der full load conditions, but should not ex-
ceed this value by more than 10%. 

Harmonic crystal oscillators, such as the 
6L6 or 6L6G circuits, are always tuned for 
maximum output and minimum plate, or 
cathode current. The regeneration or feed-
back condenser between plate and cathode 
is increased from its minimum capacity up 
to a point which will provide a good plate-
current dip when the plate circuit is tuned 
to the second harmonic of the crystal oscil-
lator. Too much regeneration condenser 
capacity will cause the tube to oscillate for 
all settings of the plate tank condenser, with-
out any sharp dip at the harmonic frequency 
of the crystal. Too low a capacity will 
cause insufficient regeneration and very low 
second harmonic output. A plate potential 
of 400 volts is generally considered a safe 
upper limit for a type-6L6 oscillator tube. 
The screen-grid voltage affects the degree 
of regeneration and harmonic output; this 
voltage should generally range between 250 
and 275 volts. The cathode current will 
run between 50 and 60 milliamperes for 
fundamental frequency operation, and 60 to 
75 milliamperes for harmonic operation, at 
these plate and screen voltages. The crystal 
r.f. current normally runs between 25 and 
75 milliamperes in this type of oscillator, 
depending on the frequency and plate volt-
age used. 
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• Block Diagrams, Showing 

Comparative Output of 
C. W., Radiotelephone, 
and Combination C. W.-
Radiotelephone Transmitters 

It is often desirable to ascertain, at a 
glance, the approximate output which can 
be secured from such combinations of tubes 
as the experimenter may have on hand. 
Likewise, when a new transmitter is to be 
designed, the approximate output can be de-
termined in advance by selecting such tube 
combinations as are shown in the numerous 
block-diagrams in these pages. These dia-
grams are divided into three classifications: 
(1) c.w., ( 2) radiotelephony, (3) combina-
tion c.w. and radiotelephony. 
The legend is a guide to the method used 

in compiling these diagrams. Single tubes, 
tubes in push-pull or parallel connection, 
coupling of the circuits by link, capacitive or 
unity methods are clearly defined in legend 
and diagram alike. 

Directly under each tube symbol is a nota-
tion which states the service that the tube 
is asked to perform; the plate voltage is 
clearly indicated and the output rating from 
the final stage is to the extreme right of 
each block diagram. Relative power output, 
rather than power input, is shown in each 
diagram, beginning with low power and 
ending with high power combinations. 
Block diagrams for radiotelephone trans-

mitters begin where the diagrams for c.w. 
transmitters are ended. Then follow the 
diagrams for combination c.w.-radiotelephone 
transmitters. 
The method used in presenting these 

simple block-diagrams can be illustrated by 
the following example, when considering the 
very first diagram of the c.w. group, directly 
following this text: It is seen that a 6A6 
oscillator, operating on 80 meters, with a 
plate potential of 450 volts on the oscillator 
tube, will deliver a power output of 10 watts 
for c.w. operation. Proceed, then, to the 
diagram with two tubes, directly below the 
aforementioned one-tube diagram. It is here 
seen that a 6L6 tube acts as a crystal oscil-
lator on 80 meters, with a plate potential 
of 300 volts on the oscillator tube; the oscil-
lator tube, in turn, is link coupled to a type 
210 tube, which serves as a class-C amplifier, 
on 80 meters, with a plate potential of 750 
volts. The result is a power output of 40 
watts for c.w. operation. 

Capacitive coupling between tubes is in-
dicated by the conventional fixed capacity 
(condenser) symbol, unity coupling by a 
letter "U" within a circle. 

The attention of the reader is invited to a 
group of newer combinations which were not 
shown in previous editions of this Handbook. 
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Chapter 12 

TILA SMIT TER 
CONSTRUCTION 

lr• RANSMITTERS ARE constructed in 
two general ways: (1) Breadboard or 

(2) Relay-Rack or metal frame construc-
tion. 
Breadboard construction is more econom-

ical than relay-racks and panels, but it sac-
rifices appearance and safety of operation. 
Metal frame construction acts as a shield 
around the r.f. and high voltage circuits; the 
metal frame is grounded and thereby pro-
tects the operator against electrical shock. 

Breadboards are made of any size to suit 
the individual taste of the constructor. Dry 
hardwood should be used, and the board 
should be fitted with cleats at either end to 
prevent warping and also to provide space 
under the board for some of the wiring and 
mounting of small parts. The board can be 
covered with a thin sheet of metal, but in 
most cases a good ground connection can be 
made by means of a heavy copper wire or 
strip, which is called a "bus-bar." One com-
mon ground point should be used for all 
ground connections in each stage, the com-
mon ground points of the several stages then 
being connected together and carried to an 
external ground connection such as a water 
pipe. 
Metal relay rack construction makes a 

neat installation, to which changes can be 
made at any future time because the indi-
vidual chassis and panels can be easily and 
quickly removed from the rack. 

• Relay Rack Dknenslons 

Standard relay rack panels are 19 inches 
long and some multiple of 134-inches high, 
such as 1e4, 51/4, 7, 894, 10, 1214, 14, 
etc., inches high. At least c'-inch clearance 
should be allowed between panels, so that 
they can be readily removed from the rack. 
Normally, the panels are slotted Vs or i'4 
inches from top and bottom, with center slots, 
when needed. A Vt-inch diameter hole is 
drilled 34-inch from the edge of the panel, 
and the slot itself is '/s-inch wide. 

The rack on which the panels are mounted 
can be of any desired height and is usually 
made of heavy channel iron. Standard drill-
ing of the rack begins Vs-inch from the top, 
with 10-32 machine-screw threads. Two 
rows of holes are spaced 1834 inches apart; 
the rack should have a clearance of approxi-
mately 17!/2 inches in order to accommodate 
chassis 17-inches long. The holes in the 
relay rack are 1VI- and 'A-inch apart, re-
spectively, beginning with the topmost 
threaded holes. This standard form of drill-
ing permits the use of any standard size 
relay rack panel. 

A standard size for chassis is 17-inches 
wide. The height and depth of the chassis 
pans depend upon the amount of apparatus 
which is to be mounted above and under the 
chassis. The chassis can be fastened to 
the front panels by means of machine screws 
and two triangular-shaped end supports, as 
illustrated in the accompanying photograph. 
figure 1. 

• Parts Placement 

Various . tzes of standoff insulators are 
available for mounting variable condensers 
and coils at convenient heights above metal 
bases or chassis. Coils should preferably 
be mounted a coil-diameter, or more, from 
the metal chassis or panels. Large holes 
should be punched under small coils, tubes 
and quartz crystal sockets for convenience in 
wiring. Zinc-coated chassis allow small re-
sistor and condenser leads which carry no 
r.f. to be soldered directly to the chassis, 
thus making the leads very short. Power 
supply leads can be brought to insulators, 
terminal strips, or sockets at the rear of the 
chassis. Variable condensers can be driven 
from dials on the front of the panel by 
means of insulated extension shafts or by 
flexible cable couplings. Metering jacks 
can be insulated from the front panels, when 
necessary, by means of a 1-inch diameter 
hole. with the jack mounted on a small strip 
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of bakelite. Rubber grommets should be 
fitted to the numerous small holes in the 
chassis through which the individual wires 
pass, in order to prevent fraying of insula-
tion or flashover from wiring to chassis. 

Relay rack construction must take into 
consideration the proximity 
equipment to the audio fre-
quency transformers or 
low-level grid leads. The 
chokes and transformers 
should be mounted as far 
as possible from power 
transformers and input fil-
ter chokes which have rel-
atively large surrounding 
a.c. fields. The audio trans-
formers and chokes can be 
properly oriented on the 
chassis before the holes are 
drilled for their mounting. 
A pair of headphones 
should be connected across 
the windings of the audio 
transformers or chokes; 
110-volts a.c. is then sup-
plied to the primaries of 
the power transformers, 
and the audio transformers 
or choke is then varied in 
position until the a.c. hum, 
as heard in the headphones, is 
audible. These tests can be macle 
units are permanently wired. 

of power supply 

The c.w. telegraph key is connected in series 
with this resistor. The plate circuit is con-
nected in push-pull with a single-section 
midget variable condenser and a conventional 
center-tapped plate coil which is bypassed to 
the common ground point. 
For 80-meter operation, the plate coil has 

no longer 
before the 

• Simple C. W. Transmitter 

A very simple push-pull crystal oscillator 
makes a satisfactory c.w. transmitter of 
modest power output. The complete unit is 
illustrated in figure 2, and the circuit dia-
gram in figure 3. 
A pair of 61-6G beam power tubes is con-

nected in a push-pull circuit which is coupled 
directly to an antenna; the power output is 
at least 25 watts with a plate potential of 
400 'dolts, and with the antenna coupling ad-
justed for satisfactory c.w. keying. 
The transmitter is mounted on an oak 

baseboard, 12- in. x 14-in. x 34.- in, with cleats 
secured to the bottom of the board at either 
end so that some of the wiring can be run 
under the board. 
The transmitter can be operated from 

either an 80- or 40-meter crystal. The crystal 
is connected between the two control-grids of 
the 61-6G tubes. An r.f. choke from each grid 
to ground provides a path for the rectified 
d.c. grid current. Grid bias is obtained by 
means of a 200-ohm cathode biasing resistor. 

Figural— Relay Rack and Chassis for Mounting Heavy 
Modulator Components. 

37 turns of no. 20 d.s.c. wire, close wound, 
on a standard 1V2-inch diameter 4-prong 
plug-in coil form. A center-tap connection 
is made to the 19th turn. The 40-meter coil 
has 21 turns of no. 20 d.s.c. wire, close 
wound, and center-tapped on the 11th turn. 
The center-tap connection is brought to one 
of the prongs of the coil form. Coil construc-
tion is shown in figure 5. 

The antenna coil is wound on a slightly 
larger diameter tube than the coil form 
proper, and this coil is placed over the cen-
ter of the plate coil winding, as shown in 
figure 3. The number of turns of wire on 
the antenna coil depends upon the type of 
antenna to be used and the amount of power 
that can be drawn from the crystal oscillator • 
while keying the transmitter. An active 
crystal is necessary for this type of transmit-
ter when heavily loaded by the antenna for 
maximum output. The number of turns of 
wire on the antenna coil can be increased 
until a point is reached where the oscillator 
refuses to "start" properly when keyed. Two 
or three turns of wire should be removed 
from the antenna coil in order to insure stable 
operation after the transmitter has been 
loaded to the critical point. 
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Figure 2—The Transmitter, Ready for Connection to Power 
Supply and Antenna. 

The voltage applied to the screens of the 
6L6G tubes can be adjusted to the correct 
operating value by changing the position of 
the slider on the 25,000-ohm, 50-watt resis-
tor. The screen potential should be 250 volts, 

6L6G 
4414 

CLOUD CIRCUIT JACK 

FOR ACV 

tested with a d.c. voltmeter, if 
possible. This adjustment can 
also be made without the aid 
of a voltmeter by observing the 
color of the spiral screen-grid 
when the key is depressed and 
the transmitter is in an oscillat-
ing condition. The slider on 
the resistor can be moved up 
toward the 400-volt connection 
until the screens of the tubes 
show just a trace of red and 
then backed off slightly. 

The transmitter is tuned for 
the maximum output consistent 
with keying stability by the aid 
of a low-current 6.3 volt pilot 
lamp, which is connected in 
series with the antenna feeder. 
This lamp should light each 
time the key is depressed. Loss 
of power in the lamp is negligi-
ble, and it can, therefore, re-
main permanently in the an-
tenna feeder for the purpose of 
giving a visual means of satis-

factory operation of the transmitter. 
A suitable power supply for this transmit-

ter is one which will supply 400 volts at 125 
milliamperes for the plate circuit, and 6.3 
volts at 2 amperes for the heaters of the 

iNctt AIR( 
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Figure 3 Schematic Circuit of Push-Pull 6L6G CW Transmitter and Pictorial:Drafting of Plate 
Coil With Antenna Coupler. 
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Figure 4 Pictorial Wiring Diagram, Showing Placement of Parts on the Baseboard. 

6L6G tubes. The high voltage should be 
well-filtered in order to obtain a pure d.c. 
note. A suitable power supply for this 
transmitter is described in the Power Supply 
Chapter. 

All of the wiring is above the baseboard 
except those wires shown in dotted lines 
which are run under the baseboard, througrt 
small holes drilled through the board. The 
diagram shows TOP of socket connections 
for the four sockets used in the transmitter. 
No connection wires are shown for the 
heater ("H") contacts of the 6L6G tube 
sockets, in order to simplify the diagram, 
and it is obviously necessary for the con-
structor to make these connections. The 
heaters of both tulles are connected in par-

allel. The connecting wires are twisted to-
gether, then carried to the terminal at the 
left rear of the board. The 50 1.4/.4 fd. double-
spaced midget variable condenser (which 
tunes the plate coil) is secured to the base-
board by means of an angle bracket. Con-
necting wires are soldered to the rear of the 
stator ends of this condenser, as the pictorial 
diagram shows. A very hot soldering iron is 
needed for this purpose. Some of the pins on 
the 6L6G tube sockets have no wires con-
nected to them; this means that these pins 
are NOT used ( except the "H" heater pins, 
as previously referred to). The abbreviations 
in the pictorial diagram are interpreted as 
follows: .1/111F indicates micro-micro-farads; 
2 .1/h. r.f. Chokes indicates 2 millihenry r.f. 

Coil 

Coil Table For 35-Watt 6L6G Transmitter 

Winding Data 

160 Meters 

80 Meters 

40 Meters 

20 Meters 

10 Meters 

68 turns, no. 24 d.s.c., 13% in. winding length. 

33 turns, no. 20 d.s.c., 11A in. winding length. 

16 turns, no 16 Enam., 1 in. winding length. 

7 turns, no. 16 Enam., 1 in. winding length. 

3 turns, no. 16 Enam., 1- in, winding length. 
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Figure 5 

chokes; MFD indicates microfarads: COIL 
C. T. indicates the center-tap connection to 
the plate coil. The 6L6G socket connections 
are identified as follows: H and H are the 
heaters, P is the plate, G is the grid, SG is 
the screen-grid, K is the cathode. 

• Trouble Shooting 

If the transmitter does not function, i. e., 
if the 6.3-volt lamp does not glow brightly, 
the difficulty can be traced to one or more 
of the following causes: 

(r) Incorrect wiring. 
(2) Crystal inserted into wrong socket 

pins. 

(3) Slider on 25,000-ohm resistor not ad-
vanced far enough to left. 

(4) Defective quartz crystal or a dirty 
crystal. 

(5) Key not down when tuning adjust-
ments are made. 

LIST OF PARTS REQUIRED 

2 Raytheon or Sylvania 6L6G Tubes. 
2 8- prong Hammarlund Isolantite Sockets. 
1 4- prong Hammarlund Isolantite Socket. 
1 5- prong Hammarlund Isolantite Socket. 
1 Quartz Crystal, any frequency between 3550 
and 3850 KC. 

1 Quartz Crystal holder. 
1 4-prong Hammarlund 1 dia. Coil Form. 
2 Hammarlund 2 Mh R. F. Chokes, small type. 
1 Hammarlund 50 ppfd. Double-Spaced "Star" 
Variable Condenser. 

1 Cornell-Dubilier .01 dd., 1000-volt Mica Fixed 
Condenser. 

2 Cornell-Dubilier .01 pfd., 600-volt Tubular 
Paper Condensers. 

1 Ohmite 25,C00-Ohm, 50-watt Resistor with 
Slider. 

1 Ohmite 200-Ohm, 10-watt Resistor. 
1 Closed-Circuit Jack (for Key). 
1 Terminal Connector Strip, 4 terminals. 
1 Roll ( 25 feet) No. 16 push-back wire. 
1 Wood Baseboard, 11' x 14 x 34». 

2 Wood Cleats, ,4" x 1 x 11'. 
1 Doz. wood screws ' long. 
8 Wood screws, 1 W long ( for mounting sockets. 
31-pound spool No. 18 DCC wire for plate coil 
winding. 

(6) Open circuit in some resistor or con-
denser. 

(7) Short-circuited fixed condenser. 

(8) Heater voltage not supplied to tube 
heaters. 

(9) RF chokes incorrectly wired into the 
circuit. 

(ro) Short-circuited between rotor and 
stator plates of variable condenser. 

(ix) Tube sockets incorrectly wired. 

(12) Open circuit in one of the ground 
connections. 

(13) Incorrect wiring of plate coil or its 
socket. 

(14) Defective tube, or tubes. 

• 35-Watt 6L6G Transmitter 

A small c.w. transmitter for either port-
able or fixed station operation on 80, 40, 20 
and 10 meters is illustrated in figures 6, 7 
and 8. 

• Technical Description 

A harmonic 6L6G oscillator drives two 
6L6G tubes in parallel as a high-efficiency. 
doubler. This transmitter can be used as a 
high power exciter for driving amplifiers 
with outputs of approximately 500 watts. The 
crystal oscillator will operate on either the 
fundamental or second harmonic of the 
crystal by merely changing the plate coil. 
The adjustments of this type of oscillator are 
fully covered in the chapter on Transmitter 
Frequency Control. 
Two tubes are operated in parallel in the 

doubler circuit in order to obtain high out-
put. These tubes are capacitively coupled to 
the crystal oscillator. The plate circuit is 
tuned to the second harmonic of the driver 
frequency. An r.f. choke is connected in 
series with the cathodes of the tubes in the 
doubler stage and a .0001 !dd. mica con-
denser is connected from cathode to ground. 
This forms an automatic regenerative effect 
which is more pronounced in the high-fre-
quency bands. The output on 10 meters is 
very nearly doubled, and less grid circuit 
drive is needed when there is regeneration 
in the doubler circuit. 160-, 80-, or 40-meter 
crystals can be used in the crystal oscillator. 
A simple tuning indicator is connected in 

series with the cathode in each stage; it con-
sists of a 2-volt 60 ma. pilot lamp in the os-
cillator cathode circuit and a 6.3-volt 150 ma. 
lamp in series with the cathode of the doubler 
circuit. These lamps eliminate the conven-
tional d.c. milliammeter, and they also serve 
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rgure 6 Front View of Housing for a Small 
Transmitter or High-Power Exciter. The Two 
Dial Lights for Tuning are Clearly Seen Be-
tween the Tuning Dials. These Dial Lights 

Obviate the Need of a Milliammeter. 

Figure 7— The Complete 6L6G Transmitter or 
High-Power Exciter, with Power Supply on the 
Lower Chassis. Five- Band Operation is Secured, 
with High Output for Either Direct Connection 
to an Antenna or Feeder System or as a Driver 

for a Medium Power R. F. Amplifier. 

HianD B °LOX 

as an overload fuse. The lamps are mounted 
near the tuning dials and protrude through 
the front panel, as shown in the illustration, 
figure 6. Closed-circuit jacks, also in the 
cathode circuit, can be used for external 
metering when desired. The meter jack 
contacts are connected so as to measure the 
cathode current of each individual stage with 
an external meter, the cathode being discon-
nected from the common keying circuit at the 
same time. The tuning indicator lamps light 
up more brilliantly when the circuits are de-
tuned, or more heavily loaded at the resonant 
dip in current. The plate circuits are tuned 
for minimum brilliance of the lamps. 
Both stages are simultaneously keyed, 

which allows break-in operation and prevents 
the doubler stage from breaking into self-
excited oscillation when no grid excitation 
is applied. The cathode circuits are con-
nected through a key-click filter which con-
sists of a series inductance and a condenser 
and resistor across the key contacts. The in-
ductance of the 10-henry 200-ma, choke 
would introduce too much time lag, and a 
semi-adjustable 10,000-ohm resistor is there-
fore shunted across the choke coil, the re-
sistor usually being set to a value of approxi-
mately 5,000 ohms. This combination of in-
ductance and shunt resistance effectively re-
duces the series impedance and gives clean-
cut keying without clicks. 
The final stage is operated with rather 

high plate voltage in order to increase the 
output. The crystal oscillator plate supply 
is adjusted to approximately 400 volts and 
the common screen voltage supply to 250 

volts by means of sliders on the bleeder re-
sistor in the filter circuit. 
The transmitter is built into a midget re-

lay rack, 18 in. x 13 in. x 8 in. deep, with 
a hinged rear cover. 

• Coil Winding 

All coils are wound on standard 1,/, in.. 
diameter plug-in coil forms. The oscillator 
and doubler coils are interchangeable. The 
doubler coil is always one of a higher fre-
quency than the oscillator coil: i.e., for 40-
meter output, for example, the doubler re-
quires a 40-meter coil and the oscillator an 
80-meter coil, and either an 80-meter or 100-
meter crystal. 

• 210 C.W. Transmitter 

A 75-watt c.w. transmitter with standard 
type-210 tubes, or a 100 watt transmitter 
with the newer Taylor T-20 triodes, is 
shown ill figures 9, 10, and 11. 
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The photographs and circuit diagram show 
the type-210 tubes. When T-20s are substi-
tuted, the plate connections are made to the 
tops of the tubes, and the 5,000- and 10,000-
ohm grid-leak values should be changed to 
2.500 ohms and 5,000 ohms, respectively. 
This is necessary because of the higher of 
the T-20 tubes. 

• Technical Features 

A regenerative crystal oscillator, for one-
band operation only, is capacitively coupled 
to a neutralized buffer or doubler stage. This 
stage is then link coupled to the final push-
pull amplifier. 

This transmitter is designed primarily for 
80-, 40- and 20-meter operation. It can be 
used on 160 meters by substituting a larger 
plate tuning condenser in the final amplifier 
(210 giifd. per section for 160-meter opera-
tion), but without change in the capacity of 
the oscillator and buffer stage tuning con-
densers. 
The crystal-oscillator cathode circuit is 

keyed for c.w. operation. Fixed bias is used 
for both buffer and final amplifier stages. If 
type T-20 tubes are used, the fixed C-bias 
voltage can be reduced to as low as 45 volts. 
The buffer plate voltage is obtained from 
the 750-volt supply through a 5,000-ohm 
semi-variable series dropping resistor, this 
resistor being adjusted so that approximately 

riguC 9—CL6G Exattep and 210 Puffer-
Doubler. 

Figure 10— Final Amplifier with Two 210 
Tubes in Push-Pull. The Tubes, Grid Coil 
and Neutralizing Condensers are Mounted 
on a Separate Masonite " Deck," Supported 

on Small Insulators. 
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Figure 11—Circuit Diagram of R. F. Portion of 210 C. W. Transmitter. 

600 volts is supplied to the buffer plate. The 
400-volt supply for the crystal oscillator 
should be capable of.handling a 75 ma. load; 
the 750-volt supply must handle a 200 ma. 
load. 

Typical milliammeter readings for 8o-meter 
operation are: 

Oscillator Cathode-6o ma. 
Oscillator Plate—so ma. 
Buffer-Doubler Grid— ro ma. 
Buffer-Doubler Plate-6o to 75 ma. 
Final Grid-2s to 30 ma. 
Final Plate— ro ma. with normal antenna 

load. 

Coil Winding Table for 75-Watt C. W. Transmitter 

Oscillator 
Band Plate Coil 

160 

80 

40 

• 

20 

60 turns 
no. 22 d.s.c. 
close-wound. 

25 turns 
no. 18 d.s.c. 
Close-wound. 

17 turns 
no. 18 d.s.c. 
spaced to 
cover 11  

Use 40- meter 
Oscillator coil 
and double in 
Buffer plate. 

210 Buffer 
Plate Coil 

72 turns 
no. 22 d.s.c. 
wire, close-
wound. 
Center-tapped. 

34 turns 
no. 18 d.s.c. 
Close-wound. 
Center-tapped. 

21 turns 
no. 18 d.s.c. 
spaced to cover 
1 I 2 in. 
Center-tapped. 

14 turns 
no. 18 d.s.c. 
spaced two 
diameters. 
Center-tapped. 

Final Amp. 
Grid Coil 

Same as 
210 Buffer 
Plate 
Coil. 

48 turns 
no. 18 d.s.c. 
Close-wound. 
Center-tapped. 

24 turns 
no. 18 d.s.c. 
spaced to ewer 
1-inch 
Center-tapped. 

13 turns 
no. 18 d.s.c. 
spaced two 
diameters. 
Center-tapped. 

Final Amp. 
Plate Coil 

78 turns no. 
18 d.s.c. 4- in. 
dia., 4- in. 
long. Center-
tapped. 

40 turns 
no. 14 Enam. 
211, s in. dia. 
41 in. long. 
Center-tapped. 

22 turns 
No. 14 Enam. 
2.'5, in. dia. 
41 in. long. 
Center-tapped. 

10 turns 
No. 14 Enam. 

in. dia. 
4- in. long. 
Center-tapped. 
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• Medium Power C.W. 
Amplifiers 

The ever increasing number of new tubes 
for amateur transmitters, and the ability to 
interchange these tubes with those of some-
what similar ratings, makes it difficult to 
show complete c.w. transmitters for every 
possible combination of tubes. For this rea-
son, the text which follows is devoted to the 
design and construction of a large group of 
individual amplifiers which will deliver from 
100 to 500 watts output. Grid neutralized, 
plate neutralized, and push-pull amplifiers 
are illustrated in conjunction with a number 
of the more popular medium power tubes. 
Any of these single-tube amplifiers are 

capable of being driven for c.w. telegraph 
operation by means of exciters shown in the 
chapter on Transmitter Frequency Control, 
in which the type 6L6G tube is featured. The 
push-pull amplifiers can be driven by the 
high power exciters which have parallel or 
push-push doublers, or by means of a buffer 
amplifier with a type-210 or T-20 tube. The 
output from any of these amplifiers can be 
link-coupled to most any type of tuned an-
tenna coupling circuit. 
The result of this new method of treat-

ment is that the experimenter is given the 
specific circuit constants for the tube of his 
choice. The coil-winding data for any of the 
amplifiers described can be obtained from 
the new air-supported coil chart shown in 
the C. W. Theory chapter, or from previ-
ously listed coil design tables. 

• 808 Ampliher 

The 808 is a low-C tantalum plate triode 
which can be driven by a 6L6G buffer or 
doubler, or any other type of exciter which 
will deliver 10 or 15 watts output. This am-
plifier is built on a 10 in. x 12 in. metal 
chassis. It has a single-section 6,000-volt 
plate tuning condenser and a double-spaced 
30-i.igfd. single-section midget variable con-
denser for tuning the grid circuit. The neu-
tralizing condenser should have a plate spac-
ing of approximately 1/t inch, and can be 
mounted to the rotor frame of the plate 
tuning condenser by means of a bracket, as 
shown in figure 12. 

The .002-dd mica condenser connected to 
the center-tap connection of the plate coil in 
figure 13 should be rated at 5,000 volts. The 
grid and filament bypass condensers can be 
of the ordinary 1,000 volt mica receiving 
type. Short neutralizing leads are of extreme 
importance. The parts should be laid out in 

Figure 12 — RCA-808 Tantalum Plate Triode in 
a Simple, Effective R. F. Amplifier Unit. 

.'500 v 
.2,4 • 

Figure 13 —Circuit of Amplifier Pictured in Fig-
ure 12. 

such a manner as to provide fairly good 
separation without long connections in the 
r.f. circuits. When operated within its nor-
mal ratings, this amplifier will deliver a 
maximum output of approximately 140 watts. 

• 211 Amplifier 

Certain tubes can be used in a circuit 
which has a single-section plate tuning con-
denser and bypassed center-tapped plate coil. 
These tubes will not have excessive regenera-
tion in this form of neutralizing circuit, and 
they require about 50 per cent less grid ex-
citation than when split-stator condenser 
tuning is used. This type of circuit is not 
satisfactory for 'phone operation, except on 
the lower frequencies such as 160 meters. 
Some regeneration can be used to advantage 
in c.w. transmitters in order to reduce the 
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grid driving power requirement for relatively 
high output and efficiency. 
The 211 amplifier shown in figures 14 and 

15 will operate best with a 10,000 ohm grid-
leak; a type-203A will require a 5,000-ohm 
grid-leak. These tubes can be driven to mod-
erate output with a 6L6G driver, or to high 
output by a type-10 or T20 buffer. The plate 
tuning condenser should be able to withstand 
4000 volts on peaks. The particular plate 
tuning condenser shown in figure 14 is a 
split-stator condenser with the two stator 
sections connected in parallel. The neutral-
izing condenser is made of two U-shaped 
pieces of no. 16 gauge aluminum, 3 in. x 7 
in. When bent into the shape of a "U", the 
plates are 3-inches square and 1-inch apart, 
which gives approximately ,A-inch plate 

211 OR 

+4250V 
leo MA 

Figure 15—Circuit for 211 Amplifier Pictured in 
Figure 14. 

Han D ROOK 

Figure 14 — The "Old Re-
liable" Type 211 or 203A 

Triode is Still Widely Used 

by Amateurs. The Amplifier 
Design is Ideal for Such 
Tubes. The Larger-Than-

Usual Neutralizing Conden-
ser is Easily Made from 
Aluminum, Bent as Shown 

in the Photograph, with One 
of the Sections Attached Di-

rectly to the Stator of the 

Plate - Tuning Condenser. 
Note How Well the Parts 
Lend Themselves to Sym-

metry in This Design. 

spacing. One section is rigidly mounted to 
the rotor of the plate tuning condenser; the 
other is secured to a right-angle bracket 
made of 16-gauge aluminum, this bracket be-
ing mounted on a standoff insulator. The 
aluminum bracket allows this U-shaped sec-
tion to be bent forward or backward, for ad-
justing the neutralizing capacity. 

The .002 µfd. mica plate bypass condenser 
should be rated at 5,000 volts. The grid tun-
ing condenser is a double-spaced 50- ofd. mid-
get variable. Both tuning condensers are 
mounted on porcelain standoff insulators. 
The chassis is 8 in. x 17 in. x 2 in. 
The output efficiency of a 211 or 203A am-

plifier will not be as high for 20-meter opera-
tion as would be secured from a low-C triode 
with the plate lead brought through the top 
of the glass envelope. 

• 35-T Push-Pull 
Amplifier 

Relatively high power output can be ob-
tained with small tubes of the modern type. 
Operating at their normal ratings, the push-
pull 35T's, shown in figures 16 and 17, will 
supply 350 watts to the antenna. These tubes 
are often operated at plate potentials exceed-
ing 2,000 volts and no difficulty is experi-
enced in obtaining over 500 watts output at 
such voltages from the amplifier illustrated. 
The important factors which enter into the 

design of an efficient push-pull amplifier are 
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Figure 16—A Pair of 35T's, 800's, RK-35's or Other Tubes of Similar 
Ty pe a re Correctly Arranged in an R. F. Amplifier When the Placement 

is as Shown in This Illustration. 

the need tor symmetrical lengths of plate and 
neutralizing leads in each side of the ampli-
fier. The grid circuit is often purposely 
made to have unequal length of leads in or-
der to minimize the possibility of a u.h.f. 
parasitic oscillation. 
A split-statut plate tuning condenser is 

very desirable; the plates should have a 
spacing sufficiently wide so that each section 
of the condenser will withstand a peak po-
tential of 5,500 volts when the d.c. plate 
voltage is of any value between 1,500 and 
2,000 volts. 
The neutralizing condensers are made of 

no. 14 gauge aluminum plates, with an active 
plate area of l'A in. x 1,/2 in. The plate 
spacing is varied by mounting the movable 
plates (grid) on TA in. diameter coil jacks 
and plugs. The spring tension in this type 
of coil jack is sufficient to hold the movable 
plate in its proper position, once the correct 
neutralizing adjustment is found. A double-
spaced 50-dd. midget variable condenser 
tunes the grid circuit. This condenser is 
mounted on a small bracket attached to a 
standoff insulator. 

The r.f. choke must be capable of carry-
ing 350 ma. of d.c. plate current; the center-
tap of the plate coil clips into a Fahnestock 
clip attached to one end of the r.f. choke. 
The grid driving power requirements for 

this amplifier depend upon the plate voltage, 
antenna loading, and operating efficiency. For 
normal operation a pair of 6L6G tubes in 
parallel or push-pull will drive the amplifier 
to efficiencies of more than 75 per cent. If 

1,500V - 301) 

Figure 17 Push- Pull 35T Amplifier. The Me-
chanical Construction is Shown in Figure 16. 
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the amplifier operates with 2,000 volts on the 
plates, the driver should be another 35T tube 
when used as a doubler, or a T-20 when used 
as a buffer. 

• RK-37 Amplifter 

The It K-37 is a high µ tantalum plate 
triode similar to the 35T, except that the 
plate voltage and current ratings are slightly 
lower. The amplifier shown in figures 18 and 
19 is designed for operation at 1.000 volts in 
order to economize on cost. Grid neutraliza-
tion makes possible the use of a small, 
double-spaced, midget plate tuning condenser. 
The peak r.f. plate voltage in a grid neutral-
ized amplifier is generally not more than one-

RK 37 

SC 

002 

3500 

+Cori 

20 MA 

MO2 

50 

102 

+1000 V 

Figure 19— RK-37 Amplifier Circuit for the 
Unit Shown in Figure 18. 

onnonook 

Figure 18— Standard Low-

Cost Parts are Used in This 

Amplifier. The Tube Is an 

RK - 35 Triode. Double-

Spaced 50 e.gfd. Midget Va-

riable Condensers Tune 
Both the Grid and Plate 

Circuits. Neutralizing Con-

denser Is a Standard 4-µgfcl - 

Wide-Spaced Midget. When 

Mounted Behind a Metal 

Relay- Rack Panel, Conden-

ser Shafts Should be Fitted 
with Insulated Couplings. 

half of that in a similar plate neutralized 
amplifier, even though the power input and 
efficiency may be the same. If a plate neu-
tralized circuit is to be used in this amplifier, 
the plate tuning condenser must have ap-
proximately twice as great an air-gap be-
tween its plates. 

This c.w. amplifier can be driven by any 
exciter with a 6L6G doubler or buffer. The 
.002 ¡dd. plate circuit bypass condenser should 
be of the mica type, rated at 2,500 volts. The 
grid neutralizing condenser should have a 
plate spacing slightly greater than that of 
the plate tuning condenser; it should have a 
low minimum capacity in order to neutral-
ize the low-C tube. 

If this amplifier is used primarily on 10 
and 20 meters, it is desirable to use a split-
stator grid tuning condenser in order to pro-
vide a non-regenerative neutralizing circuit. 
The single-section tuned grid circuit in figure 
19 requires less grid circuit drive than when 
a split-stator grid tuning condenser is used, 
hut at a sacrifice in stability at the higher 
frequencies. 

• Taylor T-55 Amplifier 

A high-st carbon plate T-55 triode is suit-
able for either a high power buffer or doubler 
stage. When operated under the conditions 
illustrated in figure 21, an output of 175 watts 
can be secured if the amplifier is driven by a 
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Figure 20— Single- Ended R. F. Amplifier with 
Taylor T-55, or Similar Triode. This Amplifier is 
Suitable for Buffer Service. It Will Drive a 1. 

Kilowatt Amplifier for C. W. Operation. 

6L6 doubler or buffer. When the T-55 is 
used as a doubler, the value of grid-leak 
should be increased to somewhere between 
15,000 and 50,000 ohms, depending upon the 
available amount of grid excitation and plate 
voltage. Higher efficiency can be obtained 
with the higher value of grid-leak if suffi-
cient grid excitation is available. A suitable 
driver would then be a type T-20 tube. 
The plate tuning condenser should be able 

Figure 22— Medium Power 

R. F. Amplifier with 35T 

Triode. The Grid and Plate 

Tuning Condensers are 

Mounted Sidewise in Order 

to Facilitate Short, Direct 

Connecting Leads. Flexible 

Cable Couplings Can be At-

tached to the Condenser 

Shafts When an Amplifier of 

This Type is to be Relay-

Rack Mounted. The 35T 

Can be Replaced with a 

T-55, 808, RK-35 or Similar 

Tube. 

+1500 Si 

13014A 

Figure 21— Single- Ended T-55 Amplifier as 
Pictured In Figure 20. 

to withstand r.f. peak potentials of 6,000 
volts. An ordinary, double-spaced, 50 µdd. 
midget, variable condenser tunes the grid cir-
cuit, which should be link-coupled to the 
driver. The neutralizing condenser plates 
should be spaced from 0.2 to 0.25-in, between 
rotor and stator. The .002 µfd. mica bypass 
condenser in the plate coil center-tap lead 
should be a 5,000-volt mica; other bypass 
condensers can be of the mica 1,200-volt 
type. 

• Single Tube 35T 
Ampliher 

A typical breadboard mounted amplifier 
with a type 35T tube is shown in figures 22 
and 23. Grid neutralization requires less 
spacing between plates of the plate tank con-
denser though the actual amount of capacity 
used in each band of operation should be 

A 

• 
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35T 

+1500 V 
.somA 

Figure 23 Single 35T Amplifier; Figure 22 
Shows Its Construction. 

etanoeoolc 

The number iif turns of wire in the plate 
coil of a grid-neutralized amplifier should 
be from 25 per cent to 40 per cent less than 
in the case of a plate-neutralized amplifier, 
in order to maintain the proper L-C ratio for 
the circuits. The grid coil in a grid-neutrali-
ized stage may have approximately 10 per 
cent to 13 per cent more turns than for a 
plate-neutralized amplifier, since the input ca-
pacity of the tube is connected across only 
one-half of the coil. 
The plate bypass condenser is a .002 µfd. 

5,000-volt mica type. The filament bypass 
condensers can be of the 400-volt size, any 
capacity from .001 to .01 ,ufd. 

Figure 24 - Flexible Cable Drive for Tuning Grid and Plate Condens-
ers is Now Coming into Wide Use. This Arrangement Makes Possible 
the Mounting of Condensers in Such Positions as Will Give Greatest 
Efficiency in Amplifier Circuits. Here Illustrated is an R. F. Amplifier 
with an H F-100 Triode. This Particular Amplifier Was Built for 20 and 
40 Meter Operation; the Long Plate Lead Does not Lend Itself to Opera-
tion on 10 Meters. For the Latter Band, Amplifiers Which are More 

Suited are Described in This Chapter. 

propertionately higher than in a plate-neu-
tralized amplifier. The split-stator grid tun-
ing condenser enables this amplifier to op-
erate on 10 meters with good stability. The 
plate-tuning condenser is rated to withstand 
3,000 volts. The grid-tuning condenser is a 
single-spaced split-stator variable. The neu-
tralizing condenser is made of two aluminum 
plates which have an exposed area of 1- in. 
x 2-in. One of the plates is attached to a 
Vi-inch coil plug and jack; this is the 1110V-
able plate. The spacing of the plate-tuning 
condenser shown in the photograph is suffi-
cient to withstand the r.f. voltage encountered 
with a 1,500-volt d.c. plate supply, provided 
that the amplifier is loaded with an antenna 
circuit. 

+ ,500 

Figure 25 -- HF-100 Triode Amplifier. Figure 24 
Shows Its Mechanical Construction. 
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Figure 26 - - Single- Ended 

R. F. Amplifier with HK-154 

Gammatron. The Same 

Amplifier Adapts itself to 

Other Tubes of the Same 

General Size and Type. Note 

the Uniformity of Controls, 

the Short, Direct Wiring 

Connections. Insulated 

Couplings Can be Attached 

to the Condenser Shafts 

When the Amplifier Chassis 

is Mounted Behind a Relay-

Rack Panel. 

This amplifier can be driven by a 6L6G 
amplifier or doubler which delivers an out-
put of 15 watts or more. 

• HF-100 Amplifier 

Tubes with very high mutual conductance, 
such as the HF-100, should preferably be op-
erated in split-stator neutralized circuits, 
such as the one illustrated in figure 25. A 
single-section plate-tuning condenser with the 
center-tap of the coil bypassed to ground will 
introduce too much regeneration on the 
higher frequencies when plate voltage is ap-
plied. The split-stator tuned plate circuit also 
has an advantage in that a neutralizing con-
denser seldom requires readjustment when 

+1500V 
175MA 

Figure 27- HK-154 Amplifier. It Will Supply 
200 Watts Output for C. W. Operation. Figure 26 

Shows the Mechanical Design. 

the bands of operation are changed. The 
lack of regeneration in this type of neutraliz-
ing circuit under normal operating conditions 
means that more grid drive is required than 
in the case of a single-section plate-tuning 
condenser. The HF-100 has a very high mu-
tual conductance and therefore requires very 
little grid drive even when no regeneration is 
present. This amplifier can be driven by a 
6L6G tube, either as a buffer or doubler. 

The plate-tuning condenser is rated at ap-
proximately 5,000 volts per section. The neu-
tralizing condenser has a similar rating. A 
double-spaced, 50-gp.fd. midget variable con-
denser tunes the grid circuit. 

The amplifier is built on a metal chassis, 
17 in. x 8 in. x 2 in. The two tuning con-
trols are brought to symmetrical points on 
the front of the chassis by means of a flexi-
ble cable connected to the grid tuning con-
denser. 

• HK-154 Amplifier 

The mechanical design of an amplifier for 
the HK-154 tantalum plate triode can be the 
same as for others previously described. Fig-
ures 26 and 27 show such an amplifier. 
This tube has a lower amplification con-

stant than other tubes described in this 
chapter: for this reason it is not recom-
mended as a frequency doubler but will give 
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Figure 28 Push-Pull R. F. Amplifier with Taylor T-55 Triodes. Home-
Built Neutralizing Condensers are Mounted on Stand-off Insulators, the 
Assembly Being Clearly Shown in the Photograph. The Grid Coil and Grid-
Tuning Condensers are at the Extreme Left. Symmetrical Layout of Parts Is 
All- Important in Amplifier Design. The Amplifier Illustrated Above Adapts 
Itself to Numerous Types of Tubes, Such as T-55s, 35T's, 808's, RK-35's, etc. 

high output at low plate voltage when used 
as a neutralized amplifier. 
The plate-tuning condenser is rated at 

6,000 volts peak, the neutralizing condenser 
at 4.500 volts. The grid-tuning condenser is 
a 50-dd. double-spaced midget variable. 
A 5,000-volt mica condenser, .002 ad, is 
required across the plate supply at the cen-
ter-tap connection to the plate coil. The other 
bypass condensers are of the 1,200-volt mica 
type. 

Because of the high grid impedance of this 
tube, a very low-C grid coil should be used 
in order to develop the necessary r.f. voltage 
swing with low excitation power. 
The metal chassis for this amplifier is 10 

+1500V - 3004 

Figure 29 — Push-Pull 300-Watt Amplifier with 

T-55 Tubes. 



RADIO 
Hanriaciou 

Medium Power R. F. Amplifiers 273 

Figure 30 - Medium High-

Power, Controlled Regenera-

tion R.F. Amplifier with 100TH 

Triode. The Same Amplifier 

Design is Suitable for a Single 

RK-38, and, by Changing the 

Tube Socket and Neutralizing 

Condenser, for Such Tubes as 

the More Modern Versions of 

the "211," etc. The Neutraliz-

ing Condenser is Mounted with 

One of Its Plates Attached to 

the Stator of the Plato Con-

denser, the Other Neutralizing 

Plate " Floats" on a Plug and 

Jack, Secured to a Standoff 

I nsulator. 

in. x 12 in. X 2,/, in., and can be mounted 
behind a relay rack panel, in which event the 
shafts of the tuning condensers must be fitted 
with insulated flexible couplings and exten-
sion rods to the tuning dials. 

• Push-Pull T-55 
Amplifier 

A neutralized T-20 driver stage will sup-
ply ample excitation for driving the push-
pull T-55 amplifier shown in figures 28 and 
29. An output of more than 300 watts can 
be realized on any band from 10 to 80 meters 
with a plate potential of only 1,500 volts. 

100TH 

4- 2000 
25.0r.“ 

Figure 31- 350-Watt Controlled Regenerative 
Neutralizing Circuit for a 100TH Amplifier, as 

Pictured In Figure 30. 

The amplifier is built on a metal chassis, 
17 in. x 10 in. x 2 in., for mounting behind 
a standard relay rack panel. The arrange-
ment of the plate- and grid-tuning condens-
ers provides a symmetrical front panel lay-
out. In order to obtain this effect, the plate-
tuning coil is placed between the tubes and 
the split-stator condenser, and the coil is 
mounted on tall standoff insulators so as to 
raise it high above the metal chassis, re-
moved from the tuning condenser. 

Each neutralizing condenser consists of 
two aluminum plates which overlap each 
other in. x VA in. The grid plates of the 
neutralizing condensers are secured to V4 in. 
coil jacks; these are the movable plates. The 
r.f. choke must be able to carry a d.c. load 
of 300 milliamperes. The two leads in the 
grid-tuned circuit are made of unequal length 
in order to eliminate a tendency for parasitic 
oscillation. The split-stator tuning condenser 
should have a rating of 5.000 volts per sec-
tion. The grid-tuning condenser is a double-
:paced 30 gilfd. midget variable. 

• Medium Power 100-TH 
Ampliher 

The r.f. amplifier circuit in figure 31 is de-
signed with a controlled regeneration nett-
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tralizing circuit which reduces the amount 
of grid excitation required on any short-
wave band. 
A split-stator tuned plate circuit is plate-

neutralized, and a 100-ggfd. variable con-
denser is connected between the coil center-
tap and the rotor of the split-stator con-
denser. There is no regeneration when this 
100-ggfd. condenser is set at minimum ca-
pacity, but as the capacity is increased there 
is an introduction of regeneration similar to 
that obtained in some of the previous ampli-
fier designs. 
The regeneration control condenser is made 

variable in order to reduce the amount of 
regeneration when the amplifier is operated 
on 10 or 20 meters. This condenser is located 
at the extreme end of the chassis behind the 
plate tank coil, and, therefore, is not easily 
seen in the photograph, figure 30. The three 
variable condenser are arranged for sym-
metry on a 17 in. x 8 in. x 2 in. chassis. 
Extension shafts protrude through the front 
panel to the tuning dials. 

Controlled regeneration in the r.f. ampli-
fier is desirable when a low-power driver or 
exciter stage is used. This 100-watt high-g 
triode has a very high transconductance (mu-
tual conductance) and is very easy to drive; 
with the addition of a small amount of re-

RADIO 
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Figure 32 Oscillator, Oscilla-

tor- Doubler, Buffer and R. F. 

Amplifier Combination with 

6A6 Twin - Triode, a 6L6G 

Doubler or Buffer Amplifier and 

a T-55 Triode in the Buffer-

Driver Amplifier. An Ideal Me-

dium Power Amateur Trans-

mitter in Itself. It Can be Used 

as a Driver for the High-Powe 

Amplifier Shown in Figure 33. 

The T-55 Amplifier is Mounted 

on a Separate Small Metal 

Chassis. The Design of the Os-

cillator and Doubler is Given in 
the Chapter on Transmitter 

Frequency Control. 

generation it is still easier to drive, and a type 
6L6G doubler or amplifier will supply enough 
grid excitation to drive the amplifier to more 
than 350 watts of output for c.w. operation. 
The split-stator plate-tuning condenser is 

rated at 6,500 volts per section and the rotor 
is insulated from the common ground by 
means of a 5,000-volt .002-gfd. mica con-
denser. The regeneration control condenser 
has relatively low r.f. voltage impressed 
across it. 

The grid-tuning condenser is a double-
spaced 50-ggfd. midget variable. All tuning 
condensers are mounted on stand-off insula-
tors. The neutralizing condenser is made of 
two aluminum plates which have an over-
lapping area of 2 in. x 2 in. The stationary 
plate is fastened directly to the rotor of the 
plate tank condenser and the moving plate 
is attached to a V4-inch coil plug, which fits 
into a jack-equipped standoff insulator. 

• 1-Kw. C. W. Transmitter 

The construction of the radio-frequency 
portion of a modern, high power, c.w. trans-
mitter is shown in figures 32 and 33. The 
circuit diagram for the complete transmitter 
is figure 34. 

This transmitter can be operated on any 
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Figure 33 1- Kw. R. F. Amplifier with a Pair of 
Taylor-200 Triodes in Push-Pull. More Than Or-
dinary Precaution Must be Exercised in the De-
sign and Construction of High-Power R. F. Am-
plifiers. The Condensers Must be Wide-Spaced 
so as to Prevent Flash-Over, and Complete Sym-
metry of the Parts is of Great Importance. The 
Design Pictured Here is an Excellent One, and is 
Suitable for a Wide Variety of High-Power Trans-

mitting Tubes. 

band, from 10 to Inn meters, v, ith 1-kw. 
input on any of these bands. It utilizes the 
breadboard type of construction, with the 
final amplifier mounted on a shelf above the 
exciter and buffer amplifier stages. The ex-
citer consists of two 6L6G tubes in a har-
monic crystal oscillator and doubler, as de-
scribed in the chapter on Transmitter Fre-
quency Control. The circuit details and op-
eration of the exciter are described in that 
chapter. 
The 6L6G doubler is capacitively coupled 

through a 40-,umfd. condenser to a T-53 neu-
tralized buffer-amplifier or double stage. The 
T-55 is normally used as a buffer, with a 
negative fixed bias of 75 volts. The grid bias 
should be increased to at least 150 volts for 
doubler service. 

Fixed bias in these two stages makes it 
possible to key the exciter unit for break-in 
operation. A simple key-click filter is con-
nected in series with the cathodes of the two 
6L6G exciter tubes. The T-55 buffer stage 
is capable of supplying more than 100 watts 
of output for driving the grid circuit of the 

Coil Table for T-200 1- Kw. Amplifier. 

Band in 
Meters 

Oscillator 
Coil 

80 

65 turns 
no. 24 d.s.c. 
close-wound. 
11 in. dia. 
(16-0 meter coil) 

(Use 80 meter 
40 Doubler Coil) 

(Use 40 -meter 
20 Doubler Coil) 

Doubler 
Coil 

35 turns 
no. 20 d.s.c. 
11 , in. long. 
112 in. dia. 

18 turns 
no. 20 d.s.c. 
11 , in. dia. 
112 in. long. 

9 turns 
no. 16 Enam. 
11 , in. dia. 
11, in. long. 

T-55 Plate and Final Plate 
Final Grid Coils Coil 

28 turns 
no. 14 
8 turns per in. 
234 in. dia. 
Center-tapped. 

16 turns 
no. 14 E. 
5 turns per in. 
21i in. dia. 
Center-tapped. 

10 turns 
no. 14 Enam. 
21 ' turns per in. 
2 in. dia. 
Center-tapped. 

28 turns 
no. 10 Enam. 
412 in. dia. 
4 turns per in. 
Center-tapped. 

20 turns 
no. 10 Enam. 
3 turns per in. 
31, in. dia. 
Center-tapped. 

10 turns 
no. 10 Enam. 
11 , turns per in. 
314 in. dia. 
Center-tapped. 
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Figure 34 General Diagram of the Complete High Power Transmitter. 

high power final amplifier. The plate-tuning 
condenser in the T-55 stage is a single-sec-
tion 5,000-volt variable capacitor, and the 
plate bypass condenser has a capacity of 
.002 ¡dd. ( mica type). The neutralizing con-
denser for this stage is a special Trim-Air 
condenser, rated at 5,000 volts, having a ca-
pacity range of from 2 to 5 µgfds. 
One heavy duty high voltage power trans-

former can be used with two separate recti-
fier systems, as shown in figure 34, for plate 
supply to the buffer and final amplifier 
stages. 
The final amplifier should be link coupled 

to the T-55 driver stage by a single turn 
of no. 11 heavy rubber-covered wire around 
the center of each coil. The type T-200 tubes 
in the final amplifier have a plate current rat-
ing of 350 ma. each; this high plate current 
rating allows the amplifier to be operated 
with 1 kw. input from an 1,800-volt power 
supply. The amplifier is operated with less 
than 300 milliamperes on each tube for an 
input of 1 kw. The relatively low d.c. plate 
voltage simplifies the final amplifier plate 
circuit design, since the r.f. peak voltages 

.111:1111DBOOK 

Figure 35- 1- Kw. R. F. Amplifier with HK-354D 
Gammatron and New Atkins- Brown "Propeller-
Type," Split-Stator Tuning Condenser. Note 

Extremely Short Connecting Leads. 
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ale pi oportional to the d.c. plate voltage. 
The plate spacing in the split-stator tuning 
condenser is approximately between 
stator and rotor plates. 
The neutralizing condensers must have a 

capacity of 7 ggfds. each, which can be ob-
tained by means of three plates in each con-
denser, these plates having an area of 9 sq. 
in. each. The two U-shaped sections are 
attached directly to the stators of the plate-
tuning condensers, and the grid plates (mov-
able) are made semi-adjustable by attach-
ment to aluminum angle brackets mounted 
on standoff insulators. 

• A Compact 1-Kw. 
Amplifier 

One of the difficulties which enters into the 
design of a high power amplifier for relay 
rack mounting is the large physical size of 
the high voltage tuning condensers. A new 
type of transmitter condenser of compact de-
sign, capable of withstanding peak potentials 
of 16,000 volts per section (one-half inch 
airgap) has recently been made available.* 

*Atkins & Brown. 

Figure 36— Under-Subpanel View of 1- Kw. R. F. 
Amplifier, Showing Grid Coil and Tuning Con-
denser, Method of Socket Mounting and Arrange-

ment of Resistor and Bypass Condensers. 

HK 3 54D 

-200v 
SO b. ZISMA 

+3500V 

Figure 37-1- Kw. Amplifier. 

This new type condenser is incorporated in a 
high power amplifier illustrated in figure 35. 
A circuit diagram of the amplifier is shown 
in figure 37. 
The design of the new condenser makes 

for very short r.f. paths within the con-
denser proper; the rotor plates are shaped 
in the form of a two-blade propeller, and the 
unit proper is only 93/4  in. long overall. 
A single HK-354 high g triode can be used 

in the amplifier illustrated here for inputs up 
to 1-kw, without exceeding the manufac-
turer's rating. The tube must be operated at 
high plate efficiency and therefore requires 
a driver having an output of between 75 
and 100 watts. Some of the c.w. amplifiers 
illustrated in this chapter are suitable for 
driving this amplifier. 

• Construction 

The complete amplifier. can be built behind 
a 10V2 in. or 12!4 in. x 19 in. standard relay 
rack panel, with a chassis 12 in. x 14 in. sup-
ported by the panel, as shown in figure 36. 
The plate tuned circuit is shielded from the 
grid circuit by means of this chassis. One 
of the grid coil standoff insulators extends 
through the chassis and supports the rotat-
able neutralizing condenser plate, which also 
connects to the grid cap of the tube. The 
stator plate of the neutralizing condenser is 
mounted directly on the plate tuning con-
denser. The exposed area of the neutralizing 
condenser plates is 23/4  in. x 31A in. and the 
rotor plate is supported by a %-in, coil jack 
in order to adjust the position of this plate. 

Coil data for this amplifier can be found 
in the chart for Wire Wound Coils, page 
233. 

‘.d 
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Chapter 13 

RADIOTELEPHONY THEORY 

A c. TELEGRAPH transmitter has 
two essential components: (1) the r.f. 

channel; (2) the power supply,. A radio-
telephone transmitter, on the other hand, 
requires these two same components but 
with a third component added, the audio 
frequency channel. 

Some means must first be provided to pro-
duce a source of r.f. control, then the de-
sired r.f. frequency must be amplified to 
whatever power output is desired. A quartz 
crystal plate in an oscillator circuit generates 
the r.f. carrier; this carrier is then ampli-
fied and oftentimes multiplied in frequency 
by additional r.f. stages until the desired 
power output is obtained. 

• Modulation 

\\Then audio frequencies are combined with 
the r.f. carrier frequency in the modulated 
stage, the process is known as modulation. 
These frequencies are heterodyned together 
into a group of radio frequencies called side-
bands, which differ from the carrier fre-
quency by the values of the audio frequen-
cies. A modulated r.f. signal, therefore, oc-
cupies a band of radio frequencies which 
have a width of at least 3,000 cycles, assum-
ing that none of the audio frequencies are 
higher than 1,500 cycles. Frequencies up to 
at least 1,500 cycles are required for good 
speech intelligibility, and frequencies as high 
as 5,000 or 6,000 cycles are required for 
good music fidelity. When audio frequencies 
as high as 5,000 cycles are to be transmitted. 
the radio frequency channel would have to 
be 10.000 cycles ( 10 kilocycles) in width. 
since both the upper and lower side-band 
frequencies are generated in the modulated 
r.f. stage. 

• Side-Band Frequencies 

The transmitted signal, when modulated, 
contains side-band frequencies, in addition to 
the carrier frequency. These side-band fre-
quencies are adjacent to, and on either side 
of. the carrier frequency. The width of these 
side-bands depends upon the audio frequency 
which modulates the r.f. carrier, and the 
side-hand frequencies are generated only 

C•••111• 

when the r.f. stage is modulated by an audio 
frequency, or frequencies. 

• Instantaneous 
Power Output 

The average amplitude of the carrier fre-
quency wave is constant in most systems, 
but the instantaneous power output varies 
from approximately zero to font- times that 
of the power of the unmodulated carrier 
wave. In a symmetrically modulated wave, 
the antenna current increases approximately 
22 per cent to 100 per cent modulation with 
a pure-tone input; the r.f. meter in the an-
tenna circuit indicates this increase in an-
tenna current. The average power of the 
r.f. wave increases 50 per cent to 100 per 
cent modulation. This indicates that in a 
plate-modulated radiotelephone transmitter 
the audio frequency channel must supply this 
additional 50 per cent increase in average 
power. If the power input to the modulated 
stage is 100 watts, for example, this average 
power will increase to 150 watts at 100 per 
cent modulation, and this additional 50 watts 
of power must be supplied by the modulator, 
when plate modulation is used. The actual 
antenna power is a constant percentage of 
th-, total value of input power. 

• O• 

sea •00. AAAAA 

A.10 11161t.I. 
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Figure 1—Graphic representation of four types of 
wave form, illustrating the difference between an 
unmodulated carrier, audio sine wave, 50 per cent 
modulated carrier, and 100 per cent modulated 

carrier. 
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A C.W. or tuunodulated carrier wave is 
represented in ( A), figure 1. An audio fre-
quency wave is represented by curve ( B). 
When this audio frequency wave ( B) is ap-
plied to the modulated stage, the resultant 
wave may be represented as in ( C) and 
(D). The average amplitude of the car-
rier wave remains constant because the de-
crease in amplitude is the same as the in-
crease (up to 100 per cent). In ( C), figure 
1, the carrier wave is shown to be approx-
imately 50 per cent modulated, and (D) 
shows a 100 per cent modulated wave. In 
order to obtain 50 per cent modulation in 
a plate modulated system, only one-fourth 
as much audio frequency power is required 
as for 100 per cent modulation. However. 
the audio signal which is received at a dis-
tant point after being de-nzodulated (de-
tected) is in proportion to the percentage 
of modulation of the transmitter. If the 
peaks of modulation are reduced from 100 
per cent down to 50 per cent, the result is 
a decrease in range of the transmitter. 

• Audio Frequency 
Channel 

The sound waves of speech or music must 
first be converted into electrical energy. This 
is accomplished by means of a microphone. 
The electrical power output from a micro-
phone is very low, and must, therefore, be 
amplified before it is applied to the modu-
lated radio-frequency stage. Amplification of 
this weak power output can be accomplished 
by impressing the electrical output of the 
microphone across a vacuum tube amplifier 
system which has sufficient amplification to 
deliver the desired output. The required au-
dio power output from this amplifier, in the 
case of a plate modulated radiotelephone 
transmitter, is one-half that of the power 
input to the modulated r.f. stage. 
The electrical power output of the micro-

phone is impressed across the grid imped-
ance of the vacuum tube amplifier, and the 
voltage is amplified by the vacuum tube. The 
amplified voltage can then be carried through 
a number of additional' amplifier stages until 
it becomes a high enough value to develop 
the desired power into the output impedance. 
The audio power output is the value of 

voltage multiplied by the audio frequency 
current flowing through the output imped-
ance; in the case of a low impedance, the 
current is high and the voltage is relatively 
low, and vice versa for a high impedance. 
The load impedance in the case of a plate-

modulated r.f. stage is the plate circuit of 

the modulated amplifier tube. The imped-
ence can be calculated by dividing the d.c. 
plate voltage applied to the r.f. stage by the 
d.c. plate current which is flowing in the 
tube in that stage. This is equivalent to a 
pure resistance if the amplifier is class C, 
and therefore is a constant load across the 
output of the audio channel. 

Different types of modulated r.f. stages 
call for vastly different amounts of audio 
power. Grid modulation, for example, re-
quires only a fraction of the amount of audio 
power as is required for 100 per cent plate 
modulation of the same output of r.f. car-
rier power. Various types of modulation 
other than the most common method (plate 
modulation) are discussed later in this chap-
ter. 

• Frequency Control 

The quartz crystal oscillator is the most 
satisfactory means for controlling the fre-
quency of a radiotelephone transmitter. 
Greater precautions are necessary than when 
the same type of oscillator is used for c.w. 
telegraphy in order to avoid "frequency mod-
ulation." 

• Amplitude Modulation 

When the r.f. power output is varied by 
means of side-band frequency amplitude 
variations, the method is known as amplitude 
modulation. This is the only system of mod-
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ulation commonly used by amateurs. The 
carrier amplitude ( except in controlled-car-
rier systems) should always remain con-
stant. A change in carrier amplitude during 
modulation is called carrier shift. This pro-
duces distortion and often creates interfer-
ence in adjacent radiotelephone channels. 

• Frequency Modulation 

Frequency modulation is just what the 
term implies and is undesirable for many 
reasons. Reaction between the modulated 
stage and the crystal oscillator can be pre-
vented by the incorporation of at least one 
buffer or doubler stage between the crystal 
oscillator and the modulated r.f. amplifier. 
Except for emergency operation, in a circuit 
such as shown in figure 2, the crystal oscil-
lator should never he modulated because fre-
quency modulation will result from any 
modulation of the plate voltage. 

• Frequency Drift 

When the quartz crystal in an oscillator 
circuit is overloaded and heats, frequency 
drift will take place. Incorrect design of 
the oscillator or excessive plate voltage will 
cause an excessive flow of r.f. current 
through the quartz crystal. This excessive 
r.f. current will then cause a temperature 
rise which will change the frequency of 
oscillation when X-cut or Y-cut crystals are 
used. Some of the newer crystal cuts, such 
as the V or AT, have a very low tempera-
ture coefficient ( change in physical dimension 
with change in temperature) with a result 
that practically no frequency drift is en-
countered, even when the power output from 
the crystal oscillator is very high. 

• Frequency Multiplication 

Frequency doublers or tripiers are used 
to multiply the output frequency of the crys-
tal oscillator to the desired frequency which 
is wanted in the final r.f. amplifier. These 
circuits are similar in all respects to those 
used for c.w. telegraphy, as disclosed in the 
chapter on C. It'. Theory. In radiotelephony, 
however, a plate-modulated r.f. amplifier re-
quires more excitation than is needed for 
the final stage in the usual c.w. transmitter, 
because the amplifier in the radiotelephone 
transmitter must be operated at more than 
twice cut-off bias and high grid current. It 
is common to use a buffer r.f. amplifier 
.which operates at the same frequency as the 
final amplifier in order to secure ample grid 
excitation. In many caseg, a frequency dou-

bier or tripler can be made to deliver suffi-
cient output to drive the modulated stage 
properly, thereby eliminating the need of a 
buffer stage for operation at the very high 
frequencies. 

• Doubler Stage Efficiency 

The grid bias in a doubler stage should be 
at least five times cut-off value in order to 
obtain high efficiency. The d.c. grid current 
should be of a normally-rated value for the 
tube in use, providing that this value of grid 
current can be obtained from the preceding 
stage at the high bias required. While in 
a neutralized stage ( triode), it is best pro-
cedure to run as much bias as the excita-
tion will allow with maximum rated grid 
current; in a triode doubler it is best to run 
as much grid current (up to maximum rat-
ing) as the excitation will allow while main-
taining at least five times cut-off bias. 

Regeneration in a doubler stage can be 
substituted for high bias and r.f. excitation, 
in the event the transmitter has not been 
conservatively designed to increase the out-
put. Regenerative frequency doublers are 
satisfactory for c.w. telegraphy, but they 
will usually introduce operating difficulties 
when used for radiotelephony. 

• Radiotelephony 
Power Supplies 

A power supply for a radiotelephone trans-
mitter should furnish non-pulsating d.c. volt-
age to the crystal oscillator or other source 
of frequency control. The amount of pulsa-
tion or ripple voltage should be less than 
1 per cent of the d.c. voltage, especially for 
radio transmitters operating on very high 
frequencies. Hum or ripple voltage in the 
plate supply to the oscillator will fi equency-
modulate the r.f. output slightly. Each fre-
quency multiplier stage increases the fre-
quency modulation, until the carrier hum 
becomes objectionable in high-frequency 
transmitters. Many amateur 10-meter phones 
suffer from this difficulty, noticed especially 
with selective receivers. 
The power supplyigor the "front end" of 

the speech channel must be thoroughly fil-
tered in order to avoid amplification of the 
ripple in the succeeding audio or speech 
amplifier stages. The plate supply for the 
final audio amplifier stage does not require 
as much filter as the preceding stages, and, 
in the case of a push-pull audio modulator 
stage, a single-section filter will suffice. 

Buffer stages of a control-grid modulated 
transmitter must have very well- filtered plate 
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supplies ( more than the buffers in a plate-
modulated transmitter) in order to prevent 
hum modulation in the grid circuit on which 
the speech audio frequencies are impressed. 
On the other hand, the plate supply for the 
grid-modulated stage itself does not require 
quite as much filter as does a comparable 
plate-modulated stage. This indicates that 
a single-section filter will suffice for a grid-
modulated stage, whereas a two-section filter 
is desirable for plate modulation. In the 
event that only a single-section filter is used 
for a grid-modulated stage, condenser input 
is desirable. A single-section choke input 
filter does not furnish sufficient ripple sup-
pression except for a c.w. amplifier or push-
pull ( or push-push class B) modulator stage. 

• Class B Modulator 
Voltage Regulation 

Power supply voltage regulation of class 
B modulators is of great importance be-
cause the plate current varies appreciably 
with the amount of speech input. Choke in-
put, utilizing preferably a swinging-choke 
with high no-current inductance rating (25 
hi'. or more) and low d.c. resistance, in con-
junction with mercury vapor rectifiers and 
a husky filter condenser ( at least 4 gfd.) 
will make a good power supply. If the "rest-
ing" plate current of the modulator tubes 
is high, as is the case with some of the zero 
bias, class B tubes, a swinging type choke 
is not essential, but even so, the choke should 
have high inductance ( 10 or 20 liv.). 

• Microphones 

The microphone, which changes sound into 
electrical energy, usually consists of a dia-
phragm which moves in accordance with 
the compressions and rarefactions of the air 
called sound waves. The diaphragm then 
actuates some form of device which changes 
its electrical properties in accordance with 
the amount of physical movement. 

If the diaphragm is very tightly stretched, 
the natural period of its vibration can be 
placed at a frequency tihich will be out of 
range of the human voice. This obviously 
reduces the sensitivity of the microphone. 
yet it greatly improves the uniformity of 
response to the wide range encountered for 
voice or musical tones. If the natural me-
chanically resonant period of the diaphragm 
falls within the voice range, the sensitivity 
is greatly increased near the resonant fre-
quency. The effect results in distorted out-
put. a familiar example of this effect being 
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found in the ordinary land-line telephone 
microphone. 
A good microphone must respond equally 

to all voice frequencies; it must not intro-
duce noise, such as hiss; it must have suffi-
cient sensitivity to eliminate the need of ex-
cessive audio amplification; its characteris-
tics should not vary with changes in tem-
perature or humidity, and its characteristics 
should remain constant over a useful period 
of life. 

e The Carbon Microphone 

Carbon microphones can be divided into 
two classes: ( 1) Single-button, (2) Double-
button. The single-button microphone con-
sists of a diaphragm which exerts a me-
chanical pressure on a group of carbon gran-
ules. These granules are placed behind the 
diaphragm between two electrodes, one of 
which is secured directly to the diaphragm 
and moves in accordance with the vibration 
of the diaphragm. This vibration changes 
the pressure on the carbon granules, result-
ing in a change of electrical resistance to 
current flowing between the electrodes, the 
d.c. current being supplied from an external 
source. The variation in resistance causes 
a change in the current which flows through 
the primary winding of a coupling trans-
former, thereby inducing a voltage in the 
secondary winding of this transformer; this 
voltage is then amplified by means of vacuum 
tube amplifiers. 

Single-button microphones are useful for 
operation in portable transmitters because 
their sensitivity is greater than that of other 
types of microphones, thereby requiring less 
audio amplification to supply audio modulat-
ing power for the transmitter. The objec-
tionable feature of the single-button micro-
phone is its high hiss level. Another is 
that the diaphragm generally resonates 
within the voice range. resulting; in rather 
poor tone quality. 

• The Double-Button 
Microphone 

The double-button microphone has two 
groups of carbon granules arranged in small 
containers on either side of the diaphragm. 
This "push-pull" effect reduces the even-
harmonic distortion, resulting in more intel-
ligible modulation. The diaphragm is 
normally stretched to such an extent that 
its natural period may be as high as 8,000 

cycles per second, which is beyond the range 
of the human voice. This reduces the sensi-
tivity of the microphone and greater audio 



RADIO 
HFCCIDBOOK 

  Fit 
I 
;,12 

dingle-button —  
es'ke. 

Microphones 283 
2A5s or 421 

- 

•"•,:U"„i' 

rig .. re 3 - 10-Watt Amplifier for Use with a 
Single- Button Microphone. 

amplification is needed to secure the same 
output as from a single-button carbon micro-
phone. On the other hand, the tone quality 
from the double-button microphone is better, 
though the hiss is still present. 
The cost of a double-button microphone is 

a satisfactory index of its performance when 
purchased from a reliable concern. The out-
put from a high-quality two-button micro-
phone is rated 45 db. below that of a stand-
ard single-button microphone. 

T1 — Double Button 
Mike-to-Grid Trans. 
T2 — 3:1 lnterstage 

Transformer. 
Choke: 20 henry, 

200 M.A. 

The movement of the diaphragm changes 
the spacing between the two electrodes, re-
sulting in a change in electrical capacity. 
When a d.c. polarizing voltage is applied 
r cross the plates, an a.c. voltage will be 
generated when the diaphragm is actuated by 
reason of the change in capacity between the 
nlates: this voltage can then be amplified 
by means of vacuum tubes. The diaphragm 
of a typical condenser microphone is made 
of duralumin sheet, approximately 1/1,000 
in. thick, with approximately the same spac-
ing between the diaphragm and the rear 
heavy plate electrode. The output is ap-
proximately 75 db. below an ordinary single-
button carbon microphone with unstretched 
diaphragm. 

The condenser microphone has a low out-
put level, which necessitates at least two 
stages of pre-amplification, the first stage 
being located very close to the microphone. 

2A5: 42: 
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Figure 4-10-Watt Amplifier for Double- Button Microphone. 

• Condenser Microphone 

A condenser microphone has a better fre-
quency response than a carbon microphone, 
and it does not produce a hiss. This type of 
microphone consists of a highly damped or 
stretched diaphragm mounted very close to 
a metal plate, but insulated from the plate. 
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The output impedance is extremely high, and 
the unit must, therefore, be well shielded 
in order to prevent r.f. and 60-cycle a.c. 
hum pickup. It is sensitive to changes in 
barometric pressure and humidity. Mort 
modern types of microphones are replacing 
the condenser type, although the latter are 
still widely used. 
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Figure 6 Condenser Microphone Pre-Amplifier. 
This pre-amplifier is used with a condenser micro-
phone in order to increase its output to a suffi-
cient level to work directly into the grid of a 
speech amplifier, such as one which was origi-
nally designed for carbon microphone input. No 
transformer is needed for coupling between the 
6F5 and the speech amplifier. The 0.1 µfd. coup-
ling condenser and the speech amplifier grid- leak 

should be located at the speech amplifier. 

• Crystal Microphone 

The crystal microphone operates on the 
principle that a change in dimensions of 
a Piezo-electric material, such as Rochelle 
Salt crystals, generates a small a.c. voltage 
which can be amplified by means of vacuum 
tubes. No d.c. polarizing voltage or cur-
rent or coupling transformer is required 
for the crystal type of microphone, and 
thus it becomes a very simple device to 
connect into an audio amplifier. 
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Figure 7—This pre-amplifier can be used with an 
inductive microphone by changing the resistance 
network in the input to a transformer of the cor-
rect design. If the pre-amplifier is far removed 
from the main speech amplifier, a plate-to-500-
ohm-li ne transformer should be connected in the 
output, with a corresponding 500 ohm-to-grid 

transformer at the speech amplifier. 

Crystal microphones can be divided into 
two classifications: ( i) the diaphragm type, 
(2) the grille type. 
The diaphragm type is relatively inex-

pensive and consists of a semi-floating dia-
phragm which subjects the crystal to de-
formation in accordance with the applied 
sound pressure. The fidelity is equal to that 
of most two-button carbon microphones and 
there is no background noise or hiss gen-
erated in the microphone itself. 
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The grille type consists of a group of 
crystals connected in series or series-parallel 
for the purpose of obtaining high electrical 
output without aid of a diaphragm. The 
output level varies between —65 db. and 
—80 db. for various types of crystal micro-
phones. The grille type is less directional 
to sound pickup than most other types and 
is capable of almost perfect fidelity. 

• Velocity or 
Ribbon Microphones 

The inductive or ribbon-type microphone 
has a thin, corrugated, metal strip diaphragm 
which is loosely supported between the 
poles of a horse-shoe magnet. A minute 
current is induced in this strip when it 
moves in a magnetic field, and this cur-
rent can be fed to the primary of a step-
up-ratio transformer of high ratio because 
of the very low impedance of the ribbon. 
The microphone output must be amplified 

by means of a very high gain pre-amplifier, 
because the output level of the older types 
of ribbon microphones is —100 db. and even 
the newer ones are around —85 db. The 
inductive type of microphone is rugged and 
simple in construction. Unfortunately, it 
cannot be used for close talking without 
overemphasizing the lower frequencies. It 
is a velocity, rather than a pressure-operated, 
microphone and should therefore, be placed 
at least two feet from the source of sound. 
It is very sensitive to a.c. hum pickup, and 
this is one of the principal reasons why 
it is not widely used in amateur practice. 
The impedance of the ribbon is so low 

that it is difficult to design a ribbon-to-grid 
transformer with good fidelity. Therefore. 
for best quality, two transformers are 
usually used in cascade: ribbon-to-200 ohms 
and 200 ohms-to-grid. 

• The Dynamic 
Microphone 

The dynamic (moving coil) type of mi-
crophone operates on the same principle as 
the inductive microphone. A small coil of 
wire, actuated by a diaphragm, is suspended 
in a magnetic field, and the movement of 
the coil in this field generates an alternating 
current. The output impedance is approxi-
mately 30 ohms as against approximately 
one ohm for the ribbon type of microphone. 
The output level is about —85 db., the level 
varying with different makes. This type of 
microphone is quite rugged and its frequency 
response is excellent. 
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Figure 8— Low Cost Dynamic Microphone Amplifier. 

, A non-directional dynamic microphone 
can be made by enclosing it in a small 
spherical housing with the diaphragm at the 
top. An acoustic screen is mounted directly 
above the diaphragm for producing uniform 
acoustic response from all directions. 
An inexpensive and very satisfactory dy-

namic microphone for amateur transmitters 
can be made from a small, permanent-mag-
net type, dynamic loud-speaker, as illustrated 
in figure 9. One of the newer 5 in. types 
with alloy magnet will give surprising fidel-
ity at relatively high output level. 

Figure 9—A Small "PM" Speaker Makes a Good 
Microphone. 

A shielded cable and plug are essential to 
prevent hum pickup. The unit can be 
mounted in any suitable type of container. 
The circuit diagram is shown in figure 8. 

• Directional Effects 

Crystal microphones, as well as those of 
some other types, can be mounted in spher-
ical housing in order to secure a non-direc-
tional effect. Decidedly directional effects 

may be required, on the other hand, and mi-
crophones for this purpose are commer-
cially available. 

• Speech Amplifiers 

That portion of the audio channel between 
the microphone or its pre-amplifier and the 
power amplifier or power-amplifier driver 
stage can be defined as the speech amplifier. 
It consists of from one to three stages of 
voltage amplification with resistance, imped-
ance, or transformer coupling between 
stages. The input level is generally about 
—50 db. in the case of a speech amplifier 
designed for a double-button carbon micro-
phone or pre-amplifier input. The input 
level is approximately —70 db. when the 
speech amplifier is designed for operation 
from a diaphragm-type crystal microphone. 
A conventional speech amplifier for a dou-
ble-button carbon microphone is shown in 
figure 5. Other speech amplifier circuits 
are shown in figures 10 and 11, and also in 
the numerous complete transmitter circuits 
shown throughout the chapter on Radiotele-
phone Transmitter Construction. 

• Input Level 

It is possible to dispense with the pre-
amplifier with certain types of low-level mi-
crophones by designing the speech amplifier 
input to work at —90 db. or so, but it is 
better practice and entails less constructional 
care if a speech amplifier with less gain is 
used in conjunction with a pre-amplifier to 
make up the required overall amplification. 
Less trouble with hum and feedback will 
be encountered with the latter method. 

Designing a speech amplifier to work at 
—70 MI is comparatively easy. 
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Figure 10--Typical Speech Amplifier Modulating a 50-Watt Class C Stage. 

SPEECH AMPLIFIER AND MODUL ATOR 

• Amplifier Gain 

The power gain in amplifiers or the power 
loss in attenuators can be conveniently ex-
pressed in terms of db. units, which is an 
expression of two power ratios. 
A formula for the calculation of db. gain 

or loss is here given: 
Pi 

DB = Log» — 
Pi 

Since power is equal to the product of 
voltage times current, when the power factor 
is unity, db. units can be used to express 
voltage gain. In this case the formula is: 

Ei 
DB = 20 X Logic. — 

E1 
This provides a useful means for comput-

ing the overall voltage gain of a pre-ampli-
fier and the speech amplifier. When adding 
the gain of several stages, the db. units are 
added or subtracted, which greatly simplifies 
the calculations. 

For example: if a pre-amplifier has 35 
db. gain, and the speech amplifier has 65 db. 
gain, the total gain is 35 ± 65, equals 100 db. 
100 db. corresponds to a voltage gain of 

Hem DBOOK 

100,000 times. Thus, for example, if the 
microphone level is —100 db., the speech 
amplifier output will be —100 db. -I- 100 db., 
equals zero db. level. Zero level corresponds 
to a power level of 6 milliwatts. 

In order to obtain 60 watts of audio 
power output, a power gain of 6,000 times 
will be required, which corresponds to a 
power gain of approximately 38 db. This 
amplification can be considered as part of 
the main power amplifier or modulator, or 
as part of the speech amplifier, depending 
upon the particular transmitter under con-
sideration. The important point to remem-
ber is that power ratios use the expression: 
10 X Log, whereas voltage gain between 
similar impedances is computed by the ex-
pression: 20 X Log. 

Let us take a typical example of radio-
phone transmitter with a class C amplifier 
input of 200 watts. For 100 per cent plate 
modulation, the audio power requirement is 
100 watts. This corresponds to a db. power 
level of ± 42 db. Zero db. level is 6 milli-
watts, or .006 watts. 

Therefore, the formula: 
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Figure 11- Speech Amplifier and Modulator for 175-Watt Class C R.F. Amplifier. 

Pi 
DB = 10 X Log's— = 

1" 
100 

10 X Log.— = 42 
.006 

Either a logarithm table or a log slide 
rule is needed for making db. calculations. 
The amateur may desire to use a dia-

phragm type crystal microphone which is 
rated at — 70 db. for average sound levels. 
This extremely low output must be brought 
up to a value of 100 watts, or +42 db. The 
total gain required will be 112 db. 
No pre-amplifier would be necessary, be-

cause this amount of gain can be built into 
a good speech amplifier and modulator. A 
typical audio channel which meets these re-
quirements is shown in the skeleton circuit, 
figure 15 

The first speech amplifier consists of a 6C6 
connected as a high-gain pentode, resist-
ance-coupled to a 76 speech amplifier which, 
in turn, is coupled through a step-up trans-
former into a 42 tube which operates as 
a triode. The latter is connected to a push-
pull 45 class AB driver for the final power 
amplifier or modulator which consists of a 
pair of 35Ts. 

The 6C6 stage is capable of producing 
a voltage amplification of 100 times, which 
corresponds to 40 db. 

100 
DB = 20 X Logis— = 40 

1 

The 76 and 42 triodes with a 3-to-1 step-
up interstage transformer will produce a 
voltage gain of 240. 
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Figure 12 

60-Watt 6L6 Amplifier 

By incorporating the 
new Thordarson "Tru-
Fidelity" Transformers 
in the amplifier here 
shown, the hum level 
with gain open is approx-
imately 58.7 db. down 
from maximum output 
of 18.7 db. down from 
zero level. The slider on 
the voltage divider must 
be adjusted for 300 volts 
on the screen of the 6L6 
tubes, with negative 25 
volts bias. Voltage meas-
ured from plate to 
ground on the 6C5 tube 
should be 258 volts. Total 
plate current of final 
stage, 100 to 110 ma. with 
no signal. 

THOROARSON COMPONENTS 
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CO WATT — 6L6 AMPL iFIER 

Figure 13 

60-Watt 6L6 Amplifier 

Two 6L6 tubes in Class 
AB. The power trans-
former has one set of 
windings for supplying 
both B current require-
ments for the initial 
stages and a steady 
source of fixed bias and 
screen voltage for the 
output stage. Frequency 
range: 30 to 12,000 cycles. 
Gain 120 db., or 88 db., 
depending upon input 
channel connection. 

Figure 14 

6LS Ail 

The Type PAK-1 
United Transformer 
Corp. Beam Power 

to 55 watts of output. It has 
high gain, 118 db., with pro- 1- PA-626   ' 

,witurP 40 A-

Amplifier delivers 35 
PA-48 

vision for Immediate change- —liteldr—{ 

over to 95 db. The output   523 -I-
circuit has stabilized feed- , I. 
back to increase available 
output and reduce distor- 
tion. Self-contained equal-
izer circuits enable bringing 
up the low frequency, or 
both low and high frequen- J T C BEAu 4 SwER AU •LIFOER 

cies simultaneously. All re-
sistors are rated at one watt, except bleeder and 6L6 cathode resistors, which are 20 watt. 
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Figure 15 

240 
DB = 20 X Log.— =- 47 

1 
Actually, the db. voltage gain must be 

measured between like impedances in order 
to be correct. 
The total speech amplifier gain is 40 + 47, 

equals 87 db. If the output level of the 
microphone is —70 db., the output level of 
the 42 triode will be 87 — 70, equals + 17 
db. This level corresponds to approximately 
300 milliwatts, which is well within the rat-
ing of a 42 triode driver, and is sufficient to 
drive the 45 tubes in class AB. 

17 = 10 X Log. --
.006 

therefore, P equals 0.3 watts, or 300 milli-
watts. 

100 
DB = 10 X Log.— = 25 

0.3 
This can he checked by subtracting 17 

from 42, which is 25 db., the power gain 
between the grids Of the 45 tubes and the 
output of the class B modulator. 
With 0.3 watt input to the 45 stage, 9 

watts uf output can be obtained. 
• 

DB = 10 X Logic — = 15 
0.3 

The power gain through the 45 stage is 
15 db.. leaving a power gain of 10 in the 
35T class B stage. More power gain could 
be secured in the 35T stage, thus requiring 
less gain in the 45 driver stage, and there-
fore the class B input transformer could 
have a greater step-down ratio than in the 
case of a circuit design in which no leeway 
in voltage and power gain is provided for. 

• Plate Modulation 
Transformer Calculations 

The modulation transformer is a device 
for matching the modulator plate impedance 
to the impedance of the class C r.f. ampli-
fier. 

+42 DEI 
OUTPUT 
OR .0OWATTS 

The class C r.f. amplifier impedance is 
calculated by dividing the d.c. plate-to- fila-
ment voltage by the total d.c. plate current. 
For example, a pair of type 211 tubes, oper-
ating at 1200 volts and 300 milliamperes, 
has a load impedance of 1200 divided by 
0.3 amperes, or 4,000 ohms. 

E 1200 
Z = — = — = 4,000 ohms, 

I 0.3 

where Z is the load impedance of the class 
C r.f. amplifier. 
The power input is 1200 times 0.3 or 360 

watts. 
The audio power required for 100 per cent 

modulation is one-half this value or 180 
watts. This power of 180 watts can be sup-
plied by a pair of 203A tubes in class B 
with a 1000-volt plate supply. From vacuum 
tube tables, it will be found that the load 
resistance or impedance ( plate-to-plate) of 
class B 203A tubes shorld be 6900 ohms. 
For maximum power transfer the 4000-

ohm load must be transformed to 6900 ohms. 
The transformer changes this impedance by 
using a step-down turns-ratio of 1.3-to-1 
total primary to secondary. This ratio is 
obtained by taking the square-root of the 

6900 
impedance ratio —. 

4000 

Another example is an HK-354 operating 
at 2500 volts with 250 milliamperes of plate 
current. The load impedance is 

2500 
  = 10,000 ohms. 
.0250 

The power input is equal to 2,500 X 0.250 
or 625 watts. 
The modulator would be required to sup-

ply slightly more than 300 watts. RCA-805 
tubes, in class B. operating with 1500 volts 
plate supply, will deliver ample output for 
this purpose. 
The plate-to-plate imnedance of the mod-

ulator under these conditions should be ap-
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proximately 8,000 ohms, as listed in the tube 
tables for the RCA-805s. In this case, the 
10,000-ohm load impedance must be reduced 
to 8,000 ohms. The modulation transformer 
should have a total primary to secondary 
turns-ratio of 1-to- 1.1. Thus, it is seen from 
these examples that the H K-354 calls for a 
step-up transformer, whereas the transformer 
for the 211 tnbes is of the step-down variety. 

• Audio Output 
Block Diagrams 

From the group of 27 block diagrams 
here shown, the reader can quickly find a 
satisfactory tube complement for audio out-
puts ranging from 1.5 watts to 1,000 watts. 
The legend explains the various connection 
systems shown in the block diagrams; crys-
tal or carbon microphones or pre-amplifier 
are denoted by the conventional symbol, 
shown directly below the legend. Correct 
operating plate voltages are shown under 
the tube symbols in each diagram. The ar-
row to the far right denotes the audio out-
pt of the amplifier. Outputs are listed in 
the respective order of the diagrams, begin-
ning with the lowest ( 1.5 watts) and ending 
with the highest ( 1,000 watts). 

-LEGEND-

TNIS ST13•01. DENOTES SINGLE TP•E 

TN'S STAÉ•OL DENOTES TWO TOM 
IN PARALLEL CONNECTION 

THIS STAI•OL DENOTES TWO TIPIES 
IN P133.4 - PULL CONNECTION 

THIS STIA•OL DENOTES POUR TV«, 
IN PDSN-PULL AAAAAA EL CONNECTION 
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Modulators 
A modulator supplies audio power to the 

particular r.f. stage in the transmitter which 
is being modulated. A speech amplifier does 
not deliver sufficient power output for plate-
modulating any of the conventional forms 
of r.f. stages. The modulator is an audio 
amplifier which delivers ample power output 
for completely modulating the d.c. input to 
the modulated stage. Power requirements 
of audio amplifiers vary from a fraction of 
a watt up to 500 watts, for amateur pur-
poses. Low-power transmitters of the grid-
modulated or suppressor-grid-modulated 
types require less than one watt of audio 
power, whereas a 1-kw, plate-modulated 
phone transmitter require 500 peak watts of 
audio power. 

Class A amplifiers are suitable for low-
power grid-modulated, or suppressor-mod-
ulated phone transmitters; class AB audio 
amplifiers for high power grid-modulated, or 
for low-power plate-modulated phones; and 
class B audio amplifiers for most economical 
operation of transmitters in which the audio 
requirements are greater than 60 watts. 
Class AB or class B modulators require a 
driver stage which can be considered part 
of the modulating system proper rather than 
part of the speech amplifier. The complete 
modulator essentially consists of a device 
for converting speech-amplifier output volt-
age into audio power. 
Complete information on receiver and 

transmitter type tubes for modulator serv-
ice, as well as for any other portion of a 
radiotelephone transmitter, mill be found in 
the chapters which deal with vacuum tubes. 

• Plate Modulation 

Plate modulation is the application of the 
audio modulating power to the plate circuit 
of an r.f. amplifier. The r.f. amplifier must 
be operated class C for this type of modula-
tion in order to obtain a radio frequency 
output which changes in exact accordance 
with the variation in plate voltage. The 
r.f. amplifier is 100 per cent modulated 
when the peak a.c. voltage from the modu-
later is equal to the d.c. voltage applied to 
the r.f. tube. The positive peaks of audio 
voltage increase the instantaneous plate 
voltage on the r.f. tube to twice the d.c. 
value, and the negative peaks reduce the 
voltage to zero. 
The instantaneous plate current to the r.f. 

stage also varies in accordance with the 
modulating ‘ oltagi. The peak alternating 

current in the output of a modulator must be 
equal to the d.c. plate current of the class C 
r.f. stage at the point of 100 per cent modu-
lation. This combination of change in audio 
voltage and current can be most easily re-
ferred to in terms of audio power in watts. 
By properly matching the plate impedance 
of the r.f. tube to the plate impedance of 
the modulator, the ratio of voltage and cur-
rent swing to d.c. voltage and current is 
automatically obtained. The modulator 
should always be capable of supplying audio 
power to the extent of 50 per cent of the 
d.c. input to the plate-modulated stage. Com-
plete modulation cannot be secured unless 
this value of 50 per cent is available, in 
addition to a coupling system permitting the 
correct "reflected" impedance to be ob-
tained. 
The plate efficiency of the plate-modulated 

stage is constant, and the additional power 
radiated in the form of side-bands is sup-
plied by the modulator. 
One of the advantages of plate (or power) 

modulation is the ease with which proper 
adjustments can be made in the transmit-
ter. There is less plate loss in the r.f. 
amplifier for a given value of carrier power 
than with other forms of modulation, be-
cause the plate efficiency is higher. Figures 
16 and 17 show two types of radiotelephone 
transmitters with plate modulation. 

• Heising Modulation 

Heising modulation usually consists of 
a class A audio amplifier coupled to the 
r.f. amplifier by means of a modulation 
choke coil, as shown in figure 18. 
The d.c. plate voltage and plate current 

in the r.f. amplifier must be adjusted to a 
value which will cause the plate impedance 
to match the output of the modulator, since 
the modulation choke gives a 1-to-1 coupling 
ratio. A series resistor, bypassed for audio 
frequencies by means of a condenser, must 
be connected in series with the plate of the 
r.f. amplifier in order to obtain modulation 
up to 100 per cent. The a.c. or audio out-
put voltage of a class A amplifier does not 
reach a value equal to the d.c. voltage ap-
plied to the class A amplifier and, conse-
quently, the d.c. plate voltage impressed 
across the r.f. tube must be reduced to a 
value equal to the maximum available a.c. 
peak voltage. A higher degree of distortion 
can be tolerated in low-power emergency 
phone transmitters which use a pentode 
modulator tube for securing sufficient audio 
output, and thus the series resistor and by-
pass condenser are usually omitted. 
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• Serles Modulation 

Another form of plate modulation is 
known as series modulation, in which the 
r.f. tube and modulator are in series across 
the d.c. plate supply, as shown in figure 19. 

Series modulation eliminates the modula-
tion choke required in the usual form of 
Heising modulation. Although this system 
i. capable of very goad voice quality, the 

antenna coupling must be carefully adjusted 
simultaneously with the C-bias in the mod-
ulator in order to maintain at least 20 per 
cent more plate voltage across the modu-
lator than that which is measured from 
positive B to r.f. tube filament. It is diffi-
cult to obtain a high degree of modulation 
unless a portion of the total plate current 
is shunted by the r.f. tube through a small 
high-inductance choke coil. Series modula-
tion is seldom used today except for tele', 
sion work. 

e Efficiency Modulation 

When modulation is effected by a change 
of r.f. tube plate efficiency, rather than by 
modulation of plate input power, the sys-
tem is known as efficiency modulation. Con-
trol-grid, screen-grid, and suppressor-grid 
modulation operate on the foregoing prin-
ciple, as does the "linear amplifier" stage 
used by broadcast stations to build up their 
power after modulation. 

With pure efficiency modulation, the 
maximum efficiency at which the r.f. mod-
ulated tube can operate is less than 50 per 
cent, since the peak efficiency (twice the 
"resting" value) must be less than 100 per 
cent. Several methods have been devised 
for the operation of amplifiers at efficiencies 
as high as 60 per cent during periods of 
no modulation, and then changing the plate 
power supply in order to obtain 100 per 
cent modulation without much increase in 
peak plate efficiency. This is accomplished 
in the expanding linear r.f. amplifier, de-
veloped in various forms by W. H. Doherty 
of Bell Laboratories, and independently by 
J. N. A. Hawkins. 

The method used by Hawkins consicts of 
maintaining a constant r.f. grid drive, then 
varying the d.c. plate voltage and d.c. grid 
bias together in accordance with the en-
velope of the audio-frequency wave. At 
maximum audio input to the modulated 
stage, which precedes the controlled linear 
amplifier, the bias and d.c. plate voltage 
and current in the latter are normal for 
linear amplifier operation. When the plate 
and grid voltages are reduced during pe-
riods of no modulation, the modulation ca-
pability of the linear amplifier is reduced, 
and the plate efficiency is increased. 

The method used by Doherty consists of 
expanding the linear amplifier by means of 
an additional r.f. tube and circuit networks. 
In both systems, the unmodulated plate effi-
ciency can be made as high as 60 per cent, 
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resulting in a considerable saving in tubes 
and power supply equipment for transmitters 
of very high power. However, it is doubt-
ful if the system is justified for powers of 
less than one or two kilowatts. 

Certain forms of grid modulation, while 
operating on the general principle of effi-
ciency modulation, can be made to release 
additional power from the d.c. plate supply. 
These systems are discussed under grid 
modulation. 

• Grid Modulation 

The several popular forms of grid modu-
lation operate on the same general princi-
ple, but under somewhat different condi-
tions. In all systems, the audio-frequency 
power is impressed upon the grid circuit, 
and the r.f. amplifier operates in a modified 
class C arrangement. One system employs 
a vacuum tube as a variable grid-leak in a 
class C r.f. amplifier with a very small or-
der of excitation. The modulator tube is 
driven by the speech amplifier, and its plate 
impedance varies in accordance with the 
speech input. The modulator tube receives 
its plate current from the rectified grid cur-
rent of the r.f. amplifier. The grid bias of 
the modulator is adjusted to the point which 
gives best voice quality, and the r.f. excita-
tion must be similarly adjusted for the same 
purpose. This system, shown in figure 20, 

does not give distortionless modulation and 
it is critical in adjustment. 

4•11» 

R F AMPLIFIER 

1.1.ATC COIL 

III 

MODULATOR 

.B 

GRID LEAK MODULATION 

Figure 20 
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• The Class BC System 

The Hawkins class BC system, shown in 
figure 21, is a method of grid modulation 
which can be adjusted to give exceptionally 
good quality. 

R F AMPLIFIER 

MAINKINS • BC GRID MODULATION 

Figure 21 

The r.f. amplifier is operated with fixed 
bias equal to cut-off. This bias is supplied 
either from batteries or from a bias pack. 
Additional bias is obtained from a cathode 
resistor R. in the modulated stage. This 
resistor should be bypassed for r.f., but not 
for audio frequencies, by means of filament 
bypass condensers no higher in value than 
.005 fd. When an audio voltage is applied 
from the modulator, it is amplified in the 
r.f. tube, and a degenerative feedback oc-
curs across resistor 122. For this reason the 
audio power requirements are somewhat 
greater than for other grid-modulated sys-
tems. This degenerative effect, however, 
produces a very linear modulation charac-
teristic. The d.c. plate current which flows 
through R, should provide an additional 
bias equal to at least half the theoretical 
cut-off bias. A higher value of R2 will re-
sult in higher plate efficiency, but at a sac-
rifice in power output, which can be brought 
up by using higher plate voltage. 
The r.f. grid excitation is adjusted to the 

point where grid current just starts to flow. 
Excess r.f. grid excitation can be absorbed 
by resistor Ri ( figure 21) connected across 
the grid circuit; this resistor also stabilizes 
the operation of the circuit and improves 
the quality. 
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Grid excitation can be conveniently con-

trolled by means of a link-coupling adjust-
ment. The antenna loading is greater than 
that required for plate modulation or c.w. 
operation. This coupling should be increased 
to a point somewhat beyond that at which 
maximum antenna or feeder r.f. current 
occurs for given excitation. The plate effi-
ciency will be between 35 per cent and 40 
per cent in a well-designed class BC am-
plifier. Design of the grid-modulation trans-
former is discussed on page 288. 
The circuit constants can be calculated 

from a group of formulae given here: 

(1) E„ = d.c. plate supply voltage, in volts. 
(2) W o k,. io = rated plate dissipation of 

the tube in watts. 
(3) /.t = amplification factor of the tube. 
(4) Winpkt= d.c. plate input power, in 

watts. 
(5) Woutput= r.f. unmodulated carrier 

output in watts. 
(6) I9 = d.c. plate current, amperes. 
(7) E.= d.c. battery bias equal to theo-

retical cut-off bias (one-half total 
bias). 

(8) Rk = cathode bias resistance, in ohms. 
(9) 

(10) 
Wlnput 1.66Wplate loss 

W o .t pu t = .66Wplate loss 

1.66 Wpi.t. to.. ( 1 -I- n) 

gE„ 
E„ 

1.66 WpIste loss ( 1 + 

The class-BC amplifier shown for grid 
modulation can be operated as a linear r.f. 
amplifier at 40 per cent plate efficiency, 
which is somewhat better than the efficiency 
obtainable from a conventional linear am-
plifier ( 30 to 33 per cent). 

Dr. F. E. Terman and F. A. Everest have 
developed a dynamic shift grid-bias modu-
lation system which operates on the same 
principle as the Hawkins dynamic shift ex-
panding linear amplifier. Expansion of 
plate and grid-bias voltages during modula-
tion is accomplished by using saturable con-
trol reactors or grid controlled rectifiers. 
The maximum peak efficiency is approxi-
mately 66 per cent in practice, and the rest-
ing plate efficiency can be adjusted to some 
point between 40 per cent and 66 per cent, 
which results in less plate loss in the r.f. 
amplifier. 

Okson, also of Stanford University, has 
found that a grid modulated amplifier can 
be operated at relatively high efficiencies 
(50 per cent to 60 per cent) when not 
modulated with the d.c. grid bias at 3 times 
cut-off. Rather high r.f. and audio excita-
tion are required. The antenna loading is 
similar to that of other grid modulation sys-
tems. Linear modulation up to values of 90 
per cent are obtained, and the system ap-
parently works on the principle of efficiency 
modulation plus some release of additional 
plate power from the power supply. The 
circuit, except for the value of grid bias, 
is exactly similar to the one shown for 
ordinary grid modulation. 

• Ordinary Grid 
Modulation 

Probably the most popular form of grid 
modulation i shown in figure 22. 

ORDINARY GRID IMODU1 ATION 

Figure 22 

The grid bias is adjusted to 1,/2 times 
cut-off, and the r.f. excitation is set to a 
value which will cause approximately one 
milliampere of rectified grid current to flow, 
as indicated by a d.c. milliammeter. The 
antenna load is made greater than that re-
quired for maximum r.f. antenna current; 
or increased until linear modulation is ob-
tained, as shown on an oscilloscope or by 
a phone monitor. 
The plate current may increase as much 

as 10 per cent during peaks of modulation 
without objectionable distortion, and this 
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increase of power input to the modulated r.f. 
amplifier will allow good quality modula-
tion up to 90 per cent. 

• Modulators for 
Grid Modulation 

The modulator tube for a grid-modulated 
phone transmitter is relatively small in com-
parison to the tube required for plate modu-
lation. Grid-modulated phones with 200 to 
400 watts output require an audio power 
of less than 15 watts. This is because modu-
lation takes place in the grid circuit, in 
which the r.f. power is only a few per cent 
of that in the plate circuit of the modu-
lated tube. 
A small modulator, capable of delivering 

2 to 3 watts of audio power, will modulate 
an r.f. stage which supplies 50 to 100 watts 
to the antenna circuit. A typical example 
is shown in one of the transmitters described 
in the constructional chapters of this book. 
The peak audio voltage of 120 volts com-
pletely modulates an r.f. tube which operates 
from a 1500-volt plate supply, and the car-
rier output exceeds 60 watts. The modu-
lator is a type 42 or 6F6 pentode amplifier, 
operating well below its normal output and 
having a good portion of its output dissi-
pated in a resistor L, which is connected 
across the modulation transformer. This 
resistor is across the output of the modula-
tor for the purpose of providing a more 
constant load impedance than that reflected 
by the grid circuit of the modulated r.f. 
tube. 
The modulator should preferably have a 

low plate impedance, unless a step-down 
ratio modulation transformer is available. 
The resistor L could be eliminated in the 
case of a type 2A3 tube working into a 
transformer having a step-down ratio of 
1V2-to-1, or 2-to- 1. The resistor R. should 
be connected across a 1-to-1 transformer 
when either triode or pentode audio ampli-
fiers are used as modulators. The modula-
tion transformer is suitable for working out 
of a 2A3 triode or 42 pentode into any grid 
modulated r.f. stage in which 50 or 100 
watt tubes are used. The resistor R. is 
usually a 10,000-ohm, 2-watt type. 

Small, class-AB output transformers de-
signed for operation from 2A3's or 42 tri-
odes into a 5,000-ohm load are suitable for 
push-pull modulators. The resistance R., in 
such cases, should be of some value between 
7,500 and 10,000 ohms, rated at 10 watts. 
This push-pull modulator will drive higher 
power grid-modulated stages, such as a 

pair of HK-354's, RCA-806's, Eimac 
250TL's, Taylor 814's, HF-200's or RK-36's. 

A phone monitor should always be avail-
able for adjusting the r.f. grid excitation to 
the proper value which produces good 
voice quality. An overmodulation indica-
tor is also essential for determining the 
amount of speech amplifier output and gain. 
The plate circuit of the modulated r.f. tube 
should have a low impedance to voice fre-
quencies; a 2 to 4 gfd. filter condenser 
across the output of the power supply filter 
will usually suffice. 

Modern grid modulation circuits are 
capable of supplying 500 to 600 watts of 
carrier output from an input of 1 kw. For 
this higher efficiency, more r.f. drive, more 
bias, and a 35-watt low impedance audio 
stage ( push-pull-parallel 2A3's) are required. 

• Tubes for Gild 
Modulated Phones 

Low or medium g triodes are more satis-
factory than high g tubes for grid modulated 
r.f. circuits. The high g tubes have a high 
plate impedance, which makes it difficult to 
secure a linear dynamic characteristic; this 
high plate impedance limits the amount of 
undistorted power output. Low g tubes 
llave the most linear characteristics for this 
purpose, but the required values of bias 
voltage are so high that this advantage may 
be offset by the requirements of higher grid 
drive. Any screen-grid tube, tetrode or pen-
tode, can be effectively control-grid modu-
lated. The most satisfactory triode tubes 
for grid modulation are the 2A3, 10, 801, 
RK-35, 825, 930, HK-154, 50T, 100TL, 
WE-242A, RK-36, 211, T200, HF200, HK-
354, 150T, 250TL, 814, WE-212-E, 300T, 
849. and 500T. 

• Screen-Grid Modulation 

Modulation can be accomplished by vary-
ing the screen-grid voltage at an audio-fre-
quency rate in an r.f. screen-grid tube. The 
screen-grid voltage must be reduced to ap-
proximately one-fourth the value of that 
used for c.w. operation. The r.f. output 
is correspondingly reduced and the tube then 
operates as an efficiency-modulated device, 
somewhat similar to ordinary grid modula-
tion. 

The degree of modulation is limited to 
approximately 60 per cent when the screen-
grid of a single stage is modulated. When 
two cascade stages are modulated, a level of 
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CASCADE SLACEN ARIO MODULA T ION 

Figure 23 

100 per cent can be reached, with good 
quality. The r.f. excitation and screen-grid 
voltages must be carefully adjusted in or-
der to secure satisfactory results. The r.f. 
excitation to the grid of the final amplifier 
must be so low that this tube will act some-
what like a class-B linear stage. It is pos-
sible to use dissimilar tubes in the cascade-
modulated circuit shown in figure 23. 

The buffer amplifier can be a type-807 
the final amplifier an RK-47; or a single 860 
can drive an 860 push-pull final amplifier. 
In any event, both stages should have the 
audio modulation voltage applied to the 
screens. This system of modulation is sel-
dom used because of its complications, and 
because only a few types of tubes are suit-
able for this application. 

• Plate and Screen 
Modulation 

When on/y the plate of a screen-grid tube 
is modulated, it is impossible to obtain high 
percentage linear modulation, except in the 
case of certain "beam" tubes. A dynatronic 
action usually takes place when the instan-
taneous plate voltage falls below the d.c. 
screen voltage, and this prevents linear 
modulation. However, if the screen is 
modulated simultaneously with the plate, 
the instantaneous screen voltage drops in 
proportion to the drop in plate voltage, and 
linear modulation can then be obtained. 

A circuit for such a system is shown in 
figure 24. 

The screen r.f. bypass condenser, 
should not have a value greater than .01 

preferably not larger than 
.005 mid. It should be large 
enough to bypass effectively all 
r.f. voltage without short-cir-
cuiting high frequency audio 
voltages. The plate bypass con-
denser can be of any value from 
.002 Afd. to .005 idd. The 
screen - dropping resistor, R2, 

should reduce the applied high 
voltage to the value specified 
for operating the particular 
tube in the circuit. Condenser 

is seldom required, yet some 
tubes may require this con-
denser in order to keep C2 from 
attenuating the high audio fre-
quencies. Different values be-
tween .01 and 0.1 µfd. should 
be tried for best results. 

Another method is to have a third wind-
ing on the modulation transformer, through 
which the screen-grid is connected to a 
low-voltage power supply. The ratio of 
turns between the two output windings de-
pends upon the type of screen-grid tube 
which is being modulated. The latter ar-
rangement is more economical insofar as 
modulator power is concerned, because 
there is no waste of audio power across a 
screen-grid voltage-dropping resistor, but 
this loss is relatively small anyway with 
most tubes. The special transformer is not 
justified except perhaps for high power. 

The modulation transformer for plate-

CLASS C R F AMPLIFIER 

PLATE AND SCREEN MODULATION 

Figure 24 
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and-screen-modulation, when util-
izing a dropping resistor, is simi-
lar to the type of transformer used 
for any plate-modulated phone. In 
figure 24, the combined screen and 
plate current is divided into the 
plate voltage in order to obtain 
the class-C amplifier load impe-
dance. The audio power required 
to obtain 100 per cent modulation 
is one-half the d.c. power input to 
the screen, screen resistor, and 
plate of the modulated r.f. stage. 

Quite good linearity at high per-
centage modulation can be obtained 
with some of the larger beam-type 
transmitting tetrodes by modulat-
ing the plate voltage alone. 

41 on 

42 

.2500 

3 TO 5 WATT SUPPRESSOR MODULATED 

• Suppressor Modulation 

Still another form of efficiency modula-
tion can be obtained by applying audio volt-
age to the suppressor-grid of a pentode tube 
which is operated class-C. A change in bias 
voltage on the suppressor-grid will change 
the r.f. output of a pentode tube, and the 
application of audio voltage then provides a 
very simple method of obtaining modula-
tion. 

The suppressor-grid is biased negatively 
to a point which reduces the plate efficiency 
to somewhat less than 40 per cent. The 
peak efficiency at the time of complete mod-
ulation must reach twice this value. It is 
difficult to obtain 100 per cent modulation, 
though 90 per cent to 95 per cent can easily 
be obtained and with good linearity. Ad-
justments are more easily made than with 
control-grid modulation, and the type of 
audio modulator and the values of audio 
voltage are approximately the same as for 
ordinary grid modulation. The same modu-
lator design problems apply to suppressor-
modulated phones. The control grid in the 
suppressor-modulated stage is driven to 
about the same degree as for c.w. or plate 
modulation. The r.f. excitation adjustment 
is not critical, but the excitation should be 
ample to allow distortionless modulation in 

this stage. 
The quartz crystal should not be placed 

directly in the grid circuit of any suppres-
sor-modulated stage because of a tendency 
for frequency modulation and poor quality 
due to insufficient r.f. grid excitation. A 
simple test with an oscilloscope will prove 
the fallacy of using a suppressor-grid modu-
lated pentode as a crystal oscillator in or-

Figure 25 
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der to minimise the umber of stages in the 
transmitter. 
One of the smallest and most simple sup-

pressor-modulated phone transmitter cir-
cuits is shown in figure 25. 

The output of this transmitter is very 
low; it is satisfactory for local communi-
cation only, especially in the 160-meter band. 
A separate crystal oscillator is incorpo-

rated in order to secure better quality of 
modulation. A 250,000-ohm gain control 
may be required in the pentode modulator 
circuit if a sensitive single-button carbon 
microphone is used. The modulation trans-
former should be of the type designed for 
class-B input service, 1-to- 1, or 2-to-1 step-
down ratio. When a 2-to-1 ratio trans-
former is used, the 10,000-ohm loading re-
sistor across the secondary should be re-
duced to about 5,000 ohms. The suppressor-
grid should be bypassed with a condenser 
not larger in value than .001 add. in order 
to prevent loss of high audio frequencies. 
The screen-grid resistor of the modulated 
tube should be adjusted to a value which 
will give 200 volts between screen and 
cathode, during normal operation. 
The output can be doubled by merely 

putting another tube in parallel with the 
802 or RK-25 and using a 5000-ohm grid 
leak instead of the 10,000-ohm one shown. 
No other changes are necessary. All pen-
tode r.f. tubes can be easily over-excited, 
resulting in decreased output. The amount 
of excitation, while not critical, should be 
checked with a d.c. milliammeter in the 
grid-leak circuit of the modulated stage. The 
grid current should run between 4 and 6 
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milliamperes for the RCA-s02 or Raytheon 
RK-25 tubes. The antenna loading should 
be adjusted so that the plate current is be-
tween 20 and 30 milliamperes at resonance. 
Overmodulation, due to excessive audio in-
put, can be checked with an overmodula-
tion indicator. The peak audio voltage need 
not be more than 65 or 75 volts for an 
RK-25 or 802. This is the peak voltage 
which is measured across the secondary of 
the modulation transformer. An ordinary 
rectifier-type a.c. voltmeter will give an in-
dication of approximately 50 volts of audio 
at this point. 

Suppressor-modulated phone transmitters 
should not be too-heavily loaded by the an-
tenna if linear modulation is desired. The 
degree of loading is comparable to that for 
a class-C plate-modulated stage. Typical os-
cilloscope trapezoidal patterns of suppressor 
modulated phones are shown in the Chap-
ter on Test Instruments. 

It is desirable to place a metal shield 
around the screen-grid tube; this shield 
should extend from the base to about half-
way up the glass envelope. Plate and grid 
circuits should be well-shielded. 

A higher power suppressor modulated 
phone circuit is shown in figure 26. 

This transmitter uses an RCA-804 or 
Raytheon RK-20 pentode tube. The modu-
ln.tor is quite similar to the one shown in 
the preceding transmitter circuit. The peak 
audio voltage for complete modulation is 

GRID COIL 804 PLATE CO, 

-45V 
-17- + 250V +1250v 

20 WATT SUPPRESSOR MODULATED PHONE 

Figure 26 

the same as for the smaller tubes. Slightly 
more grid drive is required from the crys-
tal oscillator or exciter which may be either 
link or capacitively coupled to the modu-
lated stage. The same exciter as shown for 
the 802-RK-25 transmitter, but with from 
300 to 350 volts on the plate of the oscilla-
tor tube, will give ample excitation to drive 
the RK-20 or 804. The oscillator screen re-
sistor should be increased to 30,000 or 40,000 
ohms in order to keep the screen voltage of 
the crystal oscillator below 125 volts. 
RK-28 or RCA-803 pentodes may be sup-

pressor-modulated for carrier outputs of 
from 50 to 60 watts. The r.f. excitation 
depends upon the frequency of operation, 
but can be supplied by a 6L6 crystal oscilla-
tor or doubler. A type 45 or 42 pentode 
will serve as a modulator for either tube. 

It is possible to operate a suppressor-
modulated stage as a doubler. The efficiency 
suffers somewhat, but the quality is about as 
good as when working on the fundamental. 

• Controlled Carrier 
Radiotelephony 

One way in which the operating efficiency 
of a class-B r.f. linear amplifier can be im-
proved is by the use of carrier control, in 
which the amplitude of the carrier wave is 
proportional to the voice frequency en-
velope. Two or three times as much peak 
power can be obtained from a linear ampli-
fier with carrier control than when constant 
carrier is applied to the linear amplifier. 
The principle of the system is the use of 

only enough carrier power to accommodate 
the actual sideband power that is being 
transmitted at the moment. This variation 
in carrier amplitude can be accomplished by 
a number of different methods. One is to 
use a saturable eactor in series with the 
modulated stage, another is to vary the 
average suppressor voltage on a s-ippressor-
modulated stage, and another is to vary the 
control bias on a control-grid modulated 
stage. In all these cases, the control volt-
age is taken from a rectifier and amplifier 
system that is connected to the speech cir-
cuit of the transmitter. 
The system has some advantages, but for 

amateur work the advantages are largely 
outweighed by the disadvantages. In the 
first place, it is difficilt to eliminate the 
time lag that is introduced by the control 
system. The existence of this lag has a 
tendency to allow the first syllable of each 
wave train to overmodulate the transmitter. 
Another disadvantage of the system is that 
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SUPPRESSOR MODULATED - CONTROLLED CARRIER PHONE 

Figure 27 

the variations in line drain are quite large ; 
unusually good line regulation is necessary 
to eliminate the reaction between the final 
plate current variations and the lower pow-
ered stages. Also, the varying carrier af-
fects the a.v.c. circuit of a receiver tuned 
to it. 

• Suppressor-Modulated 
Controlled Carrier System 

Figure 27 shows a transmitter circuit 
which has an output of approximately 40 
watts. The circuit is not unlike a conven-
tional suppressor-modulated phone trans-
mitter. except for the addition of a type- 1v. 
diode rectifier and minor components, such 
as resistors and condensors. The bias on 
the suppressor-grid is from 50 per cent to 
100 per cent greater than normal in order 
to reduce the carrier output during the pe-
riods of no speech input. 
The diode rectifier circuit decreases this 

bias to normal values during modulation. 
The audio- frequency components are fil-
tered-out of the variable bias circuit and 
only the envelope of the voice frequency 
affects the bias. The suppressor-grid is 

K20 
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modulated by means of the audio frequen-
cies, the same as in any standard circuit. 
The output can be coupled directly to an 
antenna or to a high power linear amplifier. 
A single RK-20 tube will furnish sufficient 
output for driving an 1-1K-354 push-pull 
linear amplifier. 

• Controlled Carrier 
Grid Modulation 

The circuit in figure 28 operates on the 
principle of varying the grid-bias of the 
buffer or doubler stage by means of a type 
46 high g tube which acts as a variable 
cathode bias resistor. The grid circuit of the 
46 tube is driven from a portion of the grid 
modulator tube. Because of its high ampli-
fication constant, the tube rectifies the audio 
frequency, and the plate current varies in 
accordance with the envelope of voice fre-
quencies. The audio frequencies are pre-
vented from modulating the buffer stage 
by means of a low-pass filter which is in 
series with the filament center-tap. 
Th t slow change of current which follows 

the pattern of the voice envelope passes 
through the filter and causes a change in 
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bias in the buffer r.f. tube. This change of 
bias varies the r.f. excitation to the grid-
modulated r.f. amplifier. The latter oper-
ates in a manner similar to that of any 
other grid-modulated stage, except that the 
carrier output varies in accordance with the 
amplitude of the speech input. 

• Inverse Feedback 

Inverse feedback or degeneration, allows 
improved operation of audio amplifiers or 
radio transmitters. It has been found that 
the proper application of degeneration in 
an amplifier can be made to reduce greatly 
the harmonic distortion and otherwise im-
prove the fidelity. Inverse feedback causes 
a reduction in amplifier gain, which can be 
offset by the addition of a stage of audio 
amplification in the speech amplifier. This 
disadvantage is more than offset by the re-
duction in three kinds of distortion, known 
as frequency distortion, non-linear distor-
tion, and delay or phase distortion. 

The principle involved in inverse feed-
back systems is to select a portion of the 
amplifier output voltage and feed it back 
into one of the previous circuits, exactly out 
of phase with the input voltage. In figure 29, 
a simple method of applying inverse feedback 
to an audio amplifier is shown. With the 
values of resistance as indicated, the re-
verse feedback is approximately 10 per cent. 
This reduces the gain of the audio amplifier: 
however, it still has approximate-Iv twice 

the sensitivity of a triode amplifier with 
similar plate circuit characteristics. The 
plate circuit impedance of the 6L6 is great-
ly reduced, an advantage when working into 
a loudspeaker ( because a loudspeaker is not 
a constant impedance device). 

INVERSE FEEDBACK FOR SINGLE STAGE AMPLIFIER 

Figure 29 

VOiCC 

C On. 

INVERSE FEEDBACK FOR 2 STAGE AMPLIFIER 

Figure 30 
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DEGENERATIVE FEEDBACK AMPLIFIER 

Figure 31 

Inverse feedback can be applied in a 
somewhat different manner, as shown in 
figure 30, for a two-stage amplifier. This 
method is particularly desirable, in that 
feedback produces better results when the 
feedback circuit is connected from the out-
put back to the grid of one of the preceding 
amplifier stages. 
The polarity of the seconlary winding 

of the output transformer, in all cases 
where the feedback connection is made to 
the secondary, should be that which will 
produce degeneration and reduction in am-
plifier gain, rather than regeneration and 
howl or increase of gain. ' 
The circuits in figures 31 and 32 indicate 

methods for applying inverse feedback to 
three stages of amplification. These two 
systems are suitable for operation as speech 
amplifiers and modulators for grid-modu-
lated radiotelephones, or low-power plate 

.300V - C +400V 

L'7 , 3 

modulated transmitters. The 100-ohm cath-
ode resistor should be located as near as 
possible to the 6C5 tube cathode terminal 
in order to prevent undesirable pickup and 
feedback at frequencies other than those 
desired. 

• R. F. Inverse Feedback 

Modulation distortion, noises, and hum 
level which are present on the carrier of a 
radiotelephone station can be reduced by in-
verse feedback applied as follows: This 
system is used in some broadcast transmit-
ters and can be modified for amateur appli-
cations. The method consists of rectifying 
a small amount of the carrier signal and 
feeding-back the audio component in re-
verse phase into some part of the speech 
amplifier. This arrangement will reduce the 
hum level and improve the voice quality of 

MuOUL R.' OR 
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DEGENERATIVE 
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FEEDBACK AMPLIFIER 

Figure 32 
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most amateur radiotelephone transmitters. 
The amount of inverse feedback that can 

be applied in this manner will depend upon 
the available amount of excess speech am-
plification and the degree to which it can 
be carried without oscillation at some un-
desired r.f. or audio frequency. The pro-
cess of inverse feedback is to utilize volt-
ages 180° out-of-phase over the band of fre-
quencies of operation. Sometimes the feed-
back voltage may be in-phase, or consider-
ably less than 180° out-of-phase for fre-
quencies outside of the voice range, and the 
amount of feedback which can be applied 
is limited by this effect. 
Two inverse feedback rectifier circuits 

are shown in figures 33 and 34. 
Figure 33 is a simple diode rectifier which 

incorporates a phase-reversing switch which 
must be thrown to that position which will 
cause a slight reduction in speech amplifier 
gain. The actual gain of the speech ampli-
fier can be increased by means of the manual 
gain control. The undesired noise or hum 
which is audible in the phone monitor \‘ ill 
generally be reduced with the correct ad-
justment of the r.f. pickup coil and phase-
reversing switch. Once adjusted, no addi-
tional changes are necessary unless the 
transmitter power output or frequency is 
varied. 

In figure 34, a type-84 rectifier tube is 
connected so that one side serves as an in-
verse feedback rectifier, and the other side 
is a standard overmodulation indicator and 
phone monitor. 
The circuits in figures 35 and 36 show 

methods of connection from the feedback 
rectifier into the speech amplifier. 
The feedback rectifier diode rectifies the 

carrier, and any hum or noise modulation 
on the carrier appears as an audio voltage 
across the 100,000-ohm feedback control to 
the grid of the speech amplifier. A portion 
of this voltage is fed back into the speech 
amplifier so as to be out-of-phase, and thus 
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Figure 33 

buck out the hum or noise in the output of 
the radio transmitter. This may actually 
introduce distortion in a portion of the 
speech amplifier in which there is otherwise 
none present, but the final result is that the 
distortion or hum is cancelled out in the 
carrier signal of the radiotelephone trans-
mitter. This system may be applied to 
transmitters which use plate. suppressor or 
control grid modulation. 
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Figure 34 
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• Audio A. V. C. System 

Automatic volume control can be applied 
to audiofrequency, as well as radiofrequency, 
amplifiers. The power output level can be 
limited to any desired value so that over-
modulation of an amateur radiophone trans-
mitter can be practically eliminated. An-
other application is for public-address am-
plifiers in which an automatic gain control 
is desirable for maintaining a fairly constant 
output level as the speaker turns his head 
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Figure 37—The gain of this amplifier varies inversely with the input signal. 

or moves slightly away from the micro-
phone. 
The Eldred system of audio automatic 

volume control, shown in figure 37, consists 
of a three-stage push-pull audio amplifier 
with variable-et tubes in the first stage. The 
grid bias in the first amplifier stage is 
varied in accordance with the average voice 
level by means of a type-76 automatic vol-
ume control tube. 
The amplifier operates in a normal man-

ner, and the input voltage to the grids of 
the final stage, at any desired level, will 
drive the grid circuit of the type 76 a.v.c. 
tube to the point at which plate current 
will flow in this tube. This plate current 
furnishes additional bias to the first audio 
amplifier stage and automatically reduces 
the gain of this stage. The action is cumu-
lative and the total gain of the amplifier 
is automatically reduced for high audio in-
put. The output power level can be main-
tained practically constant at any desired 
value by adjusting the negative bias in the 
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grid of the type 76 a.v.c. tube. The indi, 
vidual voice peaks are filtered out in the 
plate circuit of the a.v.c. tube in order to 
prevent voice frequency feedback into the 
grid circuit of the first amplifier. The time 
constant in the a.v.c. system can be ad-
justed to a value which will follow the 
average voice level, rather than the indi-
vidual syllables. 
Other forms of audio a.v.c. make use of 

a diode and a.v.c. amplifier which supplies 
a bias voltage change to the injection-grid 
of a 6L7 audio amplifier tube. 
The same general idea is applied to pro-

gram amplifiers used by broadcast stations 
to give an effective increase in power. The 
system is similar, but it is des;gned with 
a "delayed" action that is triggered off only 
above a certain level, which usually corre-
sponds to approximately SO per cent modu-
lation of the carrier. Above this point, 
compression takes place, several db. increase 
in input being necessary to cause one db. 
increase in the output of the amplifier when 
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00 per cent modulation is approached. This 
allows the operator to turn up the gain 
control without danger of occasional loud 
peaks overmodulating the carrier. 

Either variable-g tubes or non-linear cop-
per oxide rectifiers may be used in con-
junction with a triggering circuit similar 
to that used in the Dickert noise silencer 
described in the receiver chapter. 

Trouble Shooting; 
e Feedback, Hum, and 

Distortion In Speech 
Amplibers 

Great care is necessary in the design of 
speech amplifiers in order to prevent hum, 
distortion, and feedback at radio- or audio-
frequencies. Certain precautions can be 
taken in building the speech amplifier, as 
related here: ( 1) Shield all low-level grid 
and plate leads. (2) Avoid overheating the 
shielded wires (rubber insulation) when 
soldering ground connections to the shield. 
(3) Shield all input and microphone con-
nections. ( 4) Wire the filaments with 
twisted conductors. (5) Mount resistors and 
condensers as near as possible to socket 
terminals. ( 6) Orient the input and low-
level audio transformers in a position of 
minimum hum when a.c. power is applied 
to the primaries of the power supply trans-
formers. ( 7) Shield the input and low-
level stage tubes. ( 8) Use a good ground 
connection to the metal chassis ( water-pipe 
or ground rod connection). (9) Ground 
all transformer and choke coil cores. ( 10) 
Use metal cabinets and chassis, rather than 
breadboard construction. (11) Bypass low-
level audio stage cathode resistors with a 
.002 etfd. mica condenser for the purpose of 
preventing rectification of stray r.f. energy 
which will sometimes produce hum. 
The power supply for a speech amplifier 

should be exceptionally well filtered. This 
may require three sections of filter, con-
sisting of three high-capacity condensers 
and two or three filter chokes. When space 
permits, the power supply should be placed 
several feet from the speech amplifier. 
The speech amplifier and microphone 

leads sholid be completely shielded for the 
elimination of r.f. feedback. A balanced 
two-wire r.f. transmission line to a remotely 
located antenna is the most effective method 
of preventing r.f. feedback into the micro-
phone or speech amplifier circuits in the 
range of from to 20 meters. 
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Figure 38 

The impedance of ground leads at such 
short wavelengths makes it impossible com-
pletely to eliminate stray r.f. currents. End-
fed antennas and single-wire fed systems 
are particularly troublesome with respect to 
r.f. feedback. 
Audio feedback may cause motor-boating, 

whistling, or howling noises in the audio 
amplifiers. Insufficient bypass capacity 
across the plate supply of a multi-stage 
speech amplifier is one cause of motor-boat-
ing. The first stage of a speech amplifier 
should have a resistance filter in its plate 
supply lead, which may consist of a 10,000-
to 50,000-ohm 1-watt resistor in series with 
the positive "B" lead, with a 1/2-Afd. con-
denser connected to ground from the ampli-
fier side of the series resistor. ( See figure 
38.) 
A defective tube will introduce hum or 

distortion, as well as affect the overall gain 
or power output of an audio amplifier. In-
correct bias on any amplifier stage will pro-
duce harmonic distortion, which changes 
the quality of speech. This bias voltage 
should be of the correct value for the actual 
plate-to-cathode voltage, rather than the 
plate supply output voltage (these may be 
widely different in a resistance coupled 
stage. Excessive audio input to any ampli-
fier stage will produce amplitude distortion. 
Incorrect plate coupling impedances, or re-
sistances, will cause distortion. A damaged 
or inferior microphone is another source 
of distortion. Cathode resistors should be 
bypassed with ample capacity to provide a 
low impedance path for the lowest frequen-
cies. Push-m.11, and especially class B am-
ulifierg, require balanced tubes. 
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Chapter 14 

nADIOPHONE TRANSMITTER 
CONSTRUCTION 

T HIS chapter includes detailed informa-
tion on the design, construction and op-

eration of several modern radiotelephone 
transmitters of various power outputs, for op-
eration in any of the commonly used amateur 
frequency bands. All of these transmitters 
are in actual operation at amateur stations. 
They include new but proved circuit improve-
ments, and they are presented because they 
are representative of the type of equipment 
most universally chosen by the typical radio 
amateur. 
The principal considerations in the design 

of an economical radiophone transmitter are 
the choice of the correct combinations of 
tubes and circuits so that the desired amount 
of power output and good voice quality can 
be secured with a minimum of components. 
The components in the audio channel must 

be so chosen and arranged as to reduce the 
hum level to a minimum; the r.f. circuits,must 
be free from parasitics; the L-C tuning ratios 
must be correct; and there must be a total ab-
sence of frequency modulation, instability, car-
rier shift, over- or under-modulation. All of 
these considerations were carefully considered 
in the design of the transmitters shown in 
this chapter. 

30 Watt 
Grid-Modulated 
Transmitter 

A very inexpensive method of modulating 
a small phone transmitter is by means of 
grid modulation, as shown in the circuit dia-
gram of figure 1. Figures 2 and 3 show 
front and rear views of the complete trans-
mitter. 
Low cost tubes are used, and the driver 

stage for the final r.f. amplifier is designed 
only for sufficient drive for grid modulation 
in the amateur bands, from 75 to 10 meters. 
The type-53 or 6A6 buffer tube can be re-
placed with a 61.6G if the transmitter is to 

be used for c.w. transmission. The 6A6 
shown in figure 1 gives sufficient drive on 
80 meters for c.w. operation, but not enough 
to secure maximum obtainable efficiency on 
the higher frequency amateur bands. 

• Circuit Considerations 

The r.f. portion begins with a 2A5 or 42 
harmonic type crystal oscillator which oper-
ates from a 350 volt plate supply. This crys-
tal oscillator has an r.f. choke in the cathode 
circuit, and a small semi-variable condenser 
connected from cathode to plate of the oscil-
lator tube so that the degree of regeneration 
can be made variable, when the oscillator 
has its plate circuit tuned to the second har-
monic of the quartz crystal. The plate cir-
cuit can be tuned to either the fundamental 
or second harmonic of the crystal by merely 
changing the plate coil. Complete adjust-
ments for this oscillator are found in the 
chapter on Transmitter Frequency Control. 
The crystal oscillator is capacitively coup-

led to a type 53 or 6A6 in the doubler stage; 
the two grids and two plates of the tube 
are connected together, as shown in the 
circuit diagram. This method of connection 
provides ample output for driving the final 
amplifier. The doubler tube has a high ampli-
fication constant and derives its grid bias 
from a combination of grid-leak and cathode-
bias resistors. The final amplifier has fixed 
bias, necessary for grid modulation as used 
in this transmitter. 

The final amplifier is link-coupled to the 
doubler stage by means of a one-turn loop 
around each coil. The location of the coup-
ling loop on the coil is adusted so as to drive 
approximately one milliampere of grid cur-
rent into the final amplifier under normal 
operating conditions. The final amplifier 
utilizes two type-10 tubes in push-pull, op-
erating from a 750-volt plate supply. 
The plate tuning condenser in the final 

amplifier is "double spaced" ( 2000 volt spac-
ing). Fixed bias for the final amplifier is 
obtained from the low voltage power supply 
by connecting the negative high voltage lead 
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30 W. Grid Modulated Unit 

and the 7.5- volt filament cent,•r-tap lead to 
the proper point on the blettk r resistor of 
the 37,0-volt power supply. This positive 
120-volt bias is obtained under normal load 
conditions by adjustment of the slider on the 
bleeder resistor. This positive bias on the 
filaments of the type-10 tubes provides a 
negative bias of 120 volts to the gi ids of 
the 10.s. The bias is approximately t!,/2. times 
cutoff. 

• The Speech Channel 

The complete modulator system consists 
of two small receiver-type tubes, because only 
about one watt of audio power is required for 
modulation levels of over 90 per cent. A 
small 5-inch Jensen permanent magnet dy 
namic loudspeaker serves as a microphone, as 
described in the phone theory portion of the 
preceding chapter. The output transformer 
is used as a microphone-to-grid transformer 
for connection into a type-57 or 60i pentode 
speech amplifier. 
This pentode amplifier uses an undersized 

cathode bypass condenser to attenuate the low 
frequencies, which tend to predominate as a 
result of the use of the dynamic speaker as a 
microphone. This audio equalizer provides a 
tone quality comparable with that of a good 
two-button carbon microphone or crystal di-
aphragm type microphone. 
The speech amplifier drives a type-2A5 or 

42 modulator tube, which is connected to the 
grid circuit of the final r.f. amplifier through 
a 1.5-to-1 ratio stepdown audio transformer. 
This transformer should be of the small class 
B input or output type, with relatively low 
d.c. resistance in both the primary and sec-
ondary windings. A 5,000-ohm resistor is 
connected across the secondary of this trans-
former for the purpose of stabilizing the load 
impedance across the modulator tube. 

• The Power Supply 

Two separate transformers are included in 
the power supply, one for the final amplifier, 
the other for the remaining components of 
the transmitter. The low voltage power sup-
ply must have a transformer capable of sup-
plying a d.c. load current of 150 ma. A 750-
volt center-tapped secondary winding will 
give approximately 350 volts d.c. output un-
der load with condenser input to the first sec-
tion of the filter circuit. A two-section filter 
is ample for the crystal oscillator and audio 
stages. The high voltage supply must be ca-
pable of supplying a d.c. load current of 100 
ma. for phone operation ( 150 ma. for c.w.) 
at a plate potential of approximately 750 
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Figure 2 — Front view of the inexpensive grid-
modulated radiotelephone transmitter. It uses 
wall type on- off switches to control the power 
supplies. The Masonite panels are mounted on 
a wood rack. The two end pieces are ripped from 
one board by means of a single diagonal cut. 
Crackle paint gives both rack and panels the 

appearance of metal. 

volts. . \ 1400-volt center-tapped power trans-
former can be used with two type-80 rectifier 
tubes and condenser input filter, as shown in 
figure 1, in order to obtain the 750-volt output. 
High voltage secondary windings are usu-

ally rated for d.c. load current with choke 
input to the filter circuit. In this circuit, con-
denser input is used; so therefore the current 
rating on the transformer should be at least 
2oo nia. if 150 ma. is to be drawn from the 
condenser input filter. Unless these consider-
ations are observed, the result may be a burnt-
out high voltage transformer after a few 
hours of operation. 

• Construction 

The complete transmitter is built into three 
separate relay rack panels of Masonite, black 
crackled, each 83/4  in. x 19 in. x 3/16 in. The 
power supply is built directly on the wooden 
base which forms a support for the rack 
proper. The remaining two decks are of 
Masonite. 
The entire audio amplifier is housed in a 

metal can in order to isolate it completely 
from the r.f. fields. The gain control in the 
speech amplifier is brought through the front 
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panel to a control dial in order to gi% c a sym-
metrical front panel layout. 

The final amplifier is constructed in such a 
manner that the plate and grid and neutraliz-
ing condensers are mounted under the shelf. 
The two neutralizing condensers are mounted 
directly to the Masonite chassis; close to the 
plate tuning condenser are the two tube sock-
ets. Neutralizing adjustments are made with 
the aid of an insulated-handle screwdriver, the 
shafts of the neutralizing condensers being 
slotted with a hacksaw so that screwdriver 
adjustments can be made. The bakelite bases 
of the type 10 tubes should be cross-slotted 
with a hacksaw cut, if the transmitter is to 
be operated on 10 and 20 meters. 

• Coll Data 

The oscillator plate, doubler plate and final 
grid coils are wound on standard 11/2 in. 
forms. The oscillator and doubler coils are 
made interchangeable, since one operates on 
twice the frequency of the other. The final 
plate coil is wire wound and air supported on 
strips of celluloid, to which the turns are ce-

mented. 

• Operation 

When the crystal oscillator functions on 
its second harmonic, the plate circuit is tuned 
for maximum dip in plate current and the 
small 3-30 pfd. regeneration condenser is in-
creased in capacity until the dip in plate cur-
rent is quite pronounced at resonance. Too 
much capacity in the regeneration control con-
denser will result in self-excited oscillation, 
which can be detected by a lack in dip of 
plate current when tuning the plate tank of the 
oscillator to resonance. 

Second harmonic operation is used when 
the transmitter is operated on 10 meters from 
a 40 meter crystal, or in the 20 meter band 
with an 80 meter crystal. Operation on 75 
meters ( or 20 meters with a 40 meter ct. ,-
tal) is accomplished by tuning the crystal 
oscillator plate circuit to the fundamental fre-
quency of the crystal oscillator, and by 
doubling in the 6A6 stage. A small neon 
bulb, or a flashlight globe with a turn of wire, 
can be used to tune the oscillator and doubler 
circuits for maximum output. 

The doubler plate circuit is tuned for great-
est dip in plate current; at no time should 
the plate current in the 53 or GA6 exceed 75 
ma. Ample output to drive the final amplifier 
stage is generally secured with 50 ma. of plate 
current in the 6A6 tube and approximately 
the same value of current for the crystal oç-

cillator. The final amplifier is neutralized in 
the conventional manner. The antenna must 
be coupled very closely to the final plate tank 
circuit by tight link coupling to a tuned an-
tenna circuit. 
A carrier output of 35 watts can be ob-

tained from this transmitter by increasing the 
antenna loading until approximately 100 ma. 
of plate current flows in the modulated ampli-
fier stage when the d.c. grid current is 1-ma., 
as measured in the grid circuit jack. The 
plate dissipation at this power output will be 
approximately 20 watts per tube, with the re-
sult that the plates will show some color. 
The modulated stage is operated with an 

idling efficiency of nearly 50 per cent in this 
circuit. The output can be modulated 90 per 
cent without appreciable distortion, and the 
quality compares with that of any good plate 
modulated phone. A slight variation in plate 
current of 10 or 15 ma. in the final amplifier 
is permissible during modulation, since one 
form of distortion apparently cancels that of 
another when the grid modulated amplifier is 
operated in this manner. 
Even though the carrier power is relatively 

low, this transmitter will cause interference 
when overmodulated, the same as a higher 
powered transmitter. An overmodulation 
indicator is essential. 

Figure 3 The continued popularity of the type 10 
tube prompted the design of this grid- modulated 
transmitter. It will deliver a 30-35 watt carrier on 
phone, more on c.w. on the lower frequency 

bands. 
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COIL TABLE 

Grid Modulated Low Power Phone Transmitter 

Band 
In Meters 

150 

75 

40 

20 

10 

Oscillator or 
Doubler Coil 

Final Grid 
Coil 

68 turns, No. 24 
d.s.c., close-wound 

34 turns, no. 20 
d.s.c., 2 in. long. 

18 turns, no 20 
d.s.c., 2 in. long. 

8 turns, no. 20 
d.s.c., 13. in. long. 

31 , turns, no. 20 
d.s.c., 1 in. long. 

Final Plate 
Coil 

36 turns, no. 20 
d.s.c., 2 in. long, 
center-ta pped. 

10 turns, no. 20 
d.s.c., 13% in. long, 
center-tapped. 

26 turns, no. 14 
Enam., 25A in. dia., 
8 turns per inch, 
center-tapped. 

8 turns, no. 12 
Enam., 2 in. dia., 
4 in. ony, 
center-tapped. 

4 turns, no. 20 
d.s.c., 1% in. long, 
1 center-tapped. 
1 

6 turns, no. 12 
Enam., 1% in. dia., 
4 in. long, 
center-tapped. 

160 Meter 
Transmitter 

For those who desire to operate only in the 
160 meter phone band with an inexpensively 
constructed transmitter, the arrangement 
shown here is ideal. This transmitter will 
deliver up to 50 watts maximum carrier out-
put. 

• Technical Features 

The crystal oscillator consists of a 6L6G 
tetrode in a circuit using a cathode bias re-
sistor. An 8 mh. r.f. choke is connected 
across the crystal and bias is obtained by 
means of the 400 ohm resistor in series with 
the cathode, rather than with the usual grid-
leak method. This bias arrangement results 
in protection to the quartz crystal because the 
r.f. crystal current is much lower than in a 
grid-leak oscillator. A type 42 pentode can 
be used in place of the 6L6G, if desired, but 
with a slight loss in output. 
A type 10 buffer-amplifier is capacitively 

coupled from the crystal oscillator through a 
.00005 pfd. ( 50 µµfd.) mica condenser. This 
buffer stage isolates the plate modulated am-
plifier from the crystal oscillator and insures 
sufficient grid excitation for proper operation 
of the class-C final amplifier. This buffer 

stage is neutralized and operated from the 
same plate supply as that which supplies the 
final amplifier. 
A variable condenser couples the final am-

plifier to the buffer stage in order to prevent 
overload of the buffer. This capacity can 
be varied until normal grid current flows 
in the final amplifier when the buffer tank 
circuit is tuned to resonance. 

Two type-10 tubes are connected in parallel 
in the final amplifier; these tubes are plate 
neutralized. A large tank tuning condenser is 
required ( because of the low frequency) in 
order to insure proper "fly-wheel" effect. 

The antenna circuit should be tuned to res-
onance by means of an external loading coil 
and variable condenser. Either a ground or 
counterpoise can be used with a single-wire 
antenna 100 to 150 feet long. A suitable coun-
terpoise can be made by means of several 
wires, each 60 to 100 feet long, suspended high 
enough above the ground to clear all low ob-
jects. The antenna circuit can be coupled to 
the final tank coil by wrapping a few turns of 
rubber-covered wire around the center of coil 

The exact number of turns in the coupling 
coil L. must be varied for the particular an-
tenna system employed. Adequate coupling 
turns are needed so that the final amplifier 
u ill draw approximately 140 ma. of plate cur-
rent when the plate tank condenser is tuned 
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+375 +400 +500 

Figure 4 Radio Frequency Portion and Modulator 
Transmitter. 

for minimum plate current and the antenna 
tuned for maximum r.f. current, as indicated 
by a small flashlight bulb or r.f. meter in the 
antenna circuit. A combination field strength 
and overmodulation meter, such as the one 
described in the chapter on test sets is a 
necessary accessory to this or any other phone 
transmitter. 

Plate modulation is obtained by a push-pull 
6L6G modulator which is capable of supply-
ing an output of 35 watts of audio power. This 
is ample power to modulate fully a d.c. power 
input of 70 watts. The final amplifier is op-
erated from a 500-volt plate supply. The 
plate current should be 140 ma. for a normal 
input of 70 watts. 
The push-pull 6L6G stage is driven by a 

type-76 triode which, in turn, is driven by a 

TO TO TO 
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of the 160-Meter Phone 

6C6 pentode audio amplifier. The latter can 
be driven by a double-button carbon micro-
phone, as shown in the circuit diagram, fig-
ure 4. 
A small permanent magnet dynamic speaker 

and transformer can be used in place of the 
double-button carbon microphone and input 
transformer without change in the amplifier 
except for a reduction of the capacity of the 
cathode bypass condenser in the 6C6 stage; 
the latter should then be 0.1 i.ofd. instead of 
4 gfd. 

• Construction 

The r.f. and power supply components are 
mounted on breadboards; the speech amplifier 
and modulator should be mounted on metal 
chassis, preferably housed in a metal cabinet 

200V AC CT 

200•4 • OC LOAD 

200 31 • 

Ss.... 420 

+500 

Figure 5 Two Power Supplies Provide All Necessary Power for the Transmitter. 
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Oscillator Coil 

45 turns, no. 18 d.c.c., 
spaced to cover a wind-
ing length of 3 inches. 

Buffer Coil 

45 turns, no. 18 d.c.c., 
spaced to cover a wind-
ing length of 3 inches. 

Final Plate Coil 

36 turns, no. 14 Enamel, 
spaced to cover a wind-
ing length of 3 inches, 
and center-tapped. 

Figure 6 Coil Table. 

in order to prevent r.f. feedback into the 
audio circuits. The r.f. portion of the trans-
mitter can be built on a hardwood baseboard, 
11 in. x 24 in. x 4 in., with cleats at either 
end to raise the board above the operating 
table. Small resistors, filament bypass con-
densers, jacks and subbase wiring can be 
placed under the board for neat appearance. 
Two aluminum shields are mounted between 
stages, as the picture shows; these shields are 
connected to the common ground lead. Each 
stage must be isolated from the others be-
cause all are operated on the same frequency 
and coupling would cause feedback. The tun-
ing condensers can be mounted on small in-
sulators or angle brackets. 

All bypass condensers are of the 600-volt 
paper tubular type; mica condensers ( small 
size) are used for all values of .002 ¿dd. or 
less. 
The output transformer in the 6L6G modu-

lator stage should be capable of handling 35 
watts of audio power, and the secondary wind-
ing should be so tapped that it will match 
properly the modulator plate impedance of 
6,600 ohms plate-to-plate to the class-C load 
impedance of approximately 3,000 ohms. 
The 400-volt power supply for the modula-

tor must have good voltage regulation and 
the power transformer should be rated to 

Figure 7 The r.f. 
portion of the 
transmitter is 
built "bread-
board" fashion. 
The split - stator 
tuning condens-
ers seen in the 
photographs are 
used with their 
sections in paral-
lel in order to se-
cure sufficient 
capacity for 160 
meter operation. 

supply a load of 250 ma. in order to supply 
the crystal oscillator as well as the audio 
system. 
The 6L6G push-pull modulator stage is op-

erated class-AB. It is not necessary to drive 
the grid circuit into the positive region in 
order to obtain an output of 30 to 35 watts; 
for this reason a conventional step-up push-
pull interstage transformer can be connected 
between the 76 and push-pull modulator 
stage. 

• Coil Data 

Coils for all stages are wound on standard 
214 in. diameter coil forms, either mounted 
horizontally and supported with angle brack-
ets to the wood baseboard or plugged into 
tube sockets, as shown in figure 7. 

• Operation 

The crystal oscillator is tuned for maximum 
grid current in the buffer stage. The plate 
current of the crystal oscillator will read at 
some value between 40 and 50 ma. when the 
grid current to the buffer is from 10 to 15 
ma. The buffer is neutralized without ap-
plied plate voltage. Complete neutralization 
is obtained when there is no appreciable vari-
ation of grid current as the plate tuning con-
denser is tuned through resonance. (The 
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Figure 8—Speech channel, power supply and 
modulator for the 160 meter phone transmitter. 
It delivers 35 watts of audio power, sufficient to 
modulate over 70 watts input to the parallel 210 

final amplifier. 

final amplifier is neutralized in a similar man-
ner.) 

Plate voltage is then applied to the buffer 
stage and the plate tuning condenser ad-
justed for minimum plate current; the grid 
coupling condenser is then varied until a 
grid current value of approximately 30 ma. 
flows into the final amplifier grid circuit. 
The two condensers can be adjusted simul-
taneously, always making certain that the 
plate tuning condenser is set for minimum 
plate current indication. The plate current 
in the buffer stage will be approximately 50 
ma. under normal load. The final amplifier 
plate current will be between 125 and 145 ma. 
when the antenna circuit is properly ad-
justed, with the final plate tuning condenser 
tuned to resonance ( plate current dip). 

The modulator system can be checked by 
connecting a 3,000 ohm 50 watt resistor across 
the output terminals of the modulation trans-
former in place of the r.f. amplifier. A loud 
speaker can be bridged across a small portion 
of this load resistor and the quality of speech 
can then be tested. A pair of headphones can 
be used in place of the loudspeaker, provided 
that they are connected across less than 100 
ohms of the total of 3,000 ohms of the load 
resistor. Hum level and speech quality can 
be checked by this method. Hum may be 
introduced because of lack of shielding in the 
microphone and grid circuits, or lack of suf-
ficient filter in the plate supply. 

After the audio channel has been tested 
and found satisfactory, it can be connected 
into the r.f. amplifier. An overmodulation 
indicator and phone monitor should be used 
to check for quality of output, and to insure 
against overmodulation. The dplate and grid 
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current in all the meters shown in the cir-
cuit diagram should remain constant during 
modulation. 

10-75 M. 400 W. 
Transmitter 

A medium power phone transmitter with an 
input of 400 watts and a carrier output of 
from 250 to 275 watts is shown in the circuit 
diagrams of figures 9, 10 and 11. This trans-
mitter incorporates numerous modern fea-
tures and includes the latest type tubes. It 
is of standard relay-rack construction with 
heavy metal chassis. 
The final r.f. amplifier, shown in the cir-

cuit diagram, figure 9, uses an HK-354C me-
dium g triode. This tube can be replaced 
with a pair of paralleled or push-pull HK-
154's, 35T's, T55's, HF-100's or RCA 808's 
without change in power output or modulator 
requirements. The buffer-doubler stage uses 
a Taylor T-20 triode, which furnishes just 
sufficient power to drive the final amplifier 
for modulated inputs as high as 400 watts ex-
cept on 10 meters. If 400 watts or more is 
desired for operation in the 10 meter band, 
the buffer can be changed to a T-55 or 35T, 
operating from the high voltage power sup-
ply. The transmitter as shown is capable of 
operating with an input of approximately 300 
watts on 10 meters. 
The crystal oscillator can be operated 

either on its fundamental frequency or on 
the second harmonic. The T-20 stage func-
tions either as a neutralized buffer or doubler; 
power output from this stage as a doubler can 
be increased for a given amount of plate cur-
rent by increasing the capacity of the neu-
tralizing condenser in order to secure greater 
regeneration. The buffer stage is link 
coupled to the final amplifier with a coupling 
link consisting of one turn around the center 
of the buffer plate coil, and two turns around 
the lower end of the final grid coil. The 
final r.f. stage is operated as a neutralized 
class-C amplifier with a grid current of ap-
proximately 30 ma. This is sufficient for ob-
taining bias of somewhat more than twice cut-
off across the grid leak specified because rela-
tively low plate voltage is used on this stage. 
The HK-354C is a medium µ tube with an 
amplification constant of 14, and it is quite 
easily driven when operated from a 1500 volt 
plate supply and relatively low power input. 
The modulator must be able to supply 200 

watts of audio for 100 per cent modulation. 
A pair of 35T's or T-55's will supply this out-
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put when driven by a 6F6 or 42 push-pull 
driver stage. The driver stage is operated 
with fixed C-bias, with triode connection of 
the tubes. This stage, in turn, is driven by a 
6F6 or 42, triode connected, which is resist-
ance coupled to the speech amplifier. The 
speech amplifier proper consists of a 6F5 or 
type 75 in the input stage, and a 6C5 or 76 
in the second stage. This portion of the 
audio channel is built into a separate shield 
can in order to prevent r.f. and hum feedback 
into the low-level portion of the audio chan-
nel. The input is designed for a crystal mic-
rophone. 
The first driver stage transformer between 

the single triode and push-pull driver stage 
should have a primary-to-one-half-secondary 
turns ratio of 1.5-to- 1. Any standard make 
uf driver transformer for working into a class-
AB push-pull 42 amplifier is suitable for this 
purpose. The class-B input transformer should 
have a turns ratio of total primary to total 
secondary of 3-to- 1. This transformer must 
be larger than the preceding one, so that it 
will handle the 10 to 20 watts of audio power 
necessary for driving the grids of the class-
B modulator tubes. A pair of .001 ¡dd. mica 
condensers is connected across the grids and 

filaments of the class-B stage in order to pre-
vent undesired parasitic oscillation, which 
would cause audio distortion at high voice 
levels. The class-B output transformer must 
be large enough to handle the 200 watt audio 
power output, and be capable of carrying ap-
proximately 250 ma. of d.c. plate current 
through the secondary winding. The imped-
ance ratio of total primary to secondary in the 
output transformer should be approximately 
20,000 ohms to 6,000 ohms. 

A universal type class-B output transformer 
with tapped primary and secondary windings 
should be used for this purpose. Fixed bias 
of 45 volts for the class-B and driver stages 
can be obtained from a 45 volt B battery. The 
regulation of the C-bias supply is quite im-
portant, and a battery is used in this trans-
mitter for the sake of simplicity. 

• Power Supply 

Three plate supply units are required for 
this transmitter: one for the crystal oscilla-
tor and audio amplifiers; one for the buffer 
r.f. stage; a heavy duty 1500 volt power sup-
ply for the class-B modulator and final r.f. 
amplifier. 

COIL TABLE 

Band 
In Meters 

Oscillator 
Coil 

160 

80 

65 turns, 
no. 24 d.s.c., 
close-wound. 

Buffer Plate 
Coil 

40 

26 turns, 
no. 20 d.s.c., 
close-wound. 

17 turns, 
no. 18 d.c.c., 
spaced one 
diameter. 

20 

10 

8 turns, 
no. 18 d.c.c., 
spaced to 
cover 11 ,- in. 

36 turns, 
no. 18 d.c.c., 
spaced one 
diameter, 
center-tapped. 

20 turns, 
no. 16 Enam., 
11 ',- in. long, 
center-tapped. 

11 turns, 
no. 16 Enam., 
11 .- in. long, 
center-tapped. 

5 turns, 
no. 16 Enam., 
11¡- in. long, 
center-tapped. 

Final Grid 
Coil 

Final Plate 
Coil 

32 turns, no. 18 
d.c.c., spaced 
one diameter. 

19 turns, no. 18 
d.c.c., spaced 
one diameter. 

10 turns, no. 16 
Enam., 
112-in. long. 

4 turns, no. 16 
Enam., one-
inch long. 

28 turns, no. 10 
Enam., 
dia., 7- in, long, 
center-tapped. 

20 turns, no. 12 
Enam., 7- in. 
long, 3- in, dia., 
center-tapped. 

10 turns, no. 10 
Enam., 7- in. 
long, 3%-in. 
diameter, 
center-tapped. 

6 turns, no. 8 
Enam., 4- in. 
long, 2- in, dia., 
center-tapped. 
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Figure 12 — 6L6 
Harmonic oscil-
lator and T-20 
buffer - doubler. 
The plate tuning 
condensers f o r 
both stages and 
T-20 neutralizing 
condenser a r e 
mouritcd on a 
non - metal sub-
panel ( Masonite). 
The neutralizing 
condenser may be 
seen directly to 
the left of the 
T-20 plate tuning 
condenser. The 
shaft of this neu-
tralizing conden-
ser is slotted, .1 nd 
adjustments 
made through a 
hole in the front 

panel. 

The low voltage power supply includes a 
900 volt center-tapped transformer rated to 
supply a d.c. load of 200 ma. from a choke 
input filter. The push-pull 6F6 driver stage 
connection is made to the first section of fil-
ter, and the remaining audio positive-B leads 
are taken from the second section. Screen 
voltage for the 6L6G oscillator is taken from 
the bleeder of the low voltage power supply; 
this potential is adjusted to a value of 250 to 
275 volts by means of a slider on the bleeder 
resistor. The buffer plate supply uses a 5Z3 
or 83 rectifier and 1,200 volt center-tapped 
power transformer. The normal d.c. load of 
this power supply is from 75 to 85 ma. Con-
denser input to the filter circuit gives a po-
tential of approximately 650 volts to the buf-
fer. The exact value of this voltage depends 
upon the load current, the capacity of the in-
put condenser, and the resistance of the 20 
henry filter choke. This voltage can be any 
value between 600 and 700. 
The high voltage power transformer should 

be rated at 3,500 volts center-tapped, capable 
of supplying a d.c. load of 500 ma. The aver-
age load is somewhat less than this value. The 
class-B modulator is connected to the first 
section of filter through a small knife switch, 
which can be opened when the transmitter is 
operated for c.w. A similar switch can be 
connected across the secondary of the modula-
tion transformer in order to short-circuit this 
winding when keying the transmitter for c.w. 
If this is not done, the resulting surges may 
cause keying lag and flashover of the final 
plate tank condenser. 

• Construction 

The lowest deck of the relay rack ensemble 
holds the high voltage power supply. It is 
pictured in the Power Supply chapter. 'The 
chassis is 12 in. x 17 in. x 2 in.. supported 
to a standard 121/ in. relay rack panel. The 
second deck from the bottom holds the two 
low voltage power supplies. The chassis is 
10 in. x 17 in. x 2 in., the panel is 9e4 in. x 19 
in. The next deck supports the audio system 
and class-B modulator on a 12 in. x 17 in. x 
2 in. chassis, with a front panel 10%2 in. x 19 
in. Above this deck is the crystal oscillator 
and buffer stage, mounted on a 10 in. x 17 in. 
x 2 in. chassis; the front panel is 10V2 in. x 
19 in. The uppermost deck holds the final r.f. 
amplifier, which is mounted on a 12 in. x 17 
in. x 2 in. chassis; the front panel is 12'4 in. x 
19 in. There is still some available space on 
the relay rack for an additional unit, such 
as an antenna tuner, which can be link coupled 
to the final r.f. amplifier. All high voltage 
leads are carried through heavily insulated 
wire, such as automobile high tension cable. 
The final amplifier plate tuning condenser 

has wide plate spacing and is rated at 5,000 
volts, 100 1.tizfd. per section. The rotor is in-
sulated from the metal front panel and chassis, 
but is grounded through a .002 pfd. 5,000 volt 
mica condenser. The neutralizing condenser 
has two heavy circular aluminum plates, each 
27/8 in. diameter and spaced approximately 

in. apart, when the stage is properly neu-
tralized. 
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Figure 13 — The 
modulated final 
amplifier uses an 
H K-354C running 
class C. The grid 
tuning condenser 
is mounted par-
allel to the front 
panel; a flexible 
cable connects it 
to the dial on the 

front panel. 

Figure 1 4 — 
Speech amplifier 
foi crystal micro-
phone, and 35-T 
modulator unit. 
The first two 
stages of the 
speech amplifier 
are housed in a 
grounded metal 
box. The over-
modulation ind i-
cator compon-
ents are fastened 
directly to the 

front panel. 
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Figure 15— Front panel view of the speech ampli-
fier and modulator unit. 

• Coll Data 

The oscillator plate, buffer plate and final 
grid coils are wound on standard 1,/2 in. di-
ameter ceramic forms. The final tank coil is 
of the heavy wire, air-supported type, with 
plugs for coil changing. 

e Operation 

The crystal oscillator is tuned as described 
in the chapter Transmitter Frequency Con-
trol. The plate circuit can be tuned to either 
the fundamental or second harmonic of the 
crystal by merely changing the oscillator plate 
coil. The cathode current in this stage will 
run between 40 and 60 ma., and the regenera-
tion condenser should be increased in capac-
ity until a dip of at least 10 ma. is obtained 
when tuning the oscillator plate tank con-
denser through resonance on the second hqr-
monic of the crystal. This same regeneration 
control setting is suitable for various crystals, 
and for operation on either the fundamental 
or second harmonic. The grid current to the 
buffer stage should be approximately 15 ma. 
under load, and the plate current in the buffer 
should be between 75 and 85 ma. under load. 
This plate current may run slightly higher 
when the stage serves as a doubler, depend-
ing upon the degree of regeneration in this 
stage. The final grid current should be at 
least 30 ma. under load. Neutralization in the 
buffer and final amplifier follows standard 
procedure, as has been previously explained. 
The final amplifier should be loaded to ap-
proximately 250 ma. by means of link 
coupling to an antenna tank circuit. 
A phone monitor and overmodulation indi-

cator is built on the modulator panel. The 
circuit for this device is shown in the chapter 
Test Instruments. The diode tube of the 
monitor should be loosely coupled to the final 
r.f. amplifier plate circuit, or to the antenna 

lead, by means of an insulated wire running 
from the diode connection to a position near 
the final plate circuit or antenna lead. 

A Multi-Unit, 
High Power 
Transmitter 

A thoroughly modern de-luxe radiophone 
transmitter of home-built amateur construc-
tion, yet closely following advanced ideas in-
corporated in commercial transmitters and 
using the latest circuit improvements as 
shown in this Handbook is profusely illus-
trated here. This transmitter was constructed 
by W6LVS* and is in active operation on the 
amateur bands. 
The transmitter consists essentially of four 

units: ( 1) microphone and preamplifier; ( 2) 
speech amplifier and driver, (3) 250 watt com-
plete transmitter and modulator, (4) 1-kw. 
r.f. amplifier and modulator. 
The speech amplifier and driver is used in 

conjunction with either of the modulators. 
The 250 watt transmitter is complete in itself, 
and may be connected either to the antenna 
system or to the high power r.f. amplifier in 
the large rack by means of a rather complex 
system of interlocking relays, as shown in fig-
ure 34. 
The two transmitter units are intercon-

nected by means of relays, so that for normal 
use only the small transmitter is in service; 
when more power is needed a toggle switch at 
the control position is closed, and a time-de-
lay relay makes the changeover with no per-
ceptible break in voice transmission. This 
changeover is made by relays which switch 
the antenna from the small transmitter to the 
large amplifier; then the r.f. output from the 
smaller unit is switched to the grid circuit of 
the 250-TH push-pull high power final ampli-
fier. The relays also cut out the modulator 
in the small unit, and make switch-over of the 
audio driver 500 ohm line to the modulator in 
the large rack. Overload and underload re-
lays, as well as door interlock line switches, 
are additional features for protecting the op-
erator and apparatus. 
The two large units can be controlled either 

separately or together from the remote oper-
ating position; the speech amplifier and driver 
is located at this point. 
The large rack is 30 in. wide, 18 in. deep 

and of the same height as the associated stand-
ard rack, both of which are illustrated here. 

R. J. Wm-ilium. 
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e The Speech Amplifier 

A straightforward, conventional speech am-
plifier with tubes, resistor and condenser val-
ues such as are shown elsewhere in this Hand-
book, is diagrammed in figure 18. The speech 
channel consists of a preamplifier built into 
the microphone stand proper; it contains a 
6F5 high µ triode working into a 6C5. The 
high impedance line runs from the preampli-
fier to the main speech amplifier, and consists 
of two stages of 76 tube amplification and a 
push-pull 2A3 class-AB driver stage. The 
output transformer works into a 500 ohm line 
which connects through a relay circuit to the 
35-T class-B modulator in the low power unit 
of the transmitter, or to the 100-TH class-B 
modulator in the high power unit. 

• The Exciter 

The harmonic crystal oscillator and 6L6G 
doubler unit is quite similar to one of the ex-
citers shown in the chapter Transmitter Fre-
quency Control. Either tube can be used to 
drive the 35T buffer stage by means of a 

HarlDBOOK 

Figure 16—The 250 
watt complete 
radiophone trans-

' mitter ( left) and 
high poweramplifier 
and modulator 

(right). 

switching connection in the plug-in coil form 
in the oscillator stage. The oscillator can be 
tuned to either the fundamental or second 
harmonic of any of the five crystals. 
The additional doubler stage is especially 

useful when operating on 10 meters; when 
this stage is not in use a switch in the cathode 
circuit is opened, and an oscillator coil is 
plugged in so that the plate of the oscillator 
connects to one of the coil pins through a 20 
pfd. condenser to the grid of the 35-T ampli-

fier. The latter is used as a neutralized buffer 
at all times, and is link coupled to the push-
pull 35-T final amplifier in the small rack of 
the transmitter. 

Figure 19 shows the complete exciter unit 
and figure 20 gives the circuit diagram. It 
was found necessary to place the oscillator 
tuning condenser above the chassis in order 
to prevent feedback between the grid and plate 
circuits of the 6L6G doubler. This feedback 
may cause undesired oscillation in the doubler 
stage. The remaining tuning condensers are 
mounted below chassis, as illustrated in figure 
21. Filament transformers are mounted in 
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Figure 17 Looking 
into the "works" 
from the back. The 
250 watt deluxe unit 
meets the needs of 
the most descrim-
inating amateur. 
For those who are 
satisfied with noth-
ing but the biggest 
and the best, and to 
whom cost is not an 
important item, the 
auxiliary high pow-
er amplifier is the 

answer. 

the deck of each amplifier in order to prevent 
excessive voltage drop in the connecting leads 
to the tube sockets. The neutralizing con-
denser for the 35T is adjusted from the front 
panel by means of an extension shaft. 

• The 35-T Push-Pull 
Amplifier 

The modulated amplifier in the small trans-
mitter rack is illustrated in figures 22 and 23, 
with the circuit diagram in figure 24. It con-
sists of two 36T's in push-pull, with a combi-
nation of cathode and grid-leak bias. The 
tuning condensers in this stage are mounted 
parallel to the front panels in ()vier to obtain 
a symmetrical arrangement of parts and leads. 
These condensers are driven from front panel 
controls by means of pulleys and cords. 

A parasitic suppressor is connected in one 
grid circuit; it consists of 7 turns of wire, 
shunted with a 100 ohm 3 watt resistof. The 
grid plug-in coil is accessible through a rec-
tangular opening at the rear of the chassis. 
The two neutralizing condensers are ganged 
together with an insulated coupling and the 
two stators are part of the plate tuning con-
denser coil mounting brackets. These two 
brackets are attached to the stators of the 
split-stator plate tuning condenser. The neu-
tralizing condenser rotors are mounted on a 
sheet of Mycakx, below the plate tuning con-

denser. The neutralizing leads to the grids 
pass through the chassis in ceramic bushings. 
The plate coil assembly is supported by two 
heavy copper brackets which act as part of 
the plate tank leads. Each chassis makes use 
of a small disk, as shown in the bottom view 
of the exciter chassis, for a common ground-
ing connection. The coils shown in the illus-
trations of this amplier are for the 20 meter 
band, while those shown in the exciter illus-
trations are for 10 meter operation. 

• The 35-T Class-B 
Modulator 

The 35T modulator circuit is part of figure 
24, which includes both modulator and the 
35-T push-pull r.f. stage. The illustrations 
in figures 25 and 26 show top and bottom 
views of the 35-T modulator unit. 

This modulator supplies sufficient audio out-
put fully to modulate the 250 watt 35-T r.f. 
amplifier. The output transformer in the 
modulator stage is mounted in a sub-base 
which is cushioned from the main chassis in 
order to prevent "talkback" from the output 
transformer from feeding back into the micro-
phone when the two are in close proximity. 

The C-bias supply for the 35-T modulator 
is diagrammed in figure 27. It consists of a 
small power transformer which delivers ap-
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Figure 18—The Speech Amplifier-Driver Unit. It is used to drive either the medium 
or high power modulator. The first two stages (shown dotted) are built in a pre-
amplifier can, on which the microphone is mounted. Coupling condenser and 
resistor values are conventional; those not familiar with them can find them else-

where in this chapter. 
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Figure 19—The exciter unit uses a 35-T, driven either directly 
by a 6L6-G harmonic oscillator or by a 6L6-G doubler. Most 
of the components are mounted on the under side of the 
sub-chassis (see figure 21). This unit can be used as a low 
power transmitter, plate modulated by the 2A3 driver stage 
to give about 35 watts of carrier until time or finances permit 
completion of the 250 watt amplifier and associated modu-

lator. 

proximately minus 75 volts at the output of 
the filter when the load resistance bleeder of 
800 ohms is connected across its output. 

• The 250-TH High Power 
Final Amplifier 

This stage is pictured in figures 28 and 29, 
with the circuit diagram as figure 30. 

A pair of 250-TH tubes is operated con-
servatively at 1-kw. input. The tuning con-
densers are so placed that the rotors are par-
allel with the front panel ; they are controlled 
by means of worm-and-pinion drive to the 
plate condenser, and pulley and cord drive 
for the grid tuning condenser. The plate tun-
ing condenser is home-built; it has plate spac-
ing of et-in. and the insulation is Mycalex. 
The two neutralizing condensers are also 
home-built; the plates are 3 in. diameter, with 
an adjustable airgap. The coils shown in the 
illustrations are for 20 meter operation. The 
plate coil is made of copper tubing. Coil 
turns for all stages of this transmitter can be 

obtained from the data given in the chapter on 
Transmitter Frequency Control, and from the 
copper tubing and wire wound coil tables in 
the chapter on C. IV. Transmitter Construc-
tion. 

• The 100-TH Class-B 
Modulator 

The modulator for the 250-TH r.f. stage 
uses a pair of 100-TH tubes in class-B, driven 
by the push-pull 2A3 stage previously de-
scribed. This modulator is illustrated in fig-
ure 28, with the circuit in figure 32. The 
modulator must be able to supply 500 watts 
of audio, which requires a very large output 
transformer, as the illustration shows. The 
modulator plate supply is taken from a 5-kw. 
power transformer and rectifier system which 
also supplies the high power r.f. amplifier. 
Outputs in excess of 500 watts of audio power 
can be obtained by slightly exceeding the 
plate dissipation ratings of the 100-TH tubes. 
The circuit for the power supply is shown in 



Figure 20 Schematic wiring diagram of the 35-T exciter unit and low voltage power 
supply for the 6L6-G's. Refer to note 2 in figure 34 regarding oscillator cathode 
relay. All variable condensers should be insulated from metal panel or chassis 

unless one side is shown grounded. 
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Figure 21 Underneath view of the exciter unit, showing 
placement of components. Extension shafts allow the 
various condensers to be placed closer to their associated 

circuits. 

Figure 22 The 250-Watt 35-T Amplifier. This stage is either 
plate modulated or used to drive the high-power modulated 
amplifier. The plate tuning condenser is mounted parallel 
with thc front panel to allow shorter leads, and is driven by 

cord and pulleys. 
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Figure 23—Under 
chassis view of 
the push-pull 250 
watt amplifier. 
stage. The grid 
tuning condenser 
is mounted and 
driven in the 
same manner as 
the plate tuning 

condenser. 

Figure 24 Schematic wiring diagram of the 250-watt amplifier and the 
associated class B modulator shown in figure 25. 
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Figure 27—Showing bias supply for the 35-T 
modulator (above) and the bias supply for the 

100-TH modulator (below). 
Figure 25—The 35-T class B modulator unit. 

1,39t-ett 

3 • 

. 

e 

Figure 26—Bottom View of the 35-T Modulator. Figure 28—The 500 watt class B modulator unit. 

Figure 29—The 
high power mod-
ulated amplifier 
uses 250-TH's in 

push-pull. 

..401 
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Figure 30—Under chassis view of the 250-TH 
amplifier, showing filament transformer, 

grid tank, etc. 

140V AC 

Figure 31 Schematic wiring diagram of the 
1 kilowatt amplifier. 
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Figure 32—Wiring diagram for the high power 
modulator. 
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Figure 33—Connections and circuit constants 
for the three high-voltage power supplies. 

figure 33, and a photograph of the unit ap-
pears in the chapter on Power Supplies. The 
large power unit can be adjusted in steps, 
from 500 to 4,000 volts, by means of taps on 
the secondary winding and by switching the 
two primary windings of the G.E. 5-kw. 
power transformer. A pair of 872 rectifiers 
is connected through a heavy duty two-section 
filter to the high power transmitter unit. Sep-
arate 1,500 volt power supplies are used for 
the 35-T audio and radio frequency stages in 
the small rack of the transmitter. 



Figure 34 —Connec-
tions for relays, in-
terlock and change-
over systems. If the 
high power amplifier 
is not contemplated, 
the changeover sys-
tem will not be re-

quired. 

NOTE 1: This 110 
volt a.c. line supplies 
the current to all the 
changeover relays the 
instant the time de-
lay relay (6) closes. 
Relay ( 2) Is the only 
relay shown in this 
diagram which is af-
fected by this line; it 
breaks the a.c. line to 
the 35-T modulator 
power supply. On 
this same line are the 
following relays, tak-
ing part In the 
changeover but not 
shown In the dia-
gram: the audio line 
relay which switches 
the line from the low 
power modulator to 
the high power mod-
ulator, and the r.f. 
relays which switch 
the antenna and ex-

citation. 

NOTE 2: The 150 
ohm relay in the 
oscillator cathode 
works as follows. 
Closing the key or 
break - In switch 
starts the oscillator. 
Cureent flow ener-
gizes relay coil, clos-
ing contacts "A" and 
"B." Contact "A" 
turns on plate and 
modulator voltages 
in the 250 watt unit 
if switches are closed. 
Contact " B" controls 
main relay (3) in the 
high power amplifier 
when the time-delay 

relay Is closed. 
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The Federal Communications 

Commission Requires 

in the case of amateur radiophone transmitters that means 
be employed to insure that the transmitter is not modulated 
in excess of its modulation capability. Very few transmitters 
have a modulation capability approaching 100 per cent. 

Many, especially the grid modulated types, may have a very 
low modulation capability when not correctly adjusted. Some 
sort of device enabling the operator to keep a continuous 
check on the modulation at all times is indicated. Such 

equipment is described in chapter 17. 

The chief objection to radiotelephony as compared to c.w. 
telegraphy is the relatively large frequency channel required 
for each station, even when the telephone transmitter is 
properly operated. It is to their own interests that the radio-
phone fraternity do the utmost in their power to keep the 
channel widths of their signals confined to as narrow a 
band as the present state of the art permits. 

The easiest way to take up three times the room actually 
required by a properly operated phone is to overmodulate. 
The increase in signal strength due to the higher percentage 
of modulation is negligible as compared to the additional 
room taken up by the overmodulated signal. Besides being 
illegal it indicates lack of consideration. 

Amateurs operating on 10 and 20 meter phone will find 
that in many instances the readability of their signals is 

actually improved by using a lower percentage of modula-

tion. The reason for this is that at times during a "selective 
fade" the carrier may fade to a much greater degree than 
the sidebands. This will result in bad overmodulation of 
the carrier as it arrives at the receiver, and consequent dis-

tortion and poor intelligibility, if the percentage of modula-
tion was high to begin with. Many of the 16-19 meter broad-
cast stations do not attempt to modulate their antenna power 

over 50 or 75 percent for this very reason. 



Chapter 15 

U.H.F. COMMUNICATION 
AND EQUIPMENT 

• U. H. F. Considerations 

HE VERY-high frequency or ultra-high 
A frequency range may be said to ex-

tend from 30 megacycles ( 10 meters) to in-
finity. Frequencies higher than 300 Mc. (1 
meter in wave length) are usually classed as 
"micro waves." The micro waves extend into 
the region of heat wavelengths, thence into 
the wavelengths of light. Amateur operation 
is permissible for both voice and c.w. com-
munication in the range of 56 to 60 Mc., and 
from 110 Mc. to infinity. 
The speed of light and radio waves is ap-

proximately 300,000,000 meters per second. 
In order to show the relation between fre-
quency and wavelength of radio waves, the 
following formulae are given: 

300,000,000 
F 

or— 
X 

300,000,000 
X =   

where F is the frequency in cycles per second, 
X is the wavelength in meters, 

or :-

300 
X 

'Where f is megacycles per second. 
Very short radio waves behave very much 

like light waves and are not often reflected or 
refracted by the Heaviside layer. These radio 
waves are most useful over optical paths, i.e., 
between points which are in visual range with 
one another. The wavelength used for radio 
communication in the u.h.f. range, however, 
is thousands of times greater than that of 
light, and there is a greater curvature of the 
paths of the radio waves. For this reason 
the range is somewhat greater than can be 
obtained by means of light rays, and signals 
can, therefore, be received from points be-
yond the horizon. The range of transmis-
sion is governed by the height of the trans-
mitting and receiving antennas. Objects that 
lie in the path of the transmitted wave intro-

duce a "shadow effect", which often prevents 
reception of the transmitted signal. This 
shadow effect can be overcome to some extent 
by using higher power in the transmitter. 

Occasionally, the radio waves in the range 
of 56 to 60 Mc. are reflected back to earth 
by the Heaviside layer with the result that 
these signals can be heard over distances of 
a few hundred, or even a few thousand, miles. 
This type of long-distance communication is 
extremely erratic, and the practical service of 
the ultra-high frequencies lies in the short-
distance visual range. The occasional reflec-
tion of 5-meter signals from the Heaviside 
layer seems to depend upon sun spot activity 
and the season of the year, as well as the time 
of day. At distances somewhat beyond the 
horizon, reception is often erratic because the 
atmosphere changes its temperature in layers 
close to the earth which, in turn, may change 
the amount of refraction of the 5-meter sig-
nals. Refraction bends the radio waves into 
a curve along the earth's circumference and, 
therefore, increases the range of the radio 
wave beyond the optical distance. 
Very little transmitter power is required 

for communication in the u.h.f. range over 
optical distances. The following formula can 
be used for calculating the optical range of 
transmission and reception: 

2 d' 
X = 

3 
where 

X = height of the u.h.f. antenna in feet, 
d = distance in miles. 

This empirical formula can be used to cal-
culate the height of an antenna in order to 
obtain any given distance of transmission to 
the optical horizon ( in level country). If 
the receiving antenna is also located at some 
height above ground, the range will be in-
creased and the same formula can again be 
used. For example, if the transmitting an-
tenna is located at a height of 75 feet above 
ground, the transmission range will be found 
as follows: 

75 = X d', 
thus d = 10.5 miles. 
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If the rei.ci% ing antenna is 30 feet high, the 

optical range can be found from the same for-
mula, i.e., 30 = X d2 or d = 6.7 miles. The 
receiving station could, therefore, be located 
6.7 + 10.5 or 17.2 miles from the transmitter 
and still be within the optical range. In this 
case, the radio wave will just graze the sur-
face of the earth in reaching the receiving 
location and would tend to be reflected up-
ward by the earth so that the signal at the 
receiving station would be considerably at-
tenuated. The tendency of u.h.f. waves to 
be curved along the surface of the earth com-
pensates for the tendency to be reflected up-
ward from the surface of the earth, so that 
this range can be maintained, provided that 
no large objects lie between the transmitter 
and receiver locations. 

• U. H. F. Transmitter 
Considerations 

Self-excited modulated oscillators of the 
type shown in figure 1 are widely used for 
short-range 56 Mc. mobile operation. This 
type of circuit is typical of those used in 
low power transmitters and receivers. 

R 

1110Oul, k0.1 C.0 

...... ORuCR 

2 OSCILLATOR 
TUBE 

TD, 4, 04 
u•Ke 0. 'REC. 

B 

Figure 1—Self- Excited Modulated Oscillator. 

Standard tubes cannot be used in this cir-
cuit for wavelengths below 2.5 meters. Spe-
cial tubes of the acorn type, or those in which 
the element spacing is very small, can be 
used in this same type of circuit for wave-
lengths as low as 0.4 meters ( 40 centimeters). 

Transmitters for fixed station 5-meter serv-
ice should preferably have a stabilized source 
of frequency control. The simple modulated 
oscillator shown in figure 1 is subject to a 
high degree of frequency modulation and its 
signals cannot be received on a selective radio 
receiver. This means that relatively few 
transmitters of this type can be used simul-
taneously in the 5-meter band. Stabilized 
oscillator circuits, such as those described 
later in this chapter, can be modulated with-

Han DBOOK 

out causing excessive frequency modulation. 
Crystal control by means of a crystal oscil-
lator and frequency-doubling or tripling 
stages is the most perfect method of stabil-
ized frequency control for the very short 
wave bands. The relative cost and com-
plexity of circuits of this type has retarded 
their general use. 
Transmitters for portable operation can 

operate successfully with power outputs of 
one watt or less. Those for mobile operation 
usually have an output of from 5 to 10 watts; 
fixed amateur stations commonly use power 
outputs varying from 5 to 30 watts. Experi-
mental and commercial stations require 
higher outputs; values of several kilowatts 
are desirable for reliable general coverage 
over a radius of 25 or 30 miles. 

• U. H. F. Receiver 
Considerations 

Radio and television receivers for the u.h.f. 
region vary in design from simple one-tube 
radio receivers up to as many as 25 or 30 
tubes in a television receiver. In the more 
complex types of u.h.f. radio receivers, the 
superheterodyne circuits are quite similar to 
those used in the shortwave and broadcast 
ranges. The design of tuning coils and in-
ductances is somewhat different in order to 
function successfully in the u.h.f. range. 

• Super-regeneration 

Regeneration carried beyond the point of 
oscillation, called super-regeneration, is ex-
tensively used for reception of radio waves 
in the range of from 10 down to V2-meter. 
Super-regeneration is accomplished by allow-
ing the detector to oscillate, then damping 
out the oscillations a great many times per 
second ( at a rate aboye audibility). This 
increases the sensitivity of the detector to 
an enormous degree for weak signal recep-
tion. Super-regeneration becomes more ef-
fective at higher frequencies, and since the 
selectivity of a super-regenerative receiver is 
very poor in comparison with ordinary regen-
eration, this type of receiver can be used suc-
cessfully to receive the simple modulated os-
cillator transmitter signals which are so com-
mon in the u.h.f. range. 

Super-regeneration can be obtained by 
means of a blocking-grid-leak action, as 
shown in figure 2, or by means of a sep-
arate low-frequency oscillation applied to the 
grid or plate of the detector, as shown in 
figure 3. The circuit in figure 2 can be 
used as a blocking-grid-leak type of super-
regenerator by choosing the values of 
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C., R, and C, in such a manner that the u.h.f. 
oscillation is started and stopped at a rate 
above audibility. This circuit functions as 
an ordinary oscillator in which the resistance 
of the grid-leak is too high to permit the 
electrons on the grid to leak-off at a rate that 
will give constant value of grid-bias voltage. 
This blocking action causes a change in the 
average grid-bias and stops the u.h.f. oscilla-
tion because the plate current is decreased 
and the mutual conductance of the tube also 
decreases during the blocking action. If the 
circuit 'constants are correct, this blocking 
action takes place at an inaudible high-fre-
quency rate and super-regeneration is accom-
plished. 

Figure 2-- Fundamental U. H. F. Receiver Circuit. 
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Figure 3 U. H. F. Receiver Circuit with Separate 
Oscillator. 

Damping or "quenching" action can be ob-
tained by means of a separate oscillator which 
functions at some inaudible frequency, such 
as 100,000 cycles per second, as shown in 
figure 3. The interruption-frequency circuit 
consists of an oscillator tuned to about 100,000 
cycles per second, connected so that this 
oscillation modulates the d.c. plate supply to 

the u.h.t. detector. The latter is an ordinary 
oscillator which is made super-regenerative 
by means of the interruption-frequency oscil-
lator. The interruption-frequency voltage 
varies the detector plate voltage to such an 
extent that the detector goes in and out of 
oscillation at a rate determined by the inter-
ruption-frequency oscillator circuits. 

Fairly heavy antenna loading or coupling 
is required in either circuit in order to ob-
tain good audio quality and sensitivity. Too 
much antenna coupling will pull the detector 
out of super-regeneration. The antenna sys-
tem can be either inductively or capacitively 
coupled to the detector tuned circuit or to 
an r.f. amplifier preceding the super-regener-
ative detector. Super-regenerative detectors 
connected directly to an antenna radiate a 
signal fully modulated by the quenching fre-
quency and thereby cause bad interference in 
other receivers for a radius of several miles. 
The blocking-grid-leak detector is more trou-
blesome in this respect, and, in either case, 
a radio-frequency amplifier should be con-
nected ahead of the super-regenerative detec-
tor in order to eliminate or minimize receiver 
radiation into the antenna system. 
A super-regenerative detector has an auto-

matic volume control effect, in that it has high 
sensitivity to weak signals and low sensi-
tivity to strong signals. This action greatly 
reduces automobile ignition interference, 
since the latter is usually of very strong in-
tensity, but fortunately of short time ampli-
tude. The detector sensitivity automatically 
drops down during the small fraction of a 
second in which this noise impulse is present, 
and, although the desired signal is also re-
duced, the human ear will not respond to 
changes of such short duration. The ignition 
interference, therefore, does not cause an ex-
cessively loud signal in the audio output as 
compared with the strength of the desired 
phone signal. The high sensitivity of a super-
regenerative detector, when no carrier signal 
is present, results in a loud audible hiss or 
rushing sound in the output circuit and is due 
to thermal and contact noise in the detector 
circuit. A fairly strong carrier signal auto-
matically reduces the sensitivity of the de-
tector and, consequently, reduces the back-
ground noise or hiss; a strong signal will 
completely eliminate the background noise. 

• Antenna Systems 

A great many types of antenna systems can 
be used for u.h.f. communication. Simple, non-
directive half-wave vertical antennas are de-
sirable for general transmission and reception 
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in all directions. Point-to-point communica-
tion is most economically accomplished by 
means of directional antennas which confine 
the energy to a narrow beam in the desired 
direction. If the power is concentrated into 
a narrow beam, the apparent power of the 
transmitter is increased a great many times. 
The useful portion of a signal in the u.h.f. 

region for short-range communication is that 
which is radiated in a direction parallel to 
the surface of the earth. A vertical antenna 
transmits a wave of low-angle radiation which 
is vertically polarized, and for this reason, 
vertical receiving antennas should be used 
to receive signals from a vertical transmit-
ting antenna. Vertically-polarized radio 
waves are not as easily reflected upward by 
the surface of the earth as are horizontally-
polarized waves. Horizontal antennas can be 
used to advantage during the occasional 
periods in which the 5-meter signals are re-
flected from the Heaviside layer. 
The antenna system for either transmit-

ting or receiving should be as high above earth 
as possible and clear of nearby objects. 
Transmission lines, consisting of concentric-
line or spaced two-wire lines, can be used 
to couple the antenna system to the trans-
mitter or receiver. Non-resonant transmis-
sion lines are more efficient at these fre-
quencies than those of the resonant type. 
Antenna design data, charts, tables, and 

graphs for simple and complex antennas and 
arrays are covered in the chapter on An-
tennas. 

• Wavelength or 
Frequency Determination 

T ransinitter and receiver frequency or 
wavelength checking can be accomplished by 
means of parallel-wire measurements (Lecher 
wire system), by wavemeters or by means 
of harmonics from a crystal or calibrated 
low-frequency oscillator. The parallel wire 
or Lecher wire system is very easily applied 
to wavelength measurements in the micro 
wave region. 

• Lecher Wire Systems 

A Lecher wire measuring system consists 
of a pair of parallel wires, short-circuited 
at one end in order to provide a pickup loop 
which can be coupled to the tuned circuit of 
the transmitter or receiver. The energy in-
duced into the parallel wires establishes 
standing waves of voltage and current along 
the wire, and these standing waves can be 
located with a sliding bar or copper wire, 
as shown in figure 4. 
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Figure 4 

A single sliding bar can be moved along 
the parallel wires until two successive points 
are located which produce a change in the 
oscillator plate or grid current, or in the 
receiver noise level when the pickup loop of 
the parallel wire system is inductively cou-
pled to the circuit under test. The distance 
between these two points is a half-wave-
length, and this value can be converted from 
feet or inches into the wavelength in meters 
by multiplying the number of feet by 0.656 
or the number of inches by 0.0547. 
For micro-wave measurements, the dis-

tance between half-wave points is usually 
measured in inches and converted to wave-
length in centimeters by multiplying the num-
ber of inches by 5.47. This conversion factor 
takes into consideration the conversion into 
the metric system and the fact that the dis-
tances are a half-wave apart. The result is 
the actual wavelength of the oscillator. An 
accuracy of approximately 1 per cent can be 
expected; for more accurate frequency or 
wavelength determination, the harmonic 
method should supplement these measure-
ments. 
A Lecher wire system suitable for meas-

urement of wavelengths below 1-meter can 
be made by stretching two no. 12 bare copper 
wires approximately 1-inch apart. Each wire 
has a length of about 50 inches; this length 
will depend upon the wavelength being meas-
ured, and lengths of 35 to 40 feet will be 
necessary for 10-meter measurements. The 
spacing between wires can be as much as 
3 or 4 inches for wavelength measurements 
above 10 meters. 
A Lecher wire system can consist of a 

long wooden framework and some means of 
clamping or stretching the two parallel wires 
to prevent sag or change in wire spacing. 
No supports or insulators should be con-
nected to the parallel wires in the actual 
measuring range between the two half-wave 
points over which the sliding bar is moved. 

• U. H. F. Wavemeters 

Absorption-type wavemeters are easily con-
structed and considerable time can be saved 
in making oscillator wavelength measure-
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ments by this means rather than by Lecher 
wires. These wavemeters can be calibrated 
by means of a super-regenerative receiver 
and harmonics from a calibrated low-fre-
quency oscillator or by means of Lecher wire 
comparative measurements. A simple ab-
sorption-type wavemeter which has a range 
of about 4.5 to 7 meters can be constructed 
by connecting a 5-turn coil of wire across a 
25-eqsfd. midget variable condenser which is 
in parallel with a 20-Add. midget fixed con-
denser as shown in figure 5. 

Figure 5 

The turns can be squeezed in and out to "spot" 
the 5-meter band on the center of the con-
denser dial and the device then calibrated from 
known frequencies or Lecher wires. The 
coil can be wound with no. 10 wire in a wind-
ing length of 1-inch and with a diameter of 
about 'A-inch. 
A similar type of wavemeter with a range 

of from 4 to 14 meters can be made with a 
150-fd. variable condenser connected across 
a 2-turn coil, 2-inches in diameter. The coil 
should be supported on bakelite spacers. 
Hand-capacity effects can be eliminated by 
tuning the condenser with a bakelite exten-
sion shaft. A two-turn coil, approximately 
%-inch diameter, tuned with a 15-µµfd. con-
denser, will cover the range of 2 to 3 meters. 
These absorption-type wavemeters are induc-
tively coupled to the tuned circuit in the 
transmitter or receiver under measurement. 
When the wavemeter is tuned to the same 
frequency or wavelength as that of the oscil-
lator under measurement, a change in plate 
or grid current will be noted. 
The absorption-type wavemeter with a 

diode indicator, shown in figure 6, is quite 

useful in the range of 3 to 10 meters. A 
type-30 tube with a single VA-volt flashlight 
cell serves as a diode to rectify the radio-
frequency. A 0.1 d.c. milliammeter is con-
nected in series with the diode so as to act 
as a resonance indicator; a closed-circuit tele-
phone jack enables the device to be used as 
a monitor for checking the quality of a phone 
transmitter. 

Pm° JAC% 

WAVEMETER WITH DIODE INDICATOR 

Figure 6 

The coil L consists of from 3 to 10 turns, 
-inch diameter, no. 12 wire, space-wound, 

depending upon the desired range of the wave-
meter. The tuning condenser C can have any 
maximum capacity of from 25 to 50 pefds., 
depending upon the desired range of the wave-
meter. 

e Harmonic Frequency 
Determination 

A calibrated low-frequency oscillator, such 
as a quartz crystal, will provide an accurate 
means of frequency determination in the 
range of from 2 to 10 meters. An oscillating 
quartz crystal in the 160- or 80-meter ama-
teur bands will produce strong harmonics in 
the u.h.f. region between 2 and 10 meters. A 
super-regenerative receiver, when tuned to 
this region ( while very loosely coupled to the 
oscillator), will indicate the harmonics by 
sharp reductions in hiss-level in the receiver 
output. An absorption wavemeter can be cou-
pled to this receiver and calibrated by this 
means. More accurate measurements can be 
made by using an oscillating regenerative re-
ceiver or a superheterodyne receiver equipped 
with a beat-frequency oscillator. Such re-
ceivers can be tuned to zero-beat with the 
harmonics, and then to the u.h.f. oscillator 
or transmitter for accurate frequency deter-
mination. 

• U. H. F and Micro-
Wave Transmitters 
and Receivers 

Micro-waves, as previously related, are 
those whose length is less than one meter. 
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Micro-waves are generated by means of 
Magnetrons, Electron-Orbit Oscillators, and 
Regenerative Oscillators. Micro-waves are 
used by broadcast stations for remote pickup, 
by amateurs and experimenters, and for oc-
casional telegraph and telephone communica-
tion, such as the British channel spanning 
system. The technical problems encountered 
in this field are numerous, yet new tubes de-
signed for micro-waves have simplified many 
of these problems and have been instrumental 
in increasing the usefulness of the band. 

• The Magnetron 
Oscillator 

The -Magnetron is a specially designed tube 
for very-short-wave operation. It consists 
of a filament or cathode between a split plate, 
as shown in figure 7. 
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A magnetic field is produced at the fila-
ment by means of a large external field coil 
which is energized by several hundred watts 
of d.c. power. Ultra-high-frequency oscilla-
tions are produced in the split-plate circuit 
when this magnetic field is in the correct 
direction and of the proper intensity. A 
parallel-wire tuned circuit can be used for 
wavelengths below one meter or for ordi-
nary tuned circuits with wavelengths above 
one meter. These tubes are available for 
experimental purposes and will produce out-
puts of several watts. The frequency sta-
bility is not very good and it is difficult to 
obtain satisfactory voice modulation from 
magnetron oscillators. 

• Electron Orbit 
Oscillator 

The range of oscillation in ordinary cir-
cuits is limited by time required for elec-
trons to travel from cathode to anode. This 
transit time is negligible at low frequencies, 
but becomes an important factor below 5 
meters. With ordinary tubes, oscillation can-
not be secured below 1 meter, but by means 
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of electron orbit oscillators, in which the 
grid is made positive and the plate is kept 
at zero or slightly negative potential, oscilla-
tion can be obtained on wavelengths very 
much below 1 meter. 

Parallel-wire tuning circuits can be con-
nected to these tube oscillators in order to 
increase the power output and efficiency. 
The tubes most suitable for this type of oper-
ation have cylindrical plates and grids, and 
their output is limited by the amount of power 
which can be dissipated by the grids. For 
transmitting, tubes such as the 35T, 50T or 
852 can be used in the circuit shown in figure 
8, which is a modification of the Gil-Morrel 
oscillator. More output is obtained by using 
a tuned-cathode circuit instead of tuned-grid 
circuit. Modulation can be applied to either 
the plate or grid. The frequency stability 
is very poor. The circuit in figure 8 is an 
early type oscillator of this general classi-
fication. 

• Regenerative Oscillators 

The introduction of the RCA Acorn 955 
and Western Electric 316-A tubes made 

-meter regenerative oscillators practical. 
These tubes are more efficient than ordinary 
types for ultra-high-frequency work. Figure 
10 illustrates the RCA acorn triode. Circuits, 
such as that shown in figure ii and a con-
structional plan in figure 12, are satisfactory 
for low-power transmitters and super-regen-
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Figure 10 RCA Acorn 965 

Figure 11 RCA 955 Circuit Diagram and Sug-
gested Layout. 

L1--8 turns, g-in. outside diameter, No. 18 wire, 
spaced ' 4-in, between turns. 

C1--Tuning condenser; 2 circular brass plates 
34"- in, in diameter; 10,32 thread on adjusting 

screws. 
C2- -. 00025 mica condenser, postage stamp type 

R1-15,000 ohms, 1 watt carbon resistor. 
RFC - bakelite rod wound 1g-in. with 

No. 32 DCC wire. 
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Figure 12—Plan view of transmitter. 

erative receivers. The 955 acorn can be used 
as an oscillator in super-heterodyne receiver 
circuits with its companion tube, RCA 954 
(or 9,56) Acorn Pentode, in the if. portions 
of the circuit. The regenerative circuits are 
quite similar to those for longer wavelengths, 
except for the physical size of condensers and 
coils. The tube element spacing in these 
acorn tubes is made so small that electron 
transit time becomes a neglieible factor for 
wavelengths above 0.6 meter. 

Micro-Wave Tube Characteristics 

RCA 954 PENTODE 

Heater voltage 6  3 
Heater current 0  15 amp. 
Grid-to•plate capacity 0  007 µµfd. 
Input capacity  3 µµfd. 
Output capacity  3 uufd. 
Max. plate voltage 250 volts 
Max. screen voltage 100 volts 
Grid voltage   — 3 vorts 
Suppressor tied to cathode  
Amplification factor  over 2000 
Plate resistance  over 1.5 megohm 
Mutual conductance  1400 mhos. 
Plate current  2 ma. 
Screen current 0  7 ma. 

RCA 955 TRIODE 

Heater voltage 6  3 
Heater current 0  15 amp. 
Max. plate voltage 180 volts 
Max. plate current 7 ma. 
Amp. factor  25 
Plate resistance  12.500 ohms 
Mutual c, nductance   •,,n00 mhos. 

• W. E. 316-A Micro-
Wave Oscillator 

Western Electric has produced a new 
micro-wave triode which delivers from 5 to 
10 watts output on wavelengths as low as 1/2 
meter. The element spacing is so close that 
the tube operates efficiently as a regenera-
tive oscillator with negative grid and posi-
tive plate for frequencies as high as 750 
Mc. The maximum plate dissipation is 30 
watts. The transmitter illustrated in figure 
14 delivers approximately 7.5 watts with 400 
volts on the plate. This power output is 

Figure 13—W.E.-316A U.H.F. Triode. 

sufficient for coverage over a visual range, 
although in one case a 34-meter signal was 
heard over a distance of 80 miles. which is 
far beyond the optical path 
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Figure 14—W.E.-31611 %-Meter Oscillator. 

A large variety of circuits could be sug-
gested for micro-wave operation, but the most 
simple of these is the one shown in figure 15. 
It consists of two parallel half-wave rods, 
spaced about 14-inch apart, to provide a 34-
meter tuned circuit of fairly-high "Q." See 
figure 14. The grid and plate of the tube 
are connected to the copper rods; this capac-
ity causes the physical length to be less than 
a half wave-length. As can be seen from 
the photograph, the plate r.f. choke and the 
grid-leak do not connect to the center of the 
rods, but rather across the voltage node. 
The distance between this point and the free 
ends of the rods is a quarter wavelength. 
The other distance is shortened by the tube 
capacity. Filament r.f. chokes, or tuned fila-
ment leads, are desirable for operation below 
one meter because the filament is not strictly 
at a point of ground potential in the oscillat-
ing circuit. These filament chokes consist 
of 30 turns of no. 16 enameled wire, wound 
on a 1/4-inch rod, then removed from the rod 
and air-supported, as the picture shows. The 
length of these chokes is approximately 3 
inches. A 200-ohm resistor is placed in 
series with the 110-volt a.c. line to the fila-
ment transformer in order to reduce the 

= 

20 WATT 
MODULATOR 

HAI-101300K 

transformer secondary voltage from 2,/2 to 
2 volts, because the filament of the tube oper-
ates on 2 volts at 3.65 amperes. This par-
ticular oscillator gave outputs in excess of 
5 watts on ee meters, even when no filament 
r.f. chokes were used. 

This oscillator, when loaded by an antenna, 
draws from 70 to 80 milliamperes at 400-volts 
plate supply. An audio modulator, such as 
a pair of 2A3 tubes, class AB connection, will 
supply approximately 15 watts of audio power 
for modulation. The oscillator should be 
tested at reduced plate voltage, preferably 
by means of a 1000 to 2000 ohm resistor in 
series with the positive B lead, until oscilla-
tion has been checked. A flashlight globe and 
loop of wire can be coupled to the parallel 
rods at a point near the voltage node, in order 
to indicate oscillation. 
A 15-inch antenna rod or wire can be fed 

by a one- or two-wire feeder of the non-
resonant type. A single-wire feeder can be 
capacitively coupled to the plate rod, either 
side of the voltage node, through a small 
blocking condenser. If a two-wire feeder is 
employed, a small coupling loop, placed par-
allel to the oscillator rods, with the closed 
end of the loop near the voltage node of the 
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Figure 15-1/1/.E.416A .. M.ter Oscillator Circuit. 
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Micro Wave Transmitters 

oscillator, will provide a satisfactory means 
of coupling to the antenna. The power out-
put is high enough so that tuning is as sim-
ple as any 40 meter c.w. transmitter. 

W. E. 316-A Characteristics. 

Filament voltage  2 volts a.c or d.c. 
Filament current  3.65 amps. 
Average thermionic emission 0  45 amp. 
Amplification factor 6  5 
Plate-to-grid capacitance  1.6 ¡ did. 
Grid-to-filament 1  2 µµfd. 
Plate-to-filament • 08 µed. 
Max. plate dissipation 30 watts 
Max. d.c. plate voltage 450 volts 
Max. d.c. plate current 80 MA. 
Max. d.c. grid current 12 MA. 

• 1'-Meter Transmitter 
with RCA-834 U.H.F. Tube 

The advent of several new tubes particu-
larly designed for the ultra-high frequencies 
makes possible the construction of a trans-
mitter which will deliver from 10 to 50 
watts on wavelengths below 5 meters. 
Raytheon RK-32, Western Electric 304-B 
and RCA 834 are equally suitable for use 
in the transmitter shown in figure 17. The 
characteristics of all three tubes are similar. 

8-
Figure 16 

1 i-Meter Transmitter. 

04. 
UODULAT. 

Cl —Aluminum Plates, 134 in. square. 
Copper Tubes-3- in, long for 114 Meters. 

9- in, long for 23. Meters. 
RFC1-40 turns No. 28 DSC, 34- in. dia. 
RFC2-25 turns No. 14 Enam., u- in. dia. 

343 
The grid and plate leads are brought out 

through the top of the tube envelope in all 
cases, resulting in operation down to 4-
meter. 
The circuit in figure 16 is suitable for oscil-

lation between 1 and 3 meters, depending 
upon the length of the parallel rods or pipes. 
A slight variation of frequency is possible 

if two condenser plates each X in. square are 
connected across the pipes near the tube 
leads. This type of circuit works more 
efficiently than a conventional coil and con-
denser oscillator circuit. The tube leads fit 
into the ends of copper pipes, and small set 
screws provide good electrical contact be-
tween pipe and tube leads. This type of 
mounting must be used with care in order 
to avoid breakage of the tube envelope. The 
tube socket mounting strip should have 
slotted holes in order to make correct align-
ment with the copper pipes. 

Filament r.f. chokes are necessary below 
3 meters in order to secure oscillation. At 
VA meters, the metal shell of the tube 
socket, and the metal support that holds 
the socket, introduce excessive capacity to 
the filament circuit of the tube, resulting in 
non-oscillation if either of these metal sur-
faces is grounded. A non-metallic socket and 
socket support would be preferable if oper-
ation in the neighborhood of 1-meter is 
wanted. A tuned filament circuit, somewhat 
similar to the type used with filament tubes 
in a tritet, will work more effectively than 
r.f. chokes for wavelengths below l'A meters. 
The antenna feeder is coupled to the 

parallel pipes or tubes by means of a coupling 
loop. A half- or quarter-wave antenna can 
be capacitively coupled through a very small 
variable condenser to the plate, rod at a point 
approximately one to two inches from the 
plate blocking condenser. Transmission 
ranges of 3 to 50 miles are possible if the 
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Figure 17-2;- Meter Transmitter with RCA 834 U.H.F. Triode. 
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antenna is located at high elevation. Even 
114-meter waves tend to curve along the 
surface of the earth to such an extent that 
communication can often be obtained beyond 
the optical range. 

• 2 s—Meter Transmitter 

An RK-34 twin-triode tube is connected 
in a tuned-grid-tuned-plate circuit for 2V2 
meter operation in the transmitter illustrated 
in figure 19. A parallel rod or wire tuned-
plate circuit gives good efficiency on 2,4 
meters, proved by tests where efficiencies of 

MODULATOR 

y wF 2 METER OSULLATOR 

Figure 18 

approximately 50 per cent were realized. A 
carrier power output of 10 to 15 watts is 
easily obtainable on 2V2 meters. The circuit 
is shown in figure 18. If a more powerful 
modulator is connected to the oscillator, to-
gether with plate potentials of 500 to 600 
volts, outputs of 25 to 30 watts can be se-
cured. 
A 15,000-ohm grid-leak and 300-ohm 

cathode resistor give stable grid bias for 
the oscillator. The cathode resistor pre-
vents all tendency for the plate current to 
"run away" during operation. The grid coil 
consists of 5 turns of no. 18 wire, wound 
to cover a length of one inch, with an inside 
diameter of 7/16-inch. This coil is soldered 
directly to the tube socket terminals. The 
antenna feeders can be capacitively coupled 
to the plate circuit through a pair of .001 gfd. 
mica condensers. If a two-wire spaced feeder 
is used, these wires tap across the plate rods 
about two inches from the shorting bar. 
The plate circuit is tuned to the desired 

frequency by sliding the shorting-bar along 
the rods. Antenna coupling is adjusted by 
sliding the antenna taps along these rods 
until normal plate current is drawn. The 
inductance in the grid circuit can be varied 
in order to obtain the best amount of feed-
back for high output. 
A suitable modulator consists of a pair of 

type 42 pentode tubes driven by a 76 speech 
amplifier. The 42 tubes can be operated from 
the common 350-volt plate supply by means 
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Figure 19 Raytheon RK-34 2 Li-
Meter Oscillator. 

of a 30-henry, 150 ma., modulation choke. 
The screen voltage should be reduced 
through a resistor from the 250-volt supply; 
a 10-watt, I0,000-ohm resistor is of the cor-
rect size. A 2 gfd. or larger by-pass con-
denser from screen to ground will pass the 
audio frequencies from screen to ground for 
normal operation. The cathode resistor of 
300 ohms, 10 watt rating, should be bypassed 
by means of a 25 gfd. low voltage condenser. 
If greater input is applied to the oscillator, 
a more powerful modulator is needed. Class 
B 46 tubes or push-pull 6L6 tubes will give 
ample audio power for inputs as high as 
40 or 50 watts on the RK-34 tube. Normal 
plate current to the latter is 80 ma., although 
in actual practice this oscillator has been op-
erated over considerable periods of time at 
100 ma. plate current. 



• ¡4-Meter Reedier 

Lack of stability and 
difficulty of tuning a 
micro-wave receiver have 
been the two principal 
obstacles in the past. 
Stable operation can be 
obtained by confining the 
radio frequencies to cer-
tain portions of the cir-
cuit of a parallel-wire 
oscillator, as shown in 
figure 21. 

In the receiver described 
here, the quarter-wave 
parallel-wire tuning sec-
tion can be tuned over a 
range of from 5 to 10 
centimeters by means of 
a relatively large series 
tuning condenser. This 
condenser, when set to 
maximum capacity, acts 
as a short-circuit across 
the parallel wires. Set-
tings of lower capacity 
tend to decrease the effec-
tive length of the parallel 
wires by means of series 
tuning. This is more 
satisfactory than the use 
of parallel tuning across 
the grid and plate termi-
nals of the type-955 acorn 
tube. 

The usual micro-wave 
receiver consists of a 
similar type of circuit 
with a small fixed mica 
condenser in place of 
the variable tuning con-
denser; this requires the 
use of a soldering iron to 
change the tuning of the 
receiver, because the fixed 
condenser must be moved 
along the parallel wires 
when the frequency or 
wavelength is to be 
changed. 

The acorn tube and 
tuning condenser are 
mounted on a small panel 
above the aluminum 
chassis. Small r.f. chokes 
are placed in series with 

Micro Wave Receiver 345 

90 OR 135 VOLTS 

14. 

RFC - ALL 25 TURNS NI' 24 0 SC 712  IN DIAMETER 

METER RECEIVER 
4 

Figure 21 

Figure 22 -Practical Micro-Wave Receiver with Acorn 
Triode Detector and ' 76 Audio Stage. This design must be 
rigidly adhered to, and all specifications closely followed. 
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the heater and cathode leads of the 953 tube. 
These r.f. chokes consist of 23 turns of No. 
24 d.c.c. wire, in the form of a self-supported 
winding, 1/4 -inch in diameter. The plate 
choke is similar in construction, and with the 
same number of turns as the other chokes. 
A quarter-wave tuned circuit of two paral-

lel wires, terminated with a small fixed mica 
condenser, can be used in place of the heater 
and cathode chokes for wavelengths of less 
than 34-meter. One side of the heater con-
nects to the cathode at the acorn tube socket. 
The plate and grid terminals to the 955 tube 
connect to two parallel wires, each approxi-
mately 11/4 -in. long for 34-meter operation. 
These two wires are soldered directly to the 
leads of the sub-midget 100-µ1.4fd. tuning con-
denser, which is designed for u.h.f. operation. 
The rotor of this condenser is connected 
through an insulated flexible coupling for 
front-panel dial tuning; a cable drive con-
nects the tuning dial to the condenser coup-
ling. About 150 volts should be used on the 
plate. The tuning range is approximately 70 
to 80 centimeters. Super-regeneration can 
be obtained with a 90-volt plate supply over 
a range of approximately 75 to 
80 centimeters. The higher 
plate potential of 135 volts will 
a 11 o w super-regeneration at 
lower capacity settings of the 
series tuning condenser, and 
thus permit higher frequency 
operation. 

Super-regeneration is obtained 
by means of a blocking grid 
action, with a 1-megohm grid-
leak connected across the par-
allel wire circuit. The output 
of the detector can be ampli-
fied by means of an audio 
transformer coupled stage or 
by impedance coupling; the lat-
ter is used in the circuit shown 
in Fig. 21. 

The chassis for this receiver 
is 3 in. x 10 in. x 1 in., and 
the front panel is 4 in. x 8 in. 
The 34-meter tuned circuit is 
mounted high enough above the 
chassis so that there will be no 
effect from the metal chassis. 
Three resistors and the two 
larger fixed condensers are 
mounted under the chassis. A 
condenser and resistor in the 
plate circuit of the audio ampli-
fier prevents d.c. from flowing 
through the headphones and 

allows grounding one side of the headphone 
jack. Either batteries or an a.c. power 
supply can be used to operate this receiver, 
provided that the plate potential is not more 
than 130 volts. 

• Operation 

The tuning range can be determined by 
means of Lecher wires approximately 3-feet 
long and spaced 1-inch apart. 
An antenna can be inductively coupled to 

the parallel wires of the receiver by placing 
a 1/4 - or 1-turn loop in the plane of the wires. 
The coupling should be loose enough to pre-
vent loss of super-regeneration. A directive 
antenna system such as a Yagi array is very 
satisfactory for 34-meter operation. The an-
tenna wire should be approximately 14 inches 
long, with a two-wire feeder tapped to each 
side of center at a point about 2-inches each 
side of center. The reflector wires should be 
approximately 15 inches long, and the direc-
tor wires 13 inches long. A quarter-wave 
spacing of the rear reflector wire would be 
approximately 7 inches; a half-wave spac-
ing for side reflector wires would be approxi-

Figure 23—One-to-Ten- Meter Super-regenerative 
Receiver with Loudspeaker Output. A feature of 
this receiver is the almost complete absence of con-
necting leads. Note arrangement and assembly of 
tube socket and coil holder. In the foreground are 

the coils for 1-, 212- and 5- meter operation. 
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lately 15 inches. The director wires would 

be placed in front of the antenna in the de-
sired line of reception, and each wire would 
be spaced 10 inches from the next. 

• One-to-10-Meter Super-
regenerative Receiver 

The problem of designing a receiver to 
cover a range of less than one meter up to 
more than 10 meters is indeed a simple one. 
The only important considerations are the 
need for extremely short r.f. leads, and the 
use of a standard super-regenerative circuit. 

Figures 23 and 24 illustrate a practical re-
ceiver which gives moderate loudspeaker vol-
ume with either 135- or 180-volt plate supply. 
A type-955 acorn triode serves as a super-re-
generative detector which is transformer 
coupled to a high gain 6V6G beam power 
pentode. The latter is similar to the 6L6G, 
except for its smaller size; it also requires 
less heater and plate current. 

Five self-supporting 
coils of No. 14 enameled 
wire cover the range of 
from 1 to 11.8 meters by 
means of a 15 1.4µfd. tuning 
condenser. The coils plug 
into pin-jacks mounted in 
a strip of V ictron, 1,4 in. 
x 2 in. This strip is fas-
tened to the 2 in. x 4 in. 
bakelite subpanel by means 
of a pair of 2-inch 6/32 
machine screw s. This 
method of support brings 
the ends of the tip-jacks 
directly against the ter-
minals of the u.h.f. vari-
able condenser. The stator 
lead connects to the plate 
terminal of the acorn tube 
socket by means of a wire 
approximately ,4-inch 
long. The grid condenser 
is an extremely small 
mica fixed condenser. 
connected between the 
grid terminal of the tube 
socket and the rotor lead 
of the tuning condenser. 
The tuning condenser is 
driven by a vernier dial 
through an insulated 
coupling and extension 
shaft to the front panel. 
The tube socket is 
mounted on standard socket bushings, secured 
to the same bakelite panel that supports the 

1 
6V 

tuning condenser and coil. The cathode and 
one side of the heater of the 955 tube con-
nect directly to the metal chassis by means 
of a soldering lug attached to one of the 
mounting screws on the subpanel. 

A .006-gfd. mica condenser connects to one 
of the pin-jacks and to the same ground point 
on the chassis, so as to provide a short r.f. 
lead between the tap on the coil and the cath-
ode terminal on the tube socket. This tap is 
used only on the two coils which cover the 
longer wavelengths. The coils which tune 
from 1 to 4.4 meters are center-tapped and 
plug into the other pin jacks in order to con-
nect the small r.f. choke into the circuit. This 
choke consists of 25 turns of no. 24 d.c.c. 
wire, close wound and self-supporting, 1/1-inch 
in diameter. The choke is soldered directly 
to the two pin jacks which are used only for 
the coil taps. The two lower pin jacks con-
nect to the tuning condenser and to the outer 
leads of the coils. 
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The r.f. choke has a natural period of about 
7 meters and must be short-circuited when the 
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large coil ( 6.5 to 11.8 meters) is plugged-in 
This is accomplished by soldering a length 
of no. 14 wire to the cathode tap of the coil, 
so that the coil plugs into all four pin jacks. 
The illustration in figure 23 shows how this 
method of connection is made. 
An audio volume control regulates the gain 

of the beam power amplifier and a 100,000-
ohm potentiometer controls the super-regen-
eration for the type-955 tube. A small 20-
or 30-henry choke is shunted across the mag-
netic loudspeaker terminals in order to pro-
vide a path for most of the d.c. plate current 
through the 6V6G tube. 
This receiver will not super-regenerate over 

the entire tuning range with the one-turn coil 
for 1-meter reception because the capacitance-
to-inductance ratio becomes too great for con-
denser settings of more than approximately 
half-scale. However, the coils are designed 
so that ample overlap is obtained in order to 
secure super-regeneration over the complete 
range of from 1 to 10 meters. 

• Coll Data 

The coil which covers the range of from 
1 to 1.7 meters consists of slightly less than 
one full turn of no. 14 enameled wire. The 
actual wire length is approximately one-inch 
from tip jack to tip jack, and is not plugged 
all the way into the tip jacks. If this coil is 
pushed clear into the pin jacks, so that the 
cathode tap to the r.f. choke coil is flush with 
the tip jack, the range is from 0.9 to approxi-
mately 1.6 meters. The range of from 1.7 
meters to 2 meters is covered with a 4-turn 
coil, with a tap near the center for connec-
tion to the r.f. choke coil. This coil is space-
wound to one-inch long and has an inside 
diameter of ;¡ in. 
A 7-turn coil of the same diameter and 

length covers the range of from 2.5 meters to 
4.4 meters. This coil is tapped near the cen-
ter and the tap plugs into the r.f. choke pin 
jack. A 14-turn coil, 34-in, dia., 11/i- in. long, 
tunes from 4 meters up to 6.8 meters. This 
coil is tapped at the 6th turn from the grid end 
of the coil, and the tap plugs into the cathode 
bypass pin jack. The largest coil consists of 
14 turns, 5/s-in, inside diameter, 11/8-in. long, 
with a tap at 5 turns from the plate end of the 
coil is tapped at the 6th turn from the grid end 
the upper jacks in such a manner as to short-
circuit the r.f. choke. The tuning range of 
this coil is from 6.5 to 11.8 meters. The exact 
dimensions of the coils and locations of the 
taps will depend upon the physical layout of 
the r.f. circuit components. Enameled or bare 
copper wire, no. 14, should be used in prefer-

ence to tinned wire because of the lower r.Í. 
resistance at the higher frequencies. Tinned 
wire has a much greater "skin effect" loss 
and should be avoided in all ultra-high-fre-
quency receivers and transmitters. 
The chassis is 5 in. x 9 in. x in., of 

no. 14 gauge aluminum, with a 12 gauge 
aluminum front panel 7 in. x 11 in. The 
cathode bypass condenser, cathode resistor 
for the 6V6G tube, and the regeneration 
control bypass condenser and 50,000-ohm 
resiçtor are mounted under the chassis. 

• 2 , _-5-Meter Metal 
Tube Transceiver 

Metal tubes fit readily into the design of a 
very compact and powerful transceiver for 
5- and 2 2-meter operation. This unit here 
illustrated transmits more power than most 
transceivers because heavy antenna loading 
is permissible for both transmitting and re-
ceiving. It is quite sensitive and the hiss level 
is low. The radiated interference is much 
less than from most transceivers while receiv-
ing, due to the separate interruption frequency 
coil circuit. 
The set is built into a sV in. x 51/2 in. x 

in. steel can formed into two U-shapes with 
lips along the top and bottom edges of one 
of the U-shaped pieces. The chassis is 4 in. x 
534 in. x i34 in., thus making it somewhat 
difficult to wire-up the 4-pole-double-throw 
switch, but this job can be accomplished with 
a little patience. The tuning condenser, plug-
in-coil and 6C5 tube are mounted on a vertical 
bakelite subpanel, 33/s in. high, 2,,4 in. wide, 

in. thick. The r.f. chokes must be wound 
to the correct inductance so that no resonant 
absorption dips occur in either band. About 
75 turns of no. 34 d.s.c. wire, closewound on 
a piece of Win. bakelite rod, serves the 
purpose. The terminals of these r.f. chokes 
are made by drilling small holes through the 
ends of the bakelite rod and then soldering 
the fine wire to a piece of no. 22 wire twisted 
through and around the ends of the rod. 
The interruption frequency coil provides 

super-regeneration in the 6C5 tube when re-
ceiving; thus heavy antenna loading and low 
plate voltage can be used on 5 meters. On 
2/2 meters, the plate voltage should be 200 
volts, preferably 250 if available. The trans-
mitter output with 135 volts supply on 5 
meters will be approximately 1/2 watt, and 
1V1 watts at 200 volts, which is greater than 
the output obtainable from most other trans-
ceivers. A 6F6 power pentode acts as modu-
lator when transmitting and as an audio am-
plifier when receiving. The output in the 
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latter condition is sufficient to drive a small 
nagnetic loudspeaker to moderate volume. 
The detector regeneration control can be set 
to a point of very low hiss level and high 
sensitivity. 
A separate 41/2 -volt microphone battery al-

lows the use of either a.c. or d.c. supply for 
the heaters of the two tubes. Either an a.c. 
power supply or batteries can be used for 
home or portable operation. Variable an-
tenna coupling capacity will permit the use 
of any type of 5- or 21/2 -meter antenna. The 
coupling condenser can be adjusted through 
a hole in the front panel by means of a 
bakelite screw driver. The shield of the 6C5 
tube should "float," i.e., it is not connected to 
ground as is the usual practice. 
The 5-meter coil consists of 9 turns no. 14 

wire, 1/2 -in, diameter and 11/2 in. long. The 
21/2 -meter coil has 3 turns, V2-in, diameter, 
wound to a length of between 1 in. and 11/2  
in., depending upon the length of r.f. leads 
in the r.f. tuning assembly. Pin jacks serve 
as terminal plug receptacles for the little plug-
in coils. The send-receive switch in its center 
position opens the heater supply circuit, but 
does not disconnect the B battery; conse-
quently, if dry cells are used, the regeneration 
control will absorb a small amount of current, 
even when the set is turned off. 

This transceiver can be built on a larger 

chassis, if space requirements permit. The 
6C5G and 6F6G large glass tube equivalents 
of the little 6C5 and 6F6 metal tubes can be 
substituted without change in circuit con-
stants. Operation on meters should be 
slightly more efficient when using the glass 
6C5G tube. These glass tubes have octal 
bases, but they require more space. 
The same arrangement of horizontal r.f. 

tube mounting, very close to the tuning con-

Figure 26— Front View of Metal Tube Transceiver. 



350 U. H. F. Equipment 

Figure 27— Interior View, showing Coil and Con-
denser Support, Also Horizontal Mounting of 

6C5. 

denser and coil, is recommended if 2V2-meter 
operation is desired. The tuning condenser 
has two plates. An insulated shaft connects 
the condenser rotor to the dial. 
The three-winding midget audio trans-

former is manufactured by several concerns. 
Any small 20 or 30 henry, 50 ma. filter choke 
is suitable for the modulation choke. 

Figure 28 The Complete 5- Meter R-C Coupled Superheterodyne. 
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The performance of this unit is so superior 
to most other transceivers that it is highly 

recommended for the amateur. 

• Resistance-Coupled 5-
Meter Super-Heterodyne 

A simple 5-meter resistance-coupled super-
heterodyne is shown in figures 28 and 29. The 
receiver has four tubes: a 6C6 autodyne de-
tector, two stages of resistance-coupled i.f. 
amplification with 6D6 tubes, and a 76 triode 
second detector. The values of resistors and 
condensers in the i.f. amplifier are correct 
to bypass the intermediate frequencies only; 
the coupling condensers and resistors are too 
small in value to pass audio frequencies. 
The response curve of the amplifier is quite 
broad in order to receive 5-meter phone 

signals. 
All of the .0001 et f d. condensers should 

be of the mica "postage-stamp" variety. 
The resistors can all be 1/2 watt in rating. 
The 500,000-ohm screen control potenti-
ometer in the 6C6 detector stage should be 
advanced only to the point where the de-
tector oscillates weakly, and never to the 
point of howling or super-regeneration. 
The coupling between the antenna coil and 

the first detector should be adjusted for 
best weak-signal reception. Too much 

coupling to a resonant 
antenna will prevent de-
t ect or oscillation and 
p r op e r superheterodyne 
action. In tuning the re-
ceiver dial, it will be 
found that all 5-meter 
signals will have two 
points on the dial, very 
close to each other, be-
cause the detector func-
tions in a simple auto-
dyne circuit. 

• 5- and 10-Meter 
Superheterodyne 

The simple 5- and 10-
meter super-regenerative 
receiver does not fill the 
requirements of the ad-
vanced experimenter who 
is interested in long-dis-
tance 5 meter pioneering. 
The spasmodic periods 
during which u.h.f. sig-
nals have been heard over 
great distances have en-
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Figure 29 The Extremely Simple Circuit Diagram of the 5-Meter Resistance Coupled Super. 

couraged the design of a practical receivei 
capable of receiving phone c.w., and 
signals. A correctly designed u.h.f. super-
heterodyne can be made more sensitive than 
a superregenerative receiver, more stable in 
operation, and equally free from ignition noise. 
Other uses for a combination 5- and 10-meter 

superheterodyne of the type described here are 
for police and commercial services where 
dependability and absence of background 
hiss are essential requirements. This receiver 
incorporates the Dickert noise-silencer in a 
modified form. A Faraday screen prevents 
capacitive coupling between antenna feeders 
and the first tuned circuit in the receiver. 
The high-frequency oscillator and mixer cir-
cuits were especially designed for u.h.f. oper-
ation after all other practical forms of first-
detector circuits were discarded. 
The amplifier in this receiver uses 1,600-kc., 

air-tuned i.f. transformers and the frequency 
of the i.f. amplifier can be made any value 
between 1,600 kc. and 5,000 kc. by changing 
the i.f. transformers and slightly altering the 
high-frequency oscillator coils. The choice 
of i.f. frequency depends upon the service re-
quired of the receiver. The higher i.f. fre-
quency, such as 3,000 kc. or 5,000 kc., would 
provide a more broadly tuned i.f. amplifier 
for 5-meter voice reception. The selectivity 
of the 1,600-kc., i.f, amplifier is rather great 
for reception of signals from an ordinary 5-
meter transceiver, but is excellent for recep-
tion of m.o.p.a. or crystal-controlled 5-meter 
voice or c.w. signals. The high-frequency 
oscillator in this receiver could be crystal-
controlled for police communication service 
where single-frequency reception is desired. 
The receiver is tuned with a single dial. 

The r.f. stage is not of the regenerative type, 
thus simplifying the problem of ganging this 

tuned circuit with the first-detector and oscil-
lator circuits. The r.f. amplifier has appre-
ciable gain on 5 meters, however, because of 
careful circuit design. Very short r.f. leads, 
low "C" tuned circuits, and a 6J7 sharp cut-
off tube are used to accomplish this purpose. 
The 6J7 tube is operated at very low bias 
and high screen voltage and at somewhat 
more than normal plate current. Under these 
conditions, the tube has about the same plate 
current as a 6K7 variable s tube operating un-
der normal conditions, but produces about 
twice as much amplification. The increased 
gain available from a sharp cutoff tube, such 
as a 6J7 or 6C6, gives a better signal to noise 
ratio in the front end of a superheterodyne. 
The sharp cutoff tube will provide at least 
as much r.f. gain-to-noise ratio as can be ob-
tained from a variable et tube connected in a 
regenerative r.f. amplifier. 

The 6J7 tube has nearly twice as much 
output capacitance as a 6C6 glass tube if the 
latter is not shielded. The difference in 
output capacitance is not very great when 
the 6C6 tube has a metal shield around it, such 
as is necessary for any r.f. amplifier. The 
shell of the metal tube serves as the shield 
and the small physical size of this tube allows 
shorter leads. The disadvantage of a possible 
effective higher output capacitance in the 
r.f. tube can be overcome by using capacitive 
coupling between the r.f. and first-detector 
tubes. As long as this tube capacity is not 
too great, it does not lower the L/C ratio in 
the following tuned circuit, and simply be-
comes a part of the tuning condenser capac-
ity. The r.f. coupling circuit shown in the 
schematic diagram is very effective for high-
frequency r.f. amplifiers. The variable plate 
coupling condenser allows exact alignment of 
the detector tuned circuit if the oscillator and 
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Figure 31—Top View, Showing Layout of Parts. 

r.f. trimmer condensers have previously been 
adjusted to the correct values. This method 
of circuit alignment can only be applied over 
a very narrow range, since the variation of 
coupling capacity changes the r.f. gain. 
The r.f. amplifer plate can be connected to 

the positive B through a small r.f. choke of 
75 turns of no. 34 d.s.c. wire, closewound 
on a in, diameter bakelite rod. This choke 
coil is suitable for 5- and 10-meter operation, 
but will not have enough inductance for use 
on 20 meters. The receiver can be operated 
on 20 and 40 meters by windin,g additional 
coils on small plug-in forms. The 10,000-ohm 
resistor in series with the r.f. choke in the 
plate circuit allows operation on 20 or 40 
meters ( in spite of the too small r.f. choke) 
and the resistor does no harm when the set 
is used in the 5- or 10-meter bands. 
The 1,600 kc., i.f. transformers are tuned 

by means of air dielectric trimmer condensers. 
Type G-1601, G-1600, and G-1604 Aladdin 
iron-core i.f. transformers are used in the 
amplifier in the order given. 

Grid-leak and space-charge first detectors 
depend upon grid rectification for their oper-
ation and the tube itself acts as an additional 
i.f. amplifier. For audio frequencies or very 
low if. frequencies, grid detection is very 
effective because the grid impedance can be 
made high for such low frequencies. The 
grid-coupling condenser bypasses the r.f. fre-
quency to the grid of the detector in these cir-
cuits and is supposed to act as a very high 

impedance to the demodulated or new fre-
quency of the plate circuit. The new fre-
quency is formed in the grid circuit by the 
process of detection or mixing and part of it 
is lost due to the by-passing action of the 
grid condenser. If the i.f. frequency is very 
high, such as 1,600 kc., the usual value of 
.0001-µfd. grid condenser provides quite a 
low impedance to this frequency; as a result, 
the tube itself may provide a loss instead of a 
gain. If the grid condenser is made smaller 
in order to minimize this loss, its reactance 
soon becomes too great to apply the major 
portion of the r.f. signal across the grid-to-
cathode capacitance of the tube. Space-charge 
detectors, such as a type 24-A or 36 tube, 
act as triodes which have a very low plate 
impedance and very high mutual conductance. 
This low impedance loads the first i.f. trans-
former to an excessive degree and tends to 
reduce both the i.f. amplification and selectiv-
ity. A grid-leak detector tends to have a low 
grid impedance as well as low plate imped-
ance, resulting in a non-desirable load on both 
the r.f. tuned circuit and the first i.f. tuned 
circuit. Bias detection eliminates these faults 
at the expense of a drop in detection effi-
ciency. The final result is a compromise in 
either case when a 465 kc. i.f. amplifier is 
used. Bias detection proved its superiority 
in tests made with this receiver, where a 
higher i.f. frequency is used. 
The oscillator in this receiver has a 61<7 

connected as a triode with the cathode tapped 
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Figure 32--The Ganged High Frequency Circuits. 

into the tuned grid circuit. This is a better 
method than the use of a 6C5 triode from the 
standpoint of input capacitance. The grid of 
the 6K7 comes out through the top of the 
tube and has less capacitance to ground than 
the grid of the 6C5, which comes out through 
a prong in the base. 
Two stages of if. amplification give good 

selectivity and sufficient gain for satisfactory 
operation of the second detector and noise 
limiter circuit. Signal fading is minimized 
by applying a.v.c. voltage to the if, amplifier. 
A 10,000-ohm variable cathode-bias resistor 
serves as a control of sensitivity for c.w. re-
ception. As the value of this bias resistor is 
increased, the a.v.c. effect becomes less, so 
that it is not necessary to cut out the a.v.c. 
for c.w. reception. 
A 6H6 double-diode tube serves a dual 

function; one diode unit acts as a second de-
tector and also supplies a.v.c voltage to the 
i.f. amplifier. The second diode in the 6H6 
tube provides a noise-limiting or silencing ac-
tion. This diode acts as a variable resistor 
shunted across the audio amplifier. 
When the noise impulses, due to automobile 

ignition, are of a value greater than the aver-
age modulated signal, the diode acts as a short 
circuit across the audio output. A noise pulse 
of very short duration, such as that from auto-
mobile ignition interference, causes the re-
ceiver to become inoperative for a corre-
spondingly short interval. This interval of 
silence is so short that it is inaudible to the 
ear; it only takes place on noise impulses in 
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which the amplitude is much greater than that 
of the carrier signal. The 1-megohm resistor 
and 1-,dd. condenser in the plate circuit of 
the noise diode have a slow time constant, so 
that the tube follows the a.v.c. voltage ( which 
is proportional to the carrier signal). This 
makes the noise-limiter entirely automatic in 
its action, and by choosing those values of 
resistors in the noise-limiter cathode circuit 
as are shown in the diagram, the noise-limit-
ing action can be made to start only for noise 
pulses of an amplitude greater than the mod-
ulated component of the desired signal. 
Any noise impulse of high amplitude makes 

the noise diode cathode circuit negative with 
respect to its plate and, therefore, reduces 
the diode impedance to a few hundred ohms. 
This portion of the diode is connected across 
the audio amplifier volume control ( 100,000-
ohm potentiometer) and thereby tends to 
short circuit the audio amplifier during the 
noise impulse interval. This circuit does not 
eliminate automobile ignition of low or me-
dium amplitude; however, it does improve re-
ception of readable signals through strong 
ignition interference. 
A beat-frequency oscillator is coupled to 

the second detector diode plate through a 
small capacitance consisting of a short length 
of hookup wire twisted twice around the plate 
lead of the diode. The b.f.o. consists of a 
standard electron-coupled oscillator tuned to 
produce a beat note with the 1,600-kc. signal 
for c.w. reception. The value of screen-grid 
resistor shown in the circuit diagram depends 
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upon the type of grid tuned coil and location 
of cathode tap. The b.f.o. coil is made by 
scramble-winding 150 turns of no. 30 d.s.c. 
wire on a -inch diameter dowel rod, with a 
winding length of one inch. The cathode tap 
is made g of the total number of turns up 
from the grounded end. The dowel rod is 
forced into a -inch diameter hole in the 
chassis, and this coil, grid-leak and condenser 
are then shielded by covering them with an 
aluminum shield can. The 50 µµfd. tuning 
condenser is mounted on the rear of the chas-
sis directly below the b.f.o. coil and the b.f.o. 
switch is mounted on the front panel for the 
sake of convenience. Excessive b.f.o. injec-
tion into the second detector produces an ob-
jectionable amount of hiss and a consequent 
loss of sensitivity on weak signals. If the in-
jection voltage is too low, the beat-note on 
c.w. reception will be weak and strong sig-
nals can not be heterodyned. The amount 
of injection voltage can be varied by chang-
ing the coupling capacity between the two 
plate circuits and by changing the value of 
the screen-grid resistor. 

The power supply and loudspeaker are built 
into the chassis. The presence of the loud-
speaker produces an audio howl on signals 
having a strong carrier if the volume control 
is advanced too far. If high audio volume is 
desired, the loudspeaker should be mounted in 
a separate cabinet. The howling effect is an 
acoustic feedback from the loudspeaker to 
the tuning condenser plates and is not easily 
remedied. 

The audio amplifier consists of a 6C5 tri-
ode, resistance-coupled into a 6F6 pentode. 
The 6C5 obtains its grid bias from the diode 
voltage; this bias voltage depends upon the 
signal strength and position of the arm on 
the volume control potentiometer. The bias 
is automatically increased when receiving 
strong signals or when the volume control is 
advanced for a high audio level. This ar-
rangement is desirable in preference to fixed 
bias because of the noise-limiter circuit. The 
difficulty lies in obtaining a quiet volume 
control, since there is a small flow of direct 
current through the resistor, and most types 
of volume controls tend eventually to become 
noisy under these conditions. 

• Construction 01 
Receiver 

The receiver is mounted on a cast alum-
inum chassis, 12 in. x 17 in. x in. The 
front panel is 834 in. x 19 in., 10-gauge durai. 
There are three tuning condensers of the 

Hammarlund u.h.f. type, originally having a 
capacity of 35 getfd. each and then reduced in 
capacity by removing plates until only two 
rotors and two stators remain in each con-
denser. These condensers are very efficient 
for u.h.f. operation because very short r.f. 
leads can be made; however, they are diffi-
cult to gang together for single-dial tuning. 
Extension shafts, two in number, each 134. 
inch long, are cut from 3.1 inch round brass 
tubing having an inside diameter of IA inch. 
These are forced-fit over the 3.. inch shafts 
on the tuning condensers and then soldered in 
place. This is accomplished by drilling a 1/4 
inch hole in a block of wood which is clamped 
to the base plate of a drill press. The front 
shaft of the tuning condenser is then slipped 
into the V4 inch-hole and the brass extension 
shaft is fastened into the chuck of the drill 
press. The chuck is then brought down until 
the brass tube slips over the 3 inch-condenser 
shaft and the two are then sweated together 
with a hot soldering iron and solder. This 
alignment procedure results in a reasonably 
straight extension shaft which rotates on the 
shaft axis without wobbling. 

Each tuning condenser is then mounted on 
an aluminum subpanel, with flexible couplings 
linking the shafts. The mounting holes for 
the condensers are made a little large so that 
the condensers can be lined up with the front 
section and tuning dial without binding when 
the dial is rotated. The aluminum panels 
which hold the condensers (three in number) 
are spaced 314 inches apart; they also serve 
as r.f. shields between stages. The two larger 
aluminum shield brackets are 6 inches long 
and 4 inches high. The smaller bracket is 
used for the oscillator tuning condenser and 
padding condenser; this bracket is 2 inches 
wide and 4 inches high. Even when great 
care was exercised in lining up the con-
denser, the friction developed. This, plus the 
friction of each condenser itself, required a 
vernier tuning dial with a powerful driving 
action. If care is taken to gang the condens-
ers properly and if a good dial is chosen, it 
is easy to tune without backlash, even on 5 
meter c.w. reception. 

The oscillator components are mounted in 
the compartment closest to the front of the 
receiver in order to minimize backlash, which 
is inherent even in a solid Y4 inch-brass rod. 
The detector is mounted in the center com-
partment and the r.f. tube is mounted in a 
horizontal position in the third compartment 
at the rear of the chassis. The horizontal 
mounting makes it possible to run a very 
short plate lead, so that the efficiency even on 
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4 meters is relatively high. Plug-in coils, 
"air supported," are used for the 5- and 10-
meter bands. Brass standoff supports are 
made by drilling a AT inch hole in one end 
of a lee inch round brass rod for receiving 
the banana-type plug on the coil. The other 
end of each brass standoff ( 1 inches long) 
is drilled and tapped to take a 6/32 machine 
screw, so that the standoff can be supported 
to the chassis. Small porcelain standoff in-
sulators, 1. 1A inch high, support the grid end 
of each coil by means of a banana-type plug 
and jack. 
The cathode of the oscillator feeds up 

through the chassis into a through-type insu-
lator which has a plug in its end. The oscil-
lator coil has three of the small banana-type 
plugs, whereas the detector and r.f. coils have 
only two. The antenna coupling coil is 
mounted on standoff insulators and the coup-
ling remains fixed for all bands. This coil 
consists of 7 turns of no. 14 bare wire, 7A inch 
diameter, el inch long. This coil can be cen-
ter-tapped to ground for connection to a 
transposed two-wire feeder or connected to 
ground at one end for connection to a concen-
tric line feeder or simple antenna and ground. 
A Faraday Screen is mounted between the 

antenna coil and r.f. tuned circuit. This screen 
consists of parallel insulated wires, spaced one 
diameter of the wire, cemented to a flat sheet 
of celluloid. One end of all of these wires is 
soldered to a no. 12 "bus" wire which serves 
as a common support for the screen. This 
end is grounded. The remaining ends of all 
the wires are insulated from each other. The 
physical size of this screen is 2 $ in. wide 
and 24 in. high. 
The 5-meter detector and r.f. grid coils are 

both identical in size; each has 7 turns of no. 
14 wire 5A inch diameter, and spaced to oc-
cupy a length of VA in. The 5-meter os-
cillator coil consists of 6 turns of no. 14 wire, 

inch diameter, space-wound to occupy a 
length of l'A in. The cathode tap is sol-
dered to a point on the coil which is slightly 
more than one turn from the grounded end. 
The 10-meter r.f. and detector coils each 

have 10 turns of no. 14 wire, "air wound," 
7A in. diameter, 1,/i in. long. The 10-meter 
oscillator coil has 9 turns of no. 14 wire, "air 
wound," in. diameter, 1,4 in. long, with 
a cathode tap taken two turns from the ground 
end. All coils are fitted with banana-type 
plugs. 
The oscillator padding condenser ( 15 nnfd. 

maximum capacity) is mounted directly above 
its tuning condenser in the compartment clos-
est to the front of the panel, and its capacity 
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is Set So that the plates are about one-third 
enmeshed. The r.f. grid trimmer and r.f. 
coupling condensers are set with the plates 
between one-third and one-half enmeshed. 
The coil turns are then compressed or ex-
panded until the circuit tracks over the 5-
and 10-meter bands. This is a rather tedious 
procedure and can be accomplished most 
easily by means of the 5- or 10-meter har-
monics from a test oscillator or signal gen-
erator. 
The first detector connects to the i.f. trans-

former nearest to it and the high-frequency 
oscillator tube. The first i.f. tube is mounted 
close to the front panel and it feeds into the 
second i.f. transformer, which is directly be-
hind the round electrolytic condenser can. The 
second i.f. amplifier tube and third i.f. trans-
former are in a line with the 6C5 and 6F6 
audio tubes. 
The 6H6 detector and 6K7 b.f.o. tube and 

coil are mounted near the last i.f. transformer 
and audio tubes. The power supply com-
ponents are mounted far to the left on the 
chassis. The knob on the rear side of the 
chassis is the b.f.o. adjuster. 

All of the .00005 itfd. (50 µdd.) condens-
ers are of the mica type; the remaining con-
densers are of the 600-volt tubular paper type, 
except for the noise filter condenser, 
which has a rating of 400 volts. 

• High-Output 6A6 
5-Meter Transmitter-
Receiver 

It was previously stated that 5-meter trans-
ceivers have many disadvantages, including 
excessive receiver radiation, low output when 
transmitting, poor sensitivity, high receiver 
hiss level, and variation of transmitter fre-
quency with receiver frequency shift. The 
unit here shown has a separate transmitting 
r.f. circuit, a common audio system, and sepa-
rate receiver r.f. circuits. This permits the 
use of an r.f. stage, which increases sensitivity 
and prevents receiver radiation. The trans-
mitter frequency can be set to some fixed 
value, and the output is several times as high 
as that from a transceiver. 
This transmitter-receiver is not much larger 

than a transceiver, in spite of its being a sepa-
rate receiver and transmitter for 5-meter op-
eration. The receiver has a separate quench 
frequency tube and associated controls, thus 
the hiss level can be set at such a low value 
that it is no higher than the external inter-
ference noise in most locations. Regenerative 
r.f. amplification with regeneration control 
gives extremely high sensitivity when needed. 
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A class B 6A6 modulator supplies sufficient 
audio output to modulate the 5-meter oscil-
lator at approximately 5 watts carrier output 
when a 300-volt plate supply is available. 
Either an a.c. power supply, or B batteries 
and a 6-volt storage battery, can be used for 
portable or fixed station operation. The B 
supply can be of any value from 150 to 325 
volts, much better results being secured with 
the higher values around 280 to 300 volts. 
A small magnetic loudspeaker is built into 

a cabinet only 14 in. x 7 in. x 71/2  in. This 
set has all of the best features of mobile or 
medium power station units built into one, 
and it can be highly recommended for general 
5-meter operation. 

• Technical Notes 

The transmitter consists of a TNT push-
pull oscillator with a 6A6 tube in a cathode 
bias arrangement. A 6A6 speech amplifier 
drives a class B 6A6 modulator which de-
livers 8 to 10 watts output at 300 volts. The 
microphone is an ordinary single-button type. 
The same two 6A6 audio tubes serve as 

an audio amplifier for the receiver when the 
4-P-D-T switch is thrown to the receive posi-
tion. The latter also switches the antenna 
from transmit to receive. The 76 super-re-
generative detector is not self-quenching, but 
uses a separate 76 interruption frequency os-
cillator. The latter permits a setting of the 
detector plate voltage to such a value that 
the tube continues to super-regenerate, but 
with a very low hiss level. This means that a 
great portion of the troublesome loud hiss or 
roar can be eliminated, even when no station 
is tuned-in on the 5-meter band. 
The regenerative r.f. stage has a 6K7 metal 

tube, requiring less space and shorter leads. A 
slight amount of regeneration actually gives 
some r.f. gain on 5 meters and very weak sig-
nals can be received which would otherwise 
be inaudible. A 954 acorn r.f. tube will give 
more gain, but at a considerable increase in 

Figure 33—Front View of High-Output 6A6 
Transmitter-Receiver. 

cost; thus a («promise was made in the 
form of the 6K7 tube. 
The interruption frequency oscillator has 

two small universal-wound coils in a small 
shield can beneath the chassis. This oscilla-
tor functions at about 100 kc. and causes a 
variation at 100 kc. per second of the plate 
voltage on the 76 detector. This variation 
causes super-regeneration, with a gain of sev-
eral thousand times on weak signals. 
Audio volume is controlled, in the receiver 

only, by shunting a tapered 50,000-ohm con-
trol across the grid circuit of the first audio 
stage. The microphone-to-grid transformer 
carries the detector plate current through its 
secondary when receiving; it should, there-
fore, be wound with sufficiently heavy wire 
in order to carry approximately 5 ma. A 
push-pull pentode to dynamic loudspeaker 
voice coil transformer can be substituted for 
the "mike" transformer. The voice coil wind-
ing then becomes the microphone winding, 
and the detector lead can be connected through 
the switch to the center-tap or to the grid 
ends of the secondary. The loudspeaker con-
nects from one of the class B plates through 
a 1/2 -µfd. condenser back to a switch contact 
which disconnects it when transmitting. This 
send-receive switch also connects the B sup-
ply voltage to either the transmitting 6A6 os-
cillator or to the detector and r.f. stages. 
The 6A6 oscillator draws from 30 to 60 

ma., depending upon plate voltage and an-
tenna loading. The plate impedance is some 
value between 5,000 and 10,000 ohms and the 
class B output transformer should therefore 
have a total primary-to-secondary turns-ratio 
of between 1.4-to-1 and 1-to- 1. The trans-
former shown was rated for a 5,000-ohm load 
out of a 6A6 class B tube, which would indi-
cate a 1.4-to-1 ratio. The class B input trans-
former can be any type designed for a 6A6 or 
53 driver into a 6A6 or 53 class B amplifier. 

• Construction 

The sheet-iron can is 14 in. long, 7 in. high 
and 71/2  in. deep, a standard size available 
from many radio supply houses. A 134 in. 
chassis depth is ample for the 4-P-D-T switch, 
variable and fixed resistors and fixed con-
densers. 
The 4-prong wafer socket for the power 

cable and the insulated microphone jack are 
mounted in the rear. The class B. transform-
ers are placed in such a manner that space is 
available for a 41/2 -volt C battery for micro-
phone supply. The separate mike battery 
makes possible the use of either d.c. or a.c. 
for the heaters without wiring changes. The 
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Figure 34—Complete Circuit Diagram of High-Output 6A6 Transmitter- Receiver. 

5-inch magnetic speaker is covered with a 
metal screen grill behind a 4-inch diameter 
hole in the front panel. 
The two receiving 15 µofd. tuning condens-

ers mount on small porcelain stand-off in-
sulators. The two corresponding vernier tun-
ing dials are of bakelite, thus a one-inch front 
panel hole insulates the tuning condensers 
from ground. Other types of dials would re-
quire an insulated coupling on the tuning con-
denser shafts in order to prevent r.f. noise, in 
one case, and a short circuit in the other. 
The 6K7 r.f. tube mounts horizontally on a 

4 in. x 5 in. no. 12 aluminum shield. The lat-
ter has a lip bent at right angles along 
the bottom so that a pair of 6/32 machine 
screws will hold it rigidly in place. Shake-
proof lock-washers should be placed under all 
machine screw nuts if the set is operated in 
mobile service. The r.f. stage by-pass con-
densers, r.f. choke and plate coupling con-
denser mount directly at the 6A7 tube socket, 
with short leads to the aluminum sheet for a 
ground connection. All ground points are 
bonded together with hook-up wire and con-
nected to the minus B power socket terminal. 
The r.f. chokes are made by winding about 

75 turns of no. 34 d.s.c. wire on a 34-in. di-
ameter bakelite rod. The detector coil has 
8 turns, IA-in, inside diameter, tapped near 
the center, and the turns are spaced approxi-

mately the diameter of the no. 14 wire. The 
r.f. coil is similar in construction, except for 
the cathode tap, which is taken at about Y4-
turn. The plate coil of the 6A6 oscillator has 
7 turns, x-in. diameter, 11A-in. long. The 
wire for the coils should be no. 12 or prefer-
ably no. 10 copper. The 6A6 grid coil has 11 
turns of no. 14 wire, diameter, with a 
center-tap. This coil mounts on small stand-
off insulators beneath the chassis and the two 
grid leads extend through the insulators di-
rectly to the grid terminals on the isolantite 
socket of the 6A6. This arrangement gives 
equal and very short grid and plate leads to 
the 6A6 r.f. tube. The 6A6 r.f. tube and 76 
detector both mount on isolantite sockets 
above the chassis in order to reduce the 
length of the r.f. leads. 

All coils are soldered to their terminals so 
as to prevent loose connections, losses and 
noise. The two antenna coils are made of 
no. 18 insulated hook-up wire and the 
coupling can thus be varied for best results 
with different antennas. 

• Operating Notes 

When first testing the receiver, the r.f. 
regeneration control should be set so that 
the value of screen voltage is approximately 
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zero. The super-regen-
eration control should be 
dçcreased in resistance 
until a super-regenerative 
hiss is audible in the 
loud-speaker. T h e r.f. 
control can then be ro-
tated until r.f. oscillation 
takes place ( without an-
tenna), as indicated by 
a sudden cessation in hiss 
output when tuning the 
r.f. dial across its scale. 
When actually operating 
the receiver with an an-
tenna, the r.f. regenera-
tion control should never 
be set to the point of r.f. 
oscillation. A check on 
the operation of the r.f. 
stage and its tracking 
qualities with the detec-
tor tuning dial can be 
secured with the oscillation test just de-
scribed. 

A little practice is needed to operate the 
receiver for maximum sensitivity, because it 
has two tuning dials and two regeneration 
controls. For normal operation the r.f. stage 
tunes very broadly, and the r.f. gain control 
need not be set to its critical position. The 
detector super-regeneration control should al-
ways be set to a position where it will main-
tain a low degree of hiss level when no signal 
is received. The r.f. stage prevents radiation 
of super-regeneration squeals from the detec-
tor circuit and therefore serves a good pur-
pose; careful tuning of the r.f. stage will give 
a decided gain in receiver sensitivity on weak 
signals. 

The transmitter should be tuned to some 
frequency within the 5-meter band between 
56 and 60 megacycles by means of a wave-
meter or by checking it against another re-
ceiver. A diode tube field strength meter-
monitor should be available for checking mod-
ulation. A single turn of wire in series with 
a 6-volt pilot lamp makes a good tuning in-
dicator, in addition to the field strength meter. 
The lamp, when coupled to the 6A6 plate coil, 
should light up more brilliantly when the 
microphone is spoken into or energized by a 
whistle. Fairly heavy antenna coupling is 
essential for best results. The modulation 
percentage is greatest at a point where the 
r.f. current in the antenna begins to drop 
slightly on steady carrier due to close coup-
ling to the antenna feeder. The lamp indi-
cator will also show a greater variation in 

Figure 35— Looking into the High-Output Transmitter- Receiver. 

r.f. current when modulating with a heavy an-
tenna load. The spacing of the grid coil 
turns and the value of the cathode resistor 
both affect the degree of modulation for a 
given degree of antenna coupling. 

The antenna coupling system is suitable for 
a spaced two-wire r.f. feeder, a single-wire 
feeder, or to a concentric feed line. The lat-
ter is of especial benefit for automobile instal-
lations and is also best from a standpoint of 
minimum noise pick-up at fixed stations. The 
antenna can be a vertical half-wave Y-fed 
wire or rod, about 8 feet long, or a "J" type. 
A directional array will give better perform-
ance than a single element half wave antenna. 
For automobile installations the antenna can 
be 4 feet long, with the inner conductor of a 
concentric line feeding the lower end of the 
4-foot insulated rod. 

• Parallel Rod 
Oscillators 

A parallel rod oscillator consists of two 
sets of quarter-wave parallel rod tuned cir-
cuits, such as shown in figures 36 and 37. The 
parallel grid rods act as a high Q circuit, 
giving a high degree of frequency stability. 
These rods are approximately 2,/,1 feet long 
for the 2.5-meter band and 4V2 feet long for 
the 5-meter band. The lower ends of the 
grid rods are connected to a short-circuiting 
copper plate, and the two grid leads are 
tapped to the rods a few inches above the cop-
per plate. The plate tuning rods are nearly 
as long as the grid rods. and a sliding short-
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Figure 36 —Parallel Rod U.H.F. Oscillator with 
HK-354C Gammatrons in Push- Pull. The circuit 

diagram is shown in figure 37. 

ing-bar, or connection, tunes this circuit to 
resonance as indicated by minimum plate cur-
rent. The oscillator is a tuned-grid-tuned-

10 1.4 
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plate circuit in which the grid circuit controls 
the frequency of operation. The oscillator 
shown in the illustration is suitable for high 
power amateur 2.5- or 5-meter transmitters; 
smaller tubes can be used if lower power op-
eration is desired. 

Plate modulation can be used without ex-
cessive frequency modulation. The antenna 
can be inductively coupled to the plate rods 
or directly coupled to the rods through fixed 
mica condensers which are connected to the 
rods near the shorting bar. The coupling can 
be adjusted so that normal plate current is 
drawn. The plate circuit should always be 
tuned to resonance with the grid circuit, as 
indicated by minimum plate current. The 
plate tuning has some effect on the frequency 
of oscillation. Oscillator-amplifier trans-
mitters of this type arc particularly useful 
for phone. 
Another form of rod oscillator is shown in 

figure 38. This oscillator has a pair of 
parallel rods which are coiled into spirals. 
The circuit and adjustments are the same as 
for a conventional parallel rod oscillator. The 
plates are connected to a point on the spiral 
about one turn from the free ends; the two 
grids are connected to the grid spiral coils at 
a point about 5 inches from the short-circuited 
end. Each spiral consists of four turns, the 
total length of each rod being approximately 
4.5 feet for 5-meter operation. 

354-C 

5 VOLTS-20AMPS 

2.5 METER OSCILLATOR EXPERIMENTAL) 
USING 354-C GAMMATRONS 

Figure 37 

ERFC 

+ 1200 — 
2000 V 
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Figure 38 Spiral- Rod Oscillator. 

Figure 39 Low Power- Factor Line 
Oscillator. 

• Low Power-Factor 
Line Oscillator 

Large diameter pipes, a quarter wavelength 
long, short-circuited at one end, are suitable 
for stable oscillators in the range of from 7 
to 500 megacycles. Castings and heavy pipes 
are used in commercially-built transmitters; 
temperature compensation is secured by 
means of semi-flexible metal bellows and an 
invar-rod within the inner pipe. 

A pipe oscillator suitable for the amateur 
2.5-meter band can be made as shown in the 
illustrations, figures 39 and 40. 
The grid of a 35T tube is connected to the 

inner pipe at a point about 6 inches from the 
short-circuited end. The outer pipe is 30 • 
inches long and is soldered to a copper sheet 
through which the inner pipe slides; this in-
ner pipe is 27-inches long and from 24- to 
25-inches of the pipe extends into the larger 
pipe ( for 2.5 meter operation). Waxed linen 
cords are wrapped around the inner pipe in 
order to center its position with respect to 
the outer pipe. The quarter-wave pipe tuned 
circuit controls the frequency of operation. 
Regeneration (and plate tuning, to some ex-
tent) is varied by means of a 15 µµfd. grid 
excitation condenser. The capacity of this 
condenser should be varied until the circuit 
oscillates under load over a range of pipe 
lengths. The plate current is relatively low 
when the proper adjustment is found. The 
entire transmitter should be suspended by a 
shock absorbing system in order to prevent 
vibration, which would impair the frequency 
stability. An efficiency of about 50 per cent 
can be obtained with this oscillator. At a 
plate potential of 500 volts, the plate current 
was 25 ma., at 700 volts 35 to 40 ma., and at 
1,000 volts from 75 to 90 ma. under load, in 
laboratory tests. 

This oscillator can be plate modulated, or 
it can be used as a driver for a class C am-
plifier. 

• Stabilized 5-Meter 
Transmitter 

This stabilized 5-meter transmitter pro-
vides a means of securing good frequency 
stability without resorting to the use of long 
parallel rods or crystal control. Frequency 
stability is obtained by means of a high-Q 
tuned circuit, in conjunction with a variable 
grid coupling condenser. These two factors 
minimize the effect of changes in plate voltage 
in the oscillator during the process of modu-
lation. Proper adjustment of the grid con-
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trol condenser results in an oscillator which 
has a frequency stability comparable to that 
of a high-Q parallel-rod oscillator. An in-
crease in d.c. plate voltage of from 225 up 
to 350 volts caused a frequency change of 
less than 5,000 cycles when this oscillator was 
under test: the usual 5-meter oscillator has 
a frequency change of from 60 to 100 kc. 
under these test conditions. The tests were 
made by listening to the beat-note in a 5-
meter c.w. superheterodyne receiver. A d.c. 
plate voltage drop of from the 225-volt value 
down to 100 volts caused a frequency change 
of approximately 7 kc. 
The oscillator in the transmitter illustrated 

in figures 41 and 42 can be modulated up to 
75 per cent without appreciable frequency 

Figure 41—Stabilized U.H.F. Oscillator, diagram-
med In figure 42. Note center plate between ad-
justable rotors of a standard, small size neutral-
izing-type condenser. It is of importance that 
the components be placed precisely as shown. 

OUTPUT 

+ B 
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modulation. The signal can be received with 
excellent quality on a selective superhetero-
dyne receiver. 

This form of stabilized circuit was first 
shown in the 1936 edition of "The `RADIO' 
Handbook." The new type-6V6G beam power 
tube replaces the type-45 used in the original 
model. A carrier output of 3 to 5 watts is 
obtained from this newer transmitter. An-
other 6V6G tube serves as a modulator, in 
conjunction with a single-button carbon 
microphone. A separate 4.5-volt microphone 
battery allows the use of either a.c. or d.c. 
heater supply and a.c. or dynamotor plate 
supply. 

The heater drain of the 6V6G tubes is 0.9 
amps. at 6 volts, for the two. The total plate 
current drain is approximately 70 ma. at 
250 volts and approximately 85 ma. at 300 
volts. The 6V6G tube is a small version of 
the 6L6G and is primarily designed for auto-
mobile receiver service. Its characteristics 
are similar to those of the 6L6G. 

The heart of the transmitter 
is a special variable condenser 
made from a standard Bud 
neutralizing condenser, to which 
is added a small rectangular 
aluminum plate. One end of 
the coil connects to the fixed 
aluminum plate, which is fas-
tened to the chassis by means 
of small, porcelain, standoff in-
sulators at either end of the 
plate; the other end of the coil 
conneets to one of the adjust-
able plates of the Bud con-
denser. This same lead is also 
connected to the plate terminal 
of the 6V6G tube. The grid of 
the tube connects to the remain-
ing circular plate of the Bud 
condenser. A 50,000 ohm grid-
leak connects from the grid to 
the chassis ground. The coil 
consists of 9 turns of no. 12 
enameled wire, center-tapped; 
this coil is self-supporting and 
has an inside diameter of 
slightly more than V2-inch. The 
turns are spaced approximately 
one wire diameter. 

The r.f. choke consists of 80 
turns of no. 34 d.s.c. wire, close 
wound on a Yeinch diameter 
bakelite rod. This choke is 
mounted vertically under the 

coil, the lower end of the coil rod being 
supported to the chassis by means of a 6/32 
machine screw. The .01-µfd. and .001-µfd. 
r.f. bypass condensers in the oscillator cir-
cuit are connected directly from the tube 
socket terminals to the chassis ground; 
these condensers are of the mica type. A 
combination of grid-leak and cathode bias 
provides better frequency stability than grid-
leak bias alone. The screen and plate cir-
cuits of the oscillator are both modulated by 
the 6V6G modulator tube. 

In operation, the circular condenser plate 
at the plate side of the coil is spaced approxi-
mately l'a -inch from the fixed aluminum 
plate; the circular plate in the grid circuit 
should be spaced to inch from the cen-
ter fixed plate, depending upon the degree 
of antenna loading. This plate must be close 
enough to the stator to supply just sufficient 
grid excitation for stable oscillation. The 
position of this condenser plate affects the 
frequency of operation, so that both con-
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denser plates should be simultaneously ad-
justed in order to tune the circuit to the de-
sired portion of the 5-meter band. The posi-
tion of the grid coupling condenser plate is 
not critical. 

• High Power 5-Meter 
Transmitter 

Occasionally, the 5-meter signals are re-
flected back to earth from the Heaviside layer 
and communications over a distance of sev-
eral hundred or even several thousand miles 
can be accomplished. A high power c.w. or 
phone signal is desirable for these periods 
of unusual operation. 
The amplifier and doubler shown in fig-

ures 43 and 44 are capable of furnishing a 
carrier output of 200 watts when driven by 
any 6L6G doubler which has a 10-meter out-
put of 10 to 15 watts. 
The requirements for satisfactory 5-meter 

operation demand very short r.f. leads and 
tubes with low interelectrode capacities. Type 
35T tubes are very suitable for this purpose; 
the amplifier operates in the 5-meter band as 
easily as a normal amplifier will operate in 
the 40- or 80-meter bands. A 35T doubler 
drives the push-pull amplifier through a link-
coupled circuit. The grid circuit of the dou-
bler tube is tuned to 10 meters, the plate cir-
cuit to 5 meters. If this complete unit is 
to be used for 10-meter operation, the doubler 
should have its grid circuit tuned to 20 meters, 
or it may be used as a neutralized buffer. 
The plate coil must then be center-tapped and 
bypassed to ground and a neutralizing con-
denser connected from one end of the tuned 
circuit to the grid. Such a circuit can be 
used as a doubler as well as a buffer, whereas 

bilAtIDBOOK 

Figure 43 -An ultra-
efficient buffer-
doubler and final r.f. 
amplifier for 5- and 
10- meter operation. 
The illustration 
shows a complete 
group of 5- meter 
coils in their respec-
tive positions. The 
r.f. plate choke in the 
final stage is mount-
ed closely to the 
center tap of the 
plate coil. Neutral-
izing condensers for 
the push-pull 35T 
stage are barely vis-
ible in the photo-
graph; they are 
mounted directly 
under the final plate 
tuning condenser, 
close to the 35T's and 
the condenser termi-

nals. 

the one shown in figure 14 can be used only 
as a doubler. If a plate potential much higher 
than 1250 volts is applied to the doubler, the 
tuned plate circuit should be center-tapped 
for the usual neutralizing system in order 
to prevent excessive regeneration or oscilla-
tion in the doubler stage. This doubler is 
regenerative, even though the grid circuit is 
tuned to half the frequency of the plate 
circuit. 
The complete unit is built on an 8 in. x 17 

in. x 2 in. zinc-coated steel chassis. The dou-
bler plate and grid-tuning condensers are 
mounted on small standoff insulators, the 
bypass condensers are soldered to the metal 
chassis and to the tube or variable condenser 
terminals. The 10-meter grid coil consists 
of 13 turns of no. 12 enameled wire, with 
a winding length of 2 inches. All coils have 
an inner diameter of 3/4 -inch. The 5-meter 
plate tuning coil has 8 turns of no. 12 enam-
eled wire, i A inches long. This coil is tuned 
by means of a midget variable condenser 
which has exceptionally wide plate spacing. 

A one-turn link coupling circuit drives the 
grid circuit of the push-pull final amplifier. 
The grid coil of the final amplifier has 6 
turns oi no. 12 enameled wire, center-tapped, 
i-inch long. The plate coil for the final ampli-
fier has 9 turns of no. 8 enameled wire, 13/4-
inches long, and center-tapped. All coils con-
nect directly to the variable condenser ter-
minals. The rotor of the plate tuning con-
denser remains "floating," and the condenser 
is mounted several inches above the chassis 
by means of two vertical panels of bakelite. 
The neutralizing condensers are mounted 
directly under the plate tuning condenser, on 
small standoff insulators; these neutralizing 
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Figure 44 - General Wiring Diagram of the 5 and 10 Meter 200 Watt Unit. It Can 
Be Driven by Any 10 Watt 10 Meter Exciter 

condensers have 3 plates widely spaced. The 
35T tubes are neutralized with the condensers 
enmeshed approximately 20 per cent. 

If T-20 tubes are used in place of 35T's 
in the final amplifier, the neutralizing con-
densers will require a higher maximum ca-
pacity. Due to the higher interelectrode ca-
pacities of the T-20 tubes, the coil inductances 
must be reduced by greater spacing between 
turns. A type TZ-20 doubler tube can be 
used to drive a pair of T-20 tubes to a car-
rier output of GO watts from a 700-volt plate 
supply. 
The plate tuning condenser in the final 

amplifier must have sufficient spacing be-
tween plates to withstand the peak r.f. volt-
ages developed when plate modulating the 
final amplifier. The new Cardwell u.h.f. 
split-stator condenser shown in the illustra-
tion has a 4,500-volt per section flashover 
rating. 

Current readings in the various circuits, 
when 35T tubes are used with a 1,250-volt 
power supply, are as follows: 

Doubler grid current 10 to 15 ma. 

Doubler plate current 80 to 90 ma. 

Final grid current 40 ma. 

Final plate current 250 ma. 

At this input to the final amplifier, 150 watts 
of audio power is required for 100 per cent 
modulation. This amount of power can be 
secured from a pair of 35T tubes in class-B. 

A combination of grid-leak and battery-bias 
makes it possible to key the crystal oscil-
lator for c.w. telegraphy. 

The antenna should be inductively coupled 
to the final amplifier plate coil. The most 
desirable arrangement is by link coupling to 
an additional tuned circuit connected across 
the antenna feeders. 
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Scientific Progress in the 

U.11.F. Field 

Individual experimentation and observations in the ultra 
high frequency field can result in little scientific accomplish-
ment or progress unless correlated with the results and ob-
servations of others working for the advancement of u.h.f. 

communication. 

Amateur radio has enjoyed the reputation of having been 
instrumental in pioneering and popularizing the wavelengths 
between 10 and 160 meters. We have another chance to 
contribute something to the advancement of the art. But 
nothing can be accomplished without correlation of observa-
tions and results. 

When you have anything unusual to report in the way of 
circuits, antennas, sky-wave communication, weather or sun-
spot correlation, or anything else that will help in gathering 
useful data on the ultra high frequencies, mail it to: 

Associate Editor of RADIO Magazine, 
512 N. Main St., Wheaton, Ill. 



Chapter 16 

POWER SUPPLIES 

ANY DEVICE which incorporates va-
cuum tubes requires a power supply 

for the filament and plate circuits of the 
tube or tubes. The filaments of the tubes 
must be heated in order to produce a source 
of electrons within the vacuum tubes; di-
rect-current voltages are needed for the 
other electrodes in order to obtain detection, 
amplification, oscillation, and rectification. 

Either a.c. or d.c. voltage may be used 
for filament power supply in most applica-
tions; however, the a.c. power supply is 
the more economical, and can be used with 
most tubes without introduction of hum in 
the output of the vacuum tube device. The 
plate potential must be secured from a d.c. 
source, such as from batteries or a rectified 
and filtered a.c. power supply. 
The a.c. current first must be converted 

into a uni-directional current; this is accom-
plished by means of vacuum tube rectifiers, 
of either the full- or half-wave type. 

TRANSFORMER 
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VOLTAGE 

+on A A  ggvev,--
v V  

COMBINED RECTIFIER 
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PLATES ee., la 
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FULL-WAVE RECTIFICATION 

Figure 1—Showing effects of rectification and 
filtering of an AC current. 

A half-wave rectifier passes one-half of 
the wave of each alternation of the a.c. 
current and blocks the other half. The out-
put current is of a pulsating nature, which 
can be smoothed into pure, direct current by 
means of filter circuits. Half-wave recti-
fiers produce a pulsating current which has 
zero output during one-half of each a.c. 
cycle; this makes it difficult to filter the 

output properly into d.c. and also to secure 
good voltage regulation for varying loads. 
A full-wave rectifier consists of two half-

wave rectifiers working on opposite halves 
of the cycle, connected in such a manner that 
each half of the rectified a.c. wave is com-
bined in the output as shown in figure 1. 
This pulsating uni-directional current can 
be filtered to any desired degree, depending 
upon the particular application for which the 
power supply is designed 

Figure 2 

A full-wave rectifier consists of two plates 
and a filament, either in a single glass or 
metal envelope for low voltage rectification, 
or in the form of two separate tubes, each 
having a single plate and filament for high 
voltage rectification. The plates are con-
nected across the high voltage a.c. power 
transformer winding, as shown in figure 2. 
The power transformer is for the purpose of 
transforming the 110-volt a.c. line supply to 
the desired secondary a.c. voltages for fila-
ment and plate supplies. The transformer 
delivers alternating current to the two plates 
of the rectifier tube; one of these plates is 
positive at any instant during which the 
other is negative. The center point of the 
high voltage transformer winding is usually 
grounded, and is, therefore, at zero voltage, 
thereby constituting the negative "B" con-
nection. 
When one plate of the rectifier tube is 

conducting, the other is inoperative, and 
vice-versa. The output voltages from the 
rectifier are connected together through a 
common rectifier filament circuit, and thus 
the plates alternately supply pulsating cur-
rent to the output circuit. The rectifier tube 
filaments are always positive in polarity 
with respect to the output. 
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The output current pulsates 120 times 
per second for a full-wave rectifier con-
nected to a 60-cycle a.c. line supply, and the 
output from the rectifier must connect to a 
filter, which will smooth the pulsations into 
direct current. Filters are designed to select 
or reject alternating currents; those most 
commonly used in a.c. power supplies are of 
the low-pass type. This means that pulsat-
ing currents which have a frequency below 
the cut-off frequency of the filter will pass 
through the filter to the load. Direct cur-
rent can be considered as alternating current 
of zero frequency; this passes through the 
low-pass filter. The 120-cycle pulsations are 
similar to alternating current in character-
istic, so that the filter must be designed to 
have a cut-off at a frequency lower than 
120 cycles. 

• Filter Circuits 

A low-pass filter consists of combinations 
of inductance and capacitance. An induct-
ance or choke coil offers an impedance to 
any change in the current that flows through 
it. A high in-luctance choke coil offers a 
relatively high resistance to the flow of pul-
sating current, with the result that the a.c. 
component or ripple passes from the rectifier 
tube through the load only with the greatest 
of difficulty. A capacitance has exactly the 
opposite action to that of an inductance. It 
offers a low impedance path to the flow of 
alternating or pulsating current, but repre-
sents practically infinite resistance to the 
flow of direct current. Inductance coils are 
usually connected in series with the rectifier 
outputs, while conlensers are connected 
across the positive and negative leads of 
the output circuit. A simple filter circuit is 
shown in figure 3. 

RECTIFIER 

Figure 3 

LOAD 

IC  

Electricity always follows the path of 
least resistance or impedance. The direct 
current will travel through the choke and 
back to the ground ( negative B) connection 
through the external load, which normally 
consists of the plate circuits of vacuum 
tubes. The a.c. component, or ripple, tends 
to be impeded by the choke and short-cir-
cuited by the condensers across the filter, 

efanottoou 

which offer a lower resistance to the pulsat-
ing voltage than that offered by the load. 
The load impedance across the output of 
most filter systems is generally high, usually 
from 5,000 to 10,000 ohms. This load re-
sistance can be calculated by dividing the 
output voltage by the total load current, 
this value is necessary in making calcula-
tions for low-pass and resonant types of 
filter circuits. 
A resonant type filter is shown in figure 

4, in which a condenser C, tunes the choke 
coil inductance to series resonance at the 
ripple frequency. Series resonance provides 
a very low impedance to the resonant fre-
quency limited only by the actual resistance 
of the choke coil ( since the reactance of 
both the condenser C, and the choke coil 
cancel each other.) 

RECTIFIER LOAD 

Figure 4 

The filter circuit in figure 4 accomplishes 
the same purpose as a large shunt condenser 
at the ripple frequency, but is not effective 
in short-circuiting the higher harmonics in 
the output of the rectifier system. Additional 
low-pass filter circuits are needed to remove 
these harmonic components, which are of 
great enough magnitude to produce ob-
jectionable high-pitched hum in the vacuum 
tube amplifier circuits. 

TC 2 

LORD 

Figure 5 

A typical low-pass filter is diagrammed in 
figure 5. The combination of C1, Cz and L 
should give a "cut-off" frequency below that 
of the rectified output pulsation frequency. 
This type of filter is very effective be-

cause the circuit can be designed with any 
cut-off frequency, as long as the attenuation 
or rejection at the 120-cycle-and-higher har-
monk frequencies is great. This type of 
filter is sometimes called a "brute force 
filter," because large values of inductance 
and capacitance are normally used without 
much attention being paid to the actual cut-
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off frequency. Inductance values of 10 to 
30 henrys are used for filter chokes, and 
shunt capacities of from 2 to 16 microfarads 
are used for C, and C. in figure 5. 

A resonant trap circuit, such as shown in 
figure 6, is sometimes used to increase the 
impedance of the choke L at some particular 
frequency, such as 120 cycles per second. 
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Parallel resonance of C. and L provides 
a very high impedance at the resonant fre-
quency. The condenser C.; tends to bypass 
the higher ripple harmonics that get through 
the trap circuit. This type of filter is often 
used in conjunction with an additional sec-
tion of filter of the type shown in figure 3. 
The single-section, low-pass filter in figure 

5 is often combined with an additional choke 
coil is shown in figure 7. The additional 
choke coil L, is an aid in filtering and also 
provides better voltage regulation for vary-
ing d.c. loads, such as presented by a class-B 
audio amplifier. 
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• Figure 7 
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A two-section, low-pass filter with con-
denser input is shown in figure 8. In some 
cases, additional sections of choke coils and 
condensers are added for the purpose of ob-
taining very pure direct current. 

Resistors may be used in place of induct-
ances in circuits where the load current is 
of low value, or where the applied d.c. volt-
age must be reduced to some desired value. 

RECTIFIER TC, 

L LÏ, 

112 

Figure 8 
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1—Ca 

The ripple in the output of a filter circuit 
can be measured with an oscilloscope or by 
means of the simple circuit in figure 9. A 

high voltage condenser C., having a capacity 
of from IÀ to 1 fd., and a high-resistance 
copper oxide a.c. voltmeter provides a 
method of measuring the actual ripple volt-
age. 
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Figure 9— Circuit for M 
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 • 

ing A.C. Ripple 

The voltmeter should be plugged into the 
measuring jack after the power supply and 
external load circuit are in normal operating 
condition, and the meter should be removed 
from the shorting type jack before turning 
off the power supply or removing the load. 
The charging current through condenser C. 
would tend to burn out the meter if it were 
left in the circuit at all times. 

• Filter Circuit 
Considerations 

The shunt condensers in a filter system 
serve a dual purpose: ( 1) a low impedance 
path for ripple, and ( 2) an energy storing 
system for maintaining constant power out-
put from the power supply. The condensers 
are charged when the peak voltage is ap-
plied across them from the output of the 
rectifier; during the time in which the recti-
fier output decreases to zero, the filter con-
densers supply output current to the load. 
This action provides a constant output volt-
age. 

In an a.c. circuit, the maximum peak 
voltage or current is the square-root of 2, 

or 1.41 times that indicated by the a.c. 
meters in the circuit. The meters read the 
root-mean-square (r.m.s.) values, which are 
the peak values divided by 1.41 for a sine 
wave. 

If a potential of 1,000 r.m.s. volts is ob-
tained from a high voltage secondary wind-
ing of a transformer, there will be 1,410 

volts peak potential from the rectifier plate 
to ground. The rectifier tube has this volt-
age impressed on it, either positively when 
the current flows or "inverse" when the 
current is blocked on the other half-cycle. 
The inverse peak voltage which the tube 
will stand safely is used as a rating for 
rectifier tubes. At higher voltages the tube 
is liable to arc-back, thereby destroying it. 
The relations between peak inverse voltage, 
total transformer voltage, and filter output 
voltage depend upon the characteristics of 
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the filter and rectifier circuits ( whether 
full or half-wave, bridge, etc.). 

Rectifier tubes are also rated in terms of 
peak current load. The actual d.c. load 
current which can be drawn from a given 
rectifier tube or tubes depends upon the type 
of filter circuit. A full-wave rectifier with 
condenser input may be called upon to de-
liver a peak current several times the d.c. 
load current. 

In a filter with choke input, the peak 
plate current is not nearly so much greater 
than the load current, provided the induct-
ance of the choke is fairly high. 

Figure 10 When "Cl" is connected in the circuit, 
the filter is termed "Condenser Input." If "Cl" 
is omitted, the filter is called " Choke Input." 

A full-wave rectifier with two rectifier 
elements requires a transformer which de-
livers twice as much a.c. voltage as would be 
the case for a half-wave rectifier or bridge 
rectifier. The bridge rectifier is another 
type of full-wave circuit in which four rec-
tifier elements or tubes are operated from a 
single high-voltage winding on the power 
transformer. 

Figure 11 Bridge Rectifier Circuit 

\\ bile twice as much output voltage can 
be obtained from a bridge rectifier as from 
a center-tapped circuit, the permissible 
output current, is only one-half as great for 
a given power transformer. In the bridge 
circuit, four rectifier and three filament 
heating transformer windings are needed, as 
against two rectifiers and one filament wind-
ing in the center-tap, full-wave circuit. 
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The output voltage across the filter circuit 
depends upon the design of the filter, resis-
ance of rectifier, power transformer, and 
load resistance. A low resistance rectifier, 
such as the mercury-vapor type-83 or 866, 
has very low voltage drop in comparison to 
most high-vacuum (not mercury-filled) recti-
fiers. The filter circuit with condenser in-
put, i.e., a condenser across the rectifier 
output, will deliver a higher d.c. voltage 
than one with choke input, but with a sacri-
fice both in voltage regulation and the 
amount of available load current. 
The d.c. voltage across the load circuit 

of a condenser-input filter may be as high 
as 1.4 times the a.c. input voltage ( r.m.$) 
across one of the rectifier tubes if the input 
condenser capacity is large and the current 
drain small. Low values of load resistance 
(heavy current drain) will cause this type 
of power supply to have a d.c. voltage out-
put as low or even lower than the a.c. input 
to the rectifier. The maximum permissible 
load current in this same circuit is less for 
a given transformer-secondary wire size 
and rectifier tube peak current rating tnan 
would be the case for a choke-input filter. 
A choke-input filter will reduce the d.c. 

voltage to a value of 0.9 the a.c., r.m.s. 
value, but the output voltage with choke 
input is fairly constant over a wide range 
of load resistances, and the allowable load 
current is greater than with condenser input 
for a given rectifier tube and power trans-
former. 

• Types of Chokes 

A filter choke coil consists of a coil of 
wire wound on a laminated iron or steel 
core. The size of wire is determined by the 
amount of d.c. current which is to flow 
through the choke coil. This direct current 
magnetizes the core and reduces the induct-
ance of the choke coil; therefore, filter choke 
coils of the "smoothing" type are built with 
an airgap, a small fraction of an inch in 
the iron core, for the purpose of preventing 
saturation when maximum d.c. flows through 
the coil winding. This airgap is usually in 
the form of a piece of fiber inserted between 
the ends of the laminations. The airgap 
reduces the initial inductance of the choke 
coil, but keeps it at a higher value under 
maximum load conditions. The coil must 
have a great many more turns for the same 
initial inductance when an airgap is used. 
As explained earlier in this chapter, choke 

input tends to keep the output voltage of 
the filter at approximately 0.9 of the r.m.s. 
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voltage impressed upon the filter from the 
rectifiers. However, this effect does not take 
place until the load current exceeds a cer-
tain minimum value. In other words, as the 
load current is decreased, at a certain criti-
cal point the output voltage begins to soar. 
This point is determined by the inductance 
of the input choke. If it has high induct-
ance, the current can be reduced to a very 
low value before the output voltage begins 
to soar. Under these conditions, a low-drain 
bleeder resistor will keep the current in ex-
cess of the critical point and the voltage 
will not "soar" even if the external load 
is removed. For this purpose, chokes are 
made with little or no airgap in order to 
give them more inductance at low values of 
current. Their filtering effectiveness at 
maximum current is impaired somewhat, but 
it permits use of a smaller bleeder to keep 
the current in excess of the critical value. 
Such chokes are called "swinging chokes" 
because, while they have high initial induct-
ance, the inductance rapidly falls to a com-
paratively low value as the current through 
the choke is increased. 
The d.c. resistance of any filter choke 

should be as low as possible in conjunction 
with the desired value of inductance. Small 
filter chokes, such as those used in radio re-
ceivers, usually have an inductance of from 
20 to 30 henrys, and a d.c. resistance of 
from 200 to 400 ohms. A high d.c. resis-
tance will reduce the output voltage, due to 
the voltage drop across each choke coil. 
Filter choke coils for radio transmitters and 
class-B amplifiers usually have less than 
loo ohms a.c. resistance. 

• Types of Filter 
Condensers 

There arc two types of filter condensers: 
(1) Paper dielectric type; ( 2) Electrolytic 
type. 

Paper condensers consist of two strips of 
metal foil, separated by several layers of 
waxed paper. Some types of paper conden-
sers are wax-impregnated; others, especially 
the high voltage types, are oil-impregnated. 
High voltage filter condensers which are 
oil-impregnated will withstand a greater 
peak voltage than those impregnated with 
wax, but they are more expensive to manu-
facture. Condensers are rated both for 
"flash" test and normal operating voltages; 
the latter is the important rating and is the 
maximum voltage which the condenser 
should be required to withstand in service. 
The condenser across the rectifier circuit 

in a condenser-input filter should have a work-
ing voltage rating equal to at least 1.41 times 
the r.m.s. voltage out of the rectifier. The 
remaining condensers may be rated more 
nearly in accordance with the d.c. voltage. 

Figure 12 Newer Form of Electrolytic Condenser 
with a Bank of Electrodes, Rather Than a Foil-

Coated Layer. 

Electrolytic condensers are of two types: 
(1) Wet; (2) Dry. The wet electrolytic 
condenser consists of two aluminum elec-
trodes immersed in a solution called "elec-
trolyte." A very thin film of oxide is 
formed on the surface of the metal, and 
this acts as the dielectric. The electrolytic 
condenser must be correctly connected in 
the circuit because it has positive and nega-
tive electrodes, and a reversal of the polar-
ity will ruin the condenser. The dry type 
of electrolytic condenser uses aluminum 
electrodes with an electrolyte in the form of 
paste. The dielectric in both kinds of elec-
trolytic condensers is not perfect; these 
condensers have a much higher d.c. current 
leakage than the paper type. The leakage 
current is greater in the wet electrolytic 
than in the dry types. 
The high capacitance of electrolytic con-

densers results from the very thin film 
which is formed on the plates. The maxi-
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Figure 13— Electrolytic condensers connected 
in series plus to minus, with 500,000-ohm, 1-watt, 
resistor connected across each condenser in order 
to equalize the leakage and to prevent excessive 

strain onlany one section of condenser. 
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mum voltage that can be safely impressed 
across the average electrolytic filter con-
denser is between 450 and 600 volts; the 
working voltage is usually rated at 450. 
When electrolytic condensers are used in 
filter circuits of high voltage supplies, the 
condensers should be connected in series, as 
shown in figure 13. The positive terminal 
of one condenser must connect to the nega-
tive terminal of the other, in the same 
manner as dry batteries are connected in 
series. Grid-leak resistors of equal value 
should be connected across each condenser 
in order to equalize the leakage and to 
provide a more uniform d.c. voltage drop 
across each condenser section. 
The capacity of two condensers in series 

is only one-half that of a single condenser, 
but the voltage breakdown rating is doubled. 
Four condensers in series give only one-
fourth as much capacity as a single con-
denser, but the voltage breakdown rating is 
approximately four times as high. There is 
very little economy in using electrolytic con-
densers in series in circuits where more 
than two of these condensers would be 
required to prevent voltage breakdown. 

• Bleeder Resistors 

A heavy duty resistor should be con-
nected across the output of a filter in order 
to draw some load current at all times. This 
resistor avoids "soaring" at no load when 
swinging choke input is used, and also pro-
vides a means for discharging the filter 
condensers when no external vacuum tube 
circuit load is connected to the filter. This 
"bleeder" resistor should normally draw ap-
proximately 10 per cent of the full load 
current. The power dissipated in the bleeder 
resistor can be calculated by dividing the 
square of the d.c. voltage by the resistance. 
This power is dissipated in the form of heat, 
and, if the resistor is not in a well ventilated 
position, the wattage rating should be higher 
than the actual wattage being dissipated. 
The following table gives suitable values of 
bleeder resistors for power supply systems 
with from 500 to 3,000 volts output: 
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• Rectifier Circuits 

The three types of rectifier circuits for 
single-phase a.c. line supply consist of a 
half-wave rectifier, as shown in figure 17, a 
full-wave rectifier as shown in figure 18, 
and a bridge rectifier circuit as shown in 
figure 19. 

SINGLE PHASE HALF WAVE 

Figure 17 

Figure 18 

OF-
I',GE GI FIGUiT 

Figure 19 

Three-phase circuits can be connected for 
half-wave rectification, as shown in figure 
20, or for full-wave rectification as shown 
in figure 21. 
The most popular circuits are those shown 

in figures 18 and 19. The maximum trans-
former voltage of the high voltage sec-
ondary, d.c. output voltage for choke-input 
filter, and maximum d.c. load current are 
shown in the accompanying table in terms 

Output 
Voltage 

Resista nce 
In Ohms 

500 
1,000 
1,500 
2,000 
2,500 
3,000 

25,000 
50,000 
75,000 

100,000 
150,000 
200,000 

Actual Dissipated Recommended Resistor 
Power In Watts Wattage Rating 

10 
20 
25 
40 
42 
45 

25 
50 
50 
100 
100 
100 
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Figure 20 

FULL WAVE ,HPEE PHASE 

Figure 21 

of rectifier tube peak ratings. These peak 
ratings are listed in a separate table for a 
few commonly used rectifier tubes. 

.4n example for applying the figures in the 
table, if type-866A rectifier tubes are used 
as in figure 15, is given here: The maximum 
transformer voltage E across each side of 
the center-tap is 0.35 times 10,000 or 3,500 

Peak Inv. Peak Plate 
Tube Type Volts Current (amp.) 

66 Jr. 2,500 .25 
82 1,400 .40 per 
83 1,400 .80 sect. 
66 7,500 .6 
66A 10,000 .6 
72 7,500 2.5 
72A 10,000 2.5 

869 20,000 5.0 

volts. The d.c. voltage at the input to the 
filter ( choke input) is 3,500 times 0.9 or 
3,150 volts. The maximum advisable d.c. 
output current is 0.66 times the peak plate 
current of 0.6 ampere or 396 milliamperes. 

These are the maximum voltages and 
currents which can be used without exceed-
ing the ratings of the rectifier tubes. The 
actual d.c. voltage at the output of the 
filter will depend upon the d.c. resistance of 
the filter, and can be found by subtracting 
the IR drop across the filter chokes from 
the value of 0.9 times the transformer volt-
age E. This does not take into considera-
tion the voltage drop in the power trans-
former and rectifier tubes. The voltage drop 
across a mercury vapor rectifier tube is 
always between 10 and 15 volts. However, 

- ‘.... 

Figure 22 

— or.‘ «cr. — ce«oc•at• 

Figure 23 
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Figure 24 

Figure 25 

Enc-435 V 
Inc-100 MA 
EAc-1100 V 
IAc-71 MA 
IPRI-.6 MA 

Enc-675 V 
Inc-100 MA 
EAc-1100 V 
IAc-103 MA 
IPRI-.9 MA 

Ene-860 V 
Inc-100 MA 
EAc-1100 V 
LAC-96 MA 
IPRI-1.1 A 

Ene-1200 V 
Inc- 100 MA 

lEAc-1100 V 
IAc-148 MA 
IPR1-1.65 A 

Typical voltage and current readings in various 
types of power supplies. 

Transformer Volts 
Figure No. Max. "E" 

18 .35 x Inv. Pk. Vtg. 
19 .7 x Inv. Pk. Vtg. 
20 .43 x Inv. Pk. Vtg. 
21 .43 x Inv. Pk. Vtg. 

DC Output Volts at 
Input to Filter 

.9 x E 

.9 x E 
1.12 x E 
2.25 x E 

DC Output Current 
In Amperes 

.66 x Pk. Plate 

.66 x Pk. Plate 

.83 x Pk. Plate 
1.0 x Pk. Plate 
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the voltage drop across high-vacuum rec-
tifier tubes can be many times greater. 
The power supply circuits illustrated in 

figures 22 to 25 represent commonly-used 
connections for power transformers. The 
values of d.c. output voltage are indicated 
in each case for a load current of 100 ma. 
The transformer secondary potential is 
1,100 volts. The interesting figures in con-
nection with each circuit are those of the 
primary winding current. 
The circuit in figure 25 should never be 

used unless the load current is very low. 
Manufacturers generally rate their trans-
formers in terms of secondary r.m.s. volt-
age and the maximum d.c. load current 
which can be taken from a choke input filter 
circuit such as shown in figure 22. In order 
to prevent overload of the power trans-
former, the load current must be reduced 
to less than one-third of the value which 
can be drawn from the circuit in figure 22. 
The load which can be drawn from the 
circuit in figure 24 without overload to the 
power transformer is approximately 50 per 
cent of that for the circuit in figure 22. 
The permissible d.c. load current in figure 
23 would only be two-thirds as much as 
for figure 22, for a given transformer size. 

• Mercury Vapor 
Rectifier Tubes 

When new high voltage mercury vapor 
rectifier tubes are first placed in service, 
the filaments should be operated at normal 
temperature for approximately 20 minutes be-
fore plate voltage is applied, in order to re-
move all traces of mercury from the cathode. 
After this preliminary operation, plate volt-
age can be applied within 20 to 30 seconds 
of the time the filaments are turned on, each 
time the power supply is again used. If 
plate voltage is applied before the filament 
is brought to full temperature, active mate-
rial may be knocked off the oxide-coated 
filament and the life of the tube will be 
greatly shortened. 

Small r.f. chokes must sometimes be con-
nected in series with the plate leads of 
mercury vapor rectifier tubes in order to 
prevent the generation of radio-frequency 
"hash." These r.f. chokes must have suffi-
ciently heavy wire to carry the load current 
and enough inductance to attenuate the r.f. 
parasitic noise current from flowing into 
the filter supply leads and thereby radiating 
into nearby radio receivers. 

Small resistors or small iron-core choke 
coils should be connected in series with each 

Figure 26 

Bridge rectifier suitable for 1000- volt supply. 
Equalizing resistors are 100 ohms each, 10 w. 

Figure 27 

PARALLEL TUIeLà 

plate lead of a mercury vapor rectifier tube 
when used in circuits such as those shown 
in figures 26 and 27. 
These resistors tend to prevent one plate 

from carrying the major portion of the cur-
rent. High-vacuum type rectifiers which are 
connected in parallel do not require these 
resistors or chokes. 

• Bias Voltage 
Power Supplies 

Power supplies to supply negative grid 
voltage for radio or audio amplifiers differ 
from plate supplies only in that the posi-
tive and negative connections are reversed: 
the positive terminal of a C-bias supply is 
connected to ground. The filter chokes are 
usually connected in series with the "hot" 
lead, which in this case is the negative lead. 
A simple C-bias power supply for negative 
grid bias for a class-A audio amplifier is 
shown in figure 29. 

15 14 

5CL TYR( 

TRANS 

Figure 29—Here is a Bias Pack which uses a 
medium-to-high resistance bleeder. Voltage reg-
ulation is usually unimportant in biasing a class 
A modulator and very little bleeder is used. 



RADIO Bias Packs 375 
HatIDIROOK 

E 373v 

sv 

20M SW 

1EN At 100 

E ACM CIIOnE 2su. you 

 )—rgeede— reine--T-111 

5Z3 
OR 

83V 

IS. 
400 V ROO V 

- 4000 0 m 

r 

FINAL 

OUFFER 

ADJUST BIAS FOR ZERO PLATE CURRENT WOE,. TUBE IS NOT SLING EXCITED 

BIAS UNI 
Figure 30 

The value of C-bias depends ton the 
secondary voltage of the transformer and 
whether condenser or choke input to the 
filter is used. 
The bias voltage supply for a linear r.f. 

amplifier or class-B audio amplifier must 
have a very low resistance bleeder; a cir-
cuit such as the one in- figure 31 is satis-
factory. The power transformer must be 
•rated to carry a d.c. load current of approxi-
mately 250 ma., which is dissipated in the 
low-resistance bleeder. 
The exact required voltage for a class-B 

audio amplifier can be obtained by means 
of a slider on the bleeder resistor, provided 
the latter has a very low resistance, such 
as 800 to 2,000 ohms. The transformer 
secondary voltage should preferably be 
chosen in such a manner that the correct 
bias voltage is obtained at the output term-
inals of the filter. 
A bias power supply for medium power 

radio transmitters is shown in figure 30. 

Two bleeder resistors with slider adjust-
ments provide any desired value of negative 
grid bias for the r.f. amplifiers. The loca-
tion of the slider on the resistors should be 
determined experimentally with the amplifier 
in operation, since the d.c. grid current of 
the r.f. amplifier itself will affect the volt-
age across the bias supply taps. If the final 
r.f. amplifier or buffer-amplifier operates 
with high it tubes, the values of bleeder 
resistance shown in figure 30 may have to be 
reduced as much as 50 per cent. The total 
resistance in series with the grid to ground 
acts as a grid-leak resistance. The circuit 
illustrated is practically free from reaction 
between buffer and final amplifier bias. 

• Transmitter Power 
Input Control 

The U. S. Government regulations re-
quire that only sufficient power input to a 
radio transmitter be used to maintain satis-
factory communication. The power input to 
the final r.f. amplifier of a c.w. transmitter 
can be controlled over a very wide range 
by means of an auto-transformer, connected 
as shown in figure 32. 
The a.c. voltage can be varied from a 

few volts up to 130 volts, by means of a 
relatively small auto-transformer. This a.c. 

ii 

Figure 31 In the Blas Pack shown above, a low-
resistance bleeder is used to provide a constant 
voltage output. A Blas Pack of this type is suit-
able for class B audio or class BC Linear Amplifier 
operation. The ungrounded side is the negative 

terminal. 

voltage should be applied only to the high-
voltage power transformer which supplies 
plate power to the final r.f. amplifier. 
Convenient adjustment of input to a phone 

transmitter other than of the plate-modu-
lated type is a more difficult problem. In-
put to a plate-modulated transmitter can be 
varied the same as for a c.w. transmitter 
without danger of overmodulating the re-
duced input if the primary voltage for the 
plate transformer that feeds the modulators 
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AUTOTRANSFORMER 

Figure 32 

Figure 34 High-Voltage Power 
Supply with "Streamline" 
Transformer and Chokes. This 
unit delivers 1750 or 1500 volts 
for the medium-power phone 
transmitter described in the 
Chapter on Radiotelephone 

Transmitter Construction. 

TO PRIMARY OF 
HIGH VOLTAGE 
TRANSFORMER 
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is fed from the same tap on the auto trans-
former as the plate transformer for the final 
amplifier. If one power supply is used for 
both, the problem is further simplified. 
Reducing the power of a grid-modulated 

final amplifier is more of a problem. The 
best method for reducing power is to reduce 
the r.f. excitation and audio gain together, 

Figure 33 — Dual-power sup-
ply for crystal oscillator, 
buffer-doubler and speech 
amplifier service. The unit 
closest to the front panel 
delivers from 350 to 400 volts, 
the other is a 600-volt supply 
for a huffer stage. Bleeder 
resistors are under the chas-
sis. Wafer sockets are for 
plug-in terminals and cords. 
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Figure 35 - A laboratory type 
power supply which makes 
provision for various heater 
and plate voltages, with 
socket plugs for cable con-
nections to any device under 
test. Some components are 
secured directly to the front 
panel, the others on a sub-
deck. A variable resistor al-
lows line voltage adjustment 

over a wide range. 

Figure 36 - This unit, and 
the one illustrated in figure 
37, are referred to In the 
W6LVS transmitter descrip-
tion in the radiotelephone 
construction chapter of this 
handbook. Figure 36 shows 
the relay-switching control 
unit, bias supply, bleeder 
resistors and filament sup-
ply transformers for a high 
power modulator. Figure 37 
shows the high-power plate 
supply system for this same 
transmitter. A " pole pig" 
transformer, re-encased and 
re-impregnated, is shown at 
the far right in figure 37. 

Transformer 
Design 

without disturbing the bias or plate voltage 
or antenna coupling adjustment. 

Those using linear r.f. amplifiers can 
either incorporate a switching arrangement 
for throwing the antenna over to the low-
level modulated stage and thus reduce power 
about 10 db, or else merely reduce excita-
tion to the linear amplifier without disturb-
ing the a.f. gain control. 

A common problem in radio and allied 
work is to determine how a transformer can 
be built to supply certain power requirements 
for a particular application, or how to cal-
culate the windings needed to fit a certain 
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Figure 37--- High voltage, high power plate supply referred to in figure 36. 

transformer core which is already on hand. 
These problems can be solved by a small 
amount of calculation. 

The most important factor in determining 
the size of any transformer is the amount 
of core material available. The electrical 
rating, as well as the physical size, is de-
termined almost entirely by the size of the 
core. The core material is also important. 
The present practice is to use high-grade 
silicon-steel sheet. It will be assumed that 
this type of material is to be employed in 
all construction herein described. Soft sheet-
iron or stovepipe iron is sometimes substi-
tuted, but transformers made from such ma-
terials will have about 50 to 60 per cent of 
the power rating, pound for pound of core, 
as those made from silicon-steel. 

The core size determines the performance 
of a transformer because the entire energy 
circulating in the transformer ( except small 
amounts of energy dissipated in resistance 
losses in the primary) must be transformed 
from electrical energy in the primary wind-
ing to magnetic energy in the core, and 
reconverted into electrical energy in the sec-
ondary. The amount of core material deter-
mines quite definitely the power that any 
transformer will handle. 

Transformer cores are often designed so 

HebraD 600k 

that if the losses per cubic inch of core ma-
terial are determined, these losses can be 
used as a basis for calculating the rating of 
the transformer. These losses exist in watts, 
and are divided between the eddy current 
loss and the hysteresis loss. The eddy cur-
rent loss is the loss due to the lines of force 
moving across the core, just as if it were 
a conductor, and setting up currents in it. 
Induced currents of this type are very unde-
sirable and they are merely wasted in heat-
ing the core, which then tends to heat the 
windings, increase the resistance of the coils 
and reduce the overall power handling 
ability of the transformer. To reduce such 
losses, transformer cores are made of thin 
sheets, usually about no. 29 gauge. These 
sheets are insulated from each other by a 
coat of thin varnish, shellac or japan, or by 
the iron-oxide scale which forms on the 
sheets during the manufacturing process and 
which forms a good insulator between sheets. 

"Hysteresis" means "to lag," and hyste-
resis in an iron-core means that the mag-
netic flux in the core lags behind the 
magnetizing force that produces it, which is, 
of course, the primary supply. Because all 
transformers operate on alternating current, 
the core is subjected to continuous magne-
tizing and demagnetizing force, due to the 
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alternating effect of the a.c. field. This 
force heats the iron, due to molecular friction 
caused by the iron molecules re-orienting 
themselves as the direction of the magnetiz-
ing flux changes. 
The higher the field strength, the greater 

the heat produced. A condition can be 
reached where a further increase in magne-
tizing flux does not produce a corresponding 
increase in the flux density. This is called 
"saturation" and is a condition which would 
cause considerable heat in a core. In prac-
tice, it has been found that all core material 
must be operated with the magnetic flux 
well below the limit of saturation. 
Core losses manifest themselves as heat 

and these losses are the determining factor 
in transformer rating. They are spoken of 
as "total core loss," generally used as a sin-
gle figure, and for common use a core loss 
of from .75 watts to 2.5 watts per pound of 
core material can be assumed for GO cycles. 
The lower figure is for the better grades of 
thin sheet, while the higher loss is for heav-
ier grades. 
About 1 watt per pound is a very satis-

factory rating for common grades of mate-
rial. This rating is also dependent on the 
manner in which the transformer is built 
and mounted and in the ease with which 
the heat is radiated from the core. Trans-
formers with higher losses may be used for 
intermittent service. 
The transformer core loss can be assumed 

to be from 5 to 10 per cent of the total rat-
ing for small transformers. Thus, if the 
core loss is known, the rating of the trans-
former can be easily determined. If the fig-
ure of 1 watt per pound is assumed, the 
problem is further simplified. To determine 
the rating of the transformer, weigh the 
core. If, for example, the core weighs 10 
pounds, the transformer will handle from 
100 to 200 watts. Such a transformer core 
can be assumed to have about 150 watts 
nominal rating. 

If the weighing of the core is inconvenient, 
the weight can be calculated from the cubic 
content or volume. Sheet-steel core lam-
inae weigh approximately one-fourth pound 
per cubic inch. 

Transformer cores are generally made of 
two types, shell and core. The shell-type 
has a center leg which accommodates the 
windings, and this is twice the cross-sec-
tional areas of the side legs. The core-type 
is made from strips built-up into a hollow-
like affair of uniform cross section. For the 
shell-type core, the area is taken as the 

square section of the center leg, in tin.. ta,,e 
2;4 in. x 4 2 in. and in the core-type, this 
area is taken as the section of 1 leg, and is 
also 24 in. x 4%2 in., or an actual core area 
in both cases of 10.1 square inches, which 
is large enough for a comparatively large 
transformer. 
To determine the number of turns for a 

given voltage, apply the following formula: 
4.44NBAT 

E = 
10° 

Where E equals the volts of the circuit; N, 
the cycles of the circuit; B, the number of 
magnetic lines per square inch of the mag-
netic circuit; A, the number of square inches 
of the magnetic circuit, and T, the number 
of turns. 
The proper value for B, for small trans-

formers, and for ordinary grades of sheet-
iron, such as are now being considered, is 
75,000 for 25 cycles and 50,000 for 50 or 60 
cycles. 

Rewriting the above formula: 
E X 108 

T =  
4.44 NBAT 

and since N and B are known 
10° E 

T = X 
4.44 X GO X 50,000 A 

from which 
E 

T = 7.5 X — 
A 

That is, for a transformer to be used on 
a 60-cycle circuit, the proper number of 
turns for the primary coil is obtained by 
multiplying the line-voltage by 7.5 and di-
viding this product by the number of square 
inches cross-section of the magnetic circuit. 
On a 25-cycle circuit, the 7.5 becomes 12, 

and on 50 cycles it becomes 9. 

• Tentative Design 

Assume a transformer core that is to be 
used on a 115-volt, 60-cycle circuit for sup-
plying power to two rectifier tubes, each of 
which takes 1,000 volts on the plate. The 
rectifier is of the full-wave type. The core 
measures 2V2 inches x 4V2 inches; hence, 

7.5 X 115 
T =  85 ( to the nearest turn). 

2.25 X 4.5 
and the volts per turn equals 
115 
— = 1.353 which is the same for all coils. 
85 
Now, the secondary coil must have two 

windings in series, each to give 1,000 volts, 
and with a middle-tap. The secondary turns 
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10 % x 1/2 .25 3500 31 32 80 160 205 240 320 

10 % x Ne .31 2800 31 24.2 61 122 147 182 242 

12 1A x % .37 2300 3020.0 50 100 126 150 200 

4000 4400 

12 11, x N, .38 2280 30 19.6 48 96 124 147 196 

15 1i x 14 .46 1875 29 16.1 42 84 105 124 161 

22 1;4 x 1 .62 1400 28 12.2 31 61 77 92 122 

20 14 x 14 .55 1570 28 13.6 34 68 86 102 136 

25 14 x 1 .75 1150 27 10.0 25 50 63 75 100 2620 3150 3700 4200 4750 5250 

30 14 x 11A .93 930 26 8.1 21 42 52 62 81 2100 1500 3140 3400 3800 4200 

50 14 x 1% 1.12 770 24 6.7 17 34 43 50 67 1860 2100 2500 2840 3150 3500 4200 5000 

50 1 x 1 1.0 860 21 7.5 19 38 48 57 75 1950 2400 2700 3150 3600 3900 4700 5500 

60 1 x 114 1.25 690 23 6.0 15 30 38 45 60 1600 1900 2200 2500 2800 3150 3800 4400 

65 1 x 1% 1.50 575 23 5.0 13 25 32 38 50 1300 1575 1850 2100 2400 2650 3150 3700 

75 1 x 114 1.75 490 22 4.2 11 21 27 31 42 1100 1320 1550 1750 2000 2200 2650 3150 3°00 

110 1 x 2 2.0 430 21 3.7 9 18 23 28 37 980 1170 1370 1550 1750 1960 2300 2750 3100 3500 3900 

105 11,4 x 114 1.56 550 21 4.8 12 24 31 36 48 1260 1510 1770 2050 2240 2510 3050 3500 4100 4500 5020 

100 114 x 1% 1.87 460 21 3.8 9 19 25 29 38 1000 1200 1400 1600 1800 2000 2400 2720 3200 3560 4000 

120 114 x 114 2.18 400 20 3.5 9 18 21 26 35 920 1100 1315 1470 1650 1840 2200 2560 2940 3300 3700 4620 5500 

140 11/4 x 2 2.5 350 19 3.2 8 16 20 24 32 840 1020 1180 1340 1510 1680 2050 2350 2680 3000 3380 4200 5050 

125 114 x 1% 2.25 380 20 3.3 8 16 21 25 33 870 1040 1210 1400 1560 1730 2100 2420 2800 3120 3500 4400 5250 

150 114 x 1% 2.64 330 18 2.9 7 14 19 22 29 760 910 1130 1220 1360 1530 1840 2100 2450 2750 3050 3800 4650 

200 1% x 2 3.0 290 17 2.42 6 12 15 18 24 630 765 890 1020 1150 1265 1522 1780 2050 2380 2350 3200 3840 

300 2 x 2 4.0 215 15 1.87 5 9 12 14 19 490 590 690 780 890 980 1180 1360 1570 1760 1950 2350 2940 

400 2 x 21'. 5.0 175 14 1.52 4 8 10 12 15 395 470 550 640 710 790 950 1110 1265 1420 1590 1980 2400 

500 2 x 3 6.0 145 13 1.26 3 6 8 9 12 330 395 455 530 595 660 790 920 1060 1200 1330 1650 2000 
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CROSS SECTIONAL AREA 
Do. 
0 Co. So. 

6.1, 82.1, Inthel 

._ 

DEC. 5«. 

TURNS PER LINEAR INCH 

OSC SSC. Erma. 

TURNS PER SQUARE INCH 

DSC SSC. Ewa. 

.,--- FT PER POUND ---5 

MC SCC 11.7. 

RES PER CARRYING CAPACITY 
1000 FT. Cm« 

1000 CM 1900 adi 
Caw Ps Am. Ps 1059. 

Emu. and DCC. 
WC. «C. 

SEC. 104.. 1014 
SCC. SOC 

0800 

400 

0 

 409.6  

364.8 

460.0 

 409.6  

364.8 

211600 .1662 1.561 .6499 211.6 140.7 

147400 .1318 1.968 .6629 147.1 111.3 

133100 .1045 2.482 .0793 133.1 88.9 

3204.9 00.3551000. .48289 3.130 .1000 105.1 71.3 

20 .3 8 .06573 3.947 .1248 83.7 55.7 _ 

257.6 66370 .05213 4.977 .1591 46.4 44.1 

229.4 52640 .04134 6.274 .2004 03.1 35.0 

204.3 51740 .03278 7.914 .2334 41.7 27.7 

181.9 33100 .02600 11.988 .3192 33.1 22.0 

142.0 26250 .02062 5.44 5.10 13.58 .4028 26.3 17.5 

114.3 /0820 .01605 6.08 6.23 15.87 .5080 10.8 13.11 

128.5 16.10 .01297 6.84 4.14 19.1 19.9 20.01 .6403 16.5 ILO 

114.4 13090 .01028  64 7. 7.68 04.1 05.1 25.23 .8077 13.1 8.7 

• 101.9 10350 .008135 8.51 8.55 30.9 31.4 31.82 1.018 10.4 6.9 

90.74 8234 .006467 9.58 9.60 38.9 39.8 40.12 1.284 8.3 5.3 

80.80 4330 .005129 10.12 10.80 11.8 11.1 12.1 11.4 11.8 121 136 129 146 146 130 139 48.1 50.2 60.59 1.619 6.5 4.4 

71.96 5178 .004067 11.88 12.06 13.2 13.5 13.5 12.8 13.2 III 171 173 183 183 142 172 61.0 63.2 13.80 2.042 4.3 3.3 

4 44.09 4107 .003225 13.10 13.45 14.7 15.1 15.2 11.2 14.7 187 213 216 229 239 201 216 77.3 79.6 14.44 2.173 4.1 2.7 

S 57.03 3257 .0025.18 14.68 14.90 16.4 16.1 17.0 15.8 14.5 229 264 268 287 290 250 271 97.3 100 101.1 3.247 3.3 3.2 

6 50.82 2583 .002028 16.40 17.20 18.2 18.9 18.7 17.4 18.4 250 327 333 358 350 309 338 119 121 127.9 4.094 2.4 1.7 

7 45.26 2019 .001609 18.10 18.80 20.3 21.2 21.4 19.5 00.5 340 404 412 448 458 381 421 150 155 161.3 5.163 2.0 1.3 

8 40.30 1624 .001276 30.00 21.00 22.6 23.4 24.0 31.7 22.1 412 498 510 559 575 469 524 188 194 203.4 4.510 1.1 1.1 

9 25.59 1208 .001012 21.83 23.60 23.4 26.8 27.2 24.3 23.8 508 629 644 710 739 587 665 237 247 256.5 8.210 1.3 .86 

31.96 1,12 .000,023 23.91 26.40 27.8 29.3 30.1 24.5 20.4596 753 773 847 904 701 805 298 311 323.4 10.35 1.0 .61 

28.46 810.1 .0006343 26.20 29.70 30.0 32.8 33.6 29.4 31.5 752 949 949 1078 1129 878 991 371 389 407.8 13.05 .81 .64 

25.33 642.4 .0005046 28.58 32.00 34.1 36.6 37.7 32.7 35.0 599 1161 1141 1337 1419 1071 1227 461 491 514.8 16.44 .14 .43 

02.57 509.5 .0001002 31.12 34.30 37.1 40.7 42.3 31.1 39.6 1070 1416 1116 1656 1785 1304 1510 584 424 «8.4 20.76 .51 .34 

20.10 400.0 :0003173 33.40 37.70 41.5 45.3 47.2 39.7 43.1 1266 1722 1722 2048 2225 1575 1858 745 778 817.7 26.17 .41 .17 

17.10 320.4 .0002517 36.20 41.50 45.7 50.3 52.9 43.7 47.9 1491 2043 2085 2525 2800 1907 2289 903 958 1031 33.00 .32 .21 

15.91 214.1 .0001996 39.90 45.30 50.2 55.7 59.0 47.8 52.8 1745 2515 2515 3100 3484 2281 2788 1118 1188 1300 41.62 .1.5 .17 

---0-2-70-4 

14.20 201.5 .0001583 42.60 19.40 55.0 61.7 65.8 52.1 511 2029 3019 $019 3811 4328 2713 3381 1422 1533 1639 52.48 .10 .13 

150.8 .0001255 45.30 54.60 60.1 68.3 73.9 57.0 64.4 2317 3611 3611 4666 3456 2250 4111 1759 1903 2067 66.17 .16 .11 

11.26 126.7 .00009953 48.00 58.80 65.3 75.4 82.2 61.9 70.11 2696 4294 4294 5688 6761 3830 4988 2207 2441 21107 83.41 .13 .084 

10.03 110.5 .001107894 31.10 64.40 71.3 83.1 92.3 67.4 77.9 3076 5081 5981 6911 8527 4547 6075 2534 2893 3287 105.20 .10 .047 

I 8.928 79.70 .00006260 56.80 69.00 77.3 91.6 103.0 72.8 85.3 3409 5981 5981 8380 10518 5305 7267 2768 3483 4145 132.70 .079 .053 

2 7.950 63.21 .00004961 60.20 75.00 83.7 101.0 116.0 79.1 93.9 3831 7003 7003 10101 13363 6250 8818 3137 4414 5227 167.30 .013 .042 

7.080 30.13 .n0003937 61.30 81.00 90.3 110.0 130.0 85.6 103.0 4198 8143 814$ 12130 16952 7326 10672 4617 5688 6591 211.00 .650 .033 

4 6.305 39.71 .05003122 68.60 87.60 97.0 120.0 145.0 91.7 112.0 4981 9407 9407   20967 8403 12610 1160 6400 8310 266.00 .039 Mt 

5 5 613 31.52 .00002476 73.00 94.20 101.0 131.0 161.0 98.8 123.0 5191 10817 10817 17247 26745 9766 15186 6737 8393 10480 335.00 .032 .421 

6 5.000 25.00 .00001904 78.50 101.00 111.0 143.0 182.0 105.0 133.0 5913 12346 12346 20408 $3051 11080 17777 7877 1846 13210 423.00 .623 .1117 

7 4.413 19.82 .00001557 114.08 108.00 115.0 155.5 206.0 I13.n 146.0 6452 13996 13994 24015 40766 12758. 01295 9309 11636 16660 533.40 .020 .013 

4 3.965 15.32 .00001235 89.10 115.09 126.0 160.0 235.0 120.0 157.0 6978 15763 15743 28106 54990 14291 24685   13848 21010 472.60 .014 .016 

9 2.331 12.47 .000009793 95.00 122.50 235.0 I 0 IA 261.0 126.0 172.0 7528 17430 17130 32690 48120 16308 29412 11907 18284 26300 .10 .012 

.009 

.808 

0 1.134 9.888 .000007766 102.50 130.00 I to.0 191.0 290.0 134.0 181.0 8015 19509 19589 37779 840411 1504/ 43727 14002 24381 33810 1086490.00 .006 

I 2.500 7.841 .n00006160 112.110 153.00 17920 30610 42130 0525.00 .008 .005 

2 ____ 

4 

2.491 6.220 .000001085 124.00 168.00 22600 38700 53100 1667.00 .006 • .004 

2.221 4.933 .000003873 140.00 

153.00 

192.00 

210.00 

28410 48600 66918 2105.00 .003 .003 

1.938 3.910 .000003073 35930 61400 84460 2653.00 .001 .0015 

Figure 40 Copper Wire Table 
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2000 
will be -- = 1478 with a tap taken out 

1.353 
at the 739th turn. 

Allowing 1,500 cm. per ampere, the pri-
mary wire should be no. 12. The size of 
the wire on the plate coils may be no. 22 
or 24 for a 400 to 300 ma. rating. 

  TRANSFORME/7 
COPE. 

— — 
B 

SECT/ON C-D 

j_ 

4 
1 
— 

Figure 41—Types of Transformer Cores. 

5 

To determine the quantity of iron to pile 
up for a core, it is well to consider 1 to 1.5 
volts per turn as a conservative range. For 
trial assume 1.25 volts. Then by transform-
ing the first equation: 

E 
A = 7.5 X — or, the area required is 7.5 

times the volts per turn; in this case, 
7.5 X 1.25 = 9.38 sq. in. 
The magnetic cross section must be meas-

ured at right angles to the laminations that 
are enclosed by the coil, the center leg when 
the core is built up around the coil, and 
either leg where the core is built up inside 
the coil, that is, between the arrows in the 
sketches shown above. 

It should be kept in mind that there is a 
copper or resistance loss in all transformers. 
This is caused by the passage of the cur-
rent through the windings and is commonly 
spoken of as the "IR" loss. It manifests 
itself directly as heat and varies as the load 
is varied; the heavier the load, the more 
heat is developed. 
This heat, as well as other heat losses, 

must be removed, or the transformer will 
burn up. Most transformers are so arranged 
that both the core and windings can radiate 
heat into the surrounding air and thus cool 
themselves. Large transformers are mounted 
in oil for cooling and also for the purpose 
of increasing the insulation factors. 

In any transformer, the voltage ratio is 
directly proportional to the turns ratio. 

This means that if the transformer is to 
have 110 volts input and 250 turns for the 
primary, and if the output is to be 1,100 
volts, 2,500 turns will be needed. This may 
be expressed as: 

E, T, 
— — 
E• T. 

It is often more convenient to take the 
figure obtained for the primary winding and, 
by dividing by the supply voltage, the num-
ber of turns per volt is calculated. This ac-
complished, the number of turns for any 
given voltage can be calculated by simple 
multiplication. 
Radio transformers are generally of small 

size. The matter of power factor can there-
fore be disregarded, more especially because 
they work into an almost-purely resistive 
load. In the design of radio transformers, 
the power factor can be safely assumed as 
unity, in which case the apparent watts and 
the actual watts are the same. Admittedly, 
this is not always a correct assumption, but 
it will suffice for common applications. 
The size of the wire to be used in any 

transformer depends upon the amperage to 
be carried. For a current of 1 ampere as a 
continuous load, at least 1,000 circular mils 
per ampere must be allowed. For trans-
formers which have poor ventilation, or con-
tinuous heavy load service, or where price 
is not the first consideration, 1,500 circular 
mils per ampere is a preferable figure. If, 
for example, a transformer is rated at 100 
watts primary load on 110 volts, the current 
will be 

W 100 
I = — = — = 0.90 amperes, 

V 110 

and if the assumption is 1,000 circular mils 
per ampere, it will be found that this will 
require 1,000 X .90, or 900 circular mils. The 
wire table on page 381 shows that no. 20 
wire for 1,200 mils, is entirely satisfactory. 
If it is desired to use 1,500 circular mils, 
instead of 1,000, this will require 1,500 X .90 
or 1350 mils, which corresponds to approxi-
mately no. 19 wire. The difference seems to 
be small, yet it is large enough to reduce 
heating and to improve overall performance. 
Assume, for tentative design, a 600-volt, 
100-ma, high-voltage secondary; a 3-am-
pere 5-volt secondary, and 2.5-volt 7.5-am-
pere secondary. Simple calculation will show 
a 60-watt load on the high-voltage second-
ary; 15 watts on the 5-volt winding, and 
16 watts on the 2.5-volt winding, a total of 
91 watts. The core and copper loss is 10 
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watts. The wire sizes for the secondaries 
will be for 100-ma. current, no. 30 wire; 
3 amperes at 5 volts, No. 15 wire; No. 11 
wire for the 7.5-ampere secondary. 
For high voltage secondary windings, a 

small percentage of turns should be added 
to overcome the resistance of the small wire 
used, so that the output voltage will be as 
high as anticipated. The figures given in 
the table include this percentage which is 
added to the theoretical ratio of turns and, 
consequently, the number of turns shown in 
the table can be accepted as the actual num-
ber of turns to be wound on the core of 
any given transformer. 
Allowance should always be made for the 

insulation and size of the windings. Good 
insulation should be provided between the 
core and the windings and also between each 
winding and between turns. Numerous ma-
terials are satisfactory for this purpose; 
varnished paper or cloth, called "empire," 
or paper is very satisfactory, although 
costly. Good bond paper will serve well as 
an insulating medium for small transformer 
windings. 

Insulation between primary and secondary 
and to the core must be exceptionally good, 
as well as the insulation between windings. 
Thin mica or "micanite" sheet is very good. 
Thin fibre, commonly called "fish paper," is 
also a good insulator; bristol board, or 
strong, thin cardboard may also be used. In 
all cases, the completed coil should be im-
pregnated with insulating varnish, and either 
dried in air or baked in an oven. Common 
varnishes or shellac are unsatisfactory on 
account of the moisture content of these ma-
terials. Air-drying insulating varnish is 

practical for all-around purposes; baking 
varnish may be substituted, but the fumes 
given off are inflammable and often ex-
plosive. Care must be exercised in the 
handling of this type of material. Collodion 
and banana oil lacquer are positively dan-
gerous, and in the event of a short-circuit 
of transformer burn-out, a serious fire may 
result. 

If it is desired to wind a transformer on 
a given core, it is much better to calculate 
the actual space required for the windings, 
then determine whether there is enough 
available space on the core. If this precau-
tion is not observed, the designer may find 
that only about half the turns can actually 
be wound on the core, when the work is 
about three-fourths finished. From 15 to 40 
per cent more space than is actually required 
must be allowed. The winding of transform-
ers by hand is a space consuming process. 
Unless the builder is an experienced coil-
winder, there is every chance that a sizable 
portion of the space will be used-up by in-
sulation, etc., not sufficient space remaining 
for the winding. Calculate the cubical space 
needed for the total number of turns, and 
allow from 15 to 40 per cent additional space 
in the core "window." Thereby much time 
and labor will be saved. 

• Filter Chokes 

A choke is a coil of high inductance. It 
offers an extremely high impedance to alter-
nating current, or to current which is sub-
stantially alternating, such as pulsating d.c. 
delivered at the output of a rectifier. 
Choke coils are used in power supplies as 

part of the complete filter system in order 

Choke Table for Transmitter Power Supply Units 

Current M.A. Wire Size No. Turns Lbs. Wire Approx. Core Air Gap Wt. Core 
(Areal 

200 No. 27 2000 1.5 1 W:14' 3/32' 4 lbs. 

250 No. 26 2000 1.75 1 4 x? 3/32 5 lbs. 

300 No. 2) 2250 2 2'a2" Ls• 6 lbs. 

400 No 24 2250 3 2'x214' l4' 7 lbs. 

500 No 23 2500 4 2 Wx2 le ks" 10 lbs. 

760 No. 21 3000 6 Vfx3' le 14 lbs. 

1000 No. 20 3000 7.5 3'x3' 4' 18 lbs. 

NOTES: These are approximately based on high-grade silicon steel cores, with total airgaps as 
given. Airgaps indicated are total of all gaps. 

The use of standard " E" and " I" laminations is recommended. If strips are used, and if an 
ordinary square core is used, the number of turns should be increased about 25 %. Choke coils 
built as per the above table will have an approximate Inductance of 10 to 15 henrys. Because con-
siderable differences occur due to winding variations, allowable flux densities of cores, etc., the 
exact inductance cannot be stated; these chokes will, however, give satisfactory service in radio 
transmitter power supply systems. 

The wire used is based on 1000 circular mus per ampere; this will cause some heating on long 
runs, and If the chokes are to be used continuously, as in a radio telephone station in continuous 
service, it Is good practice to use the next size larger choke shown for such loads. 
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to produce an effectively-pure direct cur-
rent from the pulsating current source, that 
is, from the rectifier. The wire size of the 
choke must be such that the current flowing 
through it does not cause an appreciable 
voltage drop due to the ohmic resistance of 
the choke; at the same time, sufficient in-
ductance must be maintained to provide am-
ple smoothing of the rectified current. 

• Smoothing Chokes 

The function of a smoothing choke is to 
discriminate as much as possible between the 
a.c. ripple which is present and the desired 
d.c. that is to be delivered to the output. Its 
air-gap should be large enough so that the 
inductance of the choke does not vary ma-
terially over the normal range of load cur-
rent drawn from the power supply, but no 
larger than necessary to give maximum in-
ductance at full current rating. 

• Swinging Chokes 

In certain radio circuits the power drawn 
by a vacuum tube amplifier can vary widely. 
Class B audio amplifiers are good examples 
of this type of amplifier. The plate current 
drawn by a class B audio amplifier can vary 
a thousand per cent or more. It is desirable 
to keep the d.c. output voltage applied to 
the plate of the amplifier as constant as 
possible, and the voltage should be inde-
pendent of the current drawn from the 
power supply. The output voltage from a 
given power supply is always higher with 
a condenser input filter than with a choke-
type input filter. When the input choke is 
of the swinging variety, it means that the 
inductance of the choke varies widely with 
the load current drawn from the power 
supply, due to the fact that high initial in-
ductance is obtained by utilizing a "butt" 
gap, or none at all as in a transformer core. 

• Choke Design 
and Construction 

A choke is made up from a silicon-steel 
core which consists of a number of thin 

onn0000K 

sheets of steel, similar to a transformer core, 
but wound with only a single winding. The 
size of the core and the number of turns 
of wire, together with the air-gap which 
must be provided to prevent the core from 
saturating, are factors which determine the 
inductance of a choke. The relative sizes of 
the core and coil determine the amount of 
d.c. which can flow through the choke with-
out reducing the inductance to an undesir-
able low value due to magnetization. 
The same core material which is used in 

ordinary radio power transformers or from 
those which are burned-out, is satisfactory 
for all general purposes. 

In construction, the choke winding must 

Figure 42 Two types of choke coil construction. 
The air-gap is approximately 1 32 inch. 

Figure 43 The air-gap can be filled with non-
magnetic material, such as brass, bakelite, etc. 

be insulated from the core with a sufficient 
quantity of insulating material so that the 
highest peak voltages which are to be ex-
perienced in service will not rupture the in-
sulation. 



Chapter 17 

TEST INSTRUMENTS 
Certain pieces of test equipment should be 

part of every radio station and laboratory, 
in order to insure proper operation of radio 
receivers, transmitters, amplifiers, antenna 
systems, etc. Test equipment described in 
this chapter is suitable for practically every 
need of the average radio amateur. This 
equipment has been designed both from a 
standpoint of simplicity and economy. 

• Field Strength Meter 

The most practical method of tuning any 
antenna system, such as a half-wave antenna 
or a directional array, is by means of a field 
strength meter. This instrument gives a 
direct indication of the actual field strength 
of a transmitted signal in the vicinity of 
the antenna. The device consists of a tuned 
circuit and a diode rectifier which is con-
nected in series with a 0-1 d.c. milliam-
meter or microammeter so that the meter 
will read the carrier signal strength. 
The circuit is shown in figure 1 and a 

photograph of the instrument in figure 2. 

FIELD STRENGTH MEASURING SET & PHONE MONITOR 

Figure 1—Simple Circuit of Field Strength Meter. 

Three plug-in coils cover the six ama-
teur bands from 5 to 160 meters, each coil 
being so designed that it will cover two 
separate bands by means of a midget tun-
ing condenser having a maximum capacity 
of 100 µµfds. The coils are wound on 11/2-in. 
diameter plug-in coil forms, with no. 24 
d.s.c. wire. The 5- and 10-meter coil has 
two turns, spaced apart, with a center-
tap. The 20- and 40-meter coil has 12 
turns, space wound to cover a winding 

length of ei in., with a tap taken at the 
fourth turn from the grounded end. The 
80- and 160-meter coil has GO turns close 
wound, with a tap at the 20th turn from 
the grounded end. The low capacity range 
of the tuning condenser covers the 5-, 20-
and 80-meter bands, while the high capacity 
range covers the 10, 40- and 160-meter 
bands, with the three plug-in coils. 
A type 30 tube is connected as a diode, 

with a single 11/2-volt filament battery and 
an on-off switch. The diode is connected 
across a portion of the tuned circuit, rather 
than across the entire circuit, in order to 
obtain a selective tuning indication. The 
d.c. milliammeter reads the rectified current 
produced by the r.f. energy flowing through 
the diode. A telephone jack is connected 
in series with the meter in order to use the 
field strength set as a monitor. The com-
plete instrument can be built into a small 
metal case, as shown in figure 2, with a 

Figure 2 

small rod-antenna, insulated from the metal 
case, for picking up r.f. energy. A longer 
antenna can be used for tuning low power 
transmitter antennas. The rod antenna il-
lustrated has the advantage that the field 
strength meter can be calibrated as a wave-
meter. 
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Figure 3 Simple Absorption Type Wavemeter, Useful 
for Identifying Harmonics 

The field strength meter should be tuned 
to resonance and located in the vicinity 
of the antenna in order to secure a small 
deflection of the meter scale. As the an-
tenna system becomes more efficiently tuned, 
greater indications will be obtained on the 
meter. 
This device can also be used for checking 

key-clicks if it is coupled to the antenna 
and placed at least 10 feet from the c.w. 
key. 

• Absorption-Type 
Wavemeter 

The wavelength of any oscillator, doubler, 
or amplifier stage can be rouultly oetet-
mined with the aid of a simple absorption 
wavemeter. It is particularly useful for de-
termining the correct harmonic from a har-
monic crystal oscillator or frequency dou-
bler or quadrupler. It consists of a simple 
tuned circuit which is coupled to the tank 
circuit under measurement. The wavemeter 
absorbs a small amount of energy from the 
transmitter tank circuit; this produces a 
change in reading of the milliammeter in 
the plate or grid circuit. A sharp rise or 
dip in milliammeter current reading will 
take place when the wavemeter is tuned to 
the same wavelength or frequency as that 
of the circuit under measurement. The 
wavemeter shown in figures 3 and 4 con-
sists of a 220-µpid. midget variable con-
denser and two plug-in coils which cover a 
range of from 8 to 80 meters; an additional 

coil can be wound for 160-meter operation, 
if desired. 
The smaller coil consists of 8 turns of no. 

16 pushback wire, space wound over a wind-
ing length of 1Y8 in. on a 11/4-in. form. The 
larger coil, which covers a range including 

CO, p,..•.•.,........«. 
5,URLE ABSORPTION WAVEmETCR CIRCUIT 

Figure 4 

the 40- and 80-meter bands, is wound with 
18 turns of pushback wire, spaced to cover 
a winding length of 134 in. on a 11/1-in. 
diameter form. A coil suitable for 160-
meter measurements can be made by close-
winding 40 turns of no. 24 d.c.c. on a sim-
ilar coil form. The turns should be cemented 
in position with a liberal application of 
Duco household cement. 
A four-prong coil socket is secured to one 

end of the tuning condenser by means of 
a machine screw; it is spaced from the con-
denser by means of a standard socket mount-
ing bushing. An insulated handle is at-
tached to the other end of the coil socket 
so that the wavemeter can be held in one 
hand while being tuned with the other. A 
small 180° dial is attached to the rotor 
frame of the condenser; the tuning knob 
is fitted with a sharply-pointed indicator. 
The coil socket terminals are soldered di-
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rectly to rotor and stator of the variable 
tuning condenser. 
The wavemeter can be calibrated by hold-

ing it near the secondary coil of an ordinary 
regenerative receiver which tunes to the 
known amateur bands. As the wavemeter 
condenser is rotated through its range, a 
point will be found where the receiver is 
pulled out of oscillation, as indicated by a 
sharp click in the headphones of the re-
ceiver. This point is then marked on the 
scale of the wavemeter dial. This calibra-
tion is sufficiently accurate to insure trans-
mitter operation in the 10-meter band rather 
than 13-meter operation, which can be easily 
mistaken for 10-meter output when tuning 
a transmitter. The wavemeter can also be 
calibrated by holding it near the plate coil 
of a crystal oscillator. A change in oscil-
lator plate current or even a cessation of 
oscillation will occur when the wavemeter 
is tuned to the same frequency as that of 
the oscillator. 
The photograph shows a calibration chart 

for the two coils; this curve can be plotted 
by transferring the wavemeter dial scale 
readings for the various amateur bands to 
the graph paper, then drawing a curve 
through the plotted points. 

• General Purpose 
Phone Test Set 

A phone test set is quite similar to a 
field strength meter, yet it lends itself to 
making additional measurements. It can be 
used as an overmodulation indicator, phone 
monitor, field strength meter. neutralizing 
indicator and wavemeter. This test set en-

ables the operator to check for overmodula-
tion of a phone transmitter. When the 
tuned circuit of the test set is coupled to 
the modulated amplifier or antenna system 
in such a manner as to obtain half-scale de-
flection of the milliammeter, any flicker of 
the meter reading will then be an indication 
of overmodulation. A change in meter read-
ing during modulation is an indication of 
carrier shift, which will produce illegal 
interference in adjacent radiophone channels. 
The phone test set consists of a diode recti-
fier connected across a tuned circuit, as 
shown in figure 5. A 0-1 d.c. milliammeter 
serves to check overmodulation, also serving 
for field strength measurements or neutral-
izing adjustments of a transmitter. 

A phone jack provides a method for 
checking the voice quality of a radiophone 
transmitter. The audio volume with half 
to full scale meter indication is sufficient 
to give normal headphone response. A 5,000-
ohm resistor is connected into the jack cir-
cuit so as to be in use when the test set 
functions as an overmodulation indicator. 
This resistor is in series with the diode and 
tends to produce linear rectification of the 
carrier wave. 
For neutralizing or field strength meas-

urements. a short-circuiting plug or brass 
rod should be plugged into the phone jack 
in order to short circuit the 5,000-ohm re-
sistor and thereby increase the sensitivity 
of the meter. Neutralizing adjustments are 
made by coupling the test set's tuned circuit 
to the transmitter stage under test ( with-
out plate voltage applied to the stage). 
When the stage is completely neutralized, 
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Figure 6—Phone Test Set for All Bands. 

there will be either a minimum or zero 
deflection of the meter needle. The coil L, 
figure 5, can be coupled directly to the tank 
coil or loosely-coupled to it by means of a 
link circuit. 
Antenna field strength measurements can 

be made by coupling an auxiliary antenna 
to coil L by merely wrapping one or two 
turns of this auxiliary antenna wire around 

Figure 7—Under-Chassis View. 

the field strength meter coil. This auxil-
iary antenna should be clear from the ground 
and parallel to the antenna under test. The 
degree of coupling to the coil can be varied 
in order to obtain a satisfactory preliminary 
reading on the scale of the milliammeter; 
the antenna feeder or coupling adjustments 
can be varied until maximum indication is 
obtained on the meter scale. 
Three coils are needed to cover the six 

amateur bands. Only one coil is used at a 
time, the other two being mounted in spare 
sockets which have their terminals short 
circuited so as to prevent absorption effects 
in the unused coils. 

COIL TABLE 

Band 
In Meters Coil Specifications 

5-10 2 turns, no. 22 d.s.c., 3i-in. 
winding length, center-tapped. 

20-40 10 turns, no. 22 d.s.c., 
winding length, tapped at 4th 
turn from ground end. 

80-160 58 turns, no. 22 d.s.c., close 
wound, tapped at 21st turn 
from ground end. 

All coils are wound on standard 1AI in. 
dia, plug-in coil forms. 

• Construction 

The framework of this test set is made 
by bending an 8 in. x 12 in. piece of no. 
12 gauge aluminum into an open-ended 
chassis, as shown in figures 6 and 7. The 
back side is -WI in. high, the top portion 
2V4 in. wide, and the front consists of a 
3-in, sloping portion and a 2-in, vertical 
portion. The sloping front panel has suffi-
cient space for mounting a 2-inch meter, 
which can be easily read when tests are 
being made. 

• A. C. Operated Peak 
Vacuum Tube Voltmeter 

Peak values of radio- and audio-frequency 
voltages can be measured by means of a 
vacuum tube voltmeter. This device can 
be calibrated from a 60-cycle source, and 
the same calibration curve will be satisfac-
tory for radio-frequency measurements. A 
vacuum tube voltmeter is also very useful 
for aligning circuits of a radio receiver. 
The device has nearly infinite input resist-
ance. It consists of a vacuum tube, oper-
ated with high grid bias. The tube acts as 
a rectifier or detector, and the change in 
plate current produced by the application 
of an external grid voltage is indicated by 
means of a microammeter. There are many 
types of vacuum tube voltmeters, one of 
which is shown in figures 8, 9, 10, and 11. 
The outstanding features of this device are: 
(1) a.c. operation, ( 2) good calibration sta-
bility, very nearly independent of moderate 
changes in line voltage, ( 3) high-µ 6F5 
tube can be plugged-into the side of the 
metal cabinet for voltage measurements on 
the workbench, or by plugging the tube into 
an extension cable for making r.f. tests 
where the length of grid and ground lengths 
are of extreme importance, such as lining-up 
r.f. amplifiers in radio receivers. 
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Figure 8 

Figure 9 -Front View of the Peak V. T. Voltmeter 

Figure 10 Showing Layout of Components 

31.1 

tial deflection. The input volt-
age should be balanced out by a 
change in the setting of the 6F5 
grid-bias potentiometers. The 
d.c. voltmeter reading at this 
point is the actual peak input 
voltage. This type of measure-
ment depends upon maintaining 
the microammeter reading at 
some fixed, low indication. 

When this device is in opera-
tion, care must be taken to pro-
vide a d.c. path from the grid 
of the 6F5 to the chassis 
ground. Most circuits under 
measurement will complete this 
path, which can be as high as 
several megohms without dam-
age to the microammeter. The 
complete test set is housed in a 
commercially - available metal 
cabinet of standard size. 

A very simple battery-oper-
ated vacuum tube voltmeter is 
diagrammed in figure 12. This 
type of meter can be calibrated 
by means of a potentiometer 
and low-reading a.c. voltmeter 
connected across a transformer 
filament winding. The a.c. volt-
meter reads r.m.s. values; con-
sequently, 2.5 volts r.m.s. equals 
3.53 volts peak. The maximum 
peak voltage which can be 
measured by this instrument is 
not over 4.5 volts, the useful 
range is from about 1 to 4 peak 
volts. 

A 0-200 microammeter is operated at an • Ohmmeter 
initial deflection of approximately 10 micro-
amperes or it can be used as a "slide-back" One of the most useful instruments is a 
type of voltmeter with practically zero ini- simple ohmmeter for making continuity 
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Figure 11 Subchassis View of Peak V. T. Voltmeter 
30 

VACUUM TORE VOLTMETER 

• 

Figure 12 

PIN JACIIS 

5WITGA 

230.000 A 

200.000A 

40,000A 

OHMMETER - O C VOLTMETER 

Figure 13 

0- • DC 

41A 

10,000A 

Figure 14 

Position 1 of Switch  0- 1 Ma. 
Position 2 of Switch  0-100,000 Ohms 
Position 3 of Switch 0- 10 Volts 
Position 4 of Switch  0- 50 Volts 
Position 5 of Switch 0-250 Volts 
Position 6 of Switch 0-500 Volts 

Figure 15 

Figure 16— Interior View of Ohmmeter, Showing 
Battery, Rotary Switch and Ohmite Resistors. 

tests and for measuring the values of re-
sistors. The same instrument can be com-
bined into a multi-range voltmeter by means 
of a rotary switch and a few resistors, as 
shown in the circuit, figure 13. 
A 0-1 ma. d.c. m ill ianuneter of the 2-inch 

size can be used in this test set by cutting 
out or reproducing the scale in figure 14 

and pasting it over the existing meter scale. 
The unit can be built into a small box, 

4 in. x 8 in. x 3 in., as shown in figures 
15 and 16. 

Continuity tests can be made by turning 
the switch to position 2; the device then 
acts as an ohmmeter which has a range of 
from zero to approximately 100,000 ohms. 
The needle position should be adjusted to 
zero by means of the 1,000 ohm resistor, 
with the output leads short-circuited by 
means of pin jacks. 

Resistance measurements are made by 
reading the values directly on the upper-
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most scale. The ohmmeter proper consists 
of only the 0-1 d.c. milliammeter, a 4,000-
ohm fixed resistor, a 1,000-ohm variable re-
sistor, and a 4.5-volt C-battery. The un-
known resistance is connected in series with 
this combination. The additional components 
shown in the photograph and circuit dia-
gram are necessary only when the meter is 
used as a multi-range voltmeter and 0-1 d.c. 
milliammeter. 

• AU-Wave Test Oscillator 

A modulated test signal is required for 
lining-up a superheterodyne receiver in or-
der to simply the procedure. The interme-
diate and tuned-radio-frequency circuits in 
the receiver must be properly aligned; an 
all-wave signal generator produces a signal 
similar to that of a weak radio signal, yet 
it is instantly available at any desired fre-
quency. 
A very simple modulated oscillator is 

shown in figure 17; interior and exterior 
views of the complete instrument are in 
figures 18 and 19. The entire instrument, 

11,11:11110800K 

Figure 19— All-Wave Test Signal Generator in 
Aluminum Shield Can. The coil is also shielded 

with a large coil-shield can, as shown. 

batteries included, can be built into a 5 in. 
x 5 in. x 9 in. metal cabinet. 

The top panel is made of no. 12 gauge 
002 30 aluminum, 5 in. x 9 in. The plug-in coils 

are shielded by means of a removable alumi-
num can atop the oscillator cabinet. 

The oscillator circuit is a standard Hart-
ley with a type 30 tube. A variable grid-
leak is controlled from the front panel; 
this gives a means for obtaining either un-
modulated or self-modulated carrier signals. 
High values of grid-leak cause a blocking 
grid action, and the result is a test r.f. sig-
nal modulated at some audio frequency of 
500 or 1,000 cycles. This grid-leak resistor 
at low resistance values produces an un-
modulated signal which simulates that of a 
c.w. signal. 
A single 1.5-volt dry cell and a 22.5 C-bat-

tery furnish filament and plate potentials for 
the oscillator. A two-gang 360-Md. varia-
ble condenser has its sections in parallel 
when tuning the long-wave or low-frequency 
range, while only a single section of the 
condenser is used for the medium- and short-
wave bands. The changeover is made by 
an additional link connection in the plug-in 
coil form. The output is controlled by a 
200-ohm potentiometer. The condenser has 
a 2-to-1 reduction gear in order to spread 
the tuning range. 

340, 

14\ 055 CO, CM•35.5 GOO 

ALL WAVE TEST StGN A L GENERATOR 

Figure 17 

Figure 18— Interior View of All-Wave Test Signa 
Generator, Showing Type 30 Tube, Dry Cells 

Condensers and Resistors. 

• Calibration 

The instrument is calibrated by coupling 
it into a radio receiver which can be tuned 
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to broadcast stations in the frequency range 
of from 550 to 1,500 kc. The oscillator is 
tuned to produce a heterodyne note with 
broadcast station signals of a known fre-
quency. 

The range of from 150 to 550 kc. can be 
calibrated in a similar manner by using the 
harmonics of the signal generator to pro-
duce the heterodyne note. When a calibra-
tion scale is to be plotted, the frequency can 
be divided by 2 or 3. depending on whether 
the second or third harmonic of the oscil-
lator is being used in the long-wave calibra-
tion range. 

The most satisfactory method of calibra-
tion in the short-wave range is to couple 
the device into an all-wave radio receiver 
in conjunction with another accurately cali-
brated all-wave test oscillator. Dial read-
ings can be plotted in this manner to give 
a calibration curve for each set of coils, 
using the radio receiver as a means of de-
tecting zero-beat between the two oscillators. 
Care must be exercised not to tune one os-
cillator to a harmonic of the other for this 
type of calibration. 

• Operation 

The long-wave ranges of this test oscil-
lator are used to line-up the if. frequency 
circuits in superheterodyne receivers. The 
majority of receivers have an i.f. frequency 
of approximately 465 kc. The output ter-
minals of the test oscillator can be con-
nected to each stage of the i.f. amplifier in 
the radio receiver while that stage is being 
lined-up. The last i.f, stage should be lined-
up first. The signal generator produces a 
steady tone modulated signal which can be 
heard in the output of the radio receiver. 
The shortwave ranges of the oscillator are 

useful for lining-up the first detector and 
r.f. stages, so as to make them track prop-
erly with the high-frequency tuned circuit 
in a superheterodyne receiver. More details 
are given in the chapter on Receiver Theory. 

The frequency of a quartz crystal, such as 
that used in a single signal receiver, can 
be determined very closely by setting the 
quartz plate on, or leaning it against, the 
grid of the oscillator tube. The oscillator 
frequency will suddenly change at resonance 
with the crystal, as will be heard in a broad-
cast receiver tuned to the second harmonic 
of the oscillator. This test requires a manip-
ulation of both oscillator and broadcast re-
ceiver, but once the crystal frequency is 
found, the i.f. amplifier in the shortwave re-
ceiver can be lined-up to this same frequency 
by means of the oscillator. 

• A. C. Frequency 
Meter-Monitor 

An accurate mean for determining the 
frequency of a radio transmitter is essential 
when the circuit is of the self-excited os-
cillator type. The same device is also use-
ful for checking quartz crystal transmitters 
in order to make certain that the crystal 
frequency falls within the desired amateur 
band. The frequency meter consists of a 
very stable electron-coupled oscillator which 
can be accurately calibrated. This same unit 
can serve as a c.w. monitor by adding an 
audio amplifier stage to the plate circuit of 
the electron-coupled oscillator. The oscil-
lator can be designed to cover either the 80-
or 160-meter amateur bands, and harmonics 
of these frequencies can then be used for 
measurements in the shorter-wave bands. 
The oscillator has a small tuning condenser 
shunted by a large band-setting condenser; 

Test Signal Generator Coil Data 

Approx. Freq. Range Secondary 114" Diam. 
Coupling Coil 

(over center of sec.) 

13 to 4.à mc. 
(One tuning condenser) 

15 turns no. 24 d.s.c., c.t., 
1 Y  long (space-wound) 

1 turn 
_ ..._ 

2 turns 

5 turns 

5100 to 1600 kc. 
(One tuning condenser) 

38 turns no. 26 d.s.c., c.t., 
1% 11 long (space-wound) 

1800 to 530 kc. 
(One tuning condenser) 

110 turns no. 30 enam., c.t., 
Close-wound 

550 to 150 kc. 
(Two tuning condensers) 

285 turns no. 26 d.s.c., c.t., 
Jumble-wound'over 11A" 

of winding length 
10 turns 
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Figure 20—Frequency Meter-Monitor. 

the latter is adjusted only when the fre-
quency meter is calibrated by means of 
standard frequency transmissions or from 
broadcast station harmonics in conjunction 

• with a calibration oscillator. A good, finely-
graduated vernier dial is essential for read-
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ing the scale indication of the smaller con-
denser for accurate determination of fre-
quency. The instrument must be housed in 
a metal cabinet or can in order to prevent 
excessive pickup between the frequency me-
ter and the transmitter under test. The 
electron-coupled oscillator functions as a 
beat-note detector similar to that in a short-
wave regenerative receiver. 

• Calibration 

Standard frequency transmissions are sent 
on the amateur bands at regular intervals; 
schedules of these stations can be found in 
current issues of monthly amateur radio 
periodicals. These signals can he tuned-in 
on a shortwave receiver and the frequency 
meter can be tuned to the zero beat-note in 
the output of the radio receiver. A slight 
external coupling can be made from the 
frequency meter oscillator by connecting a 
short piece of wire to the grid circuit of 
the audio amplifier in the frequency meter; 
this wire can be run close to the radio re-
ceiver antenna lead-in in order to pick up 
a small amount of r.f. energy from the fre-
quency meter. 

If a superheterodyne is used for calibra-
tion purposes care must be taken to make 
certain that the frequency meter is not tuned 
to the image frequency response of the ra-
dio receiver, but to the same frequency as 
that of the standard signal transmission. A 
calibration chart can be plotted so that a fre-
quency range of 3,500 to 4,000 kc. is ob-
tained. Harmonics of the oscillator can be 
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Figure 21—Complete Circuit Diagram of Frequency 
Meter- Monitor. 
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Figure 22 Frequency Meter Curve. 

accurately set on the dial by multiplying 
the frequency readings from the chart by 
the number of the harmonic. 
A typical calibration chart is shown in 

figure 22. On this chart the dial reading of 
60 divisions shows frequency of 3600, 7200, 
14,400 and 28,800 kc. If the frequency meter 
has a 160-meter coil, this same reading will 
also show a frequency of 1,800 kc. If the 
frequency meter is calibrated in the range 
of 3,500 to 4,000 kc., it does not matter 
whether a 160- or 80-meter coil is used in 
the electron-coupled oscillator circuit. 
The frequency meter can be calibrated by 

means of a calibration oscillator and a broad-
cast receiver. The calibration oscillator is 
tuned to produce zero-beat in the broadcast 
receiver with carrier signals from broadcast 
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Figure 23—Calibration Oscillator for Battery 
Operation. 

stations of known frequency. The harmonics 
of the calibration oscillator are coupled into 
the frequency meter and the latter is tuned 
to zero-beat, as heard in the phone jack in 
the output of the monitor. An example 

would be where the local oscillator is tuned 
to zero-beat with a broadcast station signal 
of 880 kc.; the fourth harmonic of the local 
oscillator would be four times 880 or 3520 
kc. This value can be used to obtain a cali-
bration point on the frequency meter. 

Suggested circuits for calibration oscil-
lators are shown in figures 23 and 24. Cali-
bration oscillators can be built on a small 
breadboard; they do not require shielding. 
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Figure 24—With Heater Type Tubes, Battery 
Plate Supply is Still Used for Stability. 

• C. W. Monitor 

Most monitors for checking the charac-
teristics of a c.w. signal from the radio sta-
tion room are lacking in sufficient audio out-
put. The c.w. monitor shown in figures 25 
and 26 overcomes this defect by means of 
an additional tube and a stage of audio am-
plification. A c.w. monitor is used princi-
pally for determining the character of the 
emitted note and to check the keying char-
acteristics of the dots and dashes, either 
from the standpoint of the apparatus or 
operator. 
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Figure 26— Illustrating Construction of the C. W. 
Monitor. 
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This monitor consists of a very simple os-
cillating receiver, built into a shielded con-
tainer, which will only pick up enough r.f. 
energy from the transmitter to produce a 
heat-note in the output of the monitor. It 
employs two type 30 tubes, operated from 
a single 134-volt dry cell, and a small 45 
volt 13-battery. These batteries should be 
located inside the shield can in order to 
prevent the leads from picking up r.f. energy 
from the antenna. The small amount of in-
herent leakage in the shielded container is 
sufficient to give a normal amount of pickup 
from the radio transmitter when the monitor 
is within a few feet of the transmitter. 

Plug-in coils are used for covering the 
various amateur bands. The coil data are 
as follows : 

80 Meters Secondary: 27 turns no. 22 
d.s.c., close wound. 
Tickler: 6 turns no. 22 d.s.c., 
close wound and spaced %-
inch from secondary. 
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Figure 27 
Circuit for 
Oscilloscope 
Pictured in 
Figures 28 
and 29. 

40 Meters Secondary: 14 turns no. 22 
d.s.c., space-wound to cover 
a length of 1- inch. 
Tickler: 4 turns no. 22 d.s.c., 
close-wound and spaced 3Y-
inch from secondary. 

20 Meters Secondary: 7 turns no. 22 
d.s.c., space-wound to cover 
a length of 1- inch. 
Tickler: 4 turns no. 22 d.s.c. 
close-wound, spaced 1,Y- inch 
from secondary. 

All of the above coils are wound on stand-
ard I 1/2 -in. diameter forms. 

• Cathode-Ray 
Oscilloscopes 

Measurements of r.f. and a.f. voltage and 
wave form can be easily made with the aid 
of cathode-ray oscilloscopes. Such a device 
includes a vacuum tube which has two sets 
of deflecting plates for controlling a beam of 
electrons; this beam strikes a fluorescent 
screen on the face of the tube and traces a 
pattern of the signal applied to the control 
grid or deflection plates. The fluorescent 
screen in the tube produces a visual indica-
tion of the pattern of r.f. or audio voltages. 

Cathode-ray oscilloscopes are extremely 
useful for measuring percentage modulation 
in a radffiphone transmitter. 

• Construction 

A very simple oscilloscope, such as the 
one shown in figures 27, 28 and 29, is en-
tirely satisfactory for amateur services. It 
consists of an RCA-913 cathode-ray tube 
which has a fluorescent screen approximately 
one inch in diameter. This tube, and a suit-
able power supply, can be built into a small 
metal cabinet approximately 6 in. long, 4 in. 
wide and 5 in. high. The tube screen is 
viewed through a 11/8-in. diameter hole in 
the top of the container. 

Figure 28 - Exterior View of 913 Oscilloscope. 

Flqur. 29 Loot, nq Into the Oscilloscope. 
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The two deflecting pla es which connect 
to the shell of the RCA-913 tube are con-
nected to the center grounded output ter-
minal, and the two remaining deflecting 
plates ( horizontal and vertical) are brought 
through to a pair of push-through porcelain 
insulators. Either set of plates can be used 
for radio or audio measurements. When a 
voltage is applied to only one set of plates, 
a thin straight line is obtained on the face 
of the cathode-ray tube when the 50,000-

and 25,000-ohm potentiometers are correctly 
adjusted. 

When a modulated carrier voltage is ap-
plied to one set of plates, and the audio 

000000 
A B C D E 

N 

Figure 31 

OSCILLOSCOPIC PATTERNS, PLATE AND GRID MODULATION 

A: Plate- Modulated. Excessive Bias or Regener-
ation. 

B Undistorted Plate or Grid Modulation. Less 
Than 100', 

C: Suppressor- Modulated 802 or RK-20 Phone 
with Crystal in Grid Circuit. 

D: Suppressor- Modulated Phone with Separate 
R. F. Driver Tube, Modulated Approximately 
100%. 

E: Maximum Plate Modulation of 6L6, 865 or 
860 Screen-Grid Tubes without Screen Modu-
lation (or Insufficient Screen Modulation). 

F: Unmodulated Carrier Signal. 

G: Plate- Modulated, Regeneration and Modu-
lator Overload or Mismatch. 

H: Plate Overmodulation with Bad Mismatch of 
Class-B Modulator Impedance. 

I: Plate Modulated, Insufficient R. F. Grid 
Drive to Allow Over 50', Modulation. 

J: Grid- Modulation. Excessive R. F . Grid Drive. 

K: Grid- or Plate- Modulated Phone with Im-
proper Neutralization or Detuned Final Am-
plifier. 

L: 100'; Grid Modulation, Normal Adjustments 
of 1 Times Cut-Off Bias. Curvature Due ta 
High Bias. 

M: Phase Shift Through Speech Amplifier. Ap-
proximately 60' à Modulation. No Distortion 
in Output. 

N: Plate or Grid Overmodulation. Too Much 
Audio Input 

0: Class-B Mismatched or Underpowered. Cor-
ners on Pattern Indicate Overmodulation. 
May be due to Excessive Antenna Load for 
Transmitter. 

P: Insufficient R. F. Grid Drive with Plate Mod-
ulation. 

0: Overmodulation. Too Much Audio Input 
Audio Distortion) with Plate Modulation. 

R• 100', Modulation. Grid or Plate. No Distor-
tion. 
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modulating voltage applied to the other, a 
trapezoidal figure will be produced during 
modulation. This pattern should be a 
straight-sided triangle, sharply pointed when 
100 per cent modulation is being obtained. 
Typical patterns are shown for plate and 
grid modulation in the accompanying 
sketches, figure 31. 
The audio- or radio-frequency voltage 

should have an amplitude of from 50 to 100 
volts in order to cause good deflection on 
the screen. The audio voltage should be 
obtained from the output of the modulator 
through a high resistance network, as shown 
in figure 30, when making modulation meas-
urements in a radiophone transmitter. The 
r.f. voltage can be secured by coupling a 
few turns of wire to the center of the mod-
ulated amplifier tank coil or to the antenna 
tuning circuit. The amplitude should be 
sufficient to give a large pattern on the face 
of the tube. The 25,000- and 50,000-ohm 
potentiometers are adjusted to give sharp 
definition and a reasonable amount of illumi-
nation on the screen. 

• Cathode-Ray Oscilloscope 
With Sweep Circuit 

Most audio frequency measurements re-
quire a variable frequency sweep oscillator 
circuit which can be synchronized with the 
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frequency of the audio voltage being tested. 
For this purpose, a saw-tooth wave form is 
desirable; it can be obtained from a con-
denser-charge-and-discharge-circuit. The con-
denser is slowly charged, then rapidly dis-
charged by means of a gas-filled type 885 
triode which ionizes at a certain peak volt-
age and short-circuits the condenser in the 
plate circuit. A sweep circuit of this type 
is shown in figure 32. 
The sweep circuit oscillation can be syn-

chronized with that of the audio frequency 
signal by applying a small portion of it to 
the grid circuit of the type 885 tube. The 
approximate frequency of the saw-tooth os-
cillator is adjusted by means of the capacity 
in the plate circuit of the type 885 tube and 
the value of the resistance in series with the 
positive-B lead from this tube. The output 
of this oscillator must be amplified by a 
high-gain audio stage, such as a type 57 
tube, in order to provide sufficient voltage 
to produce a sweep across the screen of the 
RCA-913 cathode-ray tube. An additional 
type 57 pentode audio amplifier is shown in 
the circuit diagram; it can be used to am-
plify the test audio voltages if the latter are 
of low amplitude. The power supply con-
sists of two rectifier and filter circuits which 
supply plate voltage to all of the tubes in 
the oscilloscope. 
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Emergency Work 

In many of the larger cities, various individuals and clubs have prepared 
themselves for any emergency that might arise by constructing and keeping in 
readiness self-Powered communication equipment, for use in case of power 
failure. Such foresightedness is to be commended. 

On the other hand, disaster is bound to strike at times in localities where 
no such methodical preparation has been made. In such an event, amateurs 
with a reasonable amount of technical training and experience should be able 
to establish communication within a couple of hours with no other facilities 
than an automobile tool kit, two or three auto radio receivers, and a couple 
of auto batteries. The latter are universally available, and a high percentage 
of the newer cars are now equipped with auto radios. If the supply of auto 
batteries is limited, they can be recharged as necessary by one of the autos 
from which they were commandeered. 

One receiver can be torn up to provide parts and a power source for the 
transmitter. The output tube will make a good oscillator, either crystal or 
"t.n.t." 

Another set can be torn into and the coils cut down until with the con-
denser plates entirely unmeshed they "hit" around 70 meters. Both the 8o and 
16o meter bands can then be covered in grand style if a good outside antenna 
and a ground connection are used. 

By wrapping a piece of insulated wire around both plate and grid leads 
of an i.f. tube (assuming the set is a superheterodyne, as most are), the stage 
can be made to oscillate, thus providing makeshift yet satisfactory heterodyne 
reception of c.w. signals. If the a.v.c. action bothers on C.W., either use a very 
short antenna or else ground the a.v.c. bus; either will effect a cure, the latter 
being the better method. 

A microphone can be temporarily borrowed for the emergency from the 
nearest telephone. Two output transformers, of the type designed to match a 
pentode tube to dynamic speaker voice coil, can be connected with their corre-
sponding windings in series (primaries in series; secondaries in series) and 
used backwards as a single, microphone transformer to feed directly into a 
pentode tube used as a class A modulator ( Heising). It will be necessary to 
talk loudly and directly into the microphone, which incidentally should be fed 
from a separate 6 volt battery in order to avoid vibrator hash in the speech. 

Home stations of ten can be kept on the air after a power failure by utiliz-
ing an auto radio and battery, feeding plate voltage to either the oscillator or 
exciter of your regular transmitter from the vibrator pack and deriving heater 
voltage direct from the battery. The oscillator or exciter should be originally 
designed with this in mind. 

Any amateurs in the vicinity possessing battery-powered or auto-installed 
5 meter gear can locate their equipment at strategic points and take care of 
short-haul traffic. 

Amateurs not in the immediate disaster area usually can be of most serv-
ice by doing lots of listening, and little or no transmitting until called upon. 
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RADIO TDEDAPY 

SHORT-WAVE radio-frequency energy 
can be applied to the human body for 

the purpose of treating various ailments. 
This form of treatment is known as radio 
theraky, and the apparatus is called a diath-
ermy machine. 

Radio-frequency energy can be applied to 
various parts of the human anatomy in order 
to produce a localized fever or temperature. 
The increase in temperature is effective for 
increasing circulation and for destroying cer-
tain kinds of germ diseases. The radio-fre-
quencies involved in radio therapy normally 
range from 6 to 16 meters in wavelength, 
although there has not yet been an accepted 
standard of frequencies for the treatment of 
any particular ailment. The muscular carti-
lage, fatty and bone tissues all respond 
differently to applied radio waves. Some of 
these tissues are dielectrics while others are 
conductors, yet most of them have an inter-
mediate characteristic, that of a leaky dielec-
tric shunted by a capacitance. The radio 
energy is dissipated in the form of a dielec-
tric loss which increases the temperature of 
that portion of the anatomy under treatment. 
The correct application of radio therapy 

depends upon the ailment and should, there-
fore, be under the supervision of a skilled 
physician. The diathermy machine usually 
has a means of controlling the power output 
and often has a frequency control in the 
form of plug-in coils. The radio energy is 
normally applied by means of a pair of rub-
ber-covered metal electrodes which are 
placed on opposite sides of the portion of 
the body of the patient under treatment. 
A diathermy machine consists of an oscil-

lator with a normal output of from 100 to 
200 watts. The load impedance connected 
across the oscillator varies greatly; this 
requires special design of the oscillator cir-
cuit. The variation in load impedance is 
caused by the variation in size and in spacing 
between the electrodes required for various 
forms of treatment. 
Radio therapy is used to kill certain bac-

teria in the body, much in the same manner 
as artificially-induced typhoid fever. It must 
be emphasized that the ramifications of radio 
therapy are still highly problematical. The 

entire subject must be handled with discre-
tion, because careless use of radio therapy 
can and has caused extremely serious dam-
age. Self-treatment or treatment of friends 
by means of a home-built diathermy machine 
should never be attempted unless the opera-
tor is thoroughly familiar with this branch 
of physio-therapy. 
Diathermy machines are essentially radio 

transmitters, and they can cause serious 
interference to radio reception. The diath-
ermy machine should be housed in a shielded 
cabinet; the 110-volt line should include an 
r.f. filter in order to prevent the r.f. energy 
from feeding back into the line and thereby 
radiating into space. The output electrode 
pads and the patient proper act as an 
antenna system, and thus both machine and 
patient should be placed in a metallically-
screened room. This room can be made of 
ordinary galvanized iron screen, provided that 
all seams are carefully soldered and especial 
care taken to prevent r.f. leakage around 
the doorway. This type of room construc-
tion is- similar to that used for receiver test-
ing in radio manufacturing plants. 
A circuit for a typical diathermy machine 

is shown in figure 1. This circuit has cer-
tain features not found in most commer-
cially-made machines. The oscillator circuit 
proper is a push-pull Hartley system in 
which the grid excitation is more constant 
than in most u.h.f. oscillator circuits for 
various load impedances. A full-wave rec-
tifier system with sufficient filter capacity is 
of practical value for reducing radio inter-
ference which is caused by the more usual 
form of self-rectified power supply circuit. 
The wave-form of the r.f. output power is 

not as sharply peaked when a full-wave 
rectifying system is used, with the result 
that there is less danger to body tissues. 
The ratio of peak-to-average r.f. voltage 
should be as low as possible in any diath-
ermy machine. The only virtue of a self-
rectified oscillator is its cheapness, and even 
though offered by many manufacturers. 
should not be given consideration. 
A 6E5 electron-ray tube is used as a 

"ready" indicator by 'having its 6.3-volt 
heater connected across the 5-volt filament 
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supply. The 866 rectifier tubes should be 
allowed to reach normal temperature before 
the high voltage power supply switch is 
thrown to the on position. By the time the 
6E5 tube first glows at full brilliancy, the 
866s will have reached operating tempera-
ture and plate voltage may be applied. 

Many of the older machines, and some of 
the newer ones as well, do not use either a 
lumped or adjustable capacity across the 
output tank coil; the tank circuit therefore 
has insufficient Q, especially when a single-
ended oscillator is used. The well-designed 
diathermy machine uses a pair of fixed con-
denser plates which act as a lumped capacity 
across the plate tank circuit. The pads are 
tuned to resonance by means of a variable 
condenser in the output circuit. 
The system shown in the schematic dia-

gram has many advantages over the afore-
mentioned types in that the oscillator is 
tuned to the output circuit, instead of the 
pads being tuned to the frequency of the 
oscillator. When the plates of the tank con-
denser in figure 1 are entirely out, the 
"minimum" capacity of the condenser is high 
enough to offer sufficient Q for proper oper-
ation of a push-pull circuit below 16 meters; 
at the same time, it allows a frequency range 
of almost two-to-one to be covered by 
merely using pads that resonate at different 
frequencies. If a still greater frequency 
range is to be covered, this can be accom-
plished by means of plug-in coils. A five-
connection plug and jack transmitter assem-
bly is suitable for use with such coils, and 
by this means it will then be possible to 
cover a range of from approximately 5 to 19 
meters. Pads with long leads sometimes can 
be resonated after a fashion at the higher 
frequencies (5 or 6 meters) by resonating 
them on the third harmonic. 
The disadvantage of the customary fixed-

tuned plate tank and series-tuned pad circuit 
lies in the high capacity series variable con-
denser which is required; also it is often 
difficult to resonate the pads when they are 
placed in some unusual position on the body 
of the patient. In addition to its high 
capacity, the series condenser must have 
wider spacing between plates than would 
ordinarily be assumed, because the pads will 
sometimes resonate when the condenser 
plates are almost entirely unmeshed. Under 
the latter condition, there is a high r.f. 
potential across the condenser. 
The r.f. potential in a condenser which is 

placed across a plate tank is much more 
uniform under the varying conditions en-
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countered with the pad circuit. In addition, 
the capacity of the condenser need be only 
a fraction of that ordinarily required where 
the condenser is used to resonate the pad 
circuit. 

All insulation that is either in contact with 
r.f. leads or in an r.f. field should be of high-
grade ceramic material. The tank and 
antenna coils can be wound with no. 8 wire, 
self-supported by end and center-tap connec-
tions. 
A push-pull Hartley circuit is used in the 

machine described because its frequency can 
he varied by a single tuning condenser with-
out affecting the excitation. In addition to 
being superior in this respect, the circuit 
performs equally well in all other respects; 
then, too, if plug-in coils are used, it is only 
necessary to change a single coil. 
An approximate adjustment of the output 

is secured by means of a Low-High switch. 
The output decreases considerably when the 
switch is opened, thereby adding a 20,000-
ohm grid-leak into the circuit. Minute 
adjustment of the output is obtained by 
simply detuning the tank condenser, a crude 
but entirely satisfactory method. This means 
that the operator need manipulate only one 
switch and one knob for adjustment of the 
output. 
At the point where the 110-volt a.c. supply 

leads enter the cabinet which houses the 
diathermy machine, 20 turns of no. 12 wire 
are wound on a diameter of u-inch and 
connected in series with the transformer 
primaries and the two a.c. supply leads. 
These coils constitute an effective pair of 
line chokes, one in each lead of the 110-volt 
line. They are as effective as any commer-
cially-made choke, the latter normally being 
designed to operate at lower frequencies 
than those at which the diathermy machine 
operates. These home-made u.h.f. chokes, in 
connection with the .006-µfd. condensers 
shown in the circuit diagram, constitute as 
effective a filter as it is possible to secure. 

The grid taps on each tank coil are made 
exactly the same distance from each side of 
center. If one tube heats more than the 
other, it indicates that the taps are not sym-
metrically made. To adjust the taps to their 
proper position, disconnect the pads from the 
circuit, place a 0-150 or 0-250 ma. a.c. mil-
liammeter across the 20,000-ohm grid-leak 
with the Low-High switch in the Low 
(open) position, and move the taps out-
wardly toward the ends of the coil until the 
meter gives an indication of 100 ma. This 
is greater than the maximum grid current 
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rating of the tubes ( 35 ma. per tube), but 
with the pads connected to the circuit this 
value will decrease slightly, and when the 
pads are loaded ( resonated) there will be 
another decrease. Under normal use, the 
grid current will be somewhat less than 70 
ma. for the two tubes. When the grid meter 
is removed, and with the switch in the Low 
position ( with the additional grid-leak in 
the circuit) the grid current will be still 
lower. A grid meter can be permanently 
incorporated in this diathermy machine, if 
desired, in which event it would be wired in 
series with the grid resistor. It is absolutely 
necessary, however, only for this initial 
adj ustment. 
A red ink "warning" marker should be 

drawn on the scale of the plate meter at 
the point of 350 ma., in order to make cer-
tain that this value of plate current will 
not be exceeded. The plate meter is the 
only essential meter in this machine, al-
though some physicians insist upon a r.f. 
meter in the pad circuit. Neither plate 
current nor r.f. output are more than an 
approximate indication of the degree of heat-
ing; they are not relied upon except as a 
means for a relative check when the pads 
are in any given position on a certain patient. 
When the pads are placed in different posi-
tions, the r.f. meter may read either higher 
or lower for a given heating effect. The 
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actual temperature of that portion of the 
body of the patient under treatment is the 
only safe barometer of the amount of heat-
ing effect being supplied. 
The mica condensers in series with the 

pads have no effect on the performance of 
the circuit; they are used merely for the 
purpose of safeguarding the patient against 
high d.c. voltages in the event of breakdown 
of the ceramic material which supports the 
coils. 

It is very difficult to stop oscillation by 
means of excessive output loading; nothing 
other than an abnormal value of plate cur-
rent will result when the machine is too 
heavily loaded, as will be indicated by the 
meter when the needle passes the red ink 
"danger" mark. Should the circuit acci-
dentally stop oscillating, a very high degree 
of plate current will flow just long enough 
to permit the 5-ampere primary fuse to blow. 
For this reason the fuses should be accessi-
ble at some point on the outer portion of 
the diathermy machine housing. 

It is important that the center-tap connec-
tion of the rectifier filament winding be used, 
rather than one leg of the rectifier filaments. 
for the high voltage connection. This pre-
vents r.f. from finding its way back into the 
tubes through the high voltage lead, because 
the capacity of the transformer to ground is 
sufficiently high to bypass practically all r.f. 
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to ground. The r.f. current in the high volt-
age lead is very small ( theoretically zero at 
the fundamental frequency), but is suffi-
ciently high to cause erratic operation of the 
rectifiers if this current finds its way back 
into the rectifier tubes. The 0.5 ¡dd. filter 
condenser is not very effective at radio fre-
quencies and it is therefore possible to draw 
small sparks from the high voltage lead. 
The small filter condenser (0.5 eifd.) pro-

vides sufficient filtering to prevent the oscil-
lator tubes from going out of oscillation for 
an instantaneous period 120 times per sec-
ond; it is the latter that results in "hash" 
on the lower frequencies, including the 
broadcast band. The ripple voltage will still 
be quite high, with the small filter, but inter-
ference on frequencies other than those of 
the operating frequency will be eliminated. 

It is not advisable to use higher capacity 
values than those shown in figure 1; other-
wise the plate voltage will rise to excessive 
values when the pads are not loaded and 
when the plate current is relatively low. 
This, in turn, results in excessive grid cur-
rent. The grid current normally tends to 
rise badly anyway when an oscillator is not 
loaded. 

If this diathermy machine causes interfer-
ence to nearby amateurs on the 5, 10 and 20 
meter bands, the cure lies in the installation 
of a heavy duty choke-input filter, consisting 
of a 30 henry 350 ma. swinging choke and 
a 4 1.4fd. 2,000 volt condenser. This permits 
a high degree of filtering without sacrificing 
voltage regulation. The interference will 
then be confined to a very narrow range of 
frequencies. If a choke input filter is ueed, 
a higher voltage plate transformer will be 
required ( 1500 v.). 
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In order to prolong the ife of rectifier and 
oscillator tubes it is important that they be 
permitted to warm-up for a period of 20 or 
30 seconds before plate voltage is applied. 
Switch SW-2 should never be thrown to the 
on position, until switch SW-1 has first been 
turned un. This means that switch SW-2 
is turned on last, and turned off first. The 
6E5 electron-ray indicator tube can be 
mounted directly above switch SW-2 with 
the following inscribed on the panel: "SW-2 
Should Never Be Turned 'ON' Except 
When Green Light Shows." By this means 
it will be necessary for the user to wait for 
about thirty seconds before the plate voltage 
is turned on. SIV-2, however, must always 
be turned off before SW-1 is turned on; 
otherwise SW-2 would remain on when the 
electron-ray indicator light is not glowing. 

To avoid this possibility the following 
should also be inscribed conspicuously on 
the control panel: "When Through with 
Machine, Be Sure All Switches Are Turned 
Off." A red pilot light connected across 
the primary of one of the filament trans-
formers will help the physician to remember 
to turn off switch SW-1. 

If desired, a time delay relay may be used 
to protect the rectifiers, thus making a fool-
proof arrangement. However, besides being 
cheaper, the 6E5 indicator arrangement 
enhances the machine and impresses the 
patient. This last factor has been stressed 
by most physicians ordering this type of 
equipment, and cannot be ignored. 

Information as to the availability of the 
heating pads may be obtained from the pub-
lishers by enclosing a stamped, self-ad-
dressed envelope. 
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RADIO LAWS 

Rules Governing Amateur Radio Stations and Operators in the 
United States 

(As in effect November 1, 1937) 

The following excerpts from the Federal Communications Commission's rules include all 
solely with the amateur service and certain others that apply generally. 

• Practice and Procedure 

103.6. Applications.—Each application for an in-
strument of authorization shall be made in writing, 
under oath of the applicant, on a form prescribed 
and furnished by the Commission * • *. Separate 
application shall be filed for each instrument of 
authorization requested • • • The required forms 
may be obtained from the Commission or from 
any of its field offices. (For a list of such offices 
and related geographical districts, see rule 30.) 

103.7. Place of filing; number of copies.—Each 
application for • • • station license, with respect 
to the number of copies and place of filing, shall 
be submitted as follows: • • • 

g. Amateur. 1 copy to be sent as follows (a) To 
proper district office if it requires personal appear-
ance for operator examination under direct super-
vision from that office; (b) Direct to Washington, 
D. C., in all other cases, including examinations 
for class C privileges. 

103.8. Amendments; withdrawals.—Where other 
parties will not be aggrieved or adversely affected 
thereby, an applicant may amend or withdraw his 
application without prejudice, at any time up to 
the conclusion of a hearing thereon • • *. 

103.14. Modification of license.—An application 
for modification of license may be filed for • • • 
change in location * * *. Except when filed to 
cover construction permit, each application for 
modification of license shall be filed at least 60 
days prior to the contemplated modification of 
license; Provided, however, That in emergencies 
and for good cause shown, the Commission may 
waive the requirements hereof insofar as time for 
filing is concerned. 

103.15. Renewal of license.—Unless otherwise 
directed by the Commission, each application for 
renewal of license shall be filed at least 60 days 
prior to the expiration date of the license sought 
to be renewed. 

103.16. Application called for by Commission.— 
Whenever the Commission regards an application 
for a renewal of license as essential to the proper 
conduct of a hearing or investigation, and specif-
ically directs that the same be filed by a date cer-
tain, such application shall be filed within the time 
thus specified. If the licensee fails to file such 
application within the prescribed time, the hearing 
or investigation shall proceed as if such renewal 
application had been received. 

103.17. Extension of station and operator licenses. 
—Where there is pending before the Commission 
any application, investigation, or proceeding which, 
after hearing, might lead to or make necessary the 
modification of, revocation of, or the refusal to 
renew an existing license, or the suspension of an 
operator's license, the Commission may, in its dis-

that deal 

cretion, grant a temporary extension of such 
license; Provided, however, That no such tempo-
rary extension shall be construed as a finding by 
the Commission that the operation of any radio 
station thereunder, or use of the operator's license, 
will serve public interest, convenience, and neces-
sity beyond the express terms of such temporary 
extension of license, and Provided further, That 
such temporary extension of license will in no wise 
affect or limit the action of the Commission with 
respect to any pending application or proceeding. 

104.1. Defective applications rejected.—Ii an ap-
plicant, by specific request of the Commission, is 
required to file any documents or information not 
included in the prescribed application forms, a fail-
ure to comply therewith shall constitute a defect 
in the application, and the application will not be 
considered by the Commission. Any application 
which is not filed in accordance with the Commis-
sion's regulations with respect to the form used, 
manner of execution, and completeness of answer 
to questions therein required, will not be considered 
by the Commission. Each such application shall 
be returned to the applicant by the Secretary of 
the Commission, together with a brief statement 
of the respect in which it is defective. 

105.23. Answers to notice of violations.—Any 
licensee receiving official notice of a violation of 
the terms of the Communications Act of 1934, any 
legislative act, Executive order, treaty to which 
the United States is a party or the rules and reg-
ulations of the Federal Communications Commis-
sion, which are binding upon licensee or the terms 
and conditions of a license, shall, within 3 days 
from such receipt, send a written reply direct to 
the Federal Communications Commission at Wash-
ington, D. C., and a copy thereof to the office of 
the Commission originating the official notice, 
when the originating office is other than the office 
of the Commission in Washington, D. C. The 
answer to each notice shall be complete in itself 
and shall not be abbreviated by reference to other 
communications or answers to other notices. If 
the notice relates to some violation that may be 
due to the physical or electrical characteristics of 
the transmitting apparatus, the answer shall state 
fully what steps, if any, are taken to prevent 
future violations, and if any new apparatus is to 
be installed, the date such apparatus was ordered, 
the name of the manufacturer, and promised date 
of delivery. 
• • • • • 

If the notice of violation relates to some lack of 
attention or improper operation of the transmitter, 
the name and license number of the operator in 
charge shall be given. 

105.29. Revocation proceedings under section 312 
(a) of the act.—Whenever the Commission shall in-
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stitute a revocation proceeding against the holder 
of any radio station construction permit or license 
under section 312 (a), it shall initiate said pro-
ceeding by serving upon said licensee an order of 
revocation effective not less than 15 days after 
written notice thereof is given the licensee. The 
order of revocation shall contain a statement of 
the grounds and reasons for such proposed revoca-
tion and a notice of the licensee's right to be 
heard by filing with the Commission a written re-
quest for hearing within 15 (lays after receipt of 
said order. Upon the filing of such written request 
for hearing by said licensee the order of revocation 
shall stand suspended and the Commission will set 
a time and place for hearing and shall give the 
licensee and other interested parties notice thereof. 
If no request for hearing on any order of revoca-
tion is made by the licensee against whom such an 
order is directed within the time hereinabove set 
forth, the order of revocation shall become final 
and effective, without further action of the Com-
mission. 

• • • 
105.31. Suspension of operator license.—Proceed-

ings for the suspension of an operator license shall 
in all cases be initiated by the entry of an order 
of suspension, a copy of which shall be served 
upon or mailed to the holder of the license in-
volved, to become effective on a day certain, in no 
event less than 40 days after date of serving or 
mailing such order. The order shall set forth the 
name of the operator, class and grade of license. 
the effective (late of the order, the period of sus-
pension, and a statement of the reasons for sus-
pension, and shall contain a notice to the holder 
of such license of his right to be heard and contest 
the order, by filing with the Commission within 
35 days from the receipt of said order, a written 
request for hearing with a statement executed by 
him under oath, denying or explaining specifically 
and in detail the charges set forth in the order of 
suspension. Upon receipt of such request and state-
ment, the effective date of the suspension of such 
license will be extended; and the Commission, upon 
consideration of the licensee's statement, as herein 
provided, will either revoke its order of suspen-
sion, or fix a time and place for hearing, and notify 
the licensee thereof. 

If no request for hearing on any order of sus-
pension is made by the licensee against whom such 
order is directed within 35 days of receipt of such 
order of suspension, the same shall become final 
and effective. 
Where any order of suspension has become final. 

the person whose license has been suspended shall 
forthwith send the operator's license in question 
to the office of the Commission in Washington, 
D. C. 

• Other General Rules 

27. Normal license periods.—All station licenses 
will be issued so as to expire at the hour of 3 
a. m., eastern standard time. • • * 

e. The licenses for amateur stations will be 
issued for a nortnal license period of 3 years from 
the date of expiration of old license or the date of 
granting a new license or modification of a license. 

28. Designation of call signals.—Insofar as prac-
ticable, call signals of radio stations will be desig-
nated in alphabetical order from groups available 
for assignment, depending upon the class of station 
to be licensed. Because of the large number of 
amateur stations, calls will be assigned thereto in 
regular order and requests for particular calls will 
not be considered except on formal application the 
Commission may reassign calls to the last holders 
of record. 
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29. Deletion of call signals. Call signals of 
stations will be deleted in each of the following 
cases: 

a. Where an existing instrument of authoriza-
tion has expired and no application for renewal or 
extension thereof has been filed. 

b. Where a license has been revoked. 
r. Where a license is surrendered or cancelled. 
d. Other cause, such as death, loss of citizen-

ship, or adjudged insanity of the station licensee. 
Such occurrences coming to notice should be re-
ported to the Commission, preferably accompanied 
by the station license for cancellation, if available. 

30. Radio districts.—The following list of the 
radio districts [do not confuse with call areas--
EDITOR] gives the address of each field office of the 
Federal Communications Commission and the ter-
ritory embraced in each district: [See p. 408.] 

a. Examining cities.—Examinations for all classes 
of radio operator licenses will be given frequently 
at Washington, D. C., and the District Offices of 
the Commission in accordance with announced 
schedules. 

(1) Such exatnination will be held quarterly at: 
Cincinnati, O. 
Cleveland, O. 
Columbus, O. 
Des Moines, Iowa. 
Nashville, Tenn. 
Oklahoma City, Okla. 
Pittsburgh, Pa. 
St. Louis, Mo. 
San Antonio, Texas. 
Schenectady, N. Y. 
Winston-Salem, N. C. 

• (2) Examinations will be held not more than 
twice annually at: 
Albuquerque, N. Mex. 
Billings, Mont. 
Bismarck, N. Dak. 
Boise, Idaho. 
Butte, Mont. 
Jacksonville, Fla. 
Little Rock, Ark. 
Phoenix, Ariz. 
Salt Lake City, Utah. 
Spokane, Wash. 

Note.—Arrangements have also been made, in-
cluding cooperation of other Federal agencies, for 
class A examinations in outlying areas as follows: 

Alaska.—United States Signal Corps stations. 
Guam.—District communications officer, United 

States naval station. 

Hawaii.—At not exceeding one point on any 
island, by the inspector in charge (Honolulu). 
Puerto Rico.—District communications officer, 

United States naval radio station, San Juan. 
b. Amateur call areas.—The following is a list 

of the amateur call areas, showing the territory 
embraced in each area: [Omitted here for lack 
of space; refer to Radio Amateur Call Book or 
Government booklet from which this text is re-
printed—EDITOR.] 

• Services Other 
Than Broadcast 

GENERAL REGULATIONS 
182. Scope.—Whenever in these regulations the 

words "services other than broadcast" are used 
without specific restriction of further qualification, 
the words shall be taken to refer to all radio 
services, frequencies, etc., except broadcast serv. 
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*ce in the hand of frequencies between 550 and 1,500 
kilocycles, inclusive., 

184. Waves designated by frequency.-- In these 
regulations and instruments of authorization issued 
by the Commission a wave referred to is desig-
nated by its frequency in kilocycles per second. 

185. Total spectrum of waves.--The total spec-
trum of waves shall be construed as extending in 
frequency from 10 to 500,000 kilocycles, inclusive. 
This provision, however, shall not he interpreted 
as precluding authority of the Commission over 
the use of waves having frequencies less than 10 
kilocycles or more than 500,000 kilocycles if and 
when such waves, by reason of progress in the art, 
become availablee for radio communication either 
practically or experimentally, nor as precluding the 
Commission from issuing instruments of authoriza-
tion with respect to the use of such waves. 

186. Division of total spectrum into major bands. 
--The total spectrum of waves as bereinbefore de-
fined is hereby divided into six major bands, as 
follows: 

a. Low- frequency: 10 to 100 kilocycle,. 
b. Medium- frequency: 100 to 550 kilocycles. 
r. Broadcast: 550 to 1,500 kilocycles. 
d. Medium high-frequency: 1,500 to 6,000 kilo-

cycles. 
e. high-frequency: 6,000 to 30,000 kilocycles. 
f. Very high-frequency: Above 30,000 kilocycles. 
187. Definitions.—The following definitions shall 

apply generally to all services ( see also Inter-
national Telecommunication Convention). 

188. Station.—The term "station" means all of 
the radio- transmitting apparatus used at a par-
ticular location for one class of service and oper-
ated under a single instrument of authorization. 
In the case of every station other than broadcast, 
the location of the station shall be considered as 
that of the radiating antenna. 

189. Mobile station.—The term "mobile station" 
means a station that is capable of being moved and 
ordinarily does move. 

190. Fixed station.—The term " fixed station" 
means a station, other than an amateur station, 
not capable of being moved, and communicating 
by radio with one or more stations similarly estab-
lished. 

191. Land station.—The term "land station" 
means a station not capable of being moved, car-
rying on a mobile service. 

192. Portable station.—The term "portable sta-
tion" means a station so constructed that it may 
conveniently be moved about from place to place 
for communication and that is in fact so moved 
about from time to time, but not used while in 
motion. 

a. Portable-mobile station.—The term "portable-
mobile station" means a station so constructed that 
it may conveniently he moved from one mobile 
unit to another for communication, and that is, in 
fact, so moved about from time to time and 
ordinarily used while in motion. 

193. Mobile service.—The term "mobile service" 
means a radio-communication service carried on 
between mobile and land stations and by mobile 

'International conventions.—In addition to the 
regulations herein contained licen.,ees must observe 
the provisions of the following insofar as they 
apply: 

a. The Telecommunication Convention and Gen-
eral Radio Regulations annexed thereto ( State De-
partment Treaty Series No. 867). 

b. North American Radio Agreement of 1929 
(State Department Treaty Series No. 777-A). 

Copies may be obtained from the Superintendent 
of Documents, Washington, D. C. Treaty Series 
No. 867, price 20 cents, and Treaty Series No. 
777-A, price 10 cents. 

stations, communicating among themselves, special 
services being excluded. 

194. Fixed service.— The term " fixed service" 
means a service carrying on radio-communication 
of any kind between fixed points, excluding broad-
casting services and special services. 

195. Special service.—The term "special service" 
means a radio-communication service carried on 
especially for the needs of a specific service of 
general interest and not open to public correspond-
ence, such as a service of radiobeacons, radio direc-
tion finding, time signals, regular meteorological 
bulletins. notices to navigators, press messages ad-
dressed to all, medical notices ( medical consultation 
by radio), standard frequencies, emissions for 
scientific purposes, etc. 

196. International service.--The term "interna-
tional service" means a radio- communication sert' -
ice between offices or stations under the jurisrlic• 
lion of different countries, or between stations of 
the mobile service except when the latter are of 
the same nationality and are within the limits of 
the country to which they belong. An internal 
or national radio-communication service which is 
likely to cause interference with services beyond 
the limits of the country in which it operates 
shall be considered as an international service from 
the standpoint of interference. 

197. General communication service.—The term 
"general communication service" is used in these 
regulations only with respect to the service alloca-
tion of certain frequencies, and means that such 
frequencies have not been assigned to any specific 
service, and are available for future allocation to 
services which will be designated. 

198. Public service.—The term "public service" 
means a service for the use of the public in gen-
eral. 

199. Public correspondence.- The term "public 
correspondence" means any radio-communication 
where the offices and stations, by reason of their 
being at the disposal of the public, must accept 
for transmission. 

200. Private service.—The term "private service" 
means a radio- communication service which is not 
open to public correspondence and which may lie 
ttsed only by specified persons for either general 
or specific purposes. 

201. Private enterprise.—The term "private en-
terprise" means any person, company, or corpora-
tion which operates one or more stations for radio 
communication. 

202. Limited service.—The term "limited service" 
means a service which can be used only by speci-
fied persons or for special purposes. 

203. Radio operating signals.—The term "radio 
operating signals" means a letter, figure, or com-
bination of letters and figures, or both, designed 
to facilitate the conduct of communications; for 
example, the list of abbreviations to be used in 
Radio Transmission, appendix 9 to the General 
Radio Regulations annexed to the International 
Telecommunication Convention. 

204. Allocation of bands of frequencies to serv-
ices.—Allocations of bands of frequencies to serv-
ices, such as mobile, fixed, broadcast, amateur, 
etc., are set forth in article 7 of the General Radio 
Regulations annexed to the International Tele-
communication Convention and in the North Ameri-
can Radio Agreement. These allocations will be 
adhered to in all assignments to stations capable 
of causing international interference. 

205. Frequency standard.—The national standard 
of radiofrequency maintained by the Bureau of 
Standards. Department of Commerce, shall be the 
basis for all frequency measurements, and assign-
ments will be made on the basis of this standard. 
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RADIO DISTRICTS 
Territory embraced and address of inspector in charge. (Do not confuse with call areas.) 

Radio 
Dis-
trict 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Address of the Inspector 
in Charge 

Customhouse, Boston, Mass... 

Federal Building, New York. 
N. Y. 

New United States Custom-
house. Philadelphia. Pa. 

Fort McHenry. Baltimore. Md 

New Post Office Building, Nor-
folk, Va. 

New Post Office Building, At-
lanta, Ga. 

Post Office Box 150, Miami, Fla 

Customhouse, New Orleans, La 

Prudential Building. Galveston, 
Tex. 

Federal Building, Dallas, Tex. 

Rives-Strong Building. Los An-
geles. Calif. 

Territory Within District 

States. Etc. Counties 

Connecticut  
Maine  
Massachusetts 
New Hampshire  
Rhode Island  
Vermont  

New Jersey 

New York  

Delaware   
New Jersey  

Pennsylvania  

Delaware   
District of Colombia . 
Maryland  
Virginia  

North Carolina.... 
Virginia  

Alabama  
Georgia  
North Carolina  

South Carolina 
Tennessee  

Florida  
Puerto Rico  
Virgin Islands 

Arkansas  
Louisiana  
Mississippi  
Texas  

Texas 

New Mexico  
Oklahoma  
Texas.   

Arizona . 
California  

Nevada 

All counties. 
Do. 
Do. 
Do. 
Do. 
Do. 

Bergen. Essex. Hudson. Hunterdon. Mercer. 
Middlesex, Monmouth, Morris, Passaic 
Somerset. Sussex. Union, and Warren. 

Albany. Bronx. Columbia. Delaware. Dutch-
ess, Greene, Kings, Nassau, New York, 
Orange, Putnam. Queens. Rensselaer, 
Richmond, Rockland Scher ectady. Suffolk. 
Sullivan, Ulster. and Westchester. 

Newcastle. 
Atlantic. Burlington. Camden, Cape May. 
Cumberland. Gloucester, Ocean. and Salem. 

Adams. Berks, Bucks, Carbon, Chester, Cum 
berland, Dauphin. D,•laware. Lancaster, 
Lebanon, Lehigh. Monroe, Montgomery 
Northampton, Perry, Philadelphia, Schuyl-
kill, and York. 

Kent and Sussex. 
All counties. 

Do. 
Arlington, Clark. Fairfax. Fauauier, Freder-

ick, Loudoun, Page. Prince William, Rap-
pahannock. Shenandoah, and Warren. 

All except district 6. 
All except district I. 

All counties. 
Do. 

Ashe, Avery, Buncombe, Burke. Caldwell, 
Cherokee. Clay, Cleveland. Graham. Hay-
wood, Henderson. Jackson, McDowell. 
Macon, Madison. Mitchell. Polk, Ruther-
ford. Swain, Transylvania. Watauga. and 
Yancey. 

All counties. 
Do. 

Do. 

Do. 
Do. 
Do. 

City of Texarkana only. 

Aransas. Brazoria. Brooks. Calhoun. Cam-
eron. Chambers, Fort Bend. Galveston. 
Goliad, Hai ris. Hidalgo. Jackson. Jefferson. 
Jim Wells. Kenedy, Kleberg. Matagorda. 
Nueces, Refugio. San Patricio, Victoria, 
Wharton, and Willacy. 

All counties. 
Do. 

All except district 9 and the city of Texarkana 

All counties. 
Imperial. Inyo. Kern. Los Angeles, Orange. 

Riverside. San Bernardino, San Diego. San 
Luis Obispo. Santa Barbara, and Ventura. 

Clarke. 
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Radio 
Dis-
trict 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
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Address of the Inspector 
in Charge 

Territory Within District 

States, etc. Counties 

Customhouse, San Francisco, 
Calif. 

New United States Courthouse. 
Portland, Oreg. 

Federal Offire Building, Seattle. 
Wash. 

Customhouse, Denver, Colo.. 

New Main Post Office Building, 
St. Paul, Minn. 

Federal Building, Kansas City, 
Mo. 

Engineering Building, Chicago, 

New Federal Building. Detroit, 
Mich. 

Federal Building, Buffalo, N. Y 

Aloha Tower, Honolulu. Terri-
tory of Hawaii. 

California 
Nevada  
Guam 
Midway 
Wake  
American Samoa  

Idaho  
Oregon..   

Alaska  
Idaho.   

Montana. . 

Washington 

Colorado  
Montana  
Utah  
Wyoming. 

Minnesota  
Michigan  

.. 

North Dakota  
South Dakota  
Wisconsin  

Iowa  
Kansas  
Missouri  
Nebraska  

Illinois  
Indiana  
Iowa  

Wisconsin  

Kentucky  
Michigan   
Ohio  
West Virginia  

New York  
Pennsylvania  

Territory of Hawaii... 

All except district 11. 
All except Clarke. 

All except district 14. 
All counties. 

Benewah, Bonner, Boundary, Clearwater, 
Idaho, Kootenai, Latah, Lewis, Nez 
Perce, and Shoshone. 

Beaverhead, Broad water, Cascade. Deer-
lodge, Flathead, Gallatin, Glacier, Granite, 
Jefferson, Lake, Lewis and Clark, Lincoln. 
Madison. Meagher, Mineral. Missoula, Pon-
dera. Powell, Ravalli, Sanders, Silver 
Bow. Teton, and Toole. 

All counties. 

Do. 
Except district 14. 
All counties. 

Do. 

Do. 
Alger, Baraga. Chippewa, Delta, Dickinson, 

Gogebic. Houghton, Iron, Keweenaw. 
Luce, Mackinac, Marquette, Menominee, 
Ontonagon, and Schoolcraft. 

All counties. 
Do. 

All except dist IS. 

Do. 
All counties. 

Do. 
Do. 

All counties. 
Do. 

Allamakee, Buchanan. Cedar, Clayton, Clin-
ton, Delaware, Des Moines, Dubuque, 
Payette, Henry, Jackson. Johnson, Jones, 
Lee, Linn. Louisa. Muscatine. Scott. 
Washington, and Winneshiek. 

Columbia, Crawford. Dane. Dodge. Grant. 
Green. Iowa. Jefferson, Kenosha, Lafay-
ette, Milwaukee, Ozaukee. Racine, Rich-
land, Rock, Sauk, Walworth, Washington. 
and Waukesha. 

All counties. 
All except district 16. 
All counties. 

Do. 

All except district 2 
All except district 3. 

206. Frequency checking.—The licensee of each 
station, except amateur, shall provide for measure-
ment of the station frequency and establish pro-
cedure for checking it regularly. These measure-
ments of station frequency shall be made by means 
independent of the frequency control of the trans-
mitter and shall be of such an accuracy that the 
limit of error is within the frequency tolerance 
allowed the station. 

207. Interference, prevention oL—Licensees shall 
use radio transmitters the emissions of which do 
not cause interference, outside the authorized band, 

that is detrimental to traffic and programs of other 
authorized stations. 

208. Emissions.—Except for amateur stations, 
each license and construction permit will specify 
the type or types of emission that the station is 
authorized to use, in conformity with the defini-
tions given in article 7 of the General Radio 
Regulations annexed to the International Tele-
communication Convention, but special types of 
emission not specifically defined therein will be 
designated in instruments of authorization with 
reference to the nature of service the station is 
authorized to render. 
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209. Damped waves.-- Except for ship stations 
under the c'minions hereinafter specified, no license 
will be issued for the operation of any station 
using, or proposing to use, transmitting apparatus 
employing damped wave emissions. 

210. Distress messages.—Radio communications 
or signals relating to ships or aircraft in distress 
shall be given absolute priority. Upon notice 
from any station, government or commercial, all 
other transmission shall cease on such freqtlencies 
and for such time as may, in any way, interfere 
with the reception of distress signals or related 
traffic. 

211. No station shall resume operation until the 
need for distress traffic no longer exists, or it is 
determined that said station will not interfere with 
distress traffic as it is then being routed and said 
station shall again discontinue if the routing of 
distress traffic is so changed that said station will 
interfere. The status of distress traffic may be 
ascertained by communication with Government 
and commercial stations. 

212. The Commission may require at certain 
stations an effective, continuous watch on the dis-
tress frequency, 500 kilocycles (410 kilocycles in 
the Great Lakes area). 

213. Operators.—One or more licensed operators 
of the grade specified by these regulations shall 
be on duty at the place where the transmitting 
apparatus of each station is located and whenever 
it is being operated; Provided, however, That 
for a station licensed for service other than broad-
casting, and remote control is used, the Com-
mission may modify the foregoing requirement, 
upon proper application and showing being made, 
so that such operator or operators may be on duty 
at the control station in lieu of the place where 
the transmitting apparatus is located. Such modi-
fication shall be subject to the following conditions: 

a. The transmitter shall be capable of operation 
and shall be operated in accordance with the terms 
of the station license. 

b. The transmitter shall be monitored from the 
control station with apparatus that will permit 
placing the transmitter in an inoperative condition 
in the event there is a deviation from the terms 
of the license, in • which case the radiation of the 
transmitter shall be suspended immediately until 
corrective measures are effectively applied to place 
the transmitter in proper condition for operation 
in accordance with the terms of the station license. 

c. The transmitter shall be so located or housed 
that it is not accessible to other than duly author-
ized persons. 

With reference to rule 914 the expression "con-
stant supervision of duly licensed operators" shall 
for the tinte being and until frirther notice, he 
construed to mean: 

a. For stations licensed to use frequencies below 
30,000 kilocycles an operator of the grade required 
under rules 403, 420, and 443 shall be on duty at 
the transmitter location, whenever the transmitter 
is being operated, or at the remote ci ntrol point if 
authorized in accordance with rule 213. 

b. For stations licensed to use frequencies above 
30,000 kilocycles only, the operator shall be sim-
ilarly employed as in (a) above, provided, however. 
in the case of two or more stations licensed in the 
name of the same individual or organization, ex-
cept amateur, a licensed radio operator of any class 
except amateur and radiotelephone third class who 
has the stations within his effective control, may 
be on duty at any point within the communicaticn 
range of such stations in lieu of the transmitter 
location or control point during the actual opera-
tion of the transmitting apparatus, and shall super-
vise the emissions of all such stations so as to 
insure prcper operation in accordance with the 
station license(s). 
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214. Licensed operator required.—Only an oper 
ator holding a radiotelegraph class of operator's 
license may manipulate the transmitting key of 
a manually operated coastal telegraph or mobile 
telegraph station in the international service; and 
only a licensed amateur operator may manipulate 
the transmitting key at a manually operated ama-
teur station. The licensees of other stations oper-
ated uraler the constant supervision of duly licensed 
operators may permit any person or persons. 
whether licensed or not, to transmit by voice or 
otherwise, in accordance with the types of emission 
specified by the respective licenses., 

220. Maintenance tests.-- Licensees of stations 
other than broadcast stations are authorized to 
carry on such routine tests as may be required for 
the proper maintenance of the stations: Provided, 
however, That these tests shall be so conducted as 
not to cause interference with the ser% ice of olher 
stations. 

221. Licenses, posting of.—The original of each 
station license, except amateur, portable, and port-
able- mobile stations shall be posted by the licensee 
in a conspicuous place in the room in which the 
transmitter is located. In the case of amateur, 
portable, and portable- mobile stations the original 
license, or a photostat copy thereof, shall be sim-
ilarly posted or kept in the personal possession of 
the operator on duty. 

a. The original license of each station operator. 
except amateur and aircraft radio station operators, 
and operators of portable and portable- mobile sta-
tions, shall be posted in a conspicuous place in 
the room occupied by such operator while on duty. 
In the case of an amateur or aircraft radio opera-
tor, and operators of portable or portable- mobile 
stations, the original operator's license shall be 
similarly posted or kept in his personal possession 
and available for inspection at all times while the 
operator is on duty. 

b. When an operator's license cannot be posted 
because it has been mailed to an office of the 
Federal Communications Commission for endorse-
ment or other change, such operator may continue 
to operate stations in accordance with the class 
of license held for a period not to exceed 60 days, 
but in no case beyond the date of expiration of the 
license. 

222. Day frequencies.—In all cases where the 
word "day" or "daylight" occurs in connection 
with a specific frequency, such use of the word 
shall be construed to mean that period of time 
included between 2 hours after local sunrise and 
2 hours before local sunset. 

• Amateur Service 

361. Definitions, amateur service.- The term 
"amateur service" means a radio service carried 
on by amateur stations. 

362. Definition, amateur station. — The term 
"amateur station" means a station used by an 
"amateur," that is, a duly authorized person inter-
ested in radio technique solely with a personal aim 
and without pecuniary interest. 

363. Deleted. (See pars. 362 and 364.) 

364. Definition, amateur radio operator.—The term 
"amateur radio operator" means a person holding 
a valid license issued by the Federal Communica-
tions Commission who is authorized under the 
regulations to operate amateur radio stations. 

365. Definition, amateur radio communication.— 
The term "amateur radio communication" means 
radio communication between amateur radio sta-
tions solely with a personal aim and without 
pecuniary interest. 
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366. Station licenses. -An amateur station license 

may be issued only to a licensed amateur radio 
operator who has made a satisfactory showing of 
ownership or control of proper transmitting appa-
ratus: Provided, however, That in the case of a 
military ir naval reserve radio station located in 
approved public quarters and established for train-
ing purposes, but not operated by the United 
States Government, a station license may be issued 
to the person in charge of such station who may 
not possess an amateur operator's license. 

a. Operator's license.-An amateur operator's 
license may be granted to a person who does not 
desire an amateur station license, provided such 
applicant waives his right to apply for an amateur 
station license for 90 days subsequent to the date 
of application for operator's license. 

367. Eligibility for license.-Amateur radio sta-
tion licenses shall not be issued to corporations, 
associations, or other organizations: Provided, 
however, That in the case of a bona fide amateur 
radio society a station license may be issued to a 
licensed amateur radio operator as trustee for such 
society. 

368. Mobile stations.-Licenses for mobile sta-
tions and portable mobile stations will not be 
granted to amateurs fOr operation on frequencies 
below 28,000 kilocycles. However, the licensee of a 
fixed amateur station may operate portable ama-
teur stations (rule 192) in accordance with the 
provisions of rules 384, 386. and 387; and also 
portable and portable- mobile amateur stations 
(rules 192 and 192a) on authorized amateur fre-
quencies above 28,000 kilocycles in accordance with 
rules 384 and 386, but without regard to rule 387. 

369. Deleted, Paragraph 213 applies. 

370. Points of communication.-Amateur stations 
shall be used only for amateur service, except that 
in emergencies or for testing purposes they may 
be used also for communication with commercial 
or Government radio stations. In addition, amateur 
stations may communicate with any mobile radio 
station which is licensed by the Commission to 
communicate with amateur stations, and with sta-
tions of expeditions which may also be authorized 
to communicate with amateur stations. 

371. Amateur stations not to be used for broad-
casting.-Amateur stations shall not be used for 
broadcasting any form of entertainment, nor for 
the simultaneous retransmission by automatic 
means of programs or signals emanating from any 
class of station other than amateur. 

372. Radiotelephone tests.-Amateur stations may 
be used for the transmission of music for test 
purposes of short duration in connection with the 
development of experimental radiotelephone equip-
ment. 

373. Amateur stations not for hire.-Amateur 
radio stations shall not be used to transmit or 
receive messages for hire, nor for communication 
for material compensation, direct or indirect, paid 
or promised. 

374. The following bands of frequencies are allo-
cated exclusively for use by amateur stations: 

1,715 to 2,000 kilocycles. 
3,500 to 4,000 kilocycles. 
7,000 to 7,300 kilocycles. 
14,000 to 14,400 kilocycles. 
28,000 to 30,000 kilocycles. 
56,000 to 60,000 kilocycles. 
400,000 to 401,000 kilocycles. 

a. The licensee of an amateur station may, sub-
ject to change upon further order, operate amateur 
stations on any frequency above 110,000 kilocycles, 
without separate licenses therefor, provided: 

(1) That such operation in every respect com-
plies with the Commission's rules governing the 

operation of amateur stations in the amateur serv-
ice. 

(2) That records are maintained of all trans-
missions in accordance with the provisions of rule 
386. 
NOTE.-The use of frequencies above 110,030 kilo-

cycles may be with any type of emission author-
ized for amateur stations. 

375. Types of emission.-All bands of frequencies 
so assigned may be used for radiotelegraphy, type 
A-1 emission. Type A-2 emission may he used in 
the following bands of frequencies only: 

56.000 to 60,000 kilocycles. 
400,000 to 401,000 kilocycles. 

376. Frequency bands for telephony.-The follow-
ing bands of frequencies are allocated for use by 
amateur stations using radio- telephony., type A-3 
emission: 

1,800 to 2,000 kilocycles. 
28,500 to 30,000 kilocycles. 
56,000 to 60,000 kilocycles. 
400,000 to 401,000 kilocycles. 

377. Additional bands for telephony.-Provided 
the station shall be operated by a person who holds 
an amateur operator's license endorsed for class A 
privileges, an amateur radio station may use radio-
telephony, type A-3 emission, in the following addi-
tional bands of frequencies: 

3,900 to 4.000 kilocycles. 
14,150 to 14,250 kilocycles. 

378. Amateur television, facsimile, and picture 
transmission.-The following bands of frequencies 
are allocated. for use by amateur stations for tele-
vision, facsimile, and picture transmission: 

1,715 to 2,000 kilocycles. 
56,000 to 60,000 kilocycles. 

379. Licenses will not specify individual fre-

quencies.-Transmissions by an amateur station 
may be on any frequency within an amateur band 
above assigned. 

380. Aliens.-An amateur radio station shall not 
be located upon premises controlled by an alien. 

381. Prevention of interference.--Spurious radia-
tions from an amateur transmitter operating on a 
frequency below 30,000 kilocycles shall be reduced 
or eliminated in accordance with good engineering 
practice and shall not be of sufficient intensity to 
cause interference on receiving sets of modern de-
sign which are tuned outside the frequency band 
of emission normally required for the type of emis-
sion employed. In the case of A-3 emission, the 
transmitter shall not be modulated in excess of its 
modulation capability to the extent that inter-
fering spurious radiations occur, and in no case 
shall the emitted carrier he amplitude- modulated in 
excess of 100 percent. Means shall be employed 
to insure that the transmitter is not modulated in 
excess of its modulation capability. A spurious 
radiation is any radiation from a transmitter which 
is outside the frequency band of emission normal 
for the type of transmission employed, including 
any component whose frequency is an integral mul-
tiple or submultiple of the carrier frequency (har-
monics and subharmonics), spurious modulation 
products, key clicks and other transient effects, 
and parasitic oscillations. 

382. Power supply to transmitter.-Licensees of 
amateur stations using frequencies below 30,000 
kilocycles shall use adequately filtered direct- cur-
rent power supply for the transmitting equipment 
to minimize frequency modulation and to prevent 
the emission of broad signals. 

383. Authorized power.-Licensees of amateur 
stations are authorized to use a maximum power 
input of 1 kilowatt to the plate circuit of the final 
amplifier stage of an oscillator- amplifier trans-
mitter or to the plate circuit of an oscillator trans-
mitter. 
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384. Transmission of call. -An operator of an 
amateur station shall transmit its assigned call at 
least once during each 15 minutes of operation and 
at the end of each transmission. In addition, an 
operator of an amateur portable or portable- mobile 
radiotelegraph station shall transmit immediately 
after the call of the station the break sign (BT) 
followed by the number of the amateur call area in 
which the portable or portable-mobile amateur sta-
tion is then operating, as for example: 

Example 1. Portable or portable-mobile ama-
teur station operating in the third amateur call 
area calls a fixed amateur station: W1ABC 

W1ABC W1ABC DE W2DEF 1-T-3 W2DEF 

BT3 W2DEF 1T— r3 AR. 
Example 2. Fixed amateur station answers the 

portable or portable-mobile amateur station: 
W2DEF W2DEF W2DEF DE W1ABC W1ABC 

W1ABC K. 
Example 3. Portable or portable- mobile amateur 

station calls a portable or portable-mobile amateur 
station: W3GHI W3GHI W3GHI DE W4JKL 
BT4 W4JKL i W4JKL BT1 

If telephony is used, the call sign of the station 
shall be followed by an announcement of the 
amateur call area in which the portable or portable-
mobile station is operating. 

a. In the case of an amateur licensee whose sta• 

tion is licensed to a regularly commissioned or en-
listed member of the United States Naval Reserve, 
the commandant of the naval district in which such 
reservist resides may authorize in his discretion 
the use of the call- letter prefix N in lieu of the 
profix W or K, assigned in the license issued by 
the Commission, provided that such N prefix shall 
be used only when operating in the frequency 
bands 1,715-2,000 kilocycles, 3,500-4,0Z0 kilocycles, 
56,000 to 60,080 kilocycles, and 400,000 to 401,000 kilo-
cycles in accordance with instruction to be issued 
by the Navy Department. 

385. Quiet hours.—In the event that the opera-
tion of an amateur radio station causes general 
interference to the reception of broadcast programs 
with receivers of modern design, that amateur sta-
tion shall not operate during the hours from 8 
o'clock p. m. to 10:30 p. m., local time, and on 
Sunday from 10:30 a. m. until 1 p. m., local time, 
upon such frequency or frequencies as cause such 
interference. 

386. Logs.—Each licensee of an amateur station 
shall keep an accurate log of station operation to 
be made available upon request by authorized Gov-
ernment representatives, as follows: 

a. The date and time of each transmission. (The 
date need only be entered once for each day's oper• 

1 
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ation. The expression "time of each transmission" 
means the time of making a call and need not be 
repeated during the sequence of communication 
which immediately follows; however, an entry shall 
be made in the log when "signing off" so as to 
show the period during which communication was 
carried on.) 
6.The name of the person manipulating the trans-

mitting key of a radiotelegraph transmitter or the 
name of the person operating a transmitter of any 
other type (type A.3 or A-4 emission) with state-
ment as to type of emission. (The name need only 
be entered once in the log provided the log con-
tains a statement to the effect that all transmis-
sions were made by the person named except where 
otherwise stated. The name of any other person 
who operates the station shall be entered in the 
proper space for his transmissions.) 

c. Call letters of the station called. (This entry 
need not be repeated for calls made to the same 
station during any sequence of communication, 
provided the time of "signing off" is given.) 

d. The input power to the oscillator, or to the 
final amplifier stage where an oscillator- amplifier 
transmitter is employed. (This need be entered only 
once, provided the input power is not changed.) 

e. The frequency band used. (This information 
need be entered only once in the log for all trans-
missions until there is a change in frequency to 
another amateur band.) 

f. The location of a portable or portable- mobile 
station at the time of each transmission. (This 
need be entered only once, provided the location of 
the station is not changed. However, suitable 
entry shall be made in the log upon changing loca-
tion, showing the type of vehicle or mobile unit in 
which the station is operated and the approximate 
geographical location of the station at the time of 
operation.) 

g. The message traffic handled. (If record com-
munications are handled in regular message form, 
a copy of each message sent and received shall be 
entered in the log or retained on file for at least 1 
year.) 

387. Portable stations.—Advance notice of all lo-
cations in which portable amateur stations will be 
operated shall be given by the licensee to the in-
spector in charge of the district in which the sta-
tion is to be operated. Such notices shall be made 
by letter or other means prior to any operation 
contemplated and shall state the station call, name 
of licensee, the date of proposed operation, and the 
approximate locations, as by city, town, or county. 
An amateur station operating under this rule shall 
not be operated during any period exceeding 30 
days without giving further notice to the inspector 
in charge of the radio- inspection district in which 
the station will be operated. This rule does not 
apply to the operation of portable or portable. 
mobile amateur stations on frequencies above 28,000 
kilocycles authorized to be used by amateur sta-
tions. (See rule 368.) 

• Radio Operators 

AMATEUR OPERATORS 

400. Only amateur operators may operate ama-
teur stations.—An amateur station may be operated 
only by a person holding a valid amateur operator's 
license, and then only to the extent provided for by 
the class of privileges for which the operator's 
license is endorsed. 

401. Validity of operator's license.—Amateur 
operators' licenses are valid only for the operation 
of licensed amateur stations, provided, however, 

person holding a valid radio operator's license 
of any class may operate stations in the experi-
mental service licensed for, and operating on, fre-
quencies above 30,000 kilocycles. 

402. Proof of use.—Amateur- station licenses and/ 
or amateur-operator licenses may, upon proper 
application, be renewed provided: ( 1) The appli-
cant has used his station to communicate by radio 
with at least three other amateur stations during 
the 3- month period prior to the date of submitting 
the application, or ( 2) in the case of an applicant 
possessing only an operator's license, that he has 
similarly communicated with amateur stations 
during the same period. Proof of such communica-
tion must be included in the application by stating 
the call letters of the stations with which com-
munication was carried on and the time and date of 
each communication. Lacking such proof, the ap-
plicant will be ineligible for a license for a period 
of 90 days. 
This rule shall not prevent renewal of an ama-

teur- station license to an applicant who has re-
cently qualified for license as an amateur operator. 

403. Class of operator and privileges.—There 
shall be but one main class of amateur operator's 
license, to be known as "amateur class," but each 
such license shall be limited in scope by the signa-
ture of the examining officer opposite the particular 
class or classes of privileges which apply, as fol-
lows: 
Class A.—Unlimited privileges. 

Class B.—Unlimited radiotelegraph privileges. 
Limited in the operation of radiotelephone amateur 
stations to the following bands of frequencies: 
1,800 to 2,000 kilocycles; 28,500 to 30,000 kilocycles; 
56,800 to 60,000 kilocycles; 400,000 to 401,000 kilo-
cycles. 
Class C.—Same as class B privileges, except that 

the Commission may require the licensee to appear 
at an examining point for a supervisory written 
examination and practical code test during the 
license term. Failing to appear for examination 
when directed to do so, or failing to pass the su-
pervisory examination, the license held will be can-
celed and the holder thereof will not be issued an-
other license for the class C privileges. 

404. Scope and places of examinations.—The 
scope of examinations for amateur operators' 
licenses shall be based on the class of privileges 
the applicant desires, as follows: 
Class A.—To be eligible for the class A amateur 

operator's privileges the applicant must have been 
a licensed amateur operator for at least 1 year 
and must personally appear at one of the Commis-
sion's examining offices, and take the supervisory 
written examination and code test. (See pars. 2 h 
(1), 30, and 408.) Examinations will be conducted 
at Washington, D. C., on Thursday of each week, 
and at each radio district office of the Commission 
on the days designated by the inspector in charge 
of such office. In addition, examinations will be 
held quarterly in the examining cities listed in para-
graph 30 on the dates to be designated by the in-
spector in charge of the radio district in which the 
examining city is situated. The examination will 
include the following: 

a. Applicant's ability to send and receive in plain 
language messages in the Continental Morse Code 
(5 character to the word) at a speed of not less 
than 13 words per minute. 

b. Technical knowledge of amateur radio appa-
ratus, both telegraph and telephone. 

c. Knowledge of the provisions of the Communi-
cations Act of 1934, subsequent acts, treaties, and 
rules and regulations of the Federal Communica-
tions Commission, affecting amateur licensees. 
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Class B.—The requirements for class B amateur 
operators' privileges are similar to those for the 
class A, except that no experience is required and 
the questions on radiotelephone apparatus are not 
so comprehensive in scope. 

Class C.—The requirements for class C amateur 
operators' privileges shall be the same as for the 
class B except the examination will be given by 
mail. Applicants for class C privileges must reside 
more than 125 miles airline from the nearest office 
of the Commission and the nearest point named in 
Rule 30-a ( 1), or in a camp of the Civilian Con-
servation Corps, or be in the regular military or 
naval service of the United States at a military 
post or naval station; or be shown by physician's 
certificate to be unable to appear for examination 
due to protracted disability. 
By arrangement with other Federal Agencies 

which cooperate with the Commission for the pur-
pose of such examinations, the class B as well as 
the class A will similarly be given at Guam, at 
San Juan, Puerto Rico, and at various points in 
Alaska. 

405. Recognition of other classes of licenses.—An 
applicant for any class of amateur operator's priv-
ileges who has held a radiotelephone second-class 
operator's license or higher, or an equivalent com-
mercial grade license, or who has been accorded 
unlimited amateur radiotelephone privileges, within 
5 years of the date of application may only be 
required to submit additional proof as to code 
ability and/or knowledge of the laws, treaties, and 
regulations affecting amateur licensees. 

406. An applicant for the class B or C amateur 
operator's privileges who has held a radiotele-
graph third-class operator's license or higher, or 
an equivalent commercial grade license, or who has 
held an amateur extra first-class license within 5 
years of the date of application may be accorded 
a license by passing an examination in laws, trea-
ties, and regulations affecting amateur licensees. 

407. Code ability to be certified by licensed oper-
ator.—An applicant for the class C amateur opera-
tor's privileges must have his application signed 
in the presence of a person authorized to admin-
ister oaths by ( 1) a licensed radiotelegraph oper-
ator other than an amateur operator possessing 
only the class C privileges or former temporary 
amateur class license, or (2) by a person who can 
show evidence of employment as a radiotelegraph 
aperator in the Government service of the United 
States. In either case the radiotelegraph code ex-
aminer shall attest to the applicant's ability to 
send and receive messgges in plain language in the 
continental Morse code (5 characters to the word) 
at the speed of not less than 13 words per minute. 

The code certification may be omitted if the appli 
cant can show proof of code ability in accordance 
with the preceding rule. 

408. Application forms.—See Rule 103.6. 

409. Grading of examinations.—The percentage 
that must be obtained as a passing mark in each 
examination is 75 out of a possible 100. No credit 
will be given in the grading of papers for experi-
ence or knowledge of the code. If an applicant 
answers only the questions relating to laws, trea-
ties, and regulations by reason of his right to omit 
other subjects because of having held a recog-
nized class of license, a percentage of 75 out of a 
possible 100 must be obtained on the questions 
answered. 

410. Operator's and station licenses to run con-
currently.—An amateur station license shall he 
issued so as to run concurrently with the amateur 
operator's license and both licenses shall run for 3 
years from the date of issuance. If either the sta-
tion license or the operator's license is modified 
(luring the license term, both licenses shall be re-
issued for the full 3-year term: Prpvided, however, 
if an operator's license is modified only with re-
spect to the class of operator's privileges, the old 
license may be endorsed, in which case the expira-
tion date will not change. 

411. Eligibility for reexandnation.—An applicant 
who fails examination for amateur privileges may 
not take another examination for such privileges 
within three months, except that this rule shall not 
apply to successive examinations at a point named 
in rule 30 a. 

412. Penalty.—Any attempt to obtain an oper-
ator's license by fraudulent means, or by attempt-
ing to impersonate another, or copying or divulg-
ing questions used in examinations, or, if found 
unqualified or unfit, will constitute a violation of 
the regulations for which the licensee may suffer 
suspension of license or be refused a license and 
or debarment from further examination for a 
period not exceeding 2 years at the discretion of 
the licensing authority. 

413. Duplicate licenses.—Any licensee applying for 
a duplicate license to replace an original which 
has been lost, mutilated, or destroyed, shall sub-
mit an affidavit to the Commission attesting to 
the facts regarding the manner in which the orig-
inal was lost. Duplicates will be issued in exact 
conformity with the original, and will be marked 
"duplicate" on the face of the license. 

414. Oath of secrecy.—Licenses are not valid 
until the oath of secrecy has been executed and 
the signature of the licensee affixed thereto. 

415. Examination to be written in longhand.— 
All examinations, including the code test, must 
be written in longhand by the applicant. 
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Rack Construction 417 

Relay Rack Construction 
Rack and panel construction is a practice 

borrowed from a long established telephone 
practice. It offers many mechanical advan-
tages, facilitates service and inspection, and 
lends itself to the increasing association of 
radio apparatus with telephone equipment, 
besides enhancing the appearance of the ap-
paratus. 
The relay rack type of construction offers 

many advantages not to be found in other 
styles. Its appearance is commercial, parts 
are quite accessible and alterations which 
change the physical size of one section of 
the transmitter can be made without re-
quiring corresponding alterations in other 
sections, as would be the case with a frame-
mounted or four-poster transmitter. The rea-
son for this is that each section of the trans-
mitter is provided with its own mounting 
unit, quickly removable after disconnecting 
supply wires. All the apparatus of the unit 
is supported by the panel. 
The standard relay rack has two uprights 

made from three inch 4.1 pound channel 
iron. The base is made from two pieces of 
6 inch by 4 inch, X" angle, and the top 
straps are made from two pieces of V4" by 
2" cold-rolled iron. The diagram gives all 
the details as well as dimensions necessary. 

Panels are usually of metal (either steel, 
durai or aluminum) though sometimes made 
from pressed wood products such as "Tem-
pered Masonite." Masonite is the cheapest, 
with steel, aluminum and dural next in or-
der. The usual thickness of the metal pan-
els is 3/16", and sometimes Y4" is used. 
Metal panels of thinner dimensions are not 
satisfactory. 
The versatility of the relay rack is due to 

the fact that dimensions have been com-
pletely standardized. A few manufacturers 
still use their own pet dimensions but they 
are quickly falling into line. Panels are 19" 
wide and of varying heights. The height is 
measured as a "rack unit," a rack unit being 
134 inches. To allow for stacking and slight 
tolerance in cutting and fabrication, a relay-
rack panel is always made to be a certain 
number of rack units high less 1/32 inch 
for clearance. This formula can be used: 

panel = n(134) — 1/32 
Thus a panel four rack-units in height 

will measure 4 times 134 inches or 7 inches, 
less 1/32 inch, or an exact total height of 
6 31/32 inches. The channel uprights are 
drilled to take 10-32 round head machine 

screws as can be noted in the drawing. A 
very light tapped thread is sufficient, the 
usual 75% tap being unnecessary. Most of 
the strain on the thread is at right angles to 
the axis, and since this is shear on the 
screw, very little thrust is placed on the 
threads. A light thread takes less time and 
effort and results in fewer broken taps. 
When panels are properly made, the edge of 
a panel always falls midway between two 
holes spaced one-half inch apart. 
Now to start your rack, go to the local 

steel company and order the following: 
2 pieces 3 inch, 4.1 pound channel, 5'9A" 
long 

2 pieces 6 inch by 4 inch by X angle, 
1'8" long 

2 pieces V4 inch by 2 inch cold rolled, 
1'8" long 

The total price on the above steel order 
including the cutting should be around $5.00. 
Make sure that the steel is cut square and 
exactly to the above lengths. It is just as 
easy for the steel man to cut the right 
length and your rack will come out square 
and save you lots of tough filing. Ordinary 
strap iron could have been used for the top 
straps, but the edges of this type of steel 
are not square and since this is such a sine 
item, it is better to get the cold rolled for 
its square corners and finished appearance. 
The steel will weigh within a pound or 

two of one hundred pounds. The next thing 
to do is to lay out the channels as shown 
in the drawing. Wipe off the steel and then 
chalk the front face of each channel. Use 
ordinary black-board chalk. Remember that 
one member is left handed and the other 
right-handed; don't make two right or left-
handed members. Two tools are now 
needed: a center punch and one of the dime-
store steel pushrules. Don't under any cir-
cumstances lay out the rack with an ordinary 
foot rule or yardstick. The cumulative 
error will show up and the rack will not 
be square. Note that the line of the holes 
is in 1 1/16 inch from the edge of the chan-
nel. Take a sharp pointed instrument and, 
using a scale set in a dividing head, mark 
this line (which will be the vertical line to 
the holes) carefully on the total length of 
the channel. 

It can be seen that the top hole on each 
channel is 5/16 inch below the top strap, or 
a total of 2 5/16 inches below the top of the 
rack. Carefully mark this top hole on each 
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channel, keeping in mind that there is a 
right and left hand member. Now take the 
steel tape and clamp it to the channel with 
an even half inch or inch mark exactly op-
posite the hole that has been center-punched 
2 5/16 inches from the top. This first hole 
is the reference mark and all measurements 
are made from this point. 
Now that the scale is clamped, go right 

down, first 14 inches and then one-half inch, 
alternating until 72 holes have been punched. 
If you have not made a mistake the last 
hole will be exactly 4 5/16 inches from the 
bottom end of the channel. While punching 
the holes, check back frequently. It is very 
easy to make an incorrect reading on the 
scale and a single "off hole" will throw all 
the rest in the wrong place. After all the 
holes are center-punched check back to see 
if the alternate r4  inch and 1 r% inch spac-
ings are correct. You cannot be too care-
ful, as it is very easy to make a mistake 
here. 

Now that all the holes are center-punched, 
do the same on the back if desired. The fre-
quent spacings are not necessary, but a few 
holes may prove handy. In any case two 
holes should be drilled and tapped about 5 
inches above the bottom so that grounding 
and bonding wires can be fastened. 
The next operation is to pilot-drill all the 

center-punches. It is suggested that a small 
drill, number 213 or so, be used for this pur-
pose. This operation consists of drilling the 
punch marks slightly so as to preserve the 
spacing and to give the tap drill a good 
bearing surface. The pilot holes need be 
drilled only until the maximum diameter of 
the drill is reached which is about 1/16 inch 
deep. 

After all the pilot holes are drilled, select 
the tap drill that will give the correct per-
centage of thread desired. For 10-32 thread 
of 75% clearance thread, a number 19 drill 
is correct. However, 75% thread is really 
unnecessary and several sizes larger can 
easily be used as explained before. For a 
drill press one can use a small mail-order 
house type which, with motor, costs about 
$20.00. A good, high speed drill and a little 
oil make the drilling operation quite simple. 
Remember to set the channel so as to get 
the holes at right angles to the channel axis. 

After all the holes are drilled, tapping is 
next in order. Use a small hand tap-wrench, 
and above all things remember to get a 
taper tap. This type of tap is tapered and 
will easily go through without very much 
effort. Use plenty of thread cutting oil and 

RELAY-RACK PANELS 

1. Make panel height a multiple of 1 
inches less inch for clearances. 

2. Both top and bottom edges of a properly 
mounted panel will, neglecting clearances, 
always fall half way between a pair of holes 
spaced 1.2 inch apart on the rack. 

3. It is seldom necessary to cut all the pos-
sible mounting-screw slots in a panel, but 
it can be done if desired. 

4. Any panel laid out to fit the rack will 
also fit if the panel is turned end-for-end 
or back-for-front. 

take it easy. If you feel that you are get-
ting tired, stop and come back to the job 
later. The least side twist on the wrench 
will break the tap. 

When all the tapping is done, clean the 
burrs off the holes on the inside of the 
channel. This can easily be done with the 
head of a file. 

The only other holes required are the base 
holes in the bottom angles. These are de-
sirable, but not necessary. The racks are 
self-supporting with most amateur radio 
equipment and do not need to be bolted to 
the floor. However, if it is felt the bottom 
holes are desirable, have some machine shop 
drill or punch the holes. The job is too 
tough for a small drill press. 

The next operation is welding. This is a 
difficult job and can best be done by an 
experienced welder. Take the pieces to him 
together with the drawing and show him just 
where the welding is to be done. There are 
eight welds altogether, and make sure that 
the welding is not done where the panels 
will mount. The rack should be set up on a 
welding table and checked several times for 
squareness. Before the welding "tacks" are 
made, check again the distance from the cen-
ter of the bottom and top holes to the strap 
and the base. This must be exactly 5/16 
inch. If it is less the panels will jam, and 
if it is more, an open space will show 
through. A welder should not charge over 
$4.00 for this welding job. Make the welder 
keep in mind that you want a "finished" job; 
it won't cost you any more provided you get 
him to set the price first! 

After welding, the steel should be well 
cleaned and given a good coat of paint. 
Black is usually used, although black panels 
set against a rack painted with aluminum 
lacquer is quite striking. 
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ANTENNA 

, 
GROUND 

Radio Symbols Used in Circuit Diagrams 

AIR CORE 

INDUCTANCE 

7- flP 

R F TRANS-

FORMER 

-T--
v•RIA OLE F QUARTZ 

INDUCTANCE TRANSFORMER CRYSTAL 

H111 
FIXED vARIAILE 

— RESISTOR 

CENTER TAP 

nrc 

R F 

CHOKE 

11 
IRON CORE A F OR POWER 

TRANSFOR 
INDUCTANCE TRANSFORMER R.E 0... 

(FILTER CHOKE) MER 

T 7r 
Fr. 

FIXED VARIABLE SPL.T-STATOR 

— CONDENSERS 

Ell? OR —I--

SINGLE SUTTON 
M I 

(ji )  OR 01 S 

MILLI-

LOUDSPEAKERS VOLTMETER AMMETER AMMETER 

M ET ERS 

CONNECTION 

AT CROSS 

KEY 

MQ CONNECTION 
AT CROSS 

-e-
',Am./ NEON 

TEST LAMPS 

• • 

VARIARLE 

TAPS 

*". 

DOUOLE 

SUTTON 

CRO 

THERMO. 

COUPLE 

OR 

CONDENSER 

PHONE 

SINGLE POLE SINGLE 

THROW ( SPOT) 

LOOP 

LINK 

CRYSTAL 

JI 
7.c 

NEUTRA-

LIZING 

--reffe-
SWINGING 

CHOKE 

TWLemEN 

sLn 
CLOSED OPEN 

CKT CKT 

JACKS 

me.oymoircs 

SHIEL DING 

SINGLE POLE DOURLE POLE poueLc POLE 
E.S.SLE THROW SINGLE THROW 00uRLE THROw 
(SPOT (0PST) (ovor 

SWITCHES   

LOOP LOOP 1.00P 

C. OR 

COUPLING LINKS 

OP 

A C GENERATOR OR 

AUDIO OSCILLATOR 

DIODE TRIODE CONTROL PLATE SCREEN CATHODE FILAMENT PENTODE NEATER TT•r 
GRID DPI° 

Me, E 

  EOM MOW TUBE TYRES AND THEIR ELEMENTS 

TRIODE 

R. M. A. COLOR CODE 

For Fixed Condensers, Unit: Micro- For Resistors, Unit: Ohms 
Micro farads 

First Dot Second Dot Third Dot Body Color End Color Dot Color 

Black 0 Black 0 Black 0 Black 0 
Brown 1 Brown 1 Brown 0 Brown 1 Brown 1 Brown 0 
Red 2 Red 2 Red 00 Red 2 Red 2 Red 00 
Orange 3 Orange 3 Orange 000 Orange 3 Orange 3 Orange 000 
Yellow 4 Yellow 4 Yellow 0000 Yellow 4 Yellow 4 Yellow 0000 
Green 5 Green 5 Green 00000 Green 5 Green 5 Green 00000 
Blue 6 Blue 6 Blue 000000 Blue 6 Blue 6 Blue 000000 
Purple 7 Purple 7 Purple 0000000 Purple 7 Purple 7 Purple 0000000 
Gray 8 Gray 8 Gray 00000000 Gray 8 Gray 8 Gray 00000000 
White 9 White 9 White 000000000 White 9 White 9 White 000000000 
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THE "Q SIGNALS" 

HAtIDBOOK 

Abbre-
viation 

QRA 
QRB 

QRC 

QRD 

QRG 

QRH 
()RI 
QRJ 

QM{ 

QRL 

QRM 
QRN 
ORO 
QRP 
QRQ 
QRR 

ORS 

COLT 
ORO 
QRV 
QRW 

QRX 

QRY 

QRZ 
OSA 

QSB 
QSD 

QSG 

QSJ 

QSIC 

QSL 

QSM 
OSO 

QSP 

QSR 

QSU 

QSV 

Question 

What is the name of your station? 
How far approximately are you from my 

station? 

What company (or Government Admin-
istration) settles the accounts for your 
station? 

Where are you bound and where are you 
from? 

Will you tell me my exact frequency 
(wave-length) in kc/s (or m)? 

Does my frequency (wave-length) vary? 
Is my note good? 
Do you receive me badly? Are my signals 
weak? 

Do you receive me well? Are my signals 
good? 

Are you busy? 

Are you being interfered with? 
Are you tmubled by atmospherics? 
Shall I increase power? 
Shall I decrease power? 
Shall I send faster? 

Shall I send more slowly? 

Shall I stop sending? 

Have you anything for me? 
Are you ready? 
Shall I tell   that you are calling 
him on   kc/s (or  • 
m)? 

Shall I wait? When will you call me 
again? 

What is my turn? 

Who is calling me? 
What is the strength of my signals (1 to 
5)? 

Does the strength of my signals vary? 

Is my keying correct; are my signals 
distinct? 

Shall I send   telegrams (or one 
telegram) at a time? 

What is the charge per word   
including your internal telegraph charge? 

Shall I continue with the transmission of 
all my traffic, I can hear you through my 
signals? 

Can you give me acknowledgment of re-
ceipt? 

Shall I repeat the last telegram I sent you? 
Can you communicate with   
direct (or through the medium of 

)? 
Will you retransmit to   free of 
charge? 

Has the distress call received from  
been cleared? 

Shall I send (or reply) on   kc/s 
(or m) and/or on waves of Type Al, 
A2, AS, or B.? 

Shall I send a series of VVV   

Answer 

The name of my station is   

The approximate distance between our sta-
tions is   nautical miles (or 
  kilometres). 

The accounts for my station are settled by 
the   company (or by the Gov-
ernment Administration of   

I am bound for   from  

Your exact frequency (wave-length) as 
•  kc/s (or   m). 

Your frequency (wave-length) varies. 
Your note varies. 

I cannot receive you. Your signals are too 
weak. 

I receive you well. Your signals are good  

I am busy (or I am busy with   
Please do not interfere. 

I am being interfered with. 
I am troubled by atmospherics. 
Increase power. 
Decrease power. 
Send faster (  words per minute). 
Amateur "SOS" or distress call ( U.S.A.). 

Use only in serious emergency. 
Send more slowly (  words per 

minute). 
Stop sending. 
I have nothing for you. 
I am ready. 
Please tell   that I am calling 
him on   kc/s (or   
m). 

Wait (or wait until I have finished com-
municating with  ) I will call 
you at   o'clock (or immedi-
ately). 

Your turn is No.   (or according 
to any other method of arranging it). 

You are being called by   
The strength of your signals is   

(1 to 6). 
The strength of your signals varies. 
Your keying is incorrect; your signals are 

bad. 

Send   telegrams (or one tele-
gram) at a time. 

The charge per word for   is 
  francs, including my internal 
telegraph charge. 

Continue with the transmission of all your 
traffic, I will interrupt you if necessary. 

I give you acknowledgment of receipt. 

Repeat the last telegram you have sent me. 
I can communicate with   direct 

(or through the medium of   

I will retransmit to   free of 
charge. 

The distress call received from   
has been cleared by   

Send (or reply) on   kc/s ( or 
 m) and/or on waves of Type 
Al, AE, AS, or B. 

Send a series of VVV   
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Abbre-
viation 

QSW 

QSX 

QSY 

QSZ 
QTA 

QTB 

QTC 

QTE 

QTF 

QTG 

QT H 

QT I 
QTJ 

QTM 

QT0 
QTP 
QTQ 

QTR 

QTU 

QUA 

QUB 

QUC 

OUD 

QUF 

QUG 

QUH 

QUJ 

Question 

%%Till you send on   kc/s (or 
  m) and/or on waves of Type 
Al, A2, A3 or B? 

Will you listen for   (call sign) 
on   kc/s ( or   m)? 

Shall I change to transmission on   
kc/s (or   m) without changing 
the type of wave? or 

Shall I change to transmission on another 
wave? 

Shall I send each word or group twice? 
Shall I cancel telegram No.   as 

if it had not been sent? 
Do you agree with my number of words? 

How many telegrams have you to send? 

What is my true bearing in relation to 
you? or 

What is my true bearing in relation to 
  (call sign)? or 

What is the true bearing of   
(call sign) in relation to   (call 
sign)? 

Will you give mc the position of my sta-
tion according to the bearings taken by 
the direction-finding stations which you 
control? 

Will you send your call sign for fifty sec-
onds followed by a dash of ten seconds on 
  kc/s Bor   m) in or-
der that I may take your bearing? 

What is your position in latitude and longi-
tude (or by any other way of showing 
it)? 

What is your true course? 
What is your speed? 

Send radioelectric signals and submarine 
sound signals to enable me to fix my bear-
ing and my distance. 

Have you left dock (or port)? 
Are you going to enter dock (or port)? 
Can you communicate with my station by 
means of the International Code of Sig-
nals? 

What is the exact time? 
What are the hours during which your sta-

tion is open? 
Have you news of   (call sign of 

the mobile station)? 
Can you give me in this order, informa-

tion concerning: visibility, height of 
clouds, ground wind for   
(place of observation)? 

What is the last message received by you 
from   (call sign of the mobile 
station)? 

Have you received the urgency signal sent 
by   (call sign of the mobile 
station)? 

Have you received the distress signal sent 
by   (call sign of the mobile 
station)? 

Are you being forced to alight in the sea 
(or to land)? 

Will you indicate the present barometric 
pressure at sea level? 

Will you indicate the true course for me 
to follow, with no wind, to make for you? 

Answer 

I am going to send (or I will send) on 
  kc/s (or  m) and or 
on waves of Type Al, A2, AI or B. 

I am listening for   (call sign) 
on   kc/s (or   

Change to transmission on   kc/s 
(or   m) without changing the 
type of wave  

Change to transmission on another way-. 

Send each word or group twice. 
Cancel telegram No.   as if it 

had not been sent. 

do not agree with your number of words; 
I will repeat the first letter of each word 
and the first figure of each number. 

I have  • telegrams for you (or 
for   

Your true bearing in relation to me is 
  degrees or 

Your true bearing in relation to   
(call sign) is   degrees at 
  (time) or 

The true bearing of   (call sign) 
in relation to   (call sign) is 
  degrees at   (time). 

The position of your station according to 
the hearings taken by the direction-find-
ing stations which I control is  
latitude   longitude. 
will send my call sign for fifty seconds 
followed by a dash of ten seconds on 
  kc/s (or   m) in 
order that you may take my bearing. 

My position is   latitude   
longitude ( or by any other way of show-
ing it). 

My true course is   degrees. 
My speed is   knots ( or   

kilometers) per hour. 
I will send radioelectric signals and sub-
marine sound signals to enable you to 
fix your bearing and your distance. 

I have just left dock (or port). 
I am going to enter dock (or port). 

am going to communicate with your 
station by means of the International 
Code of Signals. 

The exact time is   

My station is open frorn   to 

Here is news of   (call sign of 
the mobile station). 

Here is the information requested   

The last message received by me from 
  (call sign of the mobile sta-
tion) is   

I have received the urgency signal sent 
by   (call sign of the mobile 
station) at   (time). 

I have received the distress signal sent by 
  (call sign of the mobile sta-
tion) at   (time). 

I am forced to alight (or land) at   
(place). 

The present barometric pressure at sea 
level is   ('units). 

The true course for you to follow, with 
no wind, to make for me is   
degrees at   (time). 
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Conversion Table 

Factors for conversion, alphabetically arranged 

MULTIPLY 

Amperes 
Amperes 
Amperes 
Cycles 
Cycles 
Farads 
Farads 
Henrys 
Henrys 
Kilocycles 
Kilovolts 
Kilowatts 
Megacycles 
Mhos 
Microamperes 
Microfarads 
Microhenrys 
Micremhos 
Micro-ohms 
Microvolts 
Microwatts 
Micromicrofarads 
Milliamperes 
Millihenry. 
Millimhos 
Milliohms 
Millivolts 
Milliwatts 
Ohms 
Ohms 
Volts 
Volts 
Watts 
Watts 
Watts 

BY TO GET 

X1,000,000,000,000micromicroamperes 
X1.000,000 microamperes 
X1,000 milliamperes 
X1,000,000 megacycles 
X.001 kilocycles 
X1,000,000,000,000micromicrofarads 
X1,000,000 mIcrofarads 
X1,000,000 microhenrys 
X1,000 millihenrys 
X1,000 cycles 
X1,000 volts 
X1,000 watts 
X1,000,000 cycles 
X1,000,000 micromhoa 
X.000,001 amperes 
X.000,001 farads 
X.000,001 henrys 
X.000,001 mhos 
X.000,001 ohms 
X.000,001 volts 
X.000,001 watts 
X.000,000,000,001 farads 
X.001 amperes 
X.001 henrys 
X.001 mhos 
X.001 ohms 
X.001 volts 

watts 

Xi,000,000,000,000micromicro-ohms 

X1.000,000 micro-ohms 
X1,000,000 microvolts 
X1,000 millivolts 
X1,000,000 microwatts 
X1,000 milliwatts 
X.001 kilowatts 

Radio Symbols 

The following symbols are commonly used in radio work and 
many of these symbols are used in the pages of this book: 

E. 

Ep 

I p 

Ec 
IC 
EG 

Filament (or heater) terminal voltage 
Average plate voltage ( DC) 
Average plate current ( DC) 
AC component of plate voltage effective 

value) 
AC component of plate current (effective 

value) 
Average grid voltage ( DC) 

 Average grid current ( DC) 
 AC component of grid voltage (effective 

value) 
 AC component of grid current (effective 

value) 
Filament (or heater) supply voltage 
 Plate supply voltage ( DC) 
 Grid supply voltage (DC) 
 Amplification factor 
. Plate resistance 
Grid plate transconductance also mutual 
conductance, gm) 

Plate load resistance 
Plate load impedance 
Direct Current uts adjective) 
Alternating Current (as adjective) 
Root Mean Square 
Undistorted  power output 
 Grid-cathode (or filament) capacitance 
Plate-cathode (or filament) capacitance 
Effective grid-plate capacitance in a tetrode 

(cathode for filament] and screen grounded) 
Direct Interelectrode capacitance of grid to 

cathode (or filament) and screen 
Direct interelectrode capacitance of plate to 

cathode (or filament) and screen 

Eprr  

EBB 
Ecc 
Mu 
rp  
Sy  

RP  
ZP  
DC  
AC  
RMS  
U.P.0 
GIL• 

PC  
CGip  

ci (k+o) 

p ( k-i-gx)  

R-S-T REPORTING SYSTEM 

READABILITY 

1—UNREADABLE. 
2—BARELY READABLE — OCCA-

SIONAL WORDS DISTINGUISH-
ABLE. 

3—READABLE WITH CONSIDER-
ABLE DIFFICULTY. 

4—R EADABLE WITH PRACTIC-
ALLY NO DIFFICULTY. 

5—PERFECTLY READABLE. 

SIGNAL STRENGTH 

1—FAINT—SIGNALS BARELY PER-
CEPTIBLE. 

2—VERY WEAK SIGNALS. 
3—WEAK SIGNALS. 
4—FAIR SIGNALS. 
5—FAIRLY GOOD SIGNALS. 
6—GOOD SIGNALS. 
7—MODERATELY STRONG SIG-

NALS. 
8—STRONG SIGNALS. 
9—EXTREMELY STRONG SIGNALS. 

TONE 

1—EXTREMELY ROUGH, HISSING 
NOTE. 

2—VERY ROUGH A.C. NOTE—NO 
TRACE OF MUSICALITY. 

3—ROUGH, LOW-PITCHED A.C. 
NOTE—SLIGHTLY MUSICAL. 

4—RATHER ROUGH A.C. NOTE— 
MODERATELY MUSICAL. 

5—MUSICALLY MODULATED 
NOTE. 

6—MODULATED NOTE — SLIGHT 
TRACE OF WHISTLE. 

7—NEAR D.C. NOTE—SMOOTH RIP-
PLE. 

8—GOOD D.C. NOTE—JUST TRACE 
OF RIPPLE. 

9—PUREST D.C. NOTE. 
IF THE NOTE APPEARS TO BE 
CRYSTAL CONTROLLED, SIMPLY 
ADD AN X AFTER THE APPRO-
PRIATE NUMBER. 
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U. S. POSTAL RATES ON CARDS AND LETTERS 

LETTERS 3e each ounce or fraction 
to United States, U. S. Possessions, Can-
ada, Labrador and Newfoundland, 2e each 
ounce or fraction if for delivery in the 
town in U. S. where letter was mailed. 
AIRMAIL to U. S. and Canada: 6c each 
ounce or fraction. 

LETTERS, 3c each ounce or fraction, 
CARDS 2e, to: Argentina, Balearic 
Islands, Bolivia, Brazil, Canary Islands, 
Chile, Colombia, Costa Rica, Cuba, Do-
minican Republic, Eucador, Guatemala, 
Haiti, Honduras, Mexico, Morocco 
(Spanish), Nicaragua, Panama, Para-
guay, Peru, Salvador, Spain and its Col-
onies, Uruguay, Venezuela. 

Letters 3e each ounce or fraction to 

CANADA, LABRADOR, and NEW-

FOUNDLAND. Letters 5e each ounce 
or fraction to GREAT BRITAIN (Eng-
land, Scotland, Wales), NORTHERN 
IRELAND, and IRISH FREE STATE. 
LETTERS 5e first ounce and 3c for 

each additional ounce or fraction to: All 
other countries not in the above lists. 

Registration Fee—In addition to post-
tage, 15 cents to all countries. 
POST CARDS (Government and 

Private) 

CAM:3S lc each in United States and 
Possessions, and 2e to countries taking 3e 
letter rate. 
Cards 2e each to CANADA, LABRA-

DOR, and NEWFOUNDLAND. 
Cards 3e each to all other foreign 

countries. 

International 

Prefixes 

AC4  TIBET 
AR  SYRIA 
CE  CHILE 
CM  CUBA 
CN  MOROCCO 
CO  CUBA (fones) 
CP  BOLIVIA 
CR4  CAPE VERDE 
CRI  PORTUGUESE GUINEA 
CR6  ANGOLA 
CR7  MOZAMBIQUE 
CR8  PORTUGUESE INDIA 
CR9  MACAO 
CRIO  TIMOR 
CT1  PORTUGAL 
CT2  AZORES 
CT3  MADERIA 
CX  URUGUAY 
D  GERMANY 
EA  SPAIN 
EA8  CANARY ISLANDS 
EI  IRISH FREE STATE 
EL  LIBERIA 
EP, EQ  IRAN (ex- Persia) 
ES  ESTONIA 
F3  FRANCE 
Fs  FRANCE 
FA  ALGERIA 
FB8  MADAGASCAR 
Ms  TOGOLAND (French) 
FE8  CAMEROONS (French) 
FF8 FRENCH WEST AFRICA 
FG8  GUADELOUPE 
FI8  FRENCH INDO-CHINA 
FK8  NEW CALEDONIA 
FL8  SOMALI COAST 
FMS  MARTINIQUE 
FN8  FRENCH INDIA 
F08  FRENCH OCEANIA. TAHITI 
FPS  ST. PIERRE & MIQUELON 
FQ8  FRENCH EQUATORIAL AFRICA 
FR8  REUNION 
F'T4  TUNIS 
FUS  NEW HEBRIDES 
FY8  FRENCH GUIANA 
G  GREAT BRITAIN 

GI (see G) NORTHERN IRELAND 
GM ( see G) SCOTLAND 
GW (see G) WALES 
HA  HUNGARY 
HB SWITZERLAND 
HC EDUCATOR 
HH  HAITI 
HI  DOMINICAN REPUBLIC 
Ifj, HK  COLOMBIAN REPUBLIC 
HP  PANAMA 
HR  HONDURAS 
HS  SIAM 
HZ  HEDJAZ 
I  ITALY 
J  JAPAN 
K4  PORTO RICO, VIRGIN ISLANDS 
K5  CANAL ZONE 
K6 GUAM, HAWAII, MIDWAY 

ISLAND, SAMOA (U. S.), 
WAKE ISLAND 

K7  ALASKA 
KA  PHILIPPINE ISLANDS 
LA  NORWAY 
LU ARGENTINA 
LX  LUXEMBOURG 
LY  LITHUANIA 
LZ  BULGARIA 
MX MANCHUKUO 
N. U S. NAVAL COMMUNICATION 

RESERVE STATIONS 
NY  CANAL ZONE 
OA PERU 
OE  AUSTRIA 
OH  FINLAND 
OK CZECHOSLOVAKIA 
OM GUAM 
ON BELGIUM 
0Q5  BELGIAN CONGO 
OX  GREENLAND 
OY FAROE ISLANDS 
OZ  DENMARK 
PA NETHERLANDS 
PI  NETHERLANDS (schools) 
PJ  CURACAO 
PK  NETH. INDIES 
PX  ANDORRA 
PV  BRAZIL 
PZ  SURINAM 
SM  SWEDEN 
SP  POLAND 
ST  SUDAN 
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MASTER RESISTOR CHART 
STANDARD RESISTANCE VALUES WITH CORRESPONDING 

PART NUMBERS AND COLOR CODE 

...”rj.......,rsr -;.7.( 
GOLO* ...e 101. -'1"-.1;e1 

.."-,:r 
ni --. .0M. G01.001 COO• COI,. COOK 

,., • C -.el' ...« . • . • - ln' .....t 
I 31 III IO BROWN BLACK BLACK 13 62 159 2000 BROWN BLACK RED 05 86 207 100,000 BROWN BLACK YELLOW 

222 II BROWN BROWN BLACK le0 2300 BROWN BROWN RED 208 110000 BROWN BRODWN YELLOW 
39 123 22 BROWN RED BLACK 03 'Cu 2,200 BROWN RED RED 87 209 120,000 BROWN RED YELLOW 

224 23 BROWN ORANGE BLACK 162 2,300 BROWN ORANGE RED 210 130,000 BROWN ORANGE YELLOW 
2 40 125 25 BROWN GREEN BLACK 14 64 103 2,500 BROWN GREEN RED 26 H 201 250,000 BROWN GREEN YELLOW 

026 16 BROWN BLUE BLACK 264 2,600 BROWN L BLUE RED 222 260,000 BROWN BLUE YELLOW 
41 127 28 BROWN GRAY BLACK 65 165 2,800 BROWN GRAY RED 89 203 080000 BROWN GRAY YELLOW 

I le 20 RED BLACK BLACK 166 2,000 RED BLACK RED 224 200,000 RED BLACK YELLOW 
3 41 109 29 RED RED .BLACK 25 66 167 2000 RED RED RED 27 90 025 220,000 RED RED YELLOW 

120 24 RED YELLOW. BLACK MI 2,400 RED YELLOW RED 26 240,000 RED YELLOW YELLOW 
43 272 27 RED VIOLET BLACK 07 269 0700 RED VIOLET RED 91 027 2703300 RED VIOLE* YELLOW 

122 30 ORANGE BLACK BLACK 70 3000 ORANGE BLACK RED 218 300,000 ORANGE BLACK YELLOW 
4 44 191 33 ORANGE ORANGE BLACK 16 61 72 3,300 ORANGE ORANGE RED /8 24 / 19 330,000 ORANGE ORANGE YELLOW 

1, 2 3,6 ORANGE8/1.UIL 171 3,600 ORANGE BLUE RED 270 360,000 ORANGE BLUE YELLOW 
49 , 9 ORANGE „H 

ri:2K 
09 73 3,900 ORANGE WHITE RED 93 20, 390,000 ORANGE WHITE YELLOW 

126 43 YELLOW ORANGE BLACK 274 4,300 YELLOW ORANGE RED 202 430000 YELLOW ORANGE YELLOW 
5 46 227 41 YELLOW VIOLET BLACK 27 70 175 4,700 YELLOW VIOLET RED 22 24 413 470,000 YELLOW VIOLET YELLOW 

MI 52 GREEN BROWN BLACK 076 5,200 GREEN BROWN RED 20311 520,000 GREEN BROWN YELLOW 
47 229 56 GREEN BLUE BLACK 7 277 5000 GREEN BLUE RED , 95 225 560,000 GREEN BLUE YELLOW 

130 62 BLUE RED BLACK 272 6,200 BLUE RED RED 226 690003 BLUE RED YELLOW 
6 48 131 68 BLUE GRAY BLACK le 72 079 6,800 BLUE GRAY RED 30 1 96 227 610,000 BLUE GRAY YELLOW 

l 31 75 VIOLET GREEN BLACK IBO 7,500 VIOLET GREEN RED i 228 750,000 VIOLET GREEN YELLOW 
49 231 82 GRAY RED BLACK 73 292 8,200 GRAY RED RED 229 820040 GRAY RED YELLOW 

134 90 WHITE BROWN BLACK 1RO 9,100 WHITE , BROWN RED 
197 

230 920,000 WHITE BROWN YELLOW 
7 50 235 100 BROWN BLACK BROWN 19 74 283 10.000 BROWN BLACK ORANGE 41 92 231 1.0 Me, BROWN BLACK GREEN 

236 220 BROWN BROWN BROWN 84 11,000 BROWN BROWN ORANGE 232 1.1 Ide,. BROWN BROWN GREEN 
Si 231 120 BROWN RED BROWN 75 185 12,000 BROWN RED ORANGE 99 233 Il Mat BROWN RED GREEN 

238 130 BROWN ORANGE BROWN 286 23,000 BROWN ORANGE ORANGE 234 1.3 Me, BROWN ORANGE GREEN 
I 51 139 150 BROWN GREEN BROWN 20 76 227 25,000 BROWN GREEN ORANGE 92500 215 1 5 ide,. BROWN GREEN GREEN 

140 160 BROWN BLUE BROWN 298 26000 BROWN BLUE , ORANGE 236 2.0 nme. BROWN BLUE GREEN 
53 241 180 BROWN GRAY BROWN 77 289 28,000 BROWN GRAY ORANGE 101 237 1 t Mes. BROWN GRAY GREEN 

14 200 RED BLACK BROWN 90 20,000 RED BLACK ORANGE 218 20 Met RED BLACK GREEN 
9 54 I43 220 RED RED BROWN 21 78 191 22,000 RED RED , ORANGE 33 102 239 21 1.1,. RED RED GREEN 

146 240 RED YELLOW BROWN 292 24,000 RED YELLOW ORANGE , 240 2 4 Met. RED YELLOW GREEN 

55 145. 970 RED VIOLET BROWN 79 293 27,000 RED s'IOLE I ORANGE 103 1242 17 M. RED VIOLET GREEN 

I 300 ORANGE BLACK BROWN 1194 30,000 ORANGE BLACK , ORANGE I 1242 30124, ORANGE BLACK GREEN 
IO 56 14 330 ORANGE ORANGE BROWN 22 80 39533,000 ORANGE ORANGE ORANGE 74 104 243 3.3 Mat ORANGE ORANGE GREEN 

14 360 ORANGE BLUE BROWN ms 76.000 ORANGE BLUE ORANGE 244 376 PA., ORANGE BLUE GREEN 

57 14 390 ORANGE WHITE BROWN 12 ,197 19,000 ORANGE WHITE : ORANGE 105 245 30 M, ORANGE wHIIE GREEN 

15 430 YELLOW ORANGE BROWN '1 98 41,000 YELLOW ORANGE ' ORANGE , 246 4.3 124, YELLOW ORANGE GREEN 

Il se 151 470 YELLOW VIOLET BROWN 23 82 191 47,000 YELLOW VIOLET . ORANGE 7, I00 947 8.7 M.I. YELLOW VIOLET GREEN 

252 510 GREEN BROWN BROWN 70,3 , 51,000 GREEN BROWN ORANGE 1 948 5 I ams. GREEN BROWN GREEN 

59 153 
154 

560 
620 

GREEN 
BLUE 

BLUE BROWN 

RED BROWN 

in .201 50 

001 62,000 

GREEN 

BLUE 

I BLUE ORANGE 
I 

RED • ORANGE 

 107249 
, ' 
1 . 250 

36 708 1251 

5 6 8.4.9 ' 
62 Nies 
6 8 Me, 

GREEN BLUE 
BLUE RED 
BLUE GRAY 

GREEN000 
GREEN 

GREEN 
IR 220 055 600 BLUE GRAY BROWN 24 84 .201 68,000 BLUE GRAY ORANGE 1 i 259 75 ae, VIOLET GREEN GREEN 

156 750 VIOLET GREEN BROWN 104 75,000 VIOLET GREEN ORANGE 109.251 84 I.I., GRAY RED GREEN 
62 , 571 820 GRAY RED BROWN 85 207 82,000 GRAY RED ORANGE I i25 4 91 a22.2 WHITE BROWN GREEN 

15.910 WHITE BROWN BROWN 1206 91,000 WHITE BROWN , ORANGE 3711101255 100 Isneg 1 BROWN BLACK BLUE 

A Bad, colou-Th. lo, dopt 91 Ihe nurnber oepoewd, 
he nonante valut 

B (End Colnu)-The tecond alma cd Me number reormenr 
me Me ore ..... me nelom 

C (Dol o. Band on Eloriv)-The number ol motter, lollown, 
the hnt no clogro (A 4 E0 Ro. .1 C • 
(Bled.) lollowv A and B. hente the resnonce 
value n repiewnled by • Ino el,Inumbem n'Inch A n 
the Inn and B th* second d'Id II C • one opheo (no, 
No 1) follont A and 11. avd W. velue 14 • due. el,e1 
nurebowlIC • 2, huo opien (no, No 51 follon, A and 
B. Me val. or • four Mgonumbee, etc 

D (End Colcn)-Recntance Tole•ance Idenolnehon 

Tobie d Cd. Velu« 

Value Cola 

O Bled. 
1 Blonn 

Red 
Odow 

Green 
Blue 
Volet 
Gag 

The &bore ollumatoon 
Mono the mletme ommom 10'; Tolerance-Solver 
cA A. El. C, and D 20% Toleance-None 

erz.  ,:netec,...7•eone. ...h°c=irons 

763A _II 4" Le: Ji" 0/5 ' A fluer Color 

7,2A :   4" Ir _or 037 B End Color 

766A 1 VI I)" 1 014 ' C ' Dot e Band Colo. 

792A • 3 W . 1,Y 040 D 1oIvance Coloo  

774A . 5 114"114" OS' 040'  

EewnPle• 

763A1 BO Globe. Type 763A, 1, watt 11,000 Ohm, 527 Toit/4ms 
759A 81 Globe Type 759A, c math 39,000 Obrnh IDO ToIeranc• 

792A.5 Glolm TI. 792A. 3 am, 47 Ohms Tolerance 

Chart courtesy The Carborundum Co., Globar Division 

SU EGYPT 
SV  GREECE 
TA  
TF 
TG 
TI 
U. UE. UK, UX 
VE  
VK 
VO 
VP' 
VP2  DOMINICA, GRENADA. ST. 

LUCIA, ANTIGUA, ST. KITTS-NEVIS 
BRITISH GUIANA 

TRINIDAD & TOBAGO 
CAYMAN ISLANDS, JAMAICA. 
TURKS & CAICOS ISLANDS 
 BARBADOS 

 BAHAMAS 
 FALKLAND ISLANDS 

SOUTH GEORGIA 
 BERMUDA 
FANNING ISLAND 

VQ2  NORTHERN RHODESIA 

TURKEY 
 ICELAND 

GUATEMALA 
COSTA  RICA 

USS  R. 
CANADA 

 AUSTRALIA 
 NEWFOUNDLAND 
BRITISH HONDURAS 

VP3   
VP4   
VP5   

VP6 
VP? 
VP8 

VP9 
Vol (*VR3)   

VQ3  TANGANYIKA 
VO4  KENYA 
✓ 5  UGANDA 
✓ 6  BRITISH SOMALILAND 
V08  MAURITIUS 
✓ 9  SEYCHELLES 
✓ I  GILBERT & ELLICE ISLANDS 
VR2  FIJI ISLANDS 
VR8 FANNING ISLAND 
VR4  BR. SOLOMON ISLANDS 
VR5  TONGA ISLANDS 
VR6  PITCAIRN ISLAND 
VS1, VS2, VS3 MALAYA 
VS4  BORNEO 
VS5  SARAWAK 
VS6  HONG KONG 
VS7  CEYLON 
VS8  BAHRAIN ISLAND 
VS9  MALDIVE ISLANDS 
VU  INDIA 
W UNITED STATES 
XE  MEXICO 
XT, XU  CHINA 

BURMA Z   
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YA  AFGHANISTAN 
VI  IRAQ 
YJ (**FUS) NEW HEBRIDES 
YL   LATA VIA 
YM  DANZIG 
YN  NICARAGUA 
YR ROUMANIA 
YS  SALVADOR 
YT, YU  JUGOSLAVIA 
YV  VENEZUELA 
ZA  ALBANIA 
ZBI  MALTA 
ZI32  GIBRALTAR 
ZC1  1 RANSJORDANIA 
ZC2  COCOS ISLANDS 
ZC3   . CHRISTMAS ISLAND 
ZC4    CYPRUS 
ZC5    PALESTINE 
ZD1  SIERRA LEONE 
ZD2 .. NliiLIZIA, ( AMEROONS (British) 
ZD3  GAMBIA 
ZD4  GOLD COAST. TOGOLAND (British) 
ZD6  NYASALAND 
ZD7  SAINT HELENA 
ZD8  ASCENSION 
ZiEl  SOUTHERN RHODESIA 
ZKI  COOK ISLANDS 
ZK2  NIUE 
ZL NEW ZEALAND 
ZM  WESTERN SAMOA 
ZP  PARAGUAY 
ZS ZT, ZU  SOUTH AFRICA 
'ZÙ9  TRISTAN DA CUNHA 

•Suggested by the British Empire Radio Union. 
•"01ficial, by French Govt. 

Prefixes by 
Countries 

AFGHANISTAN (A)  YA 
ALASKA (NA)  K7 
ALBANIA (E)  ZA 
ALGERIA (AF)  FA 
ANDORRA (E)  PX 
ANGOLA (AF)  CR6 
ANTIGUA (NA)  VP2 
ARGENTINA (SA)  LU 
ASCENSION (AF)  ZD8 
AUSTRALIA (0)  VK 
AUSTRIA (E)  OE 
AZORES (AF)  CT2 
BAHAMAS (NA)  VP7 
BAHRAIN ISLAND (.1) VS8 
BARBADOS (NA)  VP6 
BELGIAN CONGO (AF) 0Q5 
BELGIUM (B)  ON 
BERMUDA (NA)  VP9 
BOLIVIA (SA)  CP 
BORNEO (0)  VS4 
BRAZIL (SA)  PV 
BRITISH GUIANA ( SA)  VP3 
BRITISH HONDURAS (NA) VPI 
BR. SOLOMON ISLANDS (0) VR4 
BRITISH SOMALILAND (AF) VQ6 
BULGARIA (E)  LZ 
BURMA (A)  XZ 
CAMEROON'S (British) ( AF) ZD2 
CAMEROONS (French) (AF) FES 
CANADA (NA)  VE 
CANAL ZONE (NA) K5, NY 
CANARY ISLANDS (AF) EA8 
CAPE VERDE MF) CR4 
CAYMAN ISLANDS (N) VP5 
CEYLON (A)  VS7 
CHILE (SA)  CE 
CHINA (A)  XT, XU 
CHRISTMAS ISLAND ( 0) ZC3 
COCOS ISLANDS (0) ZC2 
COLOMBIAN REPUBLIC (SA) IIJ, HE 
COOK ISLANDS (0) ZKI 
COSTA RICA (NA) TI 
CUBA (NA)  CM, CO 

i l'itA(AO ( SA)  Pi 
CYPRUS ( E)  ZC4 
CZECHOSLOVAKIA (E)  OK 
DANZIG (E)  YM 
DENMARK (E)  OZ 
DOMINICA (NA)  VP2 
DOMINICAN REPUBLIC (NA) HI 
DUTCH EAST INDIES (see Neth. Indies)  
ECUADOR .(SA)  HC 
EGYPT (AF)  SU 
ELLICE ISLANDS (see Gilbert)  
ESTONIA (E)  ES 
FALKLAND ISLANDS (SA) VP8 
FANNING ISLAND (0) VR3 
FAROE ISLANDS (E) OY 
FIJI ISLANDS (0) VR2 
FINLAND (E)  OH 
FRANCE (E) 

 ZB2 
VR1 
G 

NORTHERN IRELAND ( E)  
NORTHERN RHODESIA (AF) 
NORWAY (E)   
NYASALAND (AF)  ZD6 
OCEAN ISLAND (see Gilbert)  
PALESTINE (A)  ZC6 
PANAMA (NA)  HP 
PARAGUAY (SA)  ZP 
PERSIA (see Iran)  
PERU (SA)  OA 
PHILIPPINES (0)  KA 

 F3, F8 
FRENCH EQUATORIAL AFRICA FQ8 
FRENCH GUIANA (SA)  FY8 
FRENCH INDIA (A) FNS 
FRENCH INDO-CHINA (A) F18 
FRENCH WEST AFRICA FF8 
GAMBIA (AF)  ZD3 
GERMANY (E)  t D 
GIBRALTAR (E) 
GILBERT & ELLICE ISLANDS (0) 
GREAT BRITAIN (E)  
GREECE (E)  SV 
GREENLAND (NA)  OX 
GRENADA (NA)  VP9 
GUADELOUPE (NA)  FG8 
GUAM (0)  K6, OM 
GUATEMALA ( NA)  TG 
HAITI (NA)  IiH 
HAWAII (0)  K6 
HEDJAZ (A)  HZ 
HONDURAS (NA)  HR 
HONG KONG (A) VS6 
HUNGARY (E)  HA 
ICELAND (E)  TF 
INDIA (A)  VU 

i IRAN (EX-PERSIA) (A) EP, 
IRAQ (A)  Ev 
IRISH FREE STATE (E) El 
ITALY (E)  I 
JAMAICA (NA)  VP5 

KENYA 

(A)   
UGOSLAVIA ( F. )  YT, YIJ 

(AF)  VfI4 LATVIA (E) 
LIBERIA (AF)  EL 
LITHUANIA (E)  LY 
LUXEMBOURG (E)  LX 
MACAO (A)  CR9 
MADAGASCAR (AF)  FB8 
MADEIRA (AF)  CT8 
MALAYA (A)  VS1, VS2, VS3 
MALDIVE ISLANDS (A) VS9 
MALTA (E)  ZB1 
MANCHUKUO (A)  MX 
MARTINIQUE (NA)  FMS 
MAURITIUS (AF)  VQ8 
MEXICO (NA)  XE 
MIDWAY ISLAND (0) K6 
MOROCCO MF)  CN 
MOZAMBIQUE (AF)  CR7 
NETHERLANDS (E)  PA, PI 
NETHERLANDS INDIES (0) PR 
NEW CALEDONIA (0) FR8 
NEWFOUNDLAND (NA)  VO 
NEW HEBRIDES (0) YJ (*.PUS) 
NEW ZEALAND (0) ZL 
NICARAGUA (NA)  YN 
NIGERIA (AF)  ZD2 
NIUE (0)  ZK2 

GI 
Va 
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PITCAIRN ISLAND (0) VI26 
POLAND (E)  SP 
PORTO RICO (NA) K4 
PORTUGAL (E)  CT1 
REUNION (AF)  FR8 
ROUMANIA (E)  YR 
SAINT HELENA (A) ZD7 
ST. KITTS-NEVIS (NA) VP2 
ST. LUCIA  VP2 
ST. PIERRE & MIQUELON (NA) FPS 
SALVADOR (NA)  YS 
SAMOA (0) (U.S)  Ko 
SARAWAK (0)  VS5 
SCOTLAND (E)  GM 
SEYCHELLES (Al?)  VQ9 
SIAM (A)  HS 
SIBERIA (see U.S  S R )  
SIERRA LEONE (Al?) ZD1 
SOMALI COAST  FL8 
SOUTH AFRICA  ZS, ZT, ZU 
SOUTH GEORGIA (SA) VP8 
SOUTHERN RHODESIA (AF) ZE1 
SPAIN (E)  EA 
STRAITS SETTLEMENTS (see Malaya)  
SUDAN (AF)  ST 
SURINAM (SA)  PZ 
SWEDEN (E)  SM 

RADIO 
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SWITZERLAND (E)  HB 
SYRIA (A)  AR 
TAHITI (0)  F3 (•*F08) 
TANGANYIKA (AF)  VQ8 
TIBET (A)  AC4 
TOGOLAND (British) (AF) ZD4 
TOGOLAND (French) (AF) FD8 
TONGA ISLANDS (0) VR5 
TRANSJORDANIA (A)  ZC1 
TRINIDAD & TOBAGO (SA) VP4 
TRISTAN DA CUNHA (AF) ZU9 
TUNIS (AF)  FT4 
TURKEY (E&A)  TA 
UGANDA (AF)  VQ5 
UNITED STATES (NA) W 
U. S. NAVAL COMMUNICATION RESERVE 
STATIONS (NA)  N 

URUGUAY (SA)  CX 
U.S.S.R. (E&A) U UE, UK, UX 
VENEZUELA (SA)  YV 
VIRGIN ISLANDS (NA) K4 
WALES (E)  GW 
WESTERN SAMOA (0) (British) ZM 
ZANZIBAR (Al?)  VP1 

*Suggested by the British Empire Radio Union. 
”Official, by French Govt. 

Abbreviations Commonly Used by Amateurs 

Short 
ABT 
A G N 
AHD 
A H R 
ANI 
APRX 
BC 
BD 
B 4 
BI 
B K 
B N 
BT 
B C Z 
BTWN 
BIZ 

CLR 
C N 
CNT 
C K 
C K T 
CMG 
CUD 
C W 
CUL 
CUAGN 
DE 
DA 
DNT 
DINT 
DH 
DC 
DX 
ES 
E Z 

Full 
About 
Again 
Ahead 
Another 
Any 
Approximate-Approximately 
Broadcast 
Bad 
Before 
By 
Break 
Been 
But 
Because 
Between 
Business 
See 
Clear 
Can 
Can't 
Check 
Circuit 
Coming 
Could 
Continuous Wave 
See You Later 
See You Again 
From 
Day 
Don't 
Did Not 
Deadhead 
Direct Current 
Long Distance 
And 
Easy 

Short 
FB 
F M 
FR 
F R Q 
GA 
GB 
GM 
G N 
G G 
G T 
GND 
H A (H I) 
HM 
HR 
H V 
H W 

IC 
I C W 

L ID 
L IL 
LFT 
L ST 
L TR 
MA 
MC 
MG 
MI 
MK 
M 
MSG 
MT 
N D 
N G 
N IL 

Full 
Fine Business 
From 
For 
Frequency 
Go Ahead 
Good-Bye 
Good Morning 
Good Night 
Going 
Got—Get 
Ground 
Laughter 
Him 
Here—Hear 
Have 
How 
OK 
I See 
Interrupted Continuous Wave 
Go Ahead 
Poor Operator 
Little 
Left 
Last—Listen 
Letter 
Milliampere 
Megacycle 
Motor Generator 
My 
Make 
More 
Message 
Empty 
Nothing Doing 
No Good 
Nothing 
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MZ,d 
THE ORIGINAL TANTALUM TUBE 

HK-354. The original amateur Tantalum 
element transmitting tube. An all-purpose 
triode. Rated plate dissipation, 1510 watts 
Amplification factor, 14 $24.50 

HK-354-C. A modification of the "354" 
specially adapted to high frequency use. 
Has identical characteristics, but lowered 
input capacity. Welded plate and grid caps 
of improved design $24,50 

HK-354-D. Supplied in high frequency or 
standard style. Rated plate dissipation, 150 
watts. Adapted to all Class "C" amplifier 
operation. Amplification factor, 22...$24.50 

HK-354-E. Supplied in high frequency or 
standard style. Rated plate dissipation, 150 
watts. Adapted to Class 
"B" audio and "C" ampli- • 
fier operation. Amplifica-

(High Frequency Style) tion factor, 35 $24.50 

HK-354-F. Supplied in high frequency or stand- 
ard style. Rated plate dissipation, 150 watts. , 
Adapted to Class "B" audio modulator use. 
Amplification factor, 50 $24.50 

HK- 154. A low voltage high frequency tube of 
exceptional power output. Full ratings to 60 mega-
cycles. Rated plate dissipation, 50 watts. It is the 
only high frequency Tantalum tube whose char-
acteristics are particularly adapted to high effi-
ciency grid modulation use $12.50 HK-154 

The Pioneer Naturally Takes the Lead 

R) KAUFMAN  
South San Francisco \\0_\ 11 California, U. S. A. 

o HEINTZ AND 
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N M 
N R 
N W 
O B 
O L 
O M 
O P. 
• T 
O W 
P LS 
P SE 
P X 

R• CD 
RCVR 
RI 
S A 
SEZ 
S M 
S W 
S IG 
SKED 
T F C 
T M W 
T R 
TT 
T K 

No More 
Number 
Now 
Old Boy 
Old Lady 
Old Man 
Operator 
Old Top—Timer 
Old Woman 
Please 
Please 
Press 
0 K 
Received 
Receiver 
Radio Inspector 
Say 
Says 
Some 
Short-Wave 
Signal 
Schedule 
Traffic 
Tomorrow 
There 
That 
Take 

Appendix  LRAM()  
TKS 
T N K 
TNX 
U 
• D 
U L 
U R 
✓ B 
✓ T 
✓ Y 
WA 
W B 
WD 
W F 
WK 
W L 
W N 
WT 
W X 
X 
XMTR 
Y F 
Y L 
Y R 
30 
73 
88 

Thanks 
Think 
Thanks 
You 
You Would 
You Will 
Your 
Very Bad 
Vacuum Tube 
Very 
Word After 
Word Before 
Would 
Word Following 
Work 
Will—Would 
When 
What 
Weather 
Interference 
Transmitter 
Wife 
Young Lady 
Your 
Finish—End 
Best Regards 
Love and Kisses 

Pertinent Excerpts from the Radio 

Laws Affecting Radio Amateurs 
Any licensee receiving notice of violation 

of radio laws shall reply to said notice in 
writing to the F.C.C. at Washington. 

Requests for special call-letters will not 
be considered. 
The person manipulating the telegraph 

key of an amateur station must be a duly 
licensed operator. 
The original license shall be posted in the 

station or kept in the personal possession of 
the operator on duty, except when it has 
been mailed to an office of the F.C.C. for en-
dorsement or change before date of its ex-
piration. 
Amateur stations must not be used to 

handle messages for pecuniary interests, di-
rect or indirect, paid or promised. 
Amateur transmissions must be free from 

harmonics. Loosely-coupled circuits must 
be used, or devices that will result in giving 
equivalent effects to minimize keying im-
pacts, clicks, harmonics and parasitics. 
Phone transmitters must not be modulated 

in excess of their modulation capability, and 
means must be incorporated to insure against 
such overmodulation. 

One kw. power input to the stage which 
feeds the antenna is the maximum permis-
sible power for amateur operation. 
Amateur operators must transmit their as-

signed call letters at the end of each trans-
mission, or at least once during each 15 min-
utes of operation. If an amateur transmitter 
causes general interference with reception of 
broadcast signals in receivers of modern de-
sign, that amateur station shall not operate 
during the hours from 8 p. m. to 10:30 p. m., 
local time, and on Sundays from 10:30 a. m. 
until 1 p. m., local time, in addition to the 
e”ening silent period, upon such frequency 
ol frequencies as cause such interference. 
Each licensee of an amateur station must 

keep an accurate log of station operation, 
name of person operating the transmitter, 
with statement as to the nature of transmis-
sion. The call letters of the station, the 
input power to the stage which feeds the 
antenna, the frequency band used, the loca-
tion of the station if portable operation is 
used, must all be entered in the station log. 
A copy of each message sent and received 

must be kept on file for at least one year. 
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ACHIEVEMENTS 

g 

ASK 
YOUR 
JOBBER 

The success of constant effort on the part of Astatic Engineers to improve performance, 
flexibility and design of Crystal Microphones and Pickups is evidenced in the new 
products now being introduced. Wide-range reproduction, quality workmanship, 
sturdy construction, attractive designs and low price make Astatic Microphones and 
Pickups popular the world over. 

New Acorn Model T-3 Microphone 
Praised for Beauty, Flexibility and Performance 

Pride of Astatic's 1938 line. An all-purpose instrument of the 
highest type, relatively low in cost, to meet the exacting de-
mands in public address, broadcasting, recording and ama-
teur fields. By tilting the head upon swivel mount, acoustic 
feedback is easily controlled and the pickup made either direc-
tional or non-directional, as desired. New crystal assembly 
offers improved frequency response over previous single dia-
phragm types. Complete with interchangeable plug and 
socket connector. Furnished with 8- ft. one-wire cable. 25-ft. 
and 50-ft. lengths available. Polished chromium finish. 

LIST $2 e no Fully 
PRICE • Guaranteed 

Streamlined Pickup 
Tru -Tan Model 0-7 

Asiatic Off-
set Head re-
duces track-
ing error to 
a minimum. 

Address 
Dept. IV-2 

Quality reproduction and 
beauty of design make this an 
ideai instrument for modern 
amplifier and radio phonograph 
combinations. Streamlined 9" 
pickup arm designed with Off-
set Head for records to 12". 

Axial Cushioning 
reduces motor noise 
and speaker-pickup 
feedback. Standard 
black or special 
finish. 

LIST PRICE 

$12.00 

Unique Grip-To-Talk 
MICROPHONE 
Model CD-104 
Here is an ideal speech 
range microphone designed 
by Astatic Engineers for 
air-way ground stations, 
inter-office, inter-factory, 
—taacrteur and similar corn-
1.,unicating systems. 
Unique, grip-operated 
switch, attached to stand-
ard, cuts microphone in or 
out. Frequency response 
especially appropriate. 
Heavily chrome plated 
with black base. Complete 
with 8- ft. cable. 

LIST PRICE $27.50 

ASTATIC MICROPHONE LABORATORY,Inc.YOUNGSTOWN.O. 
Pima, 'fre Wine» et ,2ccaeity CAI/4W cruceactl 

Licensed under Brush Development Company Patents 

Write 
for 

Literature 
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This information must be available on re-
quest by authorized representatives of the 
Government of the United States. 

• Distress Signals 

The International Distress Signal is 
. . . — — — . . . (three dots, three dashes, 
three dots). The distress signal is not SOS; 
it is an easily recognized group of characters 
of three dots, three dashes, three dots. For 
radiotelephony distress calls the signal is 
MAYDAY. All communication must cease 
when a distress call is heard. Communica-
tion must not be resumed until it has been 
definitely determined that all is clear again. 
When you hear a distress call, notify the 
nearest source from which aid can be se-
cured. 

It is unlawful to send fraudulent signals 
of distress or communications relating 
thereto; to maliciously interfere with any 
other radio communication. Distress calls 
have precedence over all others. Minimum 
power must be used to effect reliable com-
munication. The use of profane language is 
Prohibited. The contents or meaning of a 
message must be kept secret, except to an 
authorized agency which takes part in the 
forwarding of the message, or to the ad-
dressee or his agent, or upon the demand of 
a court of competent jurisdiction or au-
thority. 

Secrecy provisions do not apply to broad-

casts for public use, or to distress calls. In 
the event of a national emergency the station 
can be ordered closed. 

In the event of an emergency an amateur 
station is permitted to communicate with sta-
tions other than amateur. 
The penalty for violation of the provisions 

of the Communications Act of 1934 is $10,-
000, or imprisonment not to exceed 2 years, 
or both, for each offense. The operator's 
license is liable to suspension for 2 years if 
a conviction is secured. The station license 
can also be revoked. 

For violation of any of the regulations of 
the Federal Communications Commission a 
fine not to exceed $500 can be imposed for 
each day of such offense. If the convicted 
person is a licensed operator his license can 
be suspended for a period not to exceed two 
years. The station license can also be re-
voked. The penalty for not keeping a sta-
tion log is the same as related above. For 
malicious intereference with distress com-
munications the maximum penalty of $10,000 
and 2 years can be imposed. For malicious 
interference with other than distress com-
munications the license can be suspended for 
up to 2 years. An amateur who accepts 
material compensation for any services ren-
dered by his station is subject to a fine of 
not more than $500 for each day of such 
offense. His license can also be suspended 
for as long as 2 years. 

Rules of the Board of Underwriters 
• Reeelving-StatIons 

Owners of insured residences and build-
ings are compelled to comply with the fol-
lowing Underwriter's rules: 

a—Outdoor antenna and counterpoise con-
ductor sizes shall not be less than no. 14 
if copper or no. 17 if of bronze or copper-
clad steel. Antenna and counterpoise con-
ductors outside of buildings shall be kept 
well away from all electric light and power 
wires or any circuit of more than 600 volts, 
and from railway, trolley or feeder wires. 
so as to avoid the possibility of contact be-
tween the antenna or counterpoise and such 
wires under accidental conditions. 
b—Antenna and counterpoise where placed 

in proximity to electric light or power wires 
of less than 600 volts, or signal wires, shall 
be constructed and installed in a strong and 
durable manner, and shall be so located and 
provided with suitable clearances to pre-

vent accidental contact with such wires by 
sagging or swinging. 
c—Splices and joints in the antenna span 

shall be soldered unless made with approved 
splicing devices. 
d—The preceding paragraphs a, b, and c, 

shall not apply to power circuits used as 
receiving antenna, but the devices used to 
connect the light and power wires to radio 
receiving sets shall be of approved type. 
e—Lead-in conductors, that is, conductors 

from outdoor antennas to protective devices. 
shall be of copper, approved copper-clad 
steel or other metal which will not corrode 
excessively and in no case shall they be 
smaller than No. 14, except that bronze or 
copper-clad steel not less than No. 17 may 
be used. 
f—Lead-in conductors from the antenna to 

the first building attachment shall conform 
to the requirements for antennas similarly 
located. Lead-in conductors from the first 
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building attachment to the building entrance 
shall, except as specified in the following 
paragraph, be installed and maintained so 
that they cannot swing closer to open supply 
conductors than the following distances: 

Supply wires 0 to 600 volts 2 feet 

Supply wires exceeding 600 volts. . 10 feet 
Where all conductors involved are supported 
so as to secure a permanent separation and 
the supply wires do not exceed 150 volts 
to ground, the clearance may be reduced to 
not less than 4 inches. Lead-in conductors 
on the outside of buildings shall not come 
nearer than the clearances specified above 
to electric light and power wires unless 
separated therefrom by a continuous and 
firmly fixed non-conductor which will main-
tain permanent separation. The non-con-
ductor shall be in addition to any insulating 
covering on the wire. 

g—Each lead-in conductor from an out-
door antenna shall be provided with an 
approved protective device (lightning ar-
rester) which will operate at a voltage of 
500 volts or less, properly constructed and 
located either inside the building at some 
point between the entrance and the set which 
is convenient to a ground, or outside the 
building as near as practicable to the point 
of entrance. The protector shall not be 
placed in the immediate vicinity of easily 
ignitable material, or where exposed to 
inflammable gases or dust or flyings of corn-
ustible materials. 

h—The grounding conductor from the 
protective device may be bare and shall be 
of copper, bronze or approved copper-clad 
steel, and if entirely outdoors shall not be 
smaller than No. 14 if of copper nor smaller 
than No. 17 if of bronze or copper-clad 
steel. If wholly indoors or with not more 
than ten feet outdoors it need not be larger 
than No. 18. The protective grounding con-
ductor shall be run in as straight a line 
as possible from the protective device to a 
good permanent ground. The ground con-
nections shall be made to a cold-water pipe 
where such pipe is available and is in service 
connected to the street mains. An outlet 
pipe from a water tank fed from a street 
main or a well may be used, providing such 
outlet pipe is adequately bonded to the inlet 
pipe connected to the street water main or 
well. If water pipes are not available, 
ground connections may be made to a 
grounded steel frame of a building or to a 
grounding electrode, such as a galvanized 
pipe or rod driven into permanently damp 
earth or tri a metal plate or other body of 

I'LL SEND YOU A 
RADIO LESSON 
and nzy 

BOOK 

FREE! 
Make $15, $20, $25 a Week Spare Time, 

Then $35 to $60 a Week Full Time 

I'LL show you right away how 
I train men at home to make 

good money in Radio; I'll send 
you my famous book "More 
Money in Radio", and one of my 
unique "Business Builder" Les. 
sons that show where the jobs 
are, how to get them, and how 
to handle them. 

AN IDEAL COURSE FOR "HAMS" 

Learn Radio from the first prin-
ciples of electricity to the latest 
in electronics. Get special in-
struction in code, if you want it. 
Build your own transmitter and 
eceiver according to sound meth-

ods. and with the most recent 
improvements. Aside from the 
pleasure of doing it, you'll be fit-
ting yourself for a good job—in 
any one of Radio% numerous 
branches. Many former amateurs 
are making real money in Radio 
today. The amateur has a real 
head-start, and can become an 
expert quickly. 

$175 A Month 
Meet my st" 
dent Joseph 
Arizabalo who 
says: "Now I'm 
in charge of the 
repair depart-
ment of a big 
distributor — a 
permanent job. 
Thanks to your 
course, which 
was interesting 
and easy to 
understand. I'm 
making $175 a 
month." 

PROFESSIONAL EQUIPMENT SENT 
As I train you, I send you full pro-
fessional Radio equipment: Big Tool 
Kit. Genuine Triplett Tester. Com-
plete Set of Rider Manuals. Repair 
and Replacement Parts—practically a 
complete Radio shop' 

SERVICEMEN'S COURSE 
If you are already in the Radio 
Service business. I have what you 
need to get the better Jobs: A 
new 45- lesson practical course in 
Radio repair work that puts you 
ahead of your competitors. Men 
taking this course report greatly 
increased income. You can have 
it on terms AS LOW AS $3 PER 
M.ONTII. Get complete farts about 
both courses in my free book 

''More Money in 
Radio"—see how 
I train YOU from 
,he free lesson 
also pent. Write 
to me for corn-
nlete facts and 
free !reeks TO-
DAY — 
F. L. Sprayberry 

Precident. 

SPRAYBERRY 
ACADEMY OF RADIO 

70 UNIVERSITY PLACE, N. W. WASH., D. C. 
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AMERICA'S MOST COMPLETE LINE OF COMMUNICATIONS RECEIVERS! 

There's a precision-engi-
neered Hallicrafters Receiver 
for every amateur or short 
wave listener, whether he's 
just a beginner on the air or 
an "Old Timer" who is play-

in(' with 5 metens, aad what-
ever the state of his purse! 

All PlbIllaeltere Reeeteete Wrtto l Illeidtatod booklet Ilalltotoltero Roc ,,,,, are 
oreaélabieonitberaiiitnepev. 21biortetoo the Ilelb 16 d by br A mod 
meat. lbtoogh Toe: deal*, crafters Lute liaeoltme. 

AMERICA'S LEADING MANUFACTURER OF COMMUNICATIONS RECEIVERS 

2613 INDIANA AVENUE, CHICAGO, U. S. A. • CABLE ADDRESS - Hallicraft" CHICAGO 
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It desired, a separate operating grounding 
connection and ground may be used. This 
operating grounding conductor may be either 
bare or provided with an insulated covering. 
k—Wires inside buildings shall be securely 

fastened in a workman-like manner and 
except as provided in paragraph m of this 
section shall not come nearer than two 
inches to any electric light or power wire 
not in conduit unless separated therefrom 
by some continuous and firmly fixed non-
conductor, such as porcelain tubes or 
approved flexible tubing, making a perma-
nent separation. This non-conductor shall 
be in addition to any regular insulating 
covering on the wire. 
1—Storage battery leads shall consist of 

conductors having approved rubber insula-
tion. The circuit from a filament "A," 
storage battery of more than 20 ampere-
hours capacity, NEMA rating, shall be 
properly protected by a fuse or circuit-
breaker rated at not more than 5 amperes. 
The circuit from a plate, "B," storage bat-
tery or power supply shall be properly pro-
tected by a fuse. 

• Transmitting Stations 

The following paragraphs apply to ama-
teur stations only: 

a—Antenna and counterpoise conductors 
outside buildings shall be kept well away 
from all electric light or power wires or 
any circuit of more than 600 volts, and from 
railway, trolley or feeder wires, so as to 
avoid the possibility of contact between the 
antenna or counterpoise and such wires 
under accidental conditions. Antenna and 
counterpoise conductors when placed in 
proximity to electric light or power wires 
of less than 600 volts, or signal wires, shall 
be constructed and installed in a strong and 
durable manner, and shall be so located and 
provided with suitable clearances as to pre-
vent accidental contact with such wires by 
sagging or swinging. 

b—Antenna conductor sizes shall not be 
less than given in the following table: 

c—Splices and joints in the antenna and 
counterpoise span shall be soldered joints 
unless made with approved splicing devices. 
d—Lead-in conductors shall be of copper, 

bronze, approved copper-clad steel or other 
metal which will not corrode excessively 
and in no case shall be smaller than No. 14. 
e—Antenna and counterpoise conductors 

and wires leading therefrom to ground 
switch, where attached to buildings, shall be 
firmly mounted five inches clear of the sur-
face of the building, on a non-absorptive 
insulating support, such as treated pins or 
brackets, equipped with insulators having 
not less than five inches creepage and air-
gap distance to inflammable or conducting 
material, except that the creepage and air-
gap for continuous wave sets of 1,000 watts 
and less input to the transmitter shall not 
be less than 3 inches. 
f—In passing the antenna or counterpoise 

lead-in into the building, a tube slanting 
upward toward the inside -or a bushing of 
non-absorptive insulating material shall be 
used, and shall be so insulated as to have 
a creepage and air-gap distance in the case 
of continuous wave sets of 1,000 watts and 
less input to the transmitter, not less than 
three inches, and in other cases not less 
than five inches. Fragile insulators shall 
be protected where exposed to mechanical 
injury. A drilled window pane may be 
used in place of a bushing, provided the 
creepage and air-gap distance, as specified 
above, are maintained. 
g—Adequate lightning protection either 

in the form of a grounding switch or suit-
able lightning arrester shall be provided. 
The grounding conductor for such protection 
shall be at least as large as the lead-in 
and in no case smaller than no. 14 copper, 
bronze, or approved copper-clad steel. The 
protective grounding conductor need not 
have an insulating covering or be mounted 
on insulating supports. The protective 
grounding conductor shall be run in as 
straight a line as possible to a good, per-
manent ground suitable for the purpose. 
The protective grounding conductor shall be 

Material 

Soft copper   
.Medium drawn copper   
Hard drawn copper  
Bronze or copper-clad steel.. 

Stations to which power 
supplied is less than 100 
watts and voltage of 
power is less than 400 v. 

Stations to which power 
;upplied is more than 100 
watts or voltage of power 
is more than 400 volts 

No. 14 
No. 14 
No. 14 
No. 14 

No. 7 
No. 8 
No. 10 
No. 12 
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32 NEWEST KITS! 
See the great section of Build-

Your-Own kits of every type, front a 
Beginner's 1 Tube set to a 14 Tube 
All- Wave Superhet. These kits have 
been built by thousands with perfect 
results. Complete, easy-to-read wir-
ing diagrams ace supplied with each 
ALLIED Lit. You need only a sol-
dering iron, a screwdriver, and a pair 
of pliers to assemble one of these 
sets in a few heurs of enjoyable work. 

26 AMATEUR RECEIVERS! 
The finest, most complete array of 

Amateur Receivers you've ever seen. 
New RCA 111. new Hallirrafters mod-
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cations type set built by the leading 
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Ham equipment in kit forro. More 
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at ALLIED because ALLIED'S stocks 
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fastest. ALLIED'S prices are always 
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LATEST TRANSMITTERS! 
See the fittest selection of Amateur 

Equipment ever assembled in one 
great book. The new Add- A-Unit 
Amateur Transmitter—designed so you 
can begin with the 80 watt CW unit 
and add other units at any time until 
you have a complete 400 watt CW-
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FREE PARTS LISTS FOR RADIO BUILDERS 
Here's an exclusifs' ALLIED service! We can supply matched kits of parts 

for building any circuit described in any radio publication. We'll be glad to 
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protected where exposed to mechanical in-
jury. 
h—The operating grounding conductor 

where used shall be of copper strip not less 
than 3 inch wide by ei inch thick, or of 
copper, bronze or approved copper-clad 
steel having a periphery, or girth, of at least 
el inch, such as no. 2 wire, and shall be 
firmly secured in place throughout its 
length. 
i—The operating grounding conductor 

shall be bonded to a good, permanent 
ground. Preference shall be given to water 
piping. Other permissible grounds are 
grounded steel frames of buildings or other 
grounded metal work in the building, and 
artificial grounding devices such as driven 
pipes, rods, plates, cones, etc. Gas piping 
shall not be used for the ground. 
j—The transmitter shall be enclosed in a 

metal frame, or grill, or separated from 
operating space by a barrièr or other equiva-
lent means, all metallic parts of which are 
effectually connected to ground. 
k—All external metallic handles and con-

trols accessible to the operating personnel 
shall he effectually grounded. 
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No circuit in excess of 150 volts should 
have any parts exposed to direct contact. 
A complete dead-front type of switchboard 
is preferred. 
I—All access doors shall be provided with 

interlocks which will disconnect all voltages 
in excess of 750 volts when any access door 
is opened. 
m—Under the conditions noted in para-

graphs 1 and 2, below, wiring may be 
grouped in the same conduit armored cable, 
electrical metallic tubing, metal raceway, 
pull-box, junction box or cabinet. 

1. When power-supply wires are intro-
duced solely for supplying power to the 
equipment to which the other wires are 
connected. 

2. Wires other than power-supply wires 
run in conduit, armored cable, electrical 
metallic tubing, metal raceways, pull-box, 
junction box or cabinet with power supply 
wires are insulated individually or collec-
tively in groups by insulation at least equiva-
lent to that on the power-supply wires or 
the power and other wires are separated by 
a lead sheath or other continuous metallic 
sheathing. 

An alphabetical glossary of words and phrases commonly used ,to 
describe the operation of television equipment. 

(Courtesy. Electronics and Farnsworth Television, Inc.. of Penna.) 

Aperture distortion: D.C. Video Component: 
A loss of image definition due to the finite The part of the video signal due to the 

average steady back-ground illumination of 
the scene being transmitted is called the d.c. 
Component of the video signal. 
Direct Pickup: 
The process of televising scenes or objects 

directly from life as contrasted with the 
transmission of film subjects. 

Electron Multiplier: 
A video amplifier tube in which amplifica-

tion of the original electron emission (either 
photo-electric or thermionic) is obtained by 
bombarding the emitted electrons against 
one or more secondary-emissive surfaces. 
Even-line Interlace: 
An interlaced scanning field in which the 

number of lines scanned during each frame is 
an even integer. 
Field Frequency (R.M.A.): 
The field frequency is the number of times 

per second the field area is fractionally 
scanned in interlaced scanning. 
Field Frequency Blanking Impulse: 
A square topped impulse transmitted at 

the end of each vertical scansion of the pic-
ture field for the purpose of erasing the re-

width of the scanning aperture, the height 
of the aperture being equivalent to the height 
of one scanning line. 
Aspect Ratio: 
The numerical ratio of the width to the 

height of the picture frame area. 

Automatic Background Control: 
A method of automatically adjusting the 

background illumination of the cathode-ray 
reproducer by modulating the cathode-ray 
intensity with the d.c. component of the 
video signal. 
Black Control: 
A name sometimes used for Automatic 

Background Control. 

Composite Television Signal 
(R.M.A.): 
By a composite television signal is meant 

a signal in which the combined video, blank-
ing, and synchronizing signals are present. 

Consecutive Scanning: 
A method of television image scanning in 

which the field-frequency and the frame-fre-
quency are identical. 
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W 1TH ilaminarlund precision products in your 

receiver or transmitter, you are thoroughly 
assured of dependable service for superior results! 
Since 1911—when Hammarlund products were intro-
duced — engineers, professionals, amateurs, set 
builders, and experimenters in every corner of the 
world have developed and built their equipment ex-
clusively with Hammarlund products—products that 
insure smooth sailing performance! 
Hammarlund today manufactures over 500 preci-

sion products, among which are standard, midget 
and micro variable condensers; trimming and pad-
ding condensers; plug-in coils; coil forms; Isolantite 
sockets: I. F. transformers; R. F. Chokes; couplings: 
shields; professional "Super-Pro" and "Comet Pro" 
receivers, and special laboratory equipment for 
ultra-high frequency and high frequency receiving 
and transmitting. Above are Illustrated the famous 
coil forms (SWK and SWF) using the special low 
loss natural colored XP-58 dielectric with its un-
usually low power factor, rugged structure and 
extreme durability. The "MC" condensers use 
Isolantite insulation, noiseless silver plated Beryllium 

wiping contact, wide split type 
rear bearing, cadmium plated 
brass plates, etc. The "HF" 

micro condensers. ideal for tuning or trimming high 
frequency circuits, also use cadmium plated soldered 
brass plates. Isolantite insulation, wide front bear-
ing, etc. 

For best results use Hammarlund. and to be sure 
you get a genuine Hammarlund product, look for 
the name HAMMARLUND stamped ou every prod-
uct! Mail coupon below for new catalog with C0111-
plete details on all Hammarlund products. 

MAIL THIS COUPON 

HAMMARLUND MFG. CO.. INC. 
424-498 West 33rd St.. N. Y. C. 

Please send new catalog. 

Name   

Address 

City  State 
RAH-38 

FinnininnLunD 
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trace path of the cathode ray spot at the 
television receiver. 

Field Distortion: 
Distortion of the shape or proportions of 

objects in the television image due to non-
uniform velocity of the scanning spot, or de-
parture from a rectilinear shape of scanning 
field. 

Field Frequency Synchronizing 
Impulse: 

A square topped impulse transmitted at 
the end of each vertical scansion of the pic-
ture field for the purpose of keeping the 
vertical scanning generator at the receiver 
in step with the transmitter. 

Frame Frequency (R.M.A.): 
The frame frequency is the number of 

times per second the frame area is com-
pletely scanned in interlaced scanning. 

Frame: 
A single complete picture. 

Horizontal Scanning Frequency: 
Synonym for "Line Frequency." 

Horizontal Blanking Impulse: 
Synonym for "Line Frequency Blanking 

Impulse." 

Ghost Image: 
A spurious image usually displaced in 

phase from the main image and having the 
same or opposite polarity as the main image. 
(E.g. The signals generated during the re-
trace time of the television camera scan-
ning produce a ghost image signal which is 
subsequently erased by the blanking signals.) 

Iconoscope: 
An electronic television camera tube in 

which an insulated photo-electric mosaic 
plate is scanned with a cathode ray beam so 
that the positive charges thereon are neutral-
ized and the resulting discharge currents 
constitute a video signal. 

Image Dissector: 
A television camera tube in which an elec-

tron image which corresponds to the optical 
image of the scene being televised is made 
to move with respect to a fixed scanning 
aperture in such a way that the electrons 
so collected constitute a video signal current. 

Interlaced Scanning Field: 
A unidirectional rectilinear scanning field 

in which the field frequency is an integral 
multiple of the frame frequency and in which 
the lines traced on each fractional scansion 
of the picture area are made to fall evenly 
between those of each previous fractional 

RADIO 
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scansion so as to completely scan each pic-
ture frame. 
Interlace Ratio: 
The numerical ratio of the field frequency 

to the frame frequency is called the interlace 
ratio. 
Keystone Distortion: 
An optical or electrical distortion whereby 

the picture field assumes a trapezoidal rather 
than rectangular shape. 
Kinescope: 
An electrostatically focused cathode ray 

television receiver tube. 

Line Frequency (R.M.A.): 
The line frequency is the frequency of the 

saw tooth wave used for scanning in the 
horizontal direction and is numerically equal 
to the number of lines scanned per second. 
Line Frequency Synchronizing 

Impulse: 
A square topped impulse transmitted at 

the end of each scanning line to keep the 
horizontal scanning generator at the receiver 
in step with the horizontal generator at the 
transmitter. 

Line Frequency Blanking Impulse: 
A square-topped impulse transmitted at 

the end of each scanning line for the purpose 
of erasing the return trace of the cathode-
ray spot on the television receiver tube. 

Master Pulse Generator: 
A central unit used at the television studio 

to provide all blanking and synchronizing 
signals both for the transmitter and the re-
ceiver. 

Magnetic Deflection: 
The method of imparting lateral or ver-

tical motion to the cathode-ray spot by 
means of the field produced by a coil through 
which the sawtooth scanning current is 
made to flow. 

Magnetic Focus Coil: 
A D.C. solenoid placed over the neck of 

an oscillight tube for the purpose of con-
centrating the stream of electrons emitted 
by the cathode-ray gun into a fine spot on 
the cathode-ray screen. 

Muitipactor: 
A cold-cathode secondary-emission multi-

plier tube. 

Negative Polarity of Transmission: 
The polarity of transmission is said to be 

negative when a decrease in initial light in-
tensity results in an increase in the radiated 
r.f. power. 

Negative Picture: 
The image produced when a video signal 



of reversed polarity is applied to the grid of 
the cathode-ray receiver tube. 

Odd-Line Interlace: 
An interlaced scanning field in which an 

odd number of lines is scanned during each 
picture frame. 

Optical Focus: 
The focussing of the optical image on the 

light sensitive cathode of an image dissector 
as distinguished from the electrical focussing 
of the electron image produced within the 
tube. 

Oscillight: 
A magnetically-focused cathode-ray tele-

vision reproducer tube. 

"Pairing-0 ff" : 
Expression used to describe the condition 

of an interlaced scanning field when the lines 
traced on succeeding fractional scansions 
are not evenly spaced but are distributed 
in pairs. 

Positive Polarity of Transmission: 
The polarity of transmission is said to be 

positive when an increase in initial light in-
tensity results in an increase in the radiated 
r.f. power. 

Picture Element: 
A picture element is the smallest subdivi-

sion of the picture area defined in the proc-
ess of scanning. 

"Rain": 
Expression used to describe the effect on 

the television image of a poor signal-to-
noise-ratio. Under such conditions thermal 
agitation and shot-noise produce on effect 
similar to the appearance of "rain" on the 
television image. 

Retrace Time. 
The time which elapses between the end 

of one vertical scansion of the picture field 
and the start of the next vertical scansion 
or the time elapsing between the ending of 
one scanning line and the starting of the next 
consecutive line. 

R. F. Television Signal: 
The signal resulting from modulation of 

the r.f. picture carrier by the composite tele-
vision signal. 

Scanning: 
The process of analyzing in a predeter-

mined manner an optical image having the 
dimensions width, height, and intensity for 
the purpose of obtaining an electrical am-
plitude-time function representative of the 
illumination intensity of each elementary 
area of the original image. The amplitude-
time function thus obtained constitutes a 
video signal. 

niELAY 
iA twee 

These GUARDIAN 
Relays are built and 
engineered for ra-
dio transmission in 
the amateur field 
where size, current 
drain, ease of wir-
ing and mounting 
are of utmost im-
portance. 

KEYING RELAYS 

Model K-100, net $3.30 

BREAK-IN 
RELAYS 

Model B-100, net $4.50 

OVERLOAD 
RELAYS 

Model L-250, 
(250 ma.) net $4.50 

Model L-500, 
(500 ma.) net 4.50 

Model X-100, adjust-
able Overload Re-
lay ( 150 to 500 ma.) 

Net $7.20 

TIME DELAY 
RELAYS 

Model T-100, net $9.00 

FOR BAND SWITCHING 
AND HIGH VOLTAGE 

KEYING 

R-100 is used in sound trans-
mitter tuning circuits to I KW 
and 14 megacycles, on all cir-
cuits to .5 KW, for shorting coil 
turns, adding condensers, 
switching crystals, etc. May 
also be used in conjunction with 
high voltage keying rigs. 

R-100 contacts are single pole, 
single throw, normally open. 
Coil wound for 110 volts. Very 
low capacity between contacts, 
and contacts and ground. Self 
insulated. Easily mounted on 
panel, requiring but two holes. 
Solder lug type terminals, tinned 
phosphor bronze contact springs, 
insulated by Triple-X bakelite. 
List $2.50. 

R-100-C identical with R-100, but 
has single pole, double throw 
contacts. List $3.00. 

RELAYS by GUARDIAN 
perform perfectly in the 

CIRCUIT DIAGRAMS 
shown in this book 

WRITE TODAY 

for FREE BULLETINS 

and CIRCUIT DIAGRAMS 

Address Dept. H 

GUARDIAL,G-. ELECTRIC 
wA,_NUT STREET CHIC C, ILLINOIS 
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Scanning Interference: 
The effect produced on the television 

image by cross-talk between the video and 
scanning circuits. 
Scanning Field: 
The area traversed by the scanning spot 

either in dissecting or reproducing the tele-
vision image. 
Synchronization: 
The process of keeping the scanning gen-

erators at the receiver in step with the scan-
ning generators feeding the television 
camera. 

Scanning Generator: 
A vacuum tube circuit used to generate 

the sawtooth waves used for the electrical 
scanning of a television camera tube or a 

HRI1OBOOK 

cathode-ray reproducer tube. 
Telecine Transmission: 
The process of transmitting motion-picture 

film subjects by television. 

l'ertical Blanking Impulse: 
Synonym for "Field Frequency Synchron-

izing Impulse." 

Vertical Synchronizing lin pulse: 
Synonym for "Field Frequency Synchron-

izing Impulse." 

Vertical Scanning Generator: 
Synonym for "Field Frequency Scanning 

Generator." 
Video Signal: 
The video signal is the signal generated 

by the television camera in the process of 
scanning the image being transmitted. 

Handy Workshop Kinks 
• To:Resharpen Old Files 

Wash the files in warm potash water to 
remove the grease and dirt, then wash in 
warm water and dry by heat. Put one and 
one-half pints warm water in a wooden 
vessel, put in the files, add three ounces 
blue vitriol finely powdered, three ounces 
borax. Mix well anl _turn the files so that 
every one may come in contact with the 
mixture. Add ten and one-half ounces sul-
phuric acid and one-half ounce cider vinegar. 
Remove the files after a short time, dry, 
rub with olive oil, wrap in porous paper. 
Coarse files should be kept in the mixture 
for a longer time than fine ones. 

• File Lubricant 

When filing aluminum, dural, etc., the file 
should be oiled or rubbed in chalk, but will 
cut slower than with no lubricant. How-
ever, the file will last much longer. 

• Screw Lubricant 

Put hard soap on lag screws, wood screws, 
or any screw for wood. It will surprise you 
how much easier they will turn in, and 
prevent or at least reduce splitting. 

• Drilling Glass 

This is done very readily with a common 
drill by using a mixture of turpentine and 
camphor. When the point of the drill has 
come through it should be taken out and 
the hole worked through with the point of 
a three cornered file, having the edges 
ground sharp. Use the corners of the file, 

scraping the glass rather than using the file 
as a reamer. Great care must be taken not 
to crack the glass or flake off parts of it in 
finishing the hole after the point of the drill 
has come through. Use the mixture freely 
during the drilling and scraping. The above 
mixture will be found very useful in drill-
ing hard cast iron. 

• Etching Solution 

Add three parts nitric acid to one part 
muriatic acid. Cover the piece to be etched 
with beeswax. This can be done by heating 
the piece in a gas or alcohol flame and rub-
bing the wax over the surface. Use a sharp 
steel point or hard lead pencil point as a 
stylus. A pointed glass dropper can be used 
to put the solution at the place needed. 
After the solution foams for two or three 
minutes, remove with blotting paper and put 
oil in the piece and then heat and remove 
the wax. 

• Annealing Brass 
or Copper 

In working brass or copper, it will become 
hard and if hammered to any great extent 
will split. To prevent cracking or splitting, 
the piece must be heated to a dull red heat 
and plunged into cold water; this will soften 
it so it can be worked easily. Be careful 
not to heat brass too hot, or it will fall to 
pieces. 

• To Clean Copper 

Prepare a strong soda or potash lye solu-
tion by adding about a pound of lye to a pail 



with the best in radio 
n DISCRIMINATING LOT — these 
n. Wholesale customers. Not the kind to 
vhom radio is just a fad. They are experts, 
nany of them filling important posts on the 
1c:lion's networks ... many more operating 
'ham" stations of their own from coast to 
:oast—skilled radio technicians, "in the 
cnow". 

Too far advanced, these fellows, to work 
with ordinary equipment — they demand 
xnd get from Wholesale — precision parts 
from the top-notch manufacturers in radio. 
Too busy, these men, to wait for ordinary 
ielivery they demand and get from Whole-
sale "lightning service". Too wise, to pay 
any price — they demand and get from 
Wholesale rock-bottom economy prices. 

Take advantage of all that Wholesale has 
to offer the radio expert. You know that 
when you buy "Wholesale" your equip-
ment is the most dependable that can be 
bought, and nowhere can it be bought for 
less. 

wiaast. rest reue. 

Send lor big FREE 1938 Radio Catalog. You will see, 

in detail, many of the 50,000 items from Wholesale's 

complete stocks. It will tell you how Wholesale's 

EASY TIME PAYMENT PLAN helps you get the 

equipment you want without waiting. 

It will spread before you a complete array of Public 

Address amplifiers and systems, 70 models of Lafay-

ette Radio Receivers, nationally advertised "Ham" 

apparatus, tubes, parts, etc. If you haven't got a copy, 

send now for the latest Wholesale Catalog No. 688. 

111110USEg 1111[110 glIVIU CO • C. 
NEWYORK,N.Y. CHICAGO,ILL. ATLANTA, GA. 
100 SIXTH AVENUE 901 W. JACKSON BLVD. 430 W. PEACHTREE ST., N. W. 

BOSTON, MASS. BRONX, N. Y. NEWARK, N. J. JAMAICA, L. I. 
110 FEDERAL STREET 542 E. FORDHAM RD. 219 CENTRAL AVENUE 90-08 • 166th STREET 
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of boiling water. Dip the metal or apply 
this solution with a brush, scrubbing well. 
Then rinse or wash with plain hot water NUMBERED DRILL SIZES 
and finally with cold water. Correct 

Drill Diameter Clears for Tapping 
• To Protect Brass Nimbi', (in.) Screw Steel or Brass* 

irom Tarnish 1  228 — 
2  221 12-24 • 

Thoroughly cleanse and remove the last 
3   trace of grease, by the use of potash and 213 — 14-24 

water. The brass must be carefully rinsed 4  209 12-20 — 
with water and dried; but in doing it, care 5  205 — 
must be taken not to handle any portion with 6  204 — 
the bare hands nor anything else that is 7  201 — — 
greasy. The preservative varnish is made 8  199 — — 
by mixing two parts of shellac to nine parts 9  196 — — 
of alcohol. Put on with a brush as thin and 10  193 10-32 
smooth as possible. 11  191 10-24 

• To Color Brass 12  189 — 
a Steel Blue 13  185 — 

14  182 
Dissolve three drams antimony sulphite 

and four ounces calcined soda in one and 15  180 
one-half pints water. To this add five and 16  177 — 12-24 

one-half drams Kermes. Filter and mix this 17  173 
solution with five and one-half drams tartar, 18  169 8-32 — 
eleven drams sodium hyposulphate, and one 19  166 — 12-20 
and one-half pints water. Polished sheet 20  161 — — 
brass placed in the warm mixture will as- 21  159 10-32 
sume a steel blue color. 22  157 — — 

• To Give Brass 23  154 — ___ 

a Dull Finish 24  152 — _ 
25  149 — 10-24 

Mix one part ( by weight) of iron rust, 26  147 — — 
one part white arsenic, and twelve parts 
hydrochloric acid. Clean the brass thor- 

27  144 — — 

oughly and apply with a brush until the de- 28  140 6-32 — 
sired color is obtained, after which it should 29   .136 — 8-32 
be oiled, dried, and lacquered. 30  128 — — 

31  120 
• Polish for Bakelite 32  116 — — 

and Crackle Finish 33  n3 4-36 4-40 — 

Mix two parts benzine with one part min- 34  111 — — 
eral oil and apply with cloth. Wipe with 35   .110 — 6-32 
dry cloth. This is not a messy polish and 36  106 
does not leave an oily surface. 37  104 

• Inverted Tubes 38  102 — 

39   Surprisingly few amateurs have thought 100 3-48 
of the possibility and desirability of mount- 40  098 — 
ing tubes upside down in their ultra-high 41  096 — — 
frequency rigs. An inverted tube may not 42  093 — 4-36 4-40 
look as well but in most cases shorter leads e;  089 2-56 — 
are the result. A solid mounting can be 44  086 — — 
had by fastening the tube socket face down- 45  082 — 3-48 
ward on two pieces of 3f. wooden dowling. 
By having the tube socket at the same level Use next size larger drill for tapping bakelite 

and similar composition materials (plastics, etc.). 
as the tuning condenser and the tank induct-
ance, much shorter leads can be obtained. 
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"WE GIVE C&S XTALS OUR UNRESERVED 
RECOMMENDATION"—Bowdoin. Kents Island 
CS Xtals are used by the U. S. 
Army, Navy, Commercial, 
Marine, and Police Sta-
tions. 

An %, tOGRXte It • 
A " S l".4•ArleVTiIP1 63rdtin.' 

Lai 

AUG 

119 TElIe Bowie Ue Ism.%) EIREDITIOe  4 
Yea». • VA.1111 

n ABE GREATLY PLEASED WITH OUR G elm s csysTes 
CARL A SCNEIDER 

1RJT ROE BEEN USED EIGLUSIIELY eT OUR el:nos 
SIDI, WE GAN GIYE TREM OUR UNRESERVED RECOVMENDAT 

10e 
YE ONE le PER TROMA5 GROSS 

. .....,.......: 

"‘" .'".« 0":1117APR• 0.• . el6010.1 • W t 

Commercial  and Police Crystals 
at Attractive Prices—Write. 

C AND S CRYSTALS 
836 EAST 

Low drift — Highly 
Active — single fre-
quency—cut from 
optically tested 
Brazilian 
Quartz of 
highest 
quality and 
free of 
needling, 
twin nia g, 
bubbles and 
other defects. 
Fully guaranteed. 

Each C&S 
Xtal tested a 

minimum of 47 times 
during manufacture. 

Expedition 

AMATEUR PRICES 
LOW DRIFT 
40, 80, 160m Mounted $3.50 

80, 160m Unmounted   2.35 
7300-75001re Mounted   3.50 
20m Mounted   5.50 
450-520kc SS IF Mounted  4.75 
C&S Holders   1.30 
For 7/8 in. Xtals. 

Planks supplied to Xtal manufacturers. 

DEALERS WRITE. 

STOCKTON, CALIF. 
WEBER AVE. 

Three choices o selectivity at the flick 
of a knob. Curve A. spells clear, intel-
ligible speech coupled with QRM and 
QRN rejection in phone reception which 
is amazing. Curve C is "broad as a Add to such phenomenal selectivity; super- sensitivity, amplified a.v.c.. Inches, not 
barn" standby, or for modulated 10 meter just degrees of band spread on every hand from 10 to 160, plenty of "heat" on 10, 
transmitters. Curve B is in between— r.f. and a. f. gain controls, variable pitch b.o., 10* or 15- "pert- dynamic" speakers 
actually better selectivity than that of ,,nd—but see your jobber for a demonstration or mall a post card for full details. 
most non- crystal amateur phone receivers. You've prayed for real phone selectivity. Here It Is—at long last. 

McMURCO SILVER CORPORATION, 2900-P South Michigan Blvd., Chicago, III., U.S.A. 

Crystal filters w idened the c.w, 
hands, but after many years the Phone 
HvItv problem seems to have gone froto 

had to ssor,e. For phone 'wept Ion the ,•rystal is only a half-way help, with its 
serious lose of both volume and intelligibility as the price of some increase in 
selectivity. 

The center curve at the left is the answer to phone ()RM. It Is the ideal of 31w. 
(1500 cycle a. f.) Intelligence-conveying admittance band coupled with ideally steep 
miter just outside this band. Not only is it the Ideal, it is here today in the new 
MOMERDO SILVER — 14-15." the variable selectivity of which goes from the ex-
tremes of single signal e.w, code without a crystal to as broad as you'll ever need 
for standby or 10 meters. 
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ACOUSTICAL LEVELS 

Various Noises and 
Orchestral Effects 

Sound Particle NI ovement Sound Power 
Pressure Velocity of Air Intensities Level 

- - --
Dynes per Cm. per Millimeters at Microwatts Deci-
Sq. Cm. Sec. 1,000 Cycles per Sq. Cm. bels 

Threshold 0.000204 0.0000050 2.22 x 10-1 10-n 

0.000363 0.0000089 3.95 x 102 3.165 x 102 ' 5 
0.000645 0.0000158 7.00 x 10-° 102 10 
0.001146 0.0000281 1.25 x 102 3.165 x 102 15 

Whisper 4' from source 0.00204 0.000050 2.22 x 102 102 20 
0.00363 0.000089 3.95 x 102 3.165 x 10-' 25 

Soft Violin 12' from source 0.00645 0.000158 7.00 x 102 102 30 

0.01146 0.000281 1.25 x 10-6 3.165 x 102 35 
0.0204 0.0005 2.22 x 102 10-° 40 
0.036 0.00089 3.95 x 102 3.165 x 10-° 45 

Bell F4 160' from source 0.0645 0.00158 7.00 x 10-° 102 50 

Ordinary Conversation 3' 0.1146 0.00281 1.25 x 10-2 3.165 x 102 55 
from source 0.204 0.0050 2.22 x 102 102 60 

0.363 0.0089 3.95 x 10-2 3.165 x 102 65 
Bell F2 160' from source 0.645 0.0158 7.90 x 102 10-° 70 

1.146 0.281 1.25 x 102 3.165 x 10-' 75 

Full Orchestra 

Bell F4 6' from source 2.04 0.15 2.22 x 102 102 80 
3.63 0.089 3.95 x 102 3.165 x 10-2 85 

6.45 0.158 7.00 x 102 102 90 
11.46 0.281 1.25 x 102 0.3165 95 
20.4 0.5 2.22 x 102 1.0 100 

Bell F2 6' from source 

Thunder 
Hammer 2' from source 

Threshold of pain 

36.3 0.89 3.95 x 10-2 3.165 105 
64.5 1.58 7.00 x 10-2 10.0 110 

114.6 2.81 1.25 x 102 31.65 115 
204 5.0 2.22 x 10-2 100.00 120 
363 8.9 3.95 x 102 316.5 125 

645 15.8 7.00 x 102 1000.0 130 

Cou,trsy, Brush Development Co. 



IN most every ham "shack"—in the 
far-flung corners of the world— 

BUD PRODUCTS will be found. These 
amateurs, like their fellow operators 
in America, lalow that with BUD 
PRODUCTS, they are sure of Preci-
sion, Accuracy and lasting Durability. 

Every BUD PRODUCT before being 
approved by the engineering depart-
ment, is put through a "torture" test 
calling for thousands of hours of lab-
oratory-simulated operating condi-
tions. BUD PRODUCTS are designed 
and tested to perform under the most 
adverse operating conditions. This is 
your assurance that complete satis-
faction will be obtained from BUD 
laboratory-tested products. 

Psst! Here's a practical tip—Bud sells 
for LESS! it all BUD authorized 
jobbers. 

Send for BUD'S big, FREE catalog No. 
1-138—it's yours for the asking! 

RADIO INC. 5205 CEDAR AVE., CLEVELAND, O. 

221PILM 
e 

THE WOW) 
OVER! 

(e: OSCILLATOR • 

1 

-*2101049e1", 
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"Talk flack" Intercommunication System 

6J7 

Simple, "Talk Back" Amplifier System 

The accompanying diagram shows an 
audio amplifier circuit suitable for "talk 
back" interoffice, kitchen call, and other such 
communication. 

Small permanent magnet type dynamic 
loudspeakers are used both as receiving loud-
speakers and microphones by means of a 
"talk-listen" switch located in the amplifier 
circuit, connected in such a manner that 
when one is in the input circuit the other 
is in the output circuit and vice versa. 

The speakers and amplifier have enough 
gain when used as microphones that it is 
not necessary to talk directly into the unit. 
The amplifier has sufficient power output to 
drive one of the speakers hard enough to be 
heard considerable distance if desired. Quite 
good quality is obtained from the units 
when used as microphones, due to the equal-
izing circuit used. 

The amplifier proper "on-off" switch, 
"talk-listen" switch, and the speaker unit 
shown as the upper one in the diagram are 
all located at the "main" station. The "re-
mote" speaker and "push-call" button are 
the only components located at the other 
station. The lead from the grid of the 
input tube to the "talk-listen" switch should 
be shielded for the entire length, as should 
be the wire from the remote speaker. If 
the lead to the remote speaker is not shielded 

6F6 on 

right up to the "talk-listen" switch, there 
may be some hum pickup. If the "local" 
speaker unit is located more than a short 
distance from the amplifier, the lead to it 
too should be shielded. 

The remote speaker-microphone unit and 
associated "push-call" button can be located 
up to several hundred feet from the main 
station. Two remote speakers instead of 
one can be used if desired, the second unit 
being connected in parallel with the remote 
unit shown in the diagram. The voice qual-
ity and gain will suffer slightly, but not 
enough to be serious. The two remote sta-
tions cannot talk to each other in this case: 
they can only talk with the main station. 
Connecting more than two remote speakers 
in the circuit shown is not recommended. 

in the "standby" condition, the filaments 
are left lit and the "talk-listen" switch left 
on "listen." The "on-off" switch is left on 
"off." If the operator wishes to talk to the 
remote station, he turns the switch "on" 
and the "talk-listen" switch to "talk." When 
through talking he turns it to "listen" to 
hear the remarks of the remote station. He 
always turns the switch to "listen" when not 
actually talking. When through with the 
conversation he turns the "on-off" vitch 
"off" and the "talk-listen" "to "listen." 

To call the main station to start a con 



APACITORS 
for the 

IT is mighty reassuring to know that when you need a capacitor, regardless of 
shape, size or type, you can get it from the Cornell-Dubilier authorized distrib-
utor nearest to you. His success depends on the service he renders and the quality 
of merchandise he handles, so naturally he stocks Cornell-Dubilier—the world's most 
complete line of quality capacitors. Behind that line towers the experience of 
twenty-eight years devoted exclusively to condenser manufacturing. Insist on Cor-
nell-Dubilier . and be sure of the best in condensers. 

Internationally famous Mica and DYKANOL capacitors widely used by amateur 
and broadcast stations throughout the wo •1d. Every amateur building a new trans-
mitter or repairing his old rig will do well to use C-D throughout to insure best 
results. Specify the condenser used by the army and navy signal corps! 

Cornell-Dubilier Mica and Dykanol capacitors are today internationally famous. You 
Énd them on the job in amateur and broadcast stations throughout the world. 

The "ham" building a new x-mttr. or repairing the old rig will do well to use C-D. 
Remember, when you specify C-D you get the condenser used by the United States 
Army, Navy and Signal Corps. misp. • 

MICA • DYKANOL • PAPER • WET & DRY ELECTROLYTIC 
Cornell-Dubilier Electric Corp. I 1037 Hamilton Blvd., Plainfield. N. J. 

WORtD'S OLAEST AND LARGEST EXCLUSIVE MANUFACTURER OF CAPACITORS 

CORNELL - DURILIER ELECTRIC CORP. 

South Plainfield, New Jersey 



448 Appendix 

*10 V AC- DC 

6J7 

2526 

200 ORR. LINE 

1222,12012 CORO 

25L6 

400 OHM 

FILTER CWOétE 

6J7 

25L6 

2576 

R2RTERS 

HAnOBOOK 

1 00 

9 

OUTPUT 

ALL GROUNDS ARE 
CHASSIS GROUNDS 

A.c.-d.c. amplifier circuit suitable for any intercommunicating system, 
either the simple "talk- back" type or the more elaborate, multi-station 

selective type system. 

versation, the remote station pushes the 
"push-call' button and calls the main station, 
holding the button down until the operator 
at the main station has a chance to turn 
the "on-off" switch to the "on" position. It 
is then no longer necessary for the remote 
operator to hold the "push-call" button while 
talking. 

With the above arrangement, there is no 
plate voltage applied to the tubes during the 
standby periods, and the tubes will last a 
long time. At night or when the system 
is not in use, the line switch should be turned 
off, thus saving the tube filaments. 
The chokes L should be 20 to 30 hy, 50 

ma. or more. 

Radio Data Charts 
Radio data charts provide designers of 

amateur radio equipment with a ready and 
convenient means of solving problems with-
out having recourse to complicated formula 
and mathematics. 

To use the chart properly and to prevent 
disfiguring the page, simply place a piece of 
tracing paper, celluloid, or waxed paper over 
the scales, then, the index line which inter-
cepts the scales may be drawn with a hard 
pencil and a straight edge. 

The first chart, which is a logarithmic 
alignment nomogram. will solve many prob-
lems encountered in ordinary practice. 

• Voltage Drop 
Calculation in Resistors 

To find the voltage drop for a certain bias 
for a self-biased tube, add three ciphers to 
the value desired, seek this value on scale A; 

next, search for the value which corresponds 
to the plate current (cathode current) on 
the B scale. Now, drawing a line between 
these two points will intersect a point on C; 
this corresponds to the ohmage. Hence, a re-
sistance required to produce 9 volts bias for 
a triode which operates at 3 ma. plate cur-
rent is: on the A scale, 9 plus three ciphers 
equals 9000; on the B scale 3 ma. The ohm-
age 3000, is found on C. 

e Wattage or Heat 
Capacity In Resistors 

To find the power in watts dissipated by a 
certain resistor when ohmage and voltage is 
known, proceed as follows: On C find the 
voltage, on A, the resistance; draw a line 
connecting these two points over to the B 
scale. Next, find the voltage ( for the sec-
ond time) on the A scale and draw a line 
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BIRNBACH 
THE QUALITY NAME IN RADIO 

X'MITTING SOCKETS 
Featuring side wiping contacts. 
Brass, nickel plated shell. Highly 
vitrified, low absorption base. All 
brass hardware. Low prices. 
No. 434. 50 Watt, List ea $1.25 
No. 435. 10 Watt, List ea  .90 

X'MTR LEAD IN INSULATORS 
Made of highly vitrified glazed porcelain. Fea-
ture low absorption. 

Cat. No. List Price 
IctItke. .‘.1 4235 10 inch rod $0.90 

4236 15 inch rod  1.00 
4237 10 inch rod with bushings 1.20 

•Pliggibb 4238 15 inch rod with bushing9 1.50 
4240 Bushing r long %" die  .05 
4241 Bushing le long '4" die  .05 
4242 Bushing U" long N," dia  .05 

BIRNBACH JACKS AND PLUGS 
Feature 

large 

contact area. 
398 3.i., 

Cat. List 
No. Description Pries 
395 Giant Jack ,6" Mtg. Hole $O 25 
396 Giant Plug 10/32 threaded hole  25 
397 Giant Plug U-20 threaded hole  25 
398 Giant Plug 1/4 -28 threaded shank  25 
399 Giant Jack 1/2 " mounting hole  25 
400 Plug 6/32 threaded shank 'a" long  oe 
401 Plug 6/32 threaded hole  07 
403 Jack U" mounting hole  06 

COPPERWELD ANTENNA WIRE 
Stretchlegal Has steel core covered with copper 
and heavily enameled. Low R.F. resistance. 

Gauge 
10 List per 100 ft $2.60 
12 List oer 100 ft  1.80 
14 List per 100 tt  1.25 
Special prices in 250. 500. 1000  2500 
ft. lengths. 

E01 TRANSMISSION CABLE 
Surge Impedance 72 nines. Can use up to 1000 ft. 
with negligible loss. Immune to the elements. 

Ns. 953 1000 ft. coil List 8100.00 
. No. 955 250 ft. reel List 25.00 

Also available in 100 and 500 ft. 
- leneths. 

BIRNBACH ANTENNA INSULATOR 

Unusually strong. Long 
leakage path. 

rat. No. 470 Length 7" List Price Ea. $0.50 
Cat. No. 471 Length le List Price Ea. .70 

1.4 - 111110•311.11 est 

1  

CONE STANDOFF INSULATORS 
01 improved physical and electrical qualities. 
Complete range of heights. 

Cat. 
No. 
430 
431 
4311 
432 
4321 
433 
4331 

List 

1" 
4i," 80.10 

.15 

Price 13 Height 

1" .20 
1U" 

2U" 
1W .25 

.25 

.20Va o 

2%' .50 

FEEDTHRU STANDOFF INSULATORS 

An original Birnbach development. Two pieces. 
Designed and proportioned for maximum 
strength. Brass nickel plated hardware sup-
plied. 

Cat. List 
No. Height Price 
458 ‘4" S0.12 
478 1" .20 
4781 1" .25 
4125 Pe .25 
41251 1,4" .30 
4234 2%° .55 
42341 2%" .00 

BIRNBACH STANDOFF INSULATORS 

Come in fine, properly graduated heights to 
cover every need. Highly vitrified, low absorp-
tion porcelain used throughout. 

Cat. List 
. Height Price 

405 'V $0.065 
966 l .075 
9661 1' .10 
866 114. .12 
8661 1%" .15 
86681 11/4" .35 
4275 2%," .30 
42751 2U" .55 
4450 41/4" .50 
44501 1 '," .75 

A 

INSULATED SCRULOCIC PIN TIP 

Phenolic resin handle, 1" long x 
5/6" dia. Designed for easy inser-
tion of wire. Compact. Colors: 
black, red, green, yellow. 

No. List 
412 Insulated Scrulock Phone Tip $0.12 
407 Insulated Phone riD Jack  is 
406 Insulated Banana Plug Jack  
409 Insulated Solderless Pin 'rip ( era  
415 Insulated Solderless Pin Tip (Jr.)   

.10 

.12 

.12 

1311111BACH RADIO CO 
145 HUDSON ST. 
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from point B through A. The wattage will 
be given on C. See the auxiliary Figure for 
an example. 

If the current instead of the voltage is 
known in the above procedure, the technique 
is as follows: On C find the value of cur-
rent; on A, the resistance. A line drawn 
connecting these points will intercept the 
wattage rating on V. 

• Series Capacity 
Calculations 

To determine the value of any two series-
capacities, find one of the values on C and 
the other on B; draw a line to connect these 
two points; next, odd the values of the ca-
pacities on B, then from this new point, draw 
a line to intersect A. The series value will 
be read on C. 

If three series capacities are to be em-
ployed, the value of any two of them is found 
as above, and then this is treated as a single 
capacity and its value combined with the 

000 
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( A book on ANTENNAS 
Full of facts, and nothing else! urvex, c  

tables, charts, diagrams 

THE "RADIO" ANTENNA HANDBOOK 
1938 edition — To be released early in 1938 

Those who break records learned long ago that 
the antenna is the all-important factor, more im-
portant by far than the receiver used or the 
transmitter's power. 
A million watts won't get far without an antenna, 
but with a good antenna it is possible to trans-
mit over long distances with a fraction of a watt. 
The best factory-built "superhet" won't "drag 
in" much without an antenna. but with a good 
antenna it is possible to hear the world on a 

Antenna Handbook." It was the first compre-
hensive and is still the foremost work on this 
subject. Much of the material can be found in 
no "general" handbook, making the book invalu-
able to you regardless of what books you al-
ready possess. 
It is profusely illustrated; features include many 
diagrams, tables of dimensions for all frequen-
cies (no calculations necessary), dope on all 
practical arrays and directive antennas, noise 

one-tube set, reducing" antennas, and feeders of all types. 
Everything worth telling about antennas is found Several practical multi-band antennas are de-
in this 100 page book. It is the enlarged, revised scribed. 
successor to both the 1937 edition and the "Jones No station is better than its antenna. 

SEVENTY-FIVE CENTS 
in U. S. A. Elsewhere, $0.85 or 32. 6d. 

RADIO TECHNICAL PUBLISHERS • 7460 BEVER! V BLVD.' LOS ANGELES 

.N11 Tr. 
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third by repeating the process, which can be 
carried on indefinitely. 
An example illustrating the method is 

shown in auxiliary figure (b). 
NOTE: Raise the A scale the distance from 

1 to 10 when the reading is beyond the bot-
tom, or by taking a piece of tracing paper 
and tracing the A scale so as to extend it 
another length of 1 to 10. 

• Parallel Resistor 
Calculations 

These are treated exactly as series capaci-
ties, and the above explanation will solve all 
values. 

Fixed Networks 
• "T" and "H" Pads 

The "T" section, which is an unsymmet-
rical network (unbalanced) is most fre-
quently used where small unbalances in the 
line or to ground are of little importance. 
Fixed type networks are chiefly employed in 
circuits where it is desired to limit the 

2R, 

R. 

R, 

"H" Pad. 

2R. 

.*T" Pad 

amount of input voltage available to excite 
amplifiers, thus precluding the possibilities of 
overloading certain components in the am-
plifying system. A resistive network which 
functions as an absorption device loses its 
identity as a "pad" and is most often referred 
to as an "insertion loss," because the section 
has been inserted to attenuate a known and 
definite quantity. 
To design a fixed "T" or "H" type sec-

tion for some predetermined loss in db., the 
following equations are given. These equa-

[RADIO 
HfflIDOOOK 

tions only hold good when the line im-
pedances terminating each end of the net. 
work are equal; therefore where 

Z (K — 1) 
R. — 

2 (K 1) 

R, = 2Z  
(IC— 1) 

Nab 
K = antilog — 

20 
equals the series resistor (this value must 
be multiplied by 2 for "T" sections) ; R,, the 
shunt resistor; Z, the line impedance; and K, 
a constant derived by taking the inserted at-
tenuation in db. and dividing by 20, then 
extracting the antilog. 

• Impedance Matching 

Networks 

At audio frequencies an impedance match-
ing network comprised of resistive imped-
ances can be substituted for an impedance 
matching transformer or like device. Unfor-
tunately, this type of network introduces a 
small loss; however, this loss is of little con-
sequence because it can be counteracted by 
simply working the input or output circuits at 
a higher level. 

R, R 2 

Impedance Matching Network. 

In the above figure it is very important 
that the resistors Ri and 124. be placed cor-
rectly in the configuration, otherwise imped-
ances will be mismatched. 

"L"-Type Network 

In the above figure, resistor Ri must fact. 
the highest terminal impedance. 
To design an impedance matching network 
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JOHNSON for CONDENSERS 
Johnson now otters the most 

complete line of variable trans-
mitting condensers available. Ca• 
pacifies and spacings for every 
transmitter use from the smallest 
portable unit to a "California 
Kilowatt." 

TYPES "C" and "D" 
Types "C" and "D" condensers 

are available in spacings from 
.060" to .5" and in a very com-
prehensive range of capacities. 
The tremendous acceptance ac-
corded these condensers in 1936-
37 has made it possible to reduce 
prices on most sizes despite the 
marked increase in material costs. 
Now more than ever they repre-
sent maximum value per dollar 
cost. 

TYPES "E" and "F" 
The new Types " E" and " F" 

meet the demand for genuine 
transrn1+4ing condenser$ of small 
size. Available in a wide range 
of capacities and in spacings 
from .045" to . 125". Compact, 
sturdy and efficient. 

TYPE "G" 
Using an end plate of Alsimag 

196, the Type "G" is an extremely low-loss 
unit with very low minimum capacity. De-
signed for neutralizing both low and high C 
tubes, it is equally well suited for grid and 
plate tuning in intermediate stages. 

TYPE "N" 
Designed as a neutralizing condenser for 

low C tubes, the Type " N" has an extremely 
low minimum capacity, requires small mount-
ing space, does not change voltage rating 
with change in capacity, and is extremely 
attractive in appearance. 

Only Johnson Condensers include all 
these features: Alsimag 196 insulation — 
heavy aluminum plates, buffed and rounded 
—insulated tie rods—dual rotor contact 
springs—and many other exclusive Johnson 
features. 

Other Johnson products include the famous 
Johnson "Q" Antenna, and a complete line 
of Insulators, Plugs and Jacks, Vacuum Tube 
Sockets, " Hi-Q" Inductors, and Shaft Coup-
ling Units. 

Ask your Jobber or 
Write for Catalog 964Q. 

E. F-JOHN5ON • COMPANY ,/,; 
CTURERS OF Radio TraostniWinq Equi,omeet 

•WASECA•MINNESOT.A 

Ltport 0 ffit e: 

2.5 Warren Sr. 

New York, IV. Y. 

Cable: 
-SI MONT RICE" 
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of the "T" type requires the use of the fol-
lowing equations: 

(Rs -I- KL + (Rs - RL) 
Ri 

2 
(Rs + 12L) Ki (Rs-Rt.) 

R2=  
2 

(Rs -F 
R3=  

21(2 

Where Rs is the input impedance; RI., the 
output impedance; and Ki and K2 are con-
stants taken from the following table. These 
constants appear directly opposite the amount 
of attenuation in the Ndb column: 

Nab K, K, 
1 .057 0.116 
2 .114 0.232 
3 .171 0.352 
4 .226 0.477 
5 .280 0.609 
6 .331 0.747 
7 .382 0.897 
8 .430 1.056 
9 .476 1.233 
10 .519 1.422 
11 .660 1.634 
12 .598 1.863 
13 .634 2.122 
14 .667 2.404 
15 .697 2.720 
16 .726 3.076 
17 .752 3.468 
18 .776 3.907 
19 .798 4.398 
20 .818 4.952 
21 .835 5.555 
22 .852 6.262 
23 .867 7.013 
24 .880 7.868 
25 .893 8.870 
26 .904 9.977 
27 .914 11.188 
28 .923 12.484 
29 .931 14.091 
30 .938 15.734 
31 .945 17.744 
32 .950 19.810 
33 .956 22.339 
34 .960 24.939 
35 .965 27.121 
36 .968 31.393 
37 .972 35.397 
38 .975 39.515 
39 .978 44.555 
40 .980 50.237 
41 .982 56.079 
42 .984 63.230 
43 .985 70.683 
44 .987 78.792 
45 .988 88.836 
46 .990 100.165 
47 .991 111.813 
48 .992 126.070 
49 .993 140.729 
50 .994 158.672 

Hfan o 11 o o K 

To design an impedance matching net-
work of the "L" type requires this set of 
equations: 

R1 = - Zy) 

Z:Zy 
R, 

VZ: (Ka - Zy) 

Since the insertion loss is a function of 
the impedances terminating the network it 
can be calculated as follows: 

K = 

jp.+ vz. 
Zy Zy 

Where loss in db. = 20 Logio K. 

Calculation of 
Inductance 

The calculation of inductance values for 
coils in radio transmitter and receiver cir-
cuits is not difficult when certain basic con-
siderations are taken into account. There 
are a number of formulas for such inductance 
calculations, some laying claim to greater 
accuracy than others. It must be remem-
bered that most of such formulas give only 
approximate solutions to practical problems; 
few claim absolute accuracy. There is lack-
ing an absolutely accurate means of induct-
ance calculations at the frequency at which 
the inductance is to be used. The following 
discussion is confined to calculations for sin-
gle-layer solenoids. 

If it is desired to find the value of induct-
ance to tune a receiver circuit to 3,500 kc. 
with a 50-wifd. maximum capacity variable 
condenser, the formula is: 

25,330 

= 

f3 X C 
For ease of calculation, assume that C was 

to be approximately 41 Adds., and f was 3.5 
megacycles; these values would then give a 
value of L equal to 50 microhenries. 
From the formula: 

v L 
N = - 

df 
where 

N = number of turns, 
L = inductance in microhenries, 
d = diameter of coil measured to cen-

ter of wire, 
f = a factor dependent upon the ratio 

of length of winding to coil di-
ameter. 
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The value of L is known; the diameter d 
will be dependent upon the coil form which 
has been selected. Once the ratio of length 
to diameter is known, the value of f (con-
stant) can readily be found from the accom-
panying graph. If the coil diameter is one-
inch, and if it is assumed that the winding 
will be one inch long, the ratio of the two 
will be unity. From the graph, a ratio of 1 
corresponds to factor f of .0175. This graph 
is published by courtesy of Professor F. E. 
Terman of Stanford University, in whose 
textbook, Radio Engineering, the original 
presentation was made. 

Continuing with the coil calculations, the 
values are now substituted in an equation, 
as follows: 

/ 50 
N =1/ = 53.5 turns. 

1 X .0175 

Referring to the copper wire table in the 
Power Supply chapter, it is found that a 
wire size which will wind approximately 53 

To Keep Abreast of the Times, 

Read "RADIO" 

AMATEURS ... 
will find every conceivable type of 
microphone bearing the UNIVERSAL 
label. 

Air 
Velocity 

with 25 It. 
cable and 

plug. 

LIST 

$4450 

Other models Include ribbon, list at 222.50 or 
$24.50 with plug: new dynamic. list $44.50 with 
25 ft. cable: handi-mike, single button. $10. and 
double button. $15.: lapel models. carbons. con-
densers, airplane, police car and inter-.Pbono 
microphones. Also . . . under patent of the 
Brush Development Co. . * . hand model crystal, 
$22.50 desk holder $2.50 extra, and crystal stand 
model. $22.50, desk mount $3.50 extra. 

Microphone Division 

UNIVERSAL MICROPHONE, CO., LTD. 
424 Warren Lane, Inglewood. Calif., U.S.A. 

BLILEY CRYSTALS 
TYPE LD2 

A precision low-drift 
mounted crystal for 
the 80 and 160 - meter 
bands. Frequency 

drift less than 4c/MC./0C. . . . $4.80 

TYPE HF2 
Simplifies 5, 10 and 
20 - meter crystal con-
trol transmitters. High 
activity, medium drift. 
Type HF2, 14.0 to 
15.0MC  . $5.75 

Type HF2, 28.0 to 30.0MC., designed 
for use on 5-meters $5  75 

TYPE VF I 

Frequency is variable 
up to 6KC. on 80-meter 
fundamental or 24KC. 
at 20-meters . . . $7.50 

TYPE B5 
A superior 40- meter 
low- drift unit with 
greater power handling 
capacity $4  80 

For 20-meters (14.0-15.0MC.)—a new 
and.betterlow-driftcrystal unit. $7.50 

TYPE BC3 

This proven X-cut unit 
for 40 and 80-meters is 
now available at a new 
low price   $3.35 

(All prices are net in U.S.A.) 

See your nearest Bliley Distributor for 
complete information on these and 
other Bliley Crystals for Amateur and 
GeneralCommunication Frequencies. 

BLILEY ELECTRIC CO. 
ERIE, PENNA. 
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Coil Inductance Calculation Chart 

turns per inch will be size No. 28, double cot-
ton covered ( DCC). This wire size will 
actually wind 54.6 turns per inch, yet it 
comes closest to what is here desired, and 
consequently must be used. The actual dif-
ference between 53 turns per inch and 54.6 
turns is neglible. 

The chart will require a bit of practice 
when used with the foregoing formula; it is 
suggested that several ratios of length to 
diameter be experimented with, insofar as 
the calculations are concerned, before a coil 
is actually to be wound. If the wire size is 
very small as compared with the diameter of 
the coil, the stipulation that the diameter be 
regarded as that measured from the center 
of the wire can be neglected. If greater ac-
curacy is required, the formula should be 
converted into centimeters insofar as units of 
length and diameter are concerned. 

6. 8. 10.0 

WIRE TABLE 

Winding Turns Per Inch 

B & 
Gauge D.C.C. S.C.C. En-
No. amel 

6 5.44 5.60 
7 6.08 6.23 

6.80 6.94 
9 7.64 7.68 
10 8.51 8.55 
11 9.58 9.60 
12 10.62 10.80 
13 11.88 12.06 
14 13.10 13.45 14.00 
15 14.68 14.90 16.00 
16 16.40 17.20 18.00 
17 18.10 18.80 21.00 
18 20.00 21.00 23.00 
19 21.83 23.60 27.00 
20 23.91 26.40 29.00 
21 26.20 29.70 32.00 
22 28.58 32.00 36.00 
23 31.12 34.30 40.00 
24 33.60 37.70 45.00 
25 36.20 41.50 50.00 

B&S 
Gauge D.C.C. S.C.C. En-
No. amel 

26 39.90 45.30 57.00 
27 42.60 49.40 64.00 
28 45.50 54.00 71.00 
29 48.00 58.80 81.00 
30 51.10 64.40 88.00 
31 56.80 69.00 104.00 
32 60.20 75.00 120.00 
33 64.30 81.00 130.00 
34 68.60 87.60 140.00 
35 73.00 94.20 160.00 
36 78.50 101.00 190.00 
37 84.00 108.00 195.00 
38 89.10 115.00 205.00 
39 95.00 122.50 215.00 
40 102.50 130.00 230.00 
41 112.00 153.00 240.00 
42 124.00 168.00 253.00 
43 140.00 192.00 265.00 
44 153.00 210.00 275 00 
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NOWT The World's Champion " Telegrapher— T. R, McELROY 
Offers YOU His Radio Key! 

For Speedy, 

Tireless, 

T. R. McELROY—The Fastest 
Radio Operator of all time! 
His official receiving speed is 
69 words per minute. Realizing 
perhaps more than anyone else 
the limitations of commercial 
teleraph keys. McElroy worked 
for many years on perfecting 
this important instrument. To 
MoElreY's credit, he refused to 
market a key until it not only 
excelled any other, but until it 
satisfied bis own delicate sense 
of balance and "feel". Every 
MAC item is designed, built, 
tested and approved by Cham-
pion MoElroy himself. Every 
MAC item is an exclusive op-
portunity for both the be-
ginner or advanced operator to 
improve his code technique 
and efficiency. 

Rhythmic, 

Sending 

Ell 1938 1/e 1.ai•e Model MAC REY 

Here is the most amazing value in telegraph history. 
A semi-automatic key so beautifully balanced and 
designed, that speedy, tireless, rhythmic sending is 
now easy for any operator. Has a remarkable new dot 
stabilizer—a specially tensioned Swedish steel main 
spring—a solid base that really "stays put"—big silver 
contacts—large adjustment screws—in every detail 
this key is the finest ever produced! You must see it 
—at your jobbers. In no time at all you'll be sending 
out the hind of stuff they love to listen to. Only $9.50 
—but don't wait. Get yours now! Also Standard 
Model. Same design but less costly finish, $7.50. 

IF YOU WANT A STRAIGHT KEY—just remember 
this. " . . . the New 1938 Mac Straight Key is the 
sweetest ever built." It's beautifully balanced, sturdy, 
and designed to save your energy and your arm. 
Priced so that every amateur can have one. Only 
S1.50 at your jobber's. 

EVERY AMBITIOUS AMATEUR should have a 
MAC HUMMER. This mechanical oscillator gives 
wonderful performance—yet sells for only $1.50 to 
operators. With just a 4% volt C battery, you can get 
a 1000 cycle note as clear as a bell. 

FOR A REAL PRACTICE SET—be sure you say 
'MAC" to your jobber. He'll give you the sweetest 
outfit ever made for this purpose. It's a combina-
tion of the New MAC HUMMER and the New MAC 
STRAIGHT KEY—all on one sturdy base. "It's a 
honey." And the price? Only $2.95! 

MAC-AUTO—World's finest electrical automatic 
transmitter—only $69. 

T. R. McELROY 175 Congress Street, 
BOSTON, MASS. 

WORLD'S CHAMPION TELEGRAPHER 
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It's the "phone man's 'bible' 

limilittr, 

-7/7--fil 

THE "RADIO" TELEPHONY HANDBOOK 
Note: copies of the first printing are entitled 
-Amateur Radiotelephony"; the text is the same. 

This book has been written expressly for the 
-phone man" and the amateur interested in get-
ting on phone. The art of radiotelephony requires 
more care, more equipment, more knowledge than 
that of radiotelegraphy. 

This clear yet concise work devotes itself particu-
larly to the intricacies and technicalities peculiar 
to this field, and makes them more understand-
able to the greater number of experimenters. 

A dozen complete transmitters are described from 
the tiny, ten-watt size up to one kilowatt. Each 
has been laboratory built and tested, and tested 
on the air. 

It is more comprehensive than the radiotelephony 
data to be found in any "general" handbook. It 
is rapidly becoming the " phone man's bible." 
None of the transmitters described is found in 
any other work by "Radio." 

All systems of modulation are covered, also class 
BC amplifiers, inverse-feedback systems, modula-
tion measuring equipment, and the like. Over 
100 illustrations show how to construct and ad-
just all items described. 

52 typical questions for the special-privilege 
Class-A license excanincrtion are answered in detail. 

The best single investment you can make in your 
phone transmitter is the purchase of this book at 

SEVENTY-FIVE CENTS 
in continental U. S. A. Elsewhere. 85c or 3s. 6d. 

RADIO TECHNICAL PUBLISHERS • 7460 BEVERLY BLVD.. LOS ANGELES 
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TIME REQUIRED FOR A 25% DROP IN VOLTAGE ACROSS C 

It is sometimes desirable to know how 
much time will be taken for a condenser to 
discharge its stored energy through a re-
sistance. The voltage across the condenser 
diminishes, or dies away, according to an 
exponential curve. For this voltage to drop 
to absolute zero would require an indefinite 
length of time, but for practical purpose 
the voltage is at a negligible value a few 
seconds after the condenser is discharged. 

This information is of value for calculat-
ing R-C filters of the type used in feeding 
automatic volume control voltage to the 
control grid of a tube. Values of R and C 
are chosen to give as rapid or slow an a.v.c. 
action as may be desired. 
Three graphs are reproduced, giving the 

time required for the voltage to fall to 
either 75%, 37% or 10% for various R-C 
combinations. 

Oscillator Tracking Calculations for Superheterodynes 

Practically all of the present-day superhet-
erodyne receivers use a single two or three-
gang tuning condenser, depending upon 
whether or not a tuned r.f. stage is incorpo-
rated in the receiver circuit, and considera-
tion must therefore be given to the oscilla-
tor circuit so that it will maintain a constant 
frequency difference from the r.f. and detec-
tor stages. 

If the tuning ratio (frequency to be cov-
ered at the high-frequency end divided by the 
frequency at the low-frequency end) is 

greater than 1.5-to- 1, it will be impossible to 
make the oscillator and r.f. stages track, un-
less certain precautions are observed. 

Since all three of the condenser sections 
are mounted on a common shaft, they all have 
identically the same capacity change for a 
given degree of rotation. It should not be 
difficult to understand that since the oscil-
lator must operate at a higher frequency 
than the r.f. stages (differing from the r.f. 
stages by an amount equal to the i.f. fre-
quency), it will not cover the same tuning 
ratio as the latter. For example, if the band 
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EASY WAY TO LEARN RADIO CODE 
To speed up the learning of the code use a Machine to 
send to you. Always ready—no delay trying to tune in on 
Short Wave—no schedules to watch for—no weather inter-
ference. Beats having another send to you, as you con-
centrate fully on the study. 

THE "JUNIOR" 
The "Junior" Model of the Instructograph, similar in 

appearance to the "Standard" Machine, only a little 
smaller, with five tapes and the book of instructions IS 
NOT RENTED, but may be purchased for $ 12.00, de-
livered to any point in the United States or posacssions, 
and $13.00 to points in Foreign Countrieti. 
The "Junior" operates just as efficiently as the larger 

machine, and the difference being mainly in the size, 
weight and number of tapes supplied. 
However, additional tapes may be pur-
chased at a reduced rate. Oscillator 
equipment may be installed in the 
"Tunior" also. 

BOTH MACHINES ARE SOLD ON 
EASY MONTHLY PAYMENTS 

IF DESIRED 
We alto hajic1e " R.M.E." and "Halli-
crafter" Receivers: " Signal" Keys anl 
Telegraph Instruments: "Vibroplex" 
and "Speed-X" automatic sending 
keys ( Bugs). Sold on easy terms if 
desired. 
The "Instructopraph" ran also be used 
for American Morse ( Wire) Code In-
structions, for which tapes are avail-

able. 
R. W. WHITE, D.C. ' Ph.C. 

1042 North Calvert Street, Baltimore, 
Maryland, Says: 

"I thought you might be interested to 
know that I have taken my examination for 
an Amateur license and passed my code test 
without any trouble. 

"I received my Instructograph, December 
11th. 1936. I knew no code whatever, and 
took my examination April 21st. 1937, about 
four months. I did all my practice in the 
few minutes I would have between patients. 
I can't see how any method could beat 
yours. My reeei9lng is about 20 wpm; 
Sending 30 wpm. 

"In appreciation for yOU having made 
what seemed an Impossible task fairly easy. 
you have my permission to use this letter 
in any way you choose." 

AL WESSELL 
3860 North Temple Avenue, Indianapolis. 

Indiana. SO»: 
". . . Am getting along One and find it 
mach easier to learn code on the Instruc-

tograph than having a partner send to you. 
or copy from a Deceiver." 

J. K. WINDSOR 
2606 St. George, Dallas, Texas. Says: 
"I received my Instructograph on the 

twentieth in perfect condition. It certainly 
is a pleasure to deal with a company that 
answers as swiftly as yOU do. I am very 
grateful for the interest you have shown in 
rushing my order. 

"As soon as I get my 'Ham' license, I 
shall be pleased to order some equipment 
from you." 

ROBERT LEE 
Zillah, Washington. Saw: 

". . This remittance rompletes the pay-
ment for the Instructograph. I am well sat-
lifted with this machine. All the operators 
around here praise it eery highly." 

CONNIE JAKUBAUSKAS. JR. 
191 Alder Street. Waterbury, Connecticut. 

Says: 
". . . 1 also wish to state that I am 

basing very good surress with the Instructo-
graph, having advanced from 5 wpm to 20 
wpm in the two months that I have had 
it In my possession." 

ORVILLE H. CAGE 
Sweetwater, Texas. Says: 

"The InqtruetOgraull is performing per-
fectly and I am more than pleased with It. 
I will probably use it for at least two more 
months." 

MACHINES FOR SALE OR R ENT 
The "Instructograph" Code Machine is made in two 
sizes. The "Standard," illustrated above, includes the 
full set of ten tapes and book of instructions. Priced 
$20.25, delivered to any point in the United States at 
Possessions. $1.00 additional to points in Foreign 
Countries. 

Full Oscillator equipment—Audio transformer, and 
tube socket wired and installed in the machine, "98" 
type of radio tube, Key and connecting cord and 
Trimm head phones. Priced $6.50. 

RENTALS (In United States only] 
No. I. Instructograph, tapes and book of instruc-

tions: First month $3.00, each additional month, $2.25. 

No. 2. Instructograph, tapes and book of instruc-
tions, with transformer and tube socket wired and 
installed in machine: First month, $3.25, and each 
additional month, $2.50. 

No. 3. Instructograph, tapes, book of instructions, 
transformer and tube socket installed in the machine, 
key and connecting cord, and head phones: First 
month $3.50, and each additional month, $2.75. 
We pay return transportation charges on all rentals, and pay 

it both ways if rented for three months or more, and full three 
months' rental accompanies" the order. A deposit of $ 10.00, In 
addition to the rental is required, or satisfactory referencee asked. 

THE INSTRUCTOGRAPH CO. 
912 LAKESIDE PLACE (Dept R-8) CHICAGO, ILLINOIS 
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Case 3: When C. is known. 

C2 = A (1/2 + V1/4 + C./A)  
C' = ( C.F0'/12) — C.C./(C2 + C.)  
• = L(12/ml) ( C2 + C.)/(C2 + C.)  

Case 4: When C. is known. 
C2 = (C.F0W) —   
C4 = C? B)   
Li = L(12/m2) ( C2 + C.)/(C2 + C.)  

Check Formulas 
Equation for oscillator frequency: 
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to be covered is from 2,000 to 4,000 kc, the 
r.f. tuning ratio will be 2-to- 1. For this 
same coverage the oscillator will tune from 
2,460 to 4,460 ( if the intermediate frequency 
is 460 kc.) This corresponds to a tuning 
ratio of 1.81-to-1. Obviously the two tuning 
ratios are not the same. The oscillator tun-
ing condenser must therefore be decreased in 
capacity in order to make its ratio the same 
as for the r.f. stages. 

This is accomplished by adding a fixed 
condenser in series with the oscillator con-

HAZIOROOK 

denser and the inductance. The proper value 
of this condenser can be obtained by calcula-
tion. There are three points in the tuning 
range where the tracking will be correct ( al-
though slight departures from these opti-
mum points will not be at all serious) if 
the calculations are accurately made. These 
three points are known as the cross-over 
points. 

In order to make use of the formulas 
shown for calculation of oscillator series 
condenser and inductance, it will he neces-

Formulas for Calculation of Superheterodyne:OscillatorConstants 
Frequencies expressed in megacycles 
Inductances expressed in microhenries 
Capacitances expressed in micromicrofarads 

Basic Consideration and Relations 
f. = Intermediate frequency 
Fi, F2, F2 = Frequencies at which exact tracking is to be obtained. 
a = Fi + F2 ± Fa  
b' = F2E2 + FiF2 + F2F• .  

FiFzE 

d = a + 2f.   
1' = (b'd — c')/21.   
m' = 12+ f02+ ad— b'   
n' = (c'd + f031') /m'   
= Tuning capacitance at frequency F.   

L = 25330/C.F.', or if L is known, then C.F02 = 25330/L  
A = (l/n' — 1/1') Required only for Case 3  
B = ( C0F0a/12) — C' Required only for Case 4  

Case 1: When G = 0, or C. « C. (the usual case). 
C2 = GE? ( 1/n' — 1/1')   
• = c,Fe/r   
Li = L(P/m2) + Ci)/C2   

Case 2: When C. = 0. 
C2 = C.F.7nt   
• = GF.'/(12 — n')   
Li = L (Wm') C2/ (G G) .  

fi = mV (f' + n')/(f2 + 1')  
Equations for 1', m", and n', in terms of oscillator constants: 

C2C. 
1' = GEN(C. +  

C2+ C. 

m' = GF?/(Li/L) (G +  
C2+ Ci 

n' = GE?/(C2 + C.)  

(3) 
(4) 

(5) 
(6) 
(7) 
(8) 
(9) 

(1) 
(16) 
(20) 

(10) 
(11) 
(12) 

(13) 
(14) 
(15) 

(17) 
(18) 
(19) 

(21) 
(22) 
(23) 

(24) 

(25) 

(26) 

(27) 
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EL 

"R A D I 0" 
HANDBOOK 

Edición Español 

As in former years, this edition of the 

"RADIO" HANDBOOK is available in 

English or Spanish. The Spanish edition is 

published under license by Editorial Pan 

America, Perú 677, Buenos Aires, Argen-

tina, to whom all inquiries and orders 

should be directed. The list price is $5.00, 

Buenos Aires funds.* Copies may be ob-

tained at retail ($1.65, postpaid) from 

Radio, Ltd., 7460 Beverly Boulevard, Los 

Angeles. 

'Money orders, checks, and banknotes for the 

current equivalent of $5.00 Argentine funds will 

be accepted drawn in local funds on New York, 
La Paz, Rio de Janeiro, Santiago de Chile, Lima, 
Lisbon, and Montevideo. 
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R-F CIRCUIT OSCILLATOR CIRCUIT 

sary to have the following information: 

(1) Capacity of variable condenser at 
maximum and at minimum values. 

(2) Capacity must include that which is 
introduced by grid-cathode capacity of the 
tubes, and approximately 10 121.tfds. of mis-
cellaneous stray capacities, due to wiring, etc. 

(3) Frequency range to be covered. Mini-
mum and maximum capacity of the tuning 
condenser will limit the range. Knowing the 
frequency and capacity the inductance can 
be readily determined from: 

25,330 
L =  

f' C 
(4) Tracking frequencies. These are no-

tated F2, F2 and F; in the formula, and two 
are usually selected at points close to the 
extreme ends of the band to be covered, with 
the third point being approximately at the 
mid-point on the dial. 

(5) The term Fo is arbitrarily chosen at 
some frequency close to the center of the 
band. Since the inductance is already known, 

RADIO 
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the values of capacity for this frequency can 
be readily determined: 

25,330 
C = 

L 
(6) Case ( 1) should be used for oscillator 

constants, because this is the most general 
case. 

It may appear on first inspection that the 
formulas are quite complicated; actually they 
involve nothing more than ordinary arith-
metic. For accuracy where the frequencies 
to be covered are high, divisions should be 
carried out to at least three places, and pref-
erably four. Slide-rule calculations are very 
apt to be in error, unless the rule is capable 
of being read to the above stipulations. 
At the ultra-high frequencies, the per-

centage of oscillator variance from the tuning 
ratio of the r.f. stages will be small. In 
such cases, the series padder condenser may 
usually be omitted, and a slight adjustment 
on the oscillator inductance will suffice to 
give rewmably good tracking. 

In many cases the capacity of the oscil-
lator section of the tuning condenser can be 
decreased by bending-out the plates; in this 
manner some measure of tracking can be 
obtained. The foregoing formulas for cal-
culation of superheterodyne oscillator con-
stants are by courtesy of the RCA Mfg. Co., 
from whosc bulletin the reprint is made by 
permission 

The Experimental License 
Where Required and How Obtained 

Any licensed amateur who chooses to 
conduct experiments at his station, whether 
he plans honest-to-goodness scientific inves-
tigation or only wishes to test a new rig, 
is within his right as long as the experi-
ments are non-commercial in character and 
he confines his transmissions to amateur fre-
quencies. The amateur station license, 
however, does not authorize any type of 
experimenting where money-making features 
are involved, whether stated or implied; the 
use of frequencies other than those allocated 
for amateur communication; or the use of 
types of emission not permitted to amateur 
stations. 
For all special experimental work, the 

Federal Communications Commission issues 
an experimental class station license, and this 
ticket must be obtained whenever anticipated 
experiments cannot be covered by the ac-
cepted definition of amateur radio communi-

cation. The experimental license is not a 
ham ticket, though the call letters are made 
up with the district numeral in the conven-
tional amateur fashion. The one distin-
guishing feature of the call is the initial 
letter, X (such as WiXYZ) which has 
given rise to the slang terms, X-license and 
X -stat ion. 

Special frequencies are set aside for use 
by X-stations, and the particular ones chosen 
by an applicant should best suit the condi-
tions under which he plans to operate. An 
applicant for an experimental license is re-
quired to request one or more of these 
definite frequencies, as the Commission 
neither assigns frequencies individually nor 
advises applicants which would be the best 
ones for their particular experiments. 
Whatever the frequencies chosen, the appli-
cant must satisfy the Commission that his 
equipment will enable him to maintain those 
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To our Customers in flu? 

BRITISH EMPIRE 
Canada 

For the convenience of our customers in Canada, we accept Canadian postal notes at par; add 
10c exchange to Canadian cheques under $2.50. Canadian currency is acceptable but is sent 
at your risk. 

Elsewhere 

For the convenience of our customers in most other parts of the Empire, we accept British 
postal orders and cheques payable at par in London, at the following prices, postpaid (prices 
subject to change without notice): 

RADIO, 1 year ( 10 issues) 14s. 6d. 
RADIO. 2 years 24s. 6d. 
RADIO DIGEST, 12 issues 12s. 6d. 
"RADIO" HANDBOOK Is. 
"RADIO- ANTENNA HANDBOOK 3s. 6d. 
"RADIO" TELEPHONY HANDBOOK 3. 6d. 

"RADIO" AMATEUR NEWCOMER'S 
HANDBOOK Is. 8d. 

"RADIO" U.H.F. HANDBOOK 2s. 6d. 
"RADIO" NOISE REDUCTION 
HANDBOOK 

"RADIO" BINDER 
W.A.Z. Map 

Is. bd. 
7s. 3d. 
Is. 

RADIO, LTD., 7460 Beverly Boulevard, Los Angeles 

A BINDER 
For a Year's Copies of 

"RADIO" 
. and it holds your copy of the great 

annual "Handbook" by "Radio" in ad-
dition! Brilliant, durable red imitation 
leather, with the ''Radio'' naine em-
bossed in gold. Each magazine or book 
ran be inserted or removed separately 
at will. 

Makes a real radio library of your lit-
erature from -Radio", for permanent 
reference, easily consulted at any time. 

50 
"e li d n A 

Foreign, $ 1.75 or 7s. 3d. 

RADIO TECHNICAL PUBLISHERS • 7460 BEVERLY BLVD.• LOS ANGELES 
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frequencies within three-hundredths of one 
per cent, plus or minus. And he must show 
that he has precision monitoring equipment 
which will indicate this small tolerance. 

The Experimental Service includes ( 1) 
General Experimental Stations, (2) Special 
Experimental Stations, ( 3) Experimental 
Broadcast Stations, and (4) Experimental 
Visual Broadcast ( television) Stations. It 
is assumed that the average amateur of ex-
perimental bent will be interested only in 
the first two classifications, hence this dis-
cussion will be confined to general and 
special stations. 

Rules 303 and 304 ( Rules and Regulations 
of the Federal Communications Commis-
sion) define tbese two classes of experi-
mentals as follows: "The term 'general 
experimental station' means a station 
equipped to carry on research or develop-
ment in the radio art requiring the trans-
mission of radio-frequency power and 
operating on frequencies designated by the 
Commission for general experimental serv-
ice. The term `special experimental station' 
means a station used to carry on special 
research or development in the radio art 
which because of the nature of the experi-
ments, requires frequencies other than those 
designated for general experimental stations." 

The following frequencies are allocated 
for general experimental service: 1614, 2398, 
3492.5, 4797.5, 6425, 8655, 12862.5, 17310, 
23100, 25700, 26000, 27100, 31600, 35600, 
38600, 41000, 86000 to 400,000 and 401,000 
kilocycles and above. An applicant may re-
quest any or all of these frequencies, but 
he must be equipped to maintain the 0.03% 
tolerance on each one requested. 

None of the frequencies is assigned ex-
clusively to any one applicant; they are 
shared by similar stations throughout the 
country, and when interference results, the 
license holders are required to arrange a 
(livi,.ion of time. 

• Special Experimental 
Frequencies 

Special X-stations may ask for definite 
frequencies other than those in the above list 
when the proposed owners can show that the 
general experimental frequencies are unsuit-
able for their research. Where the frequency 
requested is already in use by some other 
radio service, the applicant must make ar-
rangements with those services beforehand in 
order that interference may be prevented 
and in many cases must file with his appli-

HAIlDBOOK 

cation statements from the other services 
that experimental use of the frequency is 
agreeable. 

• Special Operators 
License Necessary 

Experimental Stations may be operated 
only by individuals who hold commercial 
operator licenses of the radiotelegraph third 
class or higher, except in the case of sta-
tions employing frequencies higher than 30,000 
kc. where an amateur operator license is 
acceptable. 

• Emissions Permitted 

At (c.w. telegraphy), A2 ( i.c.w. telegra-
phy), A3 (radiotelephony), and "special" 
types of emission are authorized under the 
experimental license, and the applicant may 
request permission to use any or all. Under 
the heading of special are included all types 
of keying, modulation, etc., which cannot be 
classified as A1, A2, or A3. 

Experimental applicants may ask for 
definite operating hours or may request un-
limited time. 

• Application Procedure 

The prospective experimental's first job 
will be to apply to the Commission for a 
construction permit. The application, Form 
401, is an eight-page document containing 
thirty-four questions. Herein, the applicant 
requests the frequency desired, hours of 
operation, operating output power, and emis-
sion. He must state the proposed location 
of the station to the nearest degree, minute, 
and second, north latitude and west longi-
tude, and must list the airways and airports 
within ten miles of the location. He must 
also state the number of persons residing 
within one mile and within five miles of the 
proposed transmitter. 
The type of experimental research to be 

carried on must be described in detail, and 
the applicant's own technical qualifications, 
or the qualifications of those he will engage 
to carry on the work, must be outlined. A 
bona fide statement must be made of the 
applicant's financial responsibility to see the 
work through. 
Most difficult of all, the applicant must 

satisfy the Commission that his proposed 
researches will be in the public interest, con-
venience, and necessity. A large number of 
applicants are refused the construction per-
mit because they fall down on this last 
requirement. 

Before filling out an application for station 
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New R. F. 
Circuit Hook-Up Hook-Up Wire for 
Short Wave Transmitters 

and Receivers 
The necessity for correct Hook-Up Wire is just as important as the other 

component parts used in the construction of the circuits shown in this book. 
Hook-Up Wire must have proper insulation of high di-electric characteristics 
for the perfect operation of any transmitter or receiver. LENZ Hook-Up Wire 
is the best obtainable for short wave work. 

It is a wire of extremely low losses at high frequencies. Designed espe-
cially for the RF. circuit. Conductors supplied in several sizes, either solid or 
stranded. Insulation pushes back freely without adhering to the conductor, 
and is mechanically strong enough to resist abrasion. A fine production wire 
with insulation impregnated in a high resistant, low-loss, moisture resisting 
compound. 

LENZ wires and cables are carried in stock by leading Dealers and Distribu-
tors throughout the country. Use LENZ for better results. 

rome 
Shielded Cables 

Cotton Braid Overall 

Twisted Pair Braid 
Overall Cable for Doublet 

Antenna System 

Push-back wire 
Indoor aerial 
Auto radio cable 
Microphone cable 
Short wave lead-in 

Crystal Microphone 
Cable 

Shielded Rubber 
Jacketed Microphone 

Cable 

' 

Tinned Copper 
Shielding 

Shielded Low Capacity 
Weatherproof Tubing 

(Loom) 

PARTIAL LIST OF LENZ PRODUCTS: 
Shielded wires and cables 
Speaker and head set cords 
Specially constructed shielded cables 
Battery and speaker extension cable 
Flexible rubber covered lead-in wire 

Ground wire 
Shielded low capacity cable 
Elevator annunciator cables 
Organ cables 
Flameproof jumper wire 

In Business since 1904 Cable Address: Lenzco Chgo 

LENZ ELECTRIC MANUFACTURING CO. 
1753 N. WESTERN AVE. CHICAGO, ILL. 
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construction permit, a study should be made 
of Rules and Regulations of the Federal 
Communications Commission, with particular 
attention to the section on Experimental 
Services. The booklet may be obtained for 
thirty-five cents from the Superintendent of 
Documents, Government Printing Office, 
Washington, D. C. 

• Station License 

The construction permit bears the call-
letters of the station, frequency ( s), power 
output of transmitter, emission ( s), and 
hours of operation, and authorizes the build-
ing and testing of the equipment described in 
detail in the application. Six months arc 
allowed for completion of the station; and 
if at the expiration of that period the sta-
tion has not been completed, the applicant 
may file an application for an extension of 
time. 

On completion of the construction and 
testing, application for station license is 
made on Form 403. This application merely 
certifies that the station has been completed 
and corresponds to the description in the ap-
plication for construction permit. Should 
changes have been made in the original plan, 
these changes are detailed in the station 
license application. The applicant also re-
affirms all statements regarding ownership, 
operation, control, and so forth, made by 
him in the application for construction per-
mit. 

Both the application for construction per-
mit and the one for station license are filed 
in duplicate. 

Experimental station licenses are issued 
for a period of one year. 

Every station is required to keep an ac-
curate log and to file with each application 
for renewal a report showing: 

A. Ultimate objective to be reached by 
experiments. 

B. General results accomplished during 
period of report, including references 
to published reports of experimental 
work. 

C. Technical studies in progress at time 
of filing report.. 

D. Any major changes in equipment. 

E. Total hours of operation. 

iennonone 

FRACTIONAL-DECIMAL 
EQUIVALENTS 

A time-saving table is given for frac-
tional-decimal conversion. Many of the 
commonly used fractions and their deci-
mal equivalents are shown. Others can 
be calculated by dividing the numerator 
by the denominator. 

614 = .0165 
:112 = .0312 

d14 = .0468 
= .0625 

.0936 
= .125 

13-a = .1875 
= .250 

136 .3125 
.3750 

its = .4375 
= .500 

196. = .5625 
= .625 
= .6825 

Y4 .750 
fî = .8125 
7/g = .875 
ig = .9375 

Simplified Trigonometric 
Tables 

Angles of Every 3 Degrees 

SINE COSINE TANGENT 

Angle 
in 

Side Opp. Side Adj. Side Opp. 

Hypot- Hypot- Side Degrees 
en use en use Adjacent 

0 0.0000 1.0000 0.0000 
3 .0523 .9986 .0524 
6 .1045 .9945 .1051 
9 .1564 .9877 .1584 
12 .2079 .9782 .2126 
15 .2588 .9659 .2679 
18 .3090 .9511 .3249 
21 .3584 .9336 .3839 
24 .4067 .9136 .4452 
27 .4540 .8910 .5095 
30 .5000 .8660 .5774 
33 .5446 .8387 .6494 
36 .5878 .8090 .7265 
39 .6293 .7772 .8098 
42 .6691 .7431 .9004 
as .7071 .7071 1.0000 
48 .7431 .6691 1.1106 
51 .7772 .6293 1.2349 
54 .8090 .5736 1.4281 
57 .8387 .5446 1.5399 
60 .8660 .5000 1.7321 
63 .8910 .4540 1.9626 
66 .9136 .4067 2.2460 
69 .9336 .3584 2.6051 
72 .9511 .3090 3.0777 
75 .9659 .2588 3.7321 
78 .9782 .2079 4.7046 
81 .9877 .1564 6.3138 
84 .9945 .1045 9.5144 
87 .9986 .0523 19.0813 
90 1.0000 .0000 
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To Manufacturers 
and Distributors 
of High Frequency 
Radio Equipment 

In four short years, the -RADIO" HANDBOOK has 
become the most authoritative radio text in the world 
among those who are the leaders in high frequency 
radio communication—just as RADIO has become 
the "Worldwide Technical Authority of Amateur, 
Shortwave, and Experimental Radio" among peri-
odicals. 

The "RADIO" HANDBOOK is bought by those who 
not only are discriminating but also have the means 
with which to buy; its higher price discourages buy-
ing by the merely curious or those who must count 
every penny, a fact of the utmost importance when 
considering results rather than mere circulation. 

Your advertisement is seen in the "RADIO" HAND-
BOOK, for unless otherwise requested all full page 
advertisements are placed on a righthand page oppo-
site text; they are not buried with catalog-style 
makeup unless you so wish. 

Advertising inquiries are invited from reliable manu-
facturers, importers, or distributors. Rates are rea-
sonable. 

Radio. Ltd., Publishers. 
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Abbreviations, Amateur  426 
Absorption Wavemeter  386 
Air Gap in Choke Coil  370 
Alignment, Receiver  460 

Alternating Current 15, 25 
Alternator   25 
Amateur Bands  412 

Amateur Operator's and Station Licenses  410 
Amateur Regulations   405 

Ampere   8 
Ampere Turns   16 
Amplifications Factor  41 
Amplification, Power  43 
Amplification. Voltage  43 
Amplifier Calculations  56 

Amplifier Classifications  44 
Amplifier, Degenerative Feedback  303 
Amplifier, Intermediate Frequency  120 
Amplifier, Inverse Feedback  303 

Amplifier, Linear 44. 295-301 

Amplifier Ratings  54 
Amplifier, Regenerative R.F  119 
Amplifier. Speech 303-806 

Amplifier Theory  41 
Amplifiers. Class A. AB, B, BC, and C 42-44 
Amplitude Modulation (See "Modulation") 
Angle Radiation 66, 83 

Angular Velocity  27 
Antennas: 

Airplane  80, 113 

Angle Radiation 66, 83 
Antenna Impedance 65, 68 

Automobile  109, 112 
Broadside Radiation  66 

Construction of  114 
Counterpoise   66 

Coupling: 
Collins "Pi"  81 

Impedance Matching Transformers  112 
Inductive   81 
Link   82 
Simplified "Pi"  82 
Single-Wire-Feeder   70 
Twisted Pair Feeders  81 
160 Meter Loaded Antennas  81 

Current Loop  74 
Directional Effects  66 
Directional Antennas: 

Barrage   89 
Beverage   90 

TOPIC 

HRI1OBOOK 

PAGE 

Bruce Folded  94 
Chireix Mesny  90 
Co-linear   84 

Diamond   100 
Directors, Parasitic  99 
Franklin   84 
"H" Arrays  89 
Hawkins   90 
Kraus (Flat Top Beam)  95 

RCA Broadside  89 
Reflectors, Parasitic 88, 98 
Rhombic   100 

Rotatable  107, 114 
Stacked Dipole  91 
Tilt   105 
"V"  84, 101 

Vagi   96 
Directive Antennas (General)  83 
Directors, Parasitic  99 

Electrical Properties  64 
End Effects  69 
End Fire Radiation 66, 88, 95 

Feeders (See "Feed Systems") 
Feed Systems, General  68 
Feed Systems, Specific: 

Center-Fed   73 
Concentric Lines  111 
Current  68, 74 

Doublet   112 
End-Fed   73 
Impedance Matching Stub  74 
Linear Transformers 76, 78 

Multi-Band   77 
Non Resonant  68 
Open Lines  68 
"Q" Antenna 76, 78 

Resonant   68 
Single Wire  68 

Stub, Matching  74 
Surge Impedance 68, 72 

Transposition Blocks  112 
Twisted Pair Feeders 78, 112 
Two-Wire Matched Impedance  71 
Voltage   74 
Zepp     73 

Grounds   66 
Impedance  65, 68 
Lengths  70, 72, 73 

Parasitic Directors  99 

Parasitic Reflectors 88, 98 
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McGBAW»llILL Radio Books 

PRACTICAL RADIO COMMUNICATION 
Principles—Systems—Equipment—Operation; 

Including Short-wave and Ultra-short-wave Radio 

754 pages, 6 x 9, 435 illustrations, flexible, $5.00 

By Nilson and Hornung, well-known radio experts, instructors, writers. This 
book covers the requirements for all classes of radio operator's license 
examinations, treats long, medium, short, a.n1 ultra-short-wave radio, in-
cludes all classes of radio stations—is in general a complete text on practical 
radio communication based on a theoretical introduction. 

Use this book to get ahead in practical radio operating 
—gives full treatment radio and elee- —radio - telegraphic and radio - tele-

trient principles; delves deeply into phonic treatment aviation radio: air-
alternating currents, craft transmitters, receivers, testing 

—particular attention to broadcasting; and maintenance. 
Western Electric broadcast trans-
mitter: studio acoustics and apparat- —marine medium-frequency equipment, 
tus, control-room equipment and high-frequency transmitters and re-
operation; special diagrams, etc. ceivers; direction-finders. etc. 

—section on ultra-short-wave equip-
ments, for police operators. —rectifiers: generators: batteries, etc. 

Terman—RADIO ENGINEERING—New Second Edition 
Analyzes electrical circuits and vacuum tubes and reduces them to quantitative relations that predict with 
accuracy the performance of radio circuits and radio apparatus. Up-to-date second edition just published. 
with new chapter on television and extensive other rewritten and new material. 818 pages, $5.50. 

Nilson and Hornung—RADIO OPERATING 
QUESTIONS AND ANSWERS 

Gives over six hundred typical radio operator li-
cense examination questions, with full. Illustrated 
answers, covering broadcasting, marine, aeronauti-
cal, police and amateur radio. 389 pages. $2.50. 

Henney—RADIO ENGINEERING 
HANDBOOK 

Twenty-four big, authoritative reference sections 
tinder one convenient cover. Covers technical data 
and applications in all fields and aspects of radio 
engineering. Second edition, 583 pages, $5.00. 

Henney—ELECTRON TUBES IN 
INDUSTRY 

Practical electronics, with emphasis on what the 
electron tube is doing toward making processes 
simpler, cheaper, safer, and in methods of control 
of manufacture. Second edition, 539 pages, $5.00. 

r-

Eastman—FUNDAMENTALS OF 
VACUUM TUBES 

Discusses at length the principal types of vacuum 
tubes—high vacuum, mercury-vapor, photo, and sev-
eral special varieties—underlying laws, and engi-
neering analyses of their important applications. 
438 pages, 84.00. 

Terman—MEASUREMENTS IN RADIO 
ENGINEERING 

Comprehensive discussion of the measuring problems 
commonly encountered by radio engineers. Covers 
tchniques, design and construction of equipment, 
and practical methods least likely of error. 400 
pages, $4.00. 

Glasgow—PRINCIPLES OF RADIO 
ENGINEERING 

Thorough presentation of fundamentals of radio 
communication and application of these principles. 
Emphasis on theory and application of vacuum tube 
and associated circuits to communication systems. 
520 pages. 84.00. 

COUPON 
RADIO, LTD. 7460 Beverly Blvd., Los Angeles, Calif. 

Send me the books checked below, postpaid. Remittance is enclosed. 

0 Nilson anal Hornung—Practical Radio Commu-
nication. $5.00 

O Terman—Radio Engineering. $5.50 
0 Nilson and Hornung—Radio Operating Ques-

tions anal Answers. $2.50 

O Henney—Radlo Engineering Handbook, $5.00 

Name  

Address  

City mad Sta,,  

0 Heaney—Electron Tubes in Industry, $5.00 

Eastman—Fundamentals of Vacuum Tubes. 
14.00 

D Terman—Measurements in Radio Engineering, 
$4.00 

Glasgow—Principles of Radio Engineering, $4.00 

 RAD-38 



474 Index  RADIO 
HerinoacroK 

Torte. PAGE 

Radiation Field   64 
Radiation Patterns 67, 87 
Radiation Resistance 65, 68 
Reflectors, Parasitic 88, 98 
Standing Waves  65 
Theory   63 
Types, General 

Collins Multi-Band  77 
Hertz   63 
Johnson "Q"  76 
Long Wire  83 
Marconi  63, 79 
Marine   114 
Matched Impedance  71 
Noise-Bucking  144, 153 
Receiving: 
Air craft  
Automobile   
Doublet   

Reinartz   
Single-Wire-Fed   
"Signal Squirter"  
"Signal Squisher"  
Tilt   
Ultra High Frequency (U.H.F.)....108,337 
Zepp   

Voltage Nodes  
Antilogarithms   
Arrays, Directional (See "Antennas") 
Atom   7 
Audio Amplifier, Shunt Fed  44 
Audio Frequency Transformers  36 
Autodyne Detector  119 
Automatic Frequency Control  122 
Automatic Key 59, 61 
Auto-Transformer  34, 375 

Back E.M  F  
Band Spreading  
Bands, Amateur  
Battery Operated Receivers  
11-K Oscillator (See "U.H.F.") 
Beat Frequency Oscillator  123 
Beam Power Tubes  48 
Bias  41. 217, 374 
Bleeder Resistor 12, 372 
Bridge Rectifier  370 
Breadboard Construction  257 
Body Capacity  138 
"Brute Force" Filters   368 
Bug Key 39, 61 
Buzzer Code Practice  57 

C-Biss   218 
Capacities, Circuit  120 
Capacitive Coupling  219 
Capacitive Reactance  24 
Capacity  19-22 
Capacity, Body  138 
Capacity. Distributed  117 
Capacity: Parallel, Series  22 
Carbon Microphones   282 
Cathode   89 
Cathode Ray Oscilloscope 397, 899 
Cathode Regeneration  211 
Characteristics, Vacuum Tubes (See "Vacuum 

Tubes") 

113 
112 
112 
108 Characteristics, Vacuum Tubes (See "Vacuum 
68 Tubes" 
108 Choke Design  383 
107 Color Code 419, 424 
105 Concentric Line Impedance  111 

Condensers, Parallel and Series  22 
73 Continental Code  59 
68 Conversion Table  422 
54 Data Charts  448 

Decibel Chart  390 
Dielectric Constants  20 
Drill Sizes  442 
Equivalent Tube Table  170 
Feed Systems, Antenna (See "Antenna 
Tables") 

Fractional-Decimal Equivalents   468 
Frequency Chart  412 
Frequency Meter  393 

17 "Ham" Abbreviations  426 
117 Inductance Calculation 454-456 
412 International Prefixes  423 
133 (By Countries)  425 

Logarithms  52, 53 
Metal Tube Characteristics 156-166 
Oscillator Tracking  460 
Postal Rates  423 
Prefixes  423, 425 
"Q" Signals  420 
R-C Time Constant Charts 458-460 
RMA Color Code 419, 424 
R-S-T Scale  422 
Radio Data Chart  448 
Radio Symbols 419, 422 
Receiving Tube Characteristics 155-178 

Rectifier Tube Characteristics 205, 373 
Socket Connections 166-169 
Tank Coils 231-233 
Television Glossary  436 
Tracking, Oscillator  460 
Transformer Design  381 
Transmitting Tube Characteristics. . 171-205 
Trigonometric Tables (Simplified)  468 
W.A.Z. Map  470 
Wire Tables  380 
Word Abbreviations  426 

Choke Coil 16, 370 

Choke Input Filters  369 
Circuit "Q"  31 

TOPIC 

Charts and Tables: 
Abbreviations, Amateur  426 
Amateur Frequency Bands  412 
Antennas: 
Barrage Array  89 
Bruce   95 
Chireix-Mesny   90 
Co-Linear   83 
Collins  77, 79 
Diamond   100 
Feed Systems   72, 74 
Half Wave  79 
Long Wire 86, 87 

79 
92 

"V"   103 
Yagi   96 
Zepp   73 

Bleeder Resistance  372 

Stacked Dipole  
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CROWE COMPONENTS FOR AMATEUR EQUIPMENT 

CROWE components for amateur equipment include—Dials. Dial and Switch 

Plates, Knobs, Instrument Controls, etc., for constructing and equipping Re-

ceivers, Transmitters, Sound Equipment and for Experimental Work. 

NIE_= 

o 11) tt) 

No. 418 "Tone" and "Gain" Crowe Double-
Style Dial Plates. Single and quadruple 
styles also available. Made of silver-
white anodized 
aluminum with 
black figures 
Hard, permanent 
finish. 

No. 415 "Micro-
phone" single-
style Crowe De-
luxe Dial Plate. 

No. 389 Large Air-
plane Dial. Two-
speed planetary No. 283 Bakelite 
drive. 

o 

,7 
No.275 Off-On Switch 

Plate. 

Skirt Knob. 

[PLATE VOLW, 
Crowe Deluxe Name Plates. Anodized Alumi-
num. Stock list of 142 plates with different 
titles. 

Nos. 587 and 588 New-Style Bar Knobs. Black 
Bakelite. Fit any 1/4" shaft. 

No. 542-A Chang-
0- Name Dial 
Plate. 

No.525 Front-0-Panel 
Airplane Dial. 

No.564 " 1-2-3" Switch No. 278 " 0 ff - On " 
Plate. Etched alumi- Switch Plate. Etched 
num and black, aluminum and black. 

No. 296 Plan-O-Vernier Re- No. 245 Metal Cabinet for Re-
duced-Speed Dial with Mi- ceivers. Test Equipment. etc. 
crometer Marker. Black crystalline finish. 

Stocked by lead-

ing Dealers and 

Jobbers. 

• • • 

Ask for Bulletins 

75 and 220 

'CROWE NAME PLATE & MANUFACTURING COMPANY 
1762 Grace St., Chicago, ni. Cable Address—Croname, Chicago 
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PRODUCTS 

Band-Change Switch 
Here's the unit you've heard ' em all talk-
ing about. Substitutes turn ooil f a knob for 
the botherme pl c method o so ug-in f 
cha transmitter frequency. Get one 

nging 
and bring your rig up to date. 

Rheostats 
Vitreous Enameled  
nies e famous power rheostats are in 

ass by themselves. Get them 
cl t for your 

rig if you want h an 
at close d co2n5t ro l SO that 

rneans long tube life. Mae in , , d 
100 watt sites and up to 1 K.W. 

FiXed ReSiStOrS Enameled 

If ou use Ohmite Vitreous 
Fixeyd Resistors you can rest assured you 
have the best that m oney can buy. Now 
m ade in 25, 50, 100, 160 and 200 watt 
sizes,in resiskanCe ranges from 5 to 25000 

,0 

ohms. 

Send for your 
fr ee eelty of 
this new cat-
atog describ-
1n9 the co, 
Plete line 
of ohmite 
products. 

Center-Tap ReSiStOfS 
Ohmite Wirewatk and Brown Devil center-

istors are most frequently used 

across transmitter tube filaments, to tapped res pro-

vide an electrical ce nter for the curate to 

grid and 

plate returns. Center tap is ac  
plus or minus 1%. 

Tap-Switches 
are rug 

which are circuits 

Oftrnike tap-switches ged units used to switch one circuit to 

any of several other . Can be fur-
nished with any number of taps upo 

to 

twelve, inclusive, and in either the shrt-

ing or non-shorting type. 

I Pad - and used in 

I.-Pad Attenuators 

These attcnuators afford stepless control 

of the volume of loudspeakers 
high-power P.A• systems. They are inserted 
between the amplifier and loudspeakers to 
permit the controlled speakersging the 

to be 

varied( in volume without chand load. 
Impedance of the total connecte  

OHMITE MANUFACTURING COMPANY 
4849 W. Flournoy St., Chicago, Ill. 
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Brown Devil ReSiStOfS 
"Brown Devils" have for years been the where 

standard radio replacement resistor  

a t un it of high class Construcion and de-
pendability is desired. Also hundreds of 
other uses . Available in 10 and 20 watt 
sixes in a large number o resistance 

f  

'values. . „ la e ecrett" 

Dividohm Adjustable Resistors 
Here is a mighty handy resistor to have 
around when changes in your rig call for 

d values in tors. The " Divid- 

oh" can be adlusted by mea 
change ns of 3 

ball-p contacts a strip 
m ointed lug which  

of the resistor left exposed. 

stors 
Precision Resi  
Ohmite precision resistors meet 

the demand lot resistors great accuracy The new 
for meter multipliers and other low watt-

age uses. Furnished in single layer solenoid 
type for lower resistances and in pie-wound 

style for higher values. Accuracy 

‘‘ 
Send for your 

cOoffrnir: Ama-
teur teur Hand 
book. Gm; 

• 10c at your 
▪ dealer or will 

be mailed to 
You direct. 

• \ 
\ 

Wirewatt Resistors 
Use these small one-watt, wire-wounr.. 
units for all applications requiring a re-
sistor up to one watt rating. 'Their con-watt  and 

struction assures freedom from no 
other disturbing characteristics. Available 
in many resistance values from 100 to 

25,000 ohms. 

R.F. Plate Chokes 
These solenoid chokes ve en 

ha be engi-

neered so as to avoid either fundateur 

amen tal 

or harmonic resonance. in the am 
bands. Current carrying capacity is much 

greater than usually required. 

•er 

Power Une Chokes 
Sete ts thc unit that will help you nce 

elimi-

nate B.C.L. complaitnst s of interfere. 
\WM keep r.f. curren from feeding back 
into power line. Details in BUlietin % OS. 

OHMITE MANUFACTURING COMPANY 
4849 W. Flournoy St., Chicago, III. 
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TOPIC PAGE 
Circuits, Receiving and Transmitting (See Re-

ceiver and Transmitter Chapters) 
Circuits, Resonant 28. 30, 31, 116 
Circuit Capacities  120 
Class A Amplifiers  42 
Class AB Amplifiers  44 
Class B Amplifiers 44, 293-301 
Clickless Keying 223-226 
Code, Continental  59 
Code Practice  57 
Coil   17 
Collins "Pi" Coupler  81 
Concentric Lines   111 
Condenser  19-22 
Condenser Microphone  283 
Condensers, Energy Storage in  20 
Condensers: Parallel, Series  22 
Condensers. Voltage Ratings 22 371 
Conductance. Mutual  18 
Conductivity   8 
Conductors   7 
Conductance, Conversion  49 
Continental Code  59 
Controlled Carrier Modulation Systems  301 
Conversion Conductance  49 
Conversion Table  422 
Converters, Frequency  49 
Core, Transformer 16, 378 
Copper Tubing Coils  234 
Coulomb   8 
Counter E.M.F.17 
Coupling, Capacitive  219 
Coupling, Coefficient of  18 
Coupling, Effect on Impedance  93 
Coupling, Impedance  44 
Coupling, Inductive 17, 35, 81, 220 
Coupling, Link 36, 82, 220 
Coupling Methods  44 
Coupling. Transformer  44 
Coupling, Resistance  44 
Coupling, Radio Frequency  115 
Coupling, Unity  36 
Crystal Filter 124, 131 
Crystal Microphone  284 
Crystal Oscillators 207, 237 
Crystals: 

Cuts  229, 281 
Low Drift 20 281 
Mounting   280 
Temperature Effects   230 

Current. Alternating 15, 25 
Current, Direct  15 
Current. Electric  7, 8 
Current Fed Antennas (See "Antennas, Feed 

Systems") 
Current Flow  8 
Current in A.C. Circuits 15 
Current, Peak 27, 370 
Cycle   15 

Db   51 
Decibel (Db)  51 
Decibel Chart  890 
Decibel Gain, Calculation of 53, 286 
Demodulation (See "Detection") 
Detection  47, 115 
Detection, Grid  47 
Detection, Plate  47 
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TOPIC PAGE 
Detector, Autodyne  119 
Detector, Regenerative  120 
Diathermy   401 
Dielectric   20 
Dielectric Constant  20 
Dip in Plate Current  32 
Direct Current  15 
Direct Current, Average  27 
Direct Current, Pulsating  27 
Directional Antennas (See "Antennas") 
Distributed Capacity  117 
Districts, Inspection  407 
Doublers, Frequency 209.281 
Doublet Antenna (See "Antennas") 
Doubling, Frequency  209 
Dynamic Characteristics, Tube  43 
Dynamic Microphone  281 

Eady Current Losses 18. 378 
Electric Current  7. 8 
Electrical Units and Symbols  422 
Electricity   7 
Electromotive Force  8 
Electron   7 
Electron Coupled Frequency Meter  389 
Electron Orbit Oscillator (See "U.H.F.") 
Electron Ray Tubes  123 
Electrostatic Coupling  20 
E.M  F   8 
Emergency Work  400 
Emission, Secondary  48 
Empire Cloth  383 
Excitation (See "Exciters") 
Expanding Linear Amplifier  293 
Exciters: 

Block Diagrams  231-236 
General   237 
Types: 

Bi-Push   
Regenerative   
Reinartz   
Tritet   
53-6A6   
6A6 Harmonic 
6L6 Multiband 
RK-28 High Power 
5 to 160 Meters  

10 to 160 Meters  
Experimental License  

Fading   
Fading, Selective  
Farad   
Faraday Screen 
Feed, Parallel (Shunt)  222 
Feed. Series   222 
Fidelity   115 
Field. Magnetic 17, 19. 25 
Field Strength Measurements  72 
Field Strength Meter 385, 387 
Filament Emission  39 
Filaments in Series  14 
Filters (See "Power Supply") 
Filters, Crystal  124 
Fixed Networks   432 
Flux   16 
Folded Resonant Line Circuits (See "U.H F.") 

217 
239 
240 
239 
238 
241 
214 
249 
241 
243 
464 

64 
64 
20 

36, 113 
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El 

"RADIO" 
HANDBOOK 

Edición Español 

El "RADIO" HANDBOOK es el libro de radio más 
famoso e importante del mundo en su carácter de 
obra divulgadora para el amateur. Este libro, con-
ocido en los Estados Unidos como la autoridad más 
importante del mundo de la radio, se edita original-
mente en inglés en California, y representa el esfuerzo 
más serio y ordenado hecho en favor del estudioso y 
del aficionado. El "RADIO" HANDBOOK no es una 
obra anónima; no es un libro escrito por aficionados. 
Es la obra cumbre del talento maduro e inimitable 
del radio-ingeniero Frank C. Jones, W6AJF, uno de 
los más ilustres "pioneers" de la radio en el mundo, 
y de los redactores y ingenieros de la revista "RADIO." 

El "RADIO" HANDBOOK, edición 1938, tendrá 
aproximamente 500 páginas, y sus sujetos incluyen 
todos los sujetos que incluye esta edición inglesa, con 
excepción de las leyes de la radio de los Estados 
Unidos. 

El "RADIO" HANDBOOK, edición español, se remite 
franco de porte por correo certificado al precio de 
$5.00, moneda nacional de la República Argentina. 
Aceptamos en pago giros y cheques sobre Buenos 
tires, La Paz, Río de Janeiro, Santiago de Chile, 
Lisboa, Lima, Montevideo, y Nueva York; también 
aceptamos billetes de banco de sus naciones los cuales 
deben venir en carta certificada. 

Editorial Pan America 
Perú 677 
Buenos Aires, Argentina 

_ _  
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TOPIC 
Formulas: 

Antenna Lengths 70, 72, 73 
Collins Antenna  77 
Director Lengths  loo 
Electron Orbit Oscillator  340 
Feeders  69, 72 
Frequency, Resonant  29 
Half Wave Antenna  79 
Impedance Matching  33 
Inductance Calculations  454 
Ohm's Law  9 
Parasitic Reflector  98 
"Q"   215 
"Q" Antenna  76 
Reflector Lengths  98 
Resonant Frequency  29 
Single-Wire-Fed Antenna  70 
Surge Impedance  72 
Tank Capacities  215 
Transformer Cores  382 
Transformer Design  379 
U.H.F. Quarter Wave Antennas  110 
Wavelength-Frequency Conversion  63 
Zepp Antenna  73 

Frequencies, Amateur  412 
Frequency   15 
Frequency Control  237 
Frequency Doubling  209 
Frequency Meters: 

Absorption  386, 387 
Electron Coupled Frequency Meter  389 

Frequency Modulation  280 
Frequency Multipliers  209, 281 
Frequency-Wavelength Conversion ....... 63 
Fring Howl  138 
Full Wave Rectifier  367 
Fundamental Frequency  63 

Gain, Calculation in Decibels 53, 286 
Gain, Voltage  55 
Generators   25 
Grid   41 
Grid Bias  217 
Grid Bias Modulation  296 
Grid Detection  47 
Grid Excitation  214 
Grid 'Leak Bias  217 
Grid Neutralization  211 
Grid Saturation  221 
Grounds   66 
Ground Wave  64 

"H" Pads  452 
Half Wave Antenna  79 
Half Wave Rectifiers  367 
Harmonic Distortion  46 
Harmonic Elimination  228 
Harmonics  16, 63 
"H" Arrays  89 
Hawkins Antenna  90 
Heaviside Layer 64, 66 
Henry   17 
Iligh-C   33 
Hum, Tunable  138 
Hysteresis   378 
Image Suppression (See "Preselector") 
Impedance   24 

PAGE TOPIC 

Impedance, Antenna  
Impedance Coupling  
Impedance, Load  
Impedance Matching Networks 

Impedance Matching Stubs  
Impedance, Plate-to-Plate  
Impedance, Reflected  
Indicator, Neutralizing  
Indicator, Overmodulation  
Induced Voltage  
Inductance   
Inductance Calculation 
Inductance, Iron Core  
Inductance, Mutual  
Inductance: Parallel, Serie.  19 
Inductive Coupling  17, 36. 91, 220 
Inductive Reactance  19 
Inductor Microphone (See "Dynamic Micro-

phone") 
Indicators, Tuning  123 
Instruments: 

Cathode Ray Oscilloscope 397, 399 
Field Strength Meter 385, 887 
Frequency Meters  393 
Monitor  387, 393, 395 
Monitor, Radiotelephone 387, 393, 395 
Neutralizing Indicator  387 
Ohmmeter   389 
Oscillator, All Wave Test  192 
Overmodulation Indicator  387 
Test Set, Radiotelephone  387 
Vacuum Tube Voltmete”   388 
Voltmeters   391 
Wavemeter, Absorption 386, 387 

Intercommunication System  446 
International "Q" Signal -   420 
Insulators   7 
Intermediate Frequency Amplifiers  120 
Inverse Peak Voltage  369 
Ionization   40 
Iron Core Inductances  18 

«RADIO 
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PAGE 
65 
44 
43 

452 
71 
37 
36 

387 
387 
17 
16 

V4-456 
18 
17 

Johnson "Q" Antenna System  76 
Joule   19 

Kennily-Hea,viside Layer 64, 66 
Key, Automatic 59, 61 
Key. How to Grip  60 
Keying: 
Chirps   .23 
Clicks   223 
Filters   223 
Methods: 
Blocked Grid  225 
Center Tap  226 
Excitation   223 
Oscillator   225 
Primary   224 
Vacuum Tube  226 

Kilocycle   is 

L-C Ratio  32 
Laws, Amateur (See "Regulations") 
Licenses. Amateur 57, 410 
Lightning Arrestors ;Bee "Underwriters Rules") 
Linear Amplifiers 44, 295, 301 
Linear Antenna Transformers (See "Q Antenna") 



by RCA 

RCA COMMUNICATION RECEI4ER AR- 67 
9 tubes. Receis es phone and C-W signals 
between 75 and 1500 kilocycles May be op-
erated from A-C or batteries. Complete with 
tubes but less other accessories, 8275.00. 

o 
_ 

4 

RCA AMATEUR TRANSMITTER ACT- 20 
This crystal-controlled transmitter offers 
easy trifling, " broadcast quality" and excel-
lent performance. 20 watts C -W, 16-watt 
phone output 10-160 meter bands. 

RF Stage: RCA-807 — RCA- 802 — RCA 307 

Audiostage:RCA-6F5—RCA-6F6— /tR cC AA :661: 

$129.0 with one set of coils but less tubes 
and accessories 

RCA MODEL ACT-150 
TRANSMITTER 

150 watts output CW 
and phone. 10 to 160 
meter amateur bands. 

RF Stages: 
RCA- 807 — RCA- 802 

RCA- 807 — RCA- 808 
RCA- 807— RCA - 808 

Audio Stages: RCA-6J7 
RCA-6C6— RCA-6C6 

RCA-2A3 — RCA- 808 
RCA-2A3 — RCA-808 

with one set of coils 
but less Tubes and 
Accessories, $625.00. 

1.0.1. Comte., 
• N. Jerm 

See our distributor or write 
us for complete details of 
equipment illustrated. 
All prices are amateur'snet, 
f. o. b. factory and subject 
to change or withdrawal. 

RCA AMATEUR RECEIVER ACR-155 
A 9-tube communication receives covering 
from 520 to 22,000 kilocycles. 100-1 ratio 
tuning drive and large knob for bandspread. 
R-F stage, a.r-dielectric trisnmers and mag-
netite core I-F transformers. Complete with 
built-in speaker and rubes at $74 50. 

RCA AMATEUR RECEIVER ACR-111 
The last word in modern deiign! Features of 
particular importance are constant-percent-
age electrical bandspread system, noise sup-
pressor, two r- f and i-f stages, crys•:al filter, 
exceptional sensitivity and signal-to-no:se 
ratio. Rack-mounting or table sty!le. Com-
plete with speaker and 16 rubes, $ 189.50. 

AMATEUR RADIO SECTION 

RCA MANUFACTURING COMPANY, INC. • CAMDEN, NEW JERSEY 



TRANSMITTING AND 
A TYPE FOR eeeiug i 

RCA- 801 
A r ugged, carbon-anode triode, having 
wide application in buffer/doubler 
and final stages. Rated at 20 watts max. 

plate dissipation, 600 max. plate volts, 
70 max. plate m.a. Full rated input up 

to 60 m.c. 

RCA-802 
The favorite pentode for crystal oscil-
lator or buffer/doubler. Well-shielded 
construction eliminates neutralization 
in most applications. The stability 
and reliability of this type makes it 
particularly suitable for exciter stages. 
Rated at 500 max. plate volts, 60 

max. plate m.a. 

RCA- 803 
The outstanding high-power pentode. 
Nominal output is 53 watts when 
suppressor modulated, 210 watts as 
Class C amplifier. The low driving-
power requirements, large power 
gain, and elimination of neutralization 
in well- shielded circuits, make this 
husky type ideal for many applications. 

RCA-804 
A medium power-pentode of popular 
design. Particularly useful as a sup-
pressor-modulated amplifier or driver 
for higher-power stage. Requires no 
neutralization in most cases. Rated 
at 120 watts input for Class C tele-

graph service. 

RCA- 866—For the power 
supply system, the logical choice is 

RCA- 805 
The popular triode for all-around 
amateur use. Easy to drive; will deliver 
over 200 watts r-f output at 1500 
volts. High-mu design provides zero-
bias operation in Class B modulator 
service. Two tubes deliver 370 watts 
of audio power. Excellent as a high-
power frequency doubler. 

RCA- 806 
A heavy-duty tantalum plate triode for 
the high powered final or modulator. 
A pair take a kilowatt input easily and 
another pair will modulate a kilowatt 
input with plenty to spare. The most 
economical tubes to use for the kilo-

watt final r-f stage. 

RCA- 807 
The sensational beam-power tube 
Rated at 60 watts Class C input, the 
RCA-807 is widely useful as crystal 
oscillator, buffer/doubler or final 
stage. Requires no neutralization in 

most applications. 

RCA- 808 
For the medium power stage this tan-
talum-plate type offers the unusual 
advantages of high power output (150 
watts) at moderate plate voltage ( 1500 
volts), high-mu, low driving power, 
rugged construction, heavy-duty fila-
ment, yet the price is surprisingly low. 

the rugged, reliable RCA-866 now at 
an amazingly low price. 

In addition to these types, we call your particular attention to RCA Acorn 

Tubes for the ultra-high frequency receiver, RCA Cathode-Ray Tubes, and 

RCA Receiving Tubes. Go RCA Tubes all the Way for better performance. 



CATALOGUE OF POPULAR RCA TRANSMITTING AND 
SPECIAL PURPOSE TYPES 

Net 
Tupe I;.;t ce 
203-A $ 15.00 R-F Power Amplifier, Oseillator, 

Class B Modulator 
204-A 97.50 Oscillator, R-F Power Amplifier, 

Class B Modulator 
111 15.00 R-F and A-F Power Amplifier, 

Oscillator. Modulator 
900 10.00 R-F Power Amplifier. Oscillator, 

Class B Modulator 
SOI 3.45 R-F and A-F Power Amplifier, 

Oscilla tor, Modulator 
SOS 13.50 R-F Power Amplifier. Oscillator, 

Clam; B Modulator 
806 22.00 R-F Power Amplifier. Oscillator, 

Class B Modulator 
808 7.75 R-F Power Amplifier. Oscillator, 

Class B Modulator 
830-B 10.00 Class B Modulator, R-F Power 

Amplifier. Oscillator 
331 265.00 Oscillator, R-F Power Amplifier 
934 12.50 Ultra-High Frequency 

Power Amplifier, Oscillator 
838 16.00 Class B Modulator, R-F Power 

Amplifier, Oscillator 
841 3.25 R-F Power Amplifier, Oscillator, 

A-F Voltage Amplifier 
342 3.25 A-F Power Amplifier, Modulator 
843 12.50 Power Amplifier, Oscillator 
845 15.00 Modulator, A-1, Power Amplifier 
849 160.00 Modulator. A-F and R-F Power 

Amplifier, Oscillator 
451 350.00 Modulator. A-F and R-F Power 

Amplifier, Oscillator 
452 16.40 Oscillator, R-F Power Amplifier 

TRANSMITTING TYPES 
Maz. Plate Cath-
Dissipation ode 

Watts Type 

TETRODES 

807 33.50 Transmitting Beam-Power 
Amplifier 

444 18.00 Screen-Grid R-F Power Amplifier 
850 37.50 Screen-Grid 11.- le Power Amplifier 
860 32.50 Screen-Grid R-F Power Amplifier 
961 295.00 Screen-Grid R-F Power Amplifier 
865 12.75 Screen-Grid R-F Power Amplifier 

PENTODES 
902 53.50 R-F Power Amplifier Pentode 
903 34.50 R-F Power Amplifier Pentode 
804 15.00 R-F Power Amplifier Pentode 
837 8.50 R-F Power Amplifier Pentode 

Cath-
ode 

Volts 

100 Filament 10.0 

250 Filament 11.0 

100 Filament 10.0 

35 Filament 7.5 

20 Filament 7.5 

125 Filament 10.0 

150 Filament 5.0 

50 Filament 7.5 

60 Filament 10.0 
400 Filament 11.0 

50 Filament 7.5 

100 Filament 10.0 

15 Filament 7.5 
12 Filament 7.5 
15 Heater 2.5 
75 Filament 10.0 

400 Filament 11.0 

750 Filament 11.0 
100 Filament 10.0 

21 Heater 6.3 
15 Heater 2.5 

100 Filament 10.0 
100 Filament 10.0 
400 Filament 11.0 
15 Filament 7.5 

10 Heater 6.3 
125 Filament 10.0 
40 Filament 7.5 
12 Heater 12.6 

RECTIFIERS 
Max Peak 

Net Elee- Inverse 
Type Price trodes Volts 

217-A $20.00 Half-Wave. High Vacuum 2 3,500 Filament 
217-C 20.00 Half-Wave. High Vacuum 2 7,500 Filament 
936 11.50 Half-Wave, High Vacuum 2 5,000 Heater 

7,500 Filament 
10,000 Filament 
7,500 Filament 

10,000 Filament 

20,000 Filament 

Cath- Cath-
ode ode 

Type Volte 

966 1.00 Half-VI a% e, Mercury-Vapor 2 
966-A 4.00 Half-Wave, Mercury-Vapor 2 
972 14.00 Half-Wave, Mercury-Vapor 2 
972-A 16.50 Half-Wave, Mercury-Vapor 2 
978 11.00 Half-Wave. High-Vacuum for 

Cathode-Ray Tubes 2 
379 3.00 Half-Wave, High-Vacuum for 

Cathode-Ray Tubes 2 
385 2.00 Gas-Triode for Cathode-Ray 

Sweep-Circuit Control 3 

7.500 Filament 

300 Heater 

10.0 
10.0 
2.5 
2.5 
2.5 
5.0 
5.0 

2.5 

2.5 

2.5 

Type 
868 53.70 Phototube (Gaseous Type) 
917 4.75 Phototube (Vacuum Type) 
918 4.50 Phototube (High Sensitivity) 
919 4.75 Phototube (Vacuum Type) 
920 5.25 Twin Phototube (Gaseous Type) 
921 2.00 Cartridge Phototube 

(Gaseous Type) 
922 2.00 Cartridge Phototube 

(High-Vacuum Type) 
923 2.60 Phototube (High Sensitivity) 

Net 
Price 

PHOTOTUBES 
Max. 
.4 node 

Electrodes Volts 
2 90 

500 
2 90 
2 500 
4 90 

2 90 

2 250 
2 90 

HIGH-VACUUM CATHODE-RAY TUBES 
Max. 
Anode Cath- Cath-

Net Elfe- No. 2 ode ode 
Type Price trodes Volts Type Volts 

903 586.00 9 ln. Electromagnetic Deflection 
(Medium Persistence Screen) 5 7,000 Heater 2.5 

904 52.50 5 in. Electrostatic-Magnetic 
Deflection (Medium Persist-
ence Screen) 5 4,600 Heater 2.5 

905 45.00 5 in. Electrostatic Deflection 
(Medium Persistence Screen) 4 2,000 Heater 2.5 

906 13.50 3 in. Electrostatic Deflection 
(Medium Persistence Screen) 4 1,200 Heater 2.5 

907 48.75 5 ln. Electrostatic Defiection 
(Short Persistence Screen) 4 2,000 Heater 2.5 

908 18.00 3 in. Electrostatic Deflection 
(Short Persistence Screen) 4 1,200 Heater 2.5 

909 49.00 5 in. Electrostatic Deflection 
(Long Persistence Screen) 4 2,001) Heater 2.5 

910 21.25 3 in. Electrostatic Deflection 
(Long Persistence Screen) 4 1,200 Heater 2,5 

911 22.50 3 in. Electrostatic Deflection 
(With Non-Magnetic Gun) 4 1.200 Heater 2.5 

912 163.40 5 in. Electrostatic Deflection 
(High Voltage Type) 5 15.000 Heater 2.5 

913 4.00 1 In. Electrostatic Deflection 
(Medium Persistence Screen) 4 500 Heater 6.3 

Net 
Type Price 
840 56.00 R-F Pentode 5 .... Filament 2.0 
864 1.00 Amplifier (Low Microphonic 

Design) 3 Filament 1.1 
954 5.00 Detector, Amplifier Pentode 

(Acorn Type) 5 Heater 6.3 
955 3.00 Amplifier, Detector, Oscillator 

(Acorn Type) 3 Heater 6.3 
956 5.00 Super-Control R-F Amplifier 

Pentode (Acorn Type) 5 Heater 6.3 
991 .90 Voltage Regulator 2 
1602 2.75 Amplifier, Triode (Low 

Microphonic Type) 3 15 Filament 7.5 
1603 4.75 Triple-Grid Amplifier (Low 

Microphonic Type) 5 ' ' .. Heater 6.3 
1608 4.00 Power Amplifier, Oscillator 3 20 Filament 2.5 
1609 1.60 Amplifier Pentode (Low 

MIcrophonic Design) 5 " . é, Filament 1.1 
1610 2.00 Crystal-Oscillator Pentode , Filament 2.5 
1612 3.25 l'entagrid Amplifier. (Low 

Microphonic Design) 7 Heater 0.3 

MISCELLANEOUS TYPES 
Max. Mate Cath- Cath-

Elec- Dis.sipalion ode ode 
trodes Watts Type l'olls 

Prices effective Sept. 7, 1937-Prices subject to change or withdrawal without notice. 

AMATEUR RADIO SECTION 

CA MANUFACTURING CO., INC., Camden, N. J. • A Service of the Radio Corporation of America 
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TOPIC PAGE 

Lines of Force  16 
Link Coupling 36, 82, 220 
Load Impedance 13, 368 

Logarithms   51 

Long Wire Antennas  85 
Low-C   33 
Low Pass Filters   368 

Magnetic Field 17, 19, 25 

Magnetic Flux  16 
Niagnetism   17 
Magnetron Oscillator  340 

Mantissa   52 

Marconi Antenna (See "Antennas") 
Mast Construction  114 
Matching Impedances  33 
Matching Networks  452 

Megacycle   15 
Nlegohm   8 
Memorizing Code  59 
Mercury Vapor Rectifier  374 

Mho   19 
Microfarad   20 
Microampere   8 
Microhenry   17 

Micromhos   19 
Microvolt   8 

Nlicrowatt   11 
Microphone,:: 

Carbon   282 
Condenser   283 
Crystal   284 
Dynamic   284 
General   279 

Ribbon   284 
Velocity   284 

Microphone Power Levels  56 
Micro-Waves (See "U.H.F.") 
Milliampere   8 
Millihenry   17 

Millivolt   8 
NliIliwatt   II 

Modulation   293 

odulat ion 
Efficiency   295 

Frequency   280 
Grid  296-298 

Heising   293 
Impedance Calculations  289 

Patterns, Oscilloscope  398 
Plate   293 
Plate and Screen  299 

Screen Grid  298 
Series   295 
Suppressor  300, 301 
Transformer   289 
Transformer Load Calculations  289 

Modulators   293 
Monitors  387, 393. 395 

Moving Coil Microphone  281 
Mu (Amplification Factor)  41 

Multi-Band Antenna (See "Antennas") 

Multi-Band Receivers  130 
Multipliers, Frequency (See "Frequency 

Doublers") 
Mutual Conductance 18, 41 

Mutual Inductance  17 

TOPIC PAGE 

Negative Charge  7 
Networks (See " 'T' Pads" and "'H' Pads") 

Neutralizing  211,213 
Neutralizing Indicator  387 
Noise Bucking Antenna 144,153 

Ohm   8 
Ohm's Law  9 
Ohmmeter   389 

Oscillator, All-Wave Test  392 
Oscillator, Electron Orbit  340 
Oscillator, Magnetron  340 
Oscillators   45 
Oscillators, Crystal 207,237 
Oscillators, Self Excited  222 
Oscilloscopes  397,399 

Overmodulatioc Indicator  387 

Parallel Capacities  18 

Parallel Condensers   22 
Parallel Feed  222 
Parallel Inductances  18 
Parallel Resistances  9 

Parallel Resonance 31, 369 
Parallel Tube Operation  225 

Parallel, Tubes in 43,223 
Parasitic Oscillations  216 
Parasitic Oscillation Suppressor  217 
Parasitic Reflectors (Antenna)  98 
Peak Voltage  27 
Pentode   45 
Pentagrid Converter  49 
Permeability   16 
Phase   28 
Phone (See "Radiotelephony") 
Piezo Electric Microphone  284 

Plate   39 
Plate Current  32 
Plate Detection  47 

Plate Dissipation  41 
Plate Modulation  293 
Plate Neutralization 211,213 

Plate Resistance  41 
Polarity   7,26 

Polarization, Radiation  84 
Positive Charge  
Power   11 

Power Amplifiers   43 
Power Factor 28, 382 

Power Levels  52 
Power Modulation  293 

l'ower Supply: 
Auto Transformer  375 
Bias Supplies  374 

Bleeder Resistance 13 372 
Choke Design 383, 381 

Choke, Smoothing  384 
Choke, Swinging 371, 388 

Electrolytic Condensers  371 

Filters: 
"Brute Force"  

Choke Input  

Circuits   
Condenser Input  
Condensers   
Low-Pass   
Resonant   

$68 
370 
361; 

370 
371 
368 
368 



PEAK 

PERFORMANCE 

WITH 
(eyeigielleute. 

COILS AND 
R. F. COMPONENTS 

ALL WAVE TUNING ASSEMBLY 
The entire "front end" of the radio 
receiver. Each unit is completely 
wired and accurately balanced and 
aligned. READY FOR USE. Only 
six wires to be connected to any 456 
I.F. channel. FIVE BANDS-540Kc 
to 60Mc ( 5 to 555 meters) no skip. 
AIR TUNED. 

Model No. 7512 Your Cost $23.10 

112 PAGE INSTRUCTION BOOK 
Containing complete detailed wiring 
instructions, diagrams, schematics, pic-
torial diagrams, chassis layouts, align-
ment data and operating instructions 
for: 

16 MODERN CIRCUITS 

Ranging from the latest 4 tube cir-
cuit to the ultra-modern 14 tube Com-
munications receiver using B.F.O., 
Crystal Filter. Noise Silencer, Band 
Expansion, etc., etc., and: 

4 ADAPTER UNITS 

Consisting of Beat Frequency Om, 
Noise Silencer, Phonograph Osc.. and 
Remote Control. All self-powered. 

Your Cost 50e 

COILS AND COIL KITS 
The use of Meissner products in any 
receiver will result in improved per-
formance. 
Meissner offers the most complete line 
of coils and coil kits. I.F.. R.F., 
Ant.. °sc., etc., coils for every use. 
Complete tuning kits for the latest 
receivers including the 14 tube Com-
munications Receiver, already justly 
famous. 

FREE - FREE - FREE 
Complete 32 page coil and coil 
kit catalog. A valuable addition 
to your library. 

Name   

Address   

MEISSNER MANUFACTURING CO. 
MT. CARMEL, ILL. 



The UTC organization manufactures the most complete and diversified group of transform-
ers produced in the entire world. UTC transformers are used by such organizations as 
RCA, Western Electric, General Electric, Western Union, Hygrade Sylvania, Coast Guard 
ervice, U. S. Navy, U. S. Army, Dept. of Commerce, Columbia Broadcasting System, etc. 

LINEAR STANDARD 
TRANSFORMERS 

UTC VARITRAN VOLTAGE CONTROL UNITS 

UTC Linear Standard com-
ponents are ideal high fidelity 
units for broadcast and record-
ing service. The frequency 
response is guaranteed uni-
form from 30 to 20,000 cycles 
and hum pick-up and insertion 
loss is maintained at extremely 
low values. These units are 
unequalled for studio and 
speech input equipment. 

ULTRA COMPACT HIGH HIPERM ALLOY 
FIDELITY AUDIO UNITS COMPONENTS 

The UTC ultra compact audio units 
are extremely small and weigh only 
5Ih ounces. The fidelity however, 
is excellent, the frequency response 
being uniform +2 DB from 30 to 
20,000 cycles. These units are ideal 
for remote pickup equipment and 
similar _ applications where both 
weight and size are paramount 
factors. 

UTC Hiperm Alloy Com-
ponents are similar to the 
Linear Standard units but of a 
more compact design and em-
ploy a light-weight high con-
ductivity case so that these 
units can be employed for 
portable and compact service. 
They are used extensively in 
recording and remote pickup 
equipment. 

The UTC VARITRAN makes possible continuously variable output voltage, using a sliding contact riding 
over the turns of an auto-transformer. Standard units are designed for 115 volt input, 0-130 volts con-
tinuously variable output. 

• Line voltage control 

• Rectifier control 

• Motor control 

• Heat control 

• Light control 

• Smooth control 

• High efficiency 

• Excellent regulation 

• Low cost 

Model V-1 570 Watts-5 amp. 
maximum rating, complete 
with cord, plug and switch, 
net  $10.00 
Model V-2 Same as V-1, but 
uncased, with terminal strip 
for rack or panel mounting, 
net  $3.00 
Model V-3 850 Watts maxi-
mum rating 7.5 amps., un-
cased, with terminal board 
and provisions for mounting, 
net  $14.00 
Model V-4 1250 Watts — 11 
amps. maximum rating, un-
cased, net  $20.00 
Model V-5 2000 Watts max-
imum rating, 17.5 amps , un-
cased, net  $32.00 
Automatic VARITRANS are 
available to maintain line 
voltage constant. Details and 
prices on request. 
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UTC VARIMATCH Input and Ou 
Transformers will match ANY Modulator 

Tubes to ANY RP Load • • •   See irt, ra34-
rhe Varimatch Transformer is a unique unit developed and 
pioneered by UTC which will not only match PRESENT avail-
able modulator tubes, but any tube that may be released at 
3 FUTURE date. All you have to decide is the DC input to 
your RF stage. Then just pick the VARIMATCH output trans-
former that will handle the maximum audio power required. 
rhe secondaries of all Varimatch transformers are designed 
to carry the Class C plate current. 

Approximate 
Audio 

Tubes in Plate P to P Power Driver 
Push Pull Voltage Load in Watts Tubes 
R I( - 30. 800 000 12500 00 45 
35-1 000 10000 15 21.3 
35-1 250 12800 30 2A3 
R K- I8 000 12000 00 2A3 
RK-31 000 13600 10 2A3 
845 250 8800 05 45 
825 850 8000 80 45 
756 850 6750 00 45 
50-1 1250 10000 35 2A3 
203-A 1000 6900 200 2A3 
242. 211 
838 1000 7600 200 2A.3 " 53 AX 
830•13 1000 7600 175 2A3 " 53 AX 
805 1250 6700 300 2A3 " 53 AX 
50•T 1500 15000 175 2A3 " 53 AX 
50-T 2000 20000 250 2A3 " 53 AX 
203-A. 242.211 250 9000 260 2A3 " 53 AX 
808 500 18300 200 2A3 " 53 AX 
1-55 000 10000 175 2A3 ' 53 AX 
T-55 250 12000 250 2A3 " 53 AX 
HF-100 000 7000 200 2A3 " 53 AX 
HF-100 250 8800 ?SO 2A3 " 53 A X 
HF-100 500 12000 300 2A3 " 53 AX 
HF-100 750 16000 350 2A3 " 53 AX 
805 500 8200 370 2A3 " 53 AX 
204-A 2000 8800 500 845 or 4-2A3's " 238 AX 
H K-354 2000 15000 400 2A3 " 53 AX 
HK•354 3000 25000 550 4-2A3's " 238 AX 
150-T 1500 8000 150 4-2A3's, 845 " 238 AX 
150-T 2000 10400 500 4-2A3's. 847 " 238 AX 
150-T 2500 14000 550 4-2A3's. 845 " 238 AX 
HD•203-A 1750 9000 500 4-2A3's " r.8 AX 
822 2000 9000 500 4-2A3's " 238 AX 
HP- 200 2000 11200 500 4-2A3's " 238 AX 
HP- 200 2500 16000 500 4-2A3's " 238 AX 
HP- 300 2000 9600 550 4-2A3's " 238 AX 
ZB-I20 750 4800 150 45 " 52 AX 
713•120 1000 6900 200 2A3 " 53 AX 
28•120 1250 9000 240 2A3 " 53 AX 
213• 120 1500 11200 30( 2A3 " 53 AX 
100-TH 1000 5200 206 2A3 " 53 AX 
100-TH 1250 7200 250 2A3 " 53 AX 
100-TH 1500 9800 306 2A3 " 53 AX 
100-TH 2000 16000 38( 21.3 " 53 AX 
100-TH 2500 22000 46( 2A3 " 53 AX 
250-TH 1000 2360 35( 2A3 " 53 AX 
250-TH 1250 3280 541 4-2A3's " 238 AX 
250-TH 1500 4200 63 4-2A3'% " 238 AX 

e9IF 

UTC 
Input 

PA 52 AX 
" 53 AX 
" 53 AX 
" 53 AX 
" 53 AX 
" 52 AX 
" 52 AX 
" 52 AX 
" 53 AX 
" 53 AX 

UTC 
Output 
VM-3 
VM-3 
VM-3 
VM-3 
VM-3 
VM -3 
VM-3 
VM-3 
VM-3 
VM-4 

VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-4 
VM-5 
VM-5 
VM-5 
VM-5 
V M •5 
VM-5 
VM-5 
VM-5 
VM-5 
VM-5 
VM 5 
VM - 5 
VM-5 
VM -4 
VM-4 
VM-4 
VM•4 
VM-4 
VM-4 
VM-4 
V81.5 
VM-5 
VM-5 
VM•5 
VM-5 

• VM-0 Will handle any power tubes to module 
a 10 to 25 watt Class C stage. 
Net to Hams $3.01 

11111VM-I Will handle any power tubes to modulat, 
a 20 to 60 watt Class C stage. Maximum audi, 
output 30 watts. Net to Hams $4.8 

• VM-2 Will handle any power tubes to modulât 
e 40 to 120 wet Class C stage. Maximum audi, 
output 60 watts. Net to Hams $7.5 

• VM-3 Will handle any power tubes to module 
a 1 00 to 250 watt Class C stage. Maximur 
audio output 125 watts. Net to Hams....$12.0 

e VM-4 Will handle any power tubes to modulât 
a 200 to 600 watt Class C stage. Maximur 
audio output 300 watts. Net to Hams.... ;19.5 

• VM-5 Will handle any power tubes to modulât 
a 450 watt to I KW plus, Class C stage. Max 
mum audio output 600 watts. 
Net to Hams $42.0 

0 PA-52AX Push pull 45, 59, 2A3 or 6L6 plates 1 
2-46 Class B grids. Push pull 45, 59, 2A3 or 61 
plates to 4-46 or 59 Class B grids. Push pu 
2A3's to 2-841, 35T, 50T, 756, 825 Class B grid 
Net to Hams $3.1 

• PA_53Ax Push pull 42, 45, 50, 59, 2A3 or 61 
plates to two 210, 801, RK-I8, 35T, SOT, HF-1C 
or 800 Class B grids. Push pull 2A3 plates 
two 838, 203A, 50T, 35T, 21IA, 242A, 830B, 80 
RK-I8, 801 or 210 Class B grids. 
Net to Hams $4.! 

• PA-238AX Push pull parallel 2A3, 45, 50, 59 
6L6 to four 805, 838, or 203A Class B gric 
Push pull parallel 2A3, 45, 50, 59, 6L6 or to 
211 A, 845 plates to Class B 204A. HF300 
849 grids. Push pull parallel 2A3, 45, 50 or 11 
50T, 21 IA, 845 plates to Class B 150T, HD 202 

HP200 B H,9-r-s $10. 

Ulneln 92%4UCEC?OâblIn, CO%P4 

1 

72 SPRING STREET • NEW YORK, N. Y. 
EXPORT DIVISION 100 VARICK STREET NEW YORK N Y CABLES "ARLAB* 
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Input Choke  369 
Input Control  375 
Line Voltage Regulation  375 
Radiotelephone   281 

Rectifier Circuits  372 
Rectifier   367 
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DB-20 
Pre-Selector and 
Image Rejector 

RME 
RECEIVERS 
PRE - SELECTORS 
TRANSMITTERS 

RME-69 SSS 
Receiver with built-in 

noise suppressor 

There is only one way of knowing whether the 
radio equipment you desire to purchase will 
satisfy— 

TRY IT. 

Thousands have done this and are enthusiastic 
users of RME Receivers. The latest DX con-
test winners and high scorers will verify our 
contention that RME users are pleased. They 
must be or we should know the reason why. 

Note the completeness in the RME line: Standard with built-in crystal 
filter, range from 550 KC to 32,000 KC, electrical band-spread, built-in 
continuous reading decibel-R meter, monitor circuit, and the optional 
choice of a relay rack model, combination battery and AC, special 6 Volt 
B pack model, noise suppressor when desired, special band coverage re-
ceivers for aircraft, weather bureau, or police frequencies, and a finish in 
either gray or black crinkle. Do not forget the DB-20 pre-selector—the 
best obtainable today. It will function with practically any receiver and 
add tremendously to the present signal intensity and tuning capabilities 
of your receiver. 

Literature on request. 

RADIO MFG. ENGINEERS, inc. 
306 FIRST AVE. PEORIA, ILLINOIS, U. S. A. 



No flamboyant hyperboles, no exaggerated descriptive adjec-
tives, are needed to bring home a known truth. Most of you 
know Cardwell Quality—You have used Cardwell products— 
they have spoken for themselves. 

This is no catalog—Every dealer has our new No. 40 and our handy reference 
sheets for easy comparison of characteristics of the most popular units in the 
Cardwell complete line. Representative types are shown—with characteristics 
applying to that particular class or size. See your dealer or jobber, for complete 
information. 

'Tar AIR MN,N Ortiffli 

le ET-30-AD 
A 90 Mmfd. per section 2500 V. 
dual—.070" airgap. 1 18/82" 
square ends; single hole mount-
ing or regular Trim-air mount-
ing brackets or mounting studs 
and 4 mounting screws in tie 
rods provide flexible mounting 
facilities. Duals of all single 
units available. 
Net  $2.16 

* ZT-15-AS 
3-15 Mmfds., low power neu-
tralizer, 2500 V. single, .070" 
airgap. Detachable shaft, screw 
driver slot for screw driver ad-
justment; shaft locking 
nut. Net  

Dual Midget ganged neutralizer. 

1.5-4 Mmfds. each section; 4500 

V. peak flash over; new type 

ES-0-SDI-88.00 net. ES-4-SDI— 

Net  $2.46 
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* MT- 150-GS 
16-150 Mmfds., 8000 V.,.070" 
;Urge!), polished plates. Panel 
qztace, condenser open, only 
214;" x 8". Airgaps from .030" to 
.171" may be had in single 
Midways. Mounting feet in-
cluded but not shown. 33.60 
Net  

The original light weight 
all aluminum frame con-
denser. Single and duals in 
various airgaps and larger 
capacities than possible in 
Trim-air midgets, yet light 
and compact. 1/4" steel shafts 
—General Electric mycalex 
insulation throughout. Most 
widely used variable air con-
denser for high frequency 
receivers or transmitters due 
to compact size, great me-
chanical rigidity, low losses 
and price. 

* MT-70-GD 

Midway Dual-10-70 Mmfds. per 
section. 3000 V, .070" gap. 
Many other airgaps and capac-
ities available. Popular push 
Pull or balanced tank circuit. 
low or medium power. $4.20 
Net  
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* XG-110-KD 
Standard Dual, 27-110 

Mmfds. per section—.171" air-

gap, 5000 V. Widely recom-

mended and used for 1/2 kilo-

watt input plate modulated 
finals. 

Net  $10.80 

Standard i)t comparison 
for years. Widest range of 
capacities and airgaps for 
medium and high power 
transmitters. Frame is 
nickel plated brass, alumi-
num plates buffed and pol-
ished on all airgaps above 
.070". General Electric my-
calex and heavy mounting 
brackets on all "X" types. 
Frame measures 3%" x 4". 
1/4" steel shafts. N. P. brass 
bearing bushings, with ball 
thrust rear bearing. Un-
equalled strength and rigid-
ity. See catalog for high 
power "T" types in larger 
frame. 

!ZING CONDENSERS 

;t- NA-16-NS 

NA series of 5 units 
includes maximum ca-
pacity of 4, 6, 11 and 
IS, and s ganged 12 
Mmfd. unit. 

\:01   $3.00 

IIIMMIlmcd1111111111e 
ilmmismimanîmudanki6o3à6d4 

New DN series of 
disc neutralizers 
for low capacity, 
medium and high 
power tubes. 

Type ADN .5 to 
4 Mmfds. 
Net  $1.80 

Type BDN 2 to 
12 Mmfds. 
\ et  $3.00 

* XE-240-KS 

Typical standard "X" type 

single. 30-240 Mmfds., .084" 
airgap, 4200 V. Airgaps to 

.230" available in wide range 
of capacities. 

Net   $6.48 

ULTRA HIGH  FREQUENCY GUAU  
1•11Em 

For 5 - 1 0 
meter tanks 
of medium 
power and 
for diathermy 
pad circuits. 
5-35 Mmfds. 
per section. 
.0 8 4" gap. 
4200 V. Isolantite 
in frame. 
Net   

* NP-35-ND 
insulation. No closed loops 

  $3.60 

FLEXIBLE COUPLINGS 

Alsimag 196 insula. 
Hon. N.P. phospor 
bronze springs. Doub-
le set screws, hubs 
locked to springs per-
manently— 
For 1/2 " shafts—Hubs 
turned In— 
Ty pe A. Net ...S .36 
For 1/2 " shafts—Hubs in 
out for higher volt-
age. Type S. $ .36 net. 
For 1/2 ", ,‘" or 1/2 " shafts or combinations as 
specified. 13.000 V. insulation. Glazed alsimag 
196-2%" disc. For high torque, heavy duty— 

$1.68 Type C. Net   1 
ME ALLEN D. CARDWELL MANUFACTURING CORP. 
11 PROSPECT STREET • BROOKLYN, NEW YORK 
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EIMAC 
100 TH 
TUBE 

CVO 

OFTEN COPIED 

NEVER 
DUPLICATED 

No one has ever duplicated Eimac Tubes! Why? 

The answer is as simple as ABC. They copy what 
they see on the surface, but cannot copy the vital, 
invisible, secret Eimac processes. Attempting that, 

is like trying to see into another man's mind. 

The phenomenal success of Eimac Tube sales has 

baffled the industry. And yet, there has been very 
little effort to sell. Eimac Tube performance has 
  done its own selling. Throughout the 

world, amateurs have discovered that 
Eimac Tubes can be safely overloaded far 

beyond their rated power. 
Eimac Tubes for every 

Transmitter, from 50 Watts 

to 5000 Watts 

35T 100T 250T 

450T 750T 

Ask } our dealer or write for information . . . 

PLAY SAFE... INSIST ON 

EITEL & McCULLOUGH, INC. • San Bruno, California 
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ucslio,.s and Answers 

The questions which an applicant for Class-A Amateur License should be able to answer 
are of the general type here shown. A careful study of the theoretical text of the pages 
of this book will further enhance the knowledge required for answering correctly any of 

the examination questions. 

1. Explain the operation of a simple micro-
phone. 

A carbon microphone converts sound into 
electrical energy by means of a diaphragm 
which vibrates in accordance with the sound 
waves impressed upon it. This vibration 
changes the resistance of the carbon particles 
to the flow of current which is supplied from 
an external battery. The variation in cur-
rent across a transformer winding causes a 
voltage change which can be applied to a 
vacuum tube amplifier. 

2. Describe the operation of a Class-A Am-
plifier or Modulator. 

The output of a Class-A Audio Amplifier 
is an undistorted replica of the grid signal. 
The grid is biased for operation over the 
linear portion of the grid voltage-plate cur-
rent curve, and the input signal is never 
great enough in amplitude to exceed the 
fixed bias. The result is a constant D.C. 
plate current. 

3. Describe the Operation of a Class-B Am-
plifier or Modulator. 

Two tubes are connected in push-pull, with 
grid bias equal approximately to cut-off. Each 
tube operates during half of the audio cycle, 
and the distorted output is combined in an 
output transformer in order to provide a 
re ca of the input signal. The grids may 

ng positive, and a power driver stage 
should therefore be used. 

4. What adjustments are required for a 
Class-A Amplifier if the plate current 
increases during operation? 

This is an indication of excessive grid 
bias or excitation. The negative grid bias 
should be reduced, or less audio excitation 
should be applied. 

5. What adjustments are required for a 
Class-A Amplifier if the plate current 
decreases during operation? 

More negative grid bias, or less audio in-
-put is required. 

.6. What causes distortion in a Speech Am-
plifier and what is the cure? 

(1) Incorrect grid bias. (2) Excessive 
excitation. (3) Audio frequency regenera-
tion or degeneration. (4) R.F. feed-back. 
(5) Defective tubes or incorrect type of 
tubes. The corresponding adjustments to 
overcome these difficulties are: ( 1) Adjust 
grid bias to the correct operating point. (2) 
Reduce excitation by means of gain control. 
(3) Installation of decoupling filter cir-
cuits. (4) Installation of R.F. chokes and 
shielding. ( 5) Use tubes which are cap-
able of supplying the required signal voltage. 

7. If thé plate current in a Class-A Am-
plifier or Modulator fluctuates with 
speech input, when all voltages are at 
their proper values, what adjustments 
should be made? 

Turn down the gain control, or do not 
talk so loudly into the microphone. 

8. What are the effects of excessive Audio 
Amplification? 

Distortion of speech, and overmodulation 
in some cases. 
9. What is the function of a Gain Con-

trol? 
It is usually a potentiometer which con-

trols the amount of audio frequency input 
to a speech amplifier. 
10. What is a Modulator? 
A modulator is a device for varying the 

radio- frequency carrier amplitude in accord-
ance with the audio-frequency signal. 
11. What is a Speech Amplifier? 
A speech amplifier consists of one or 

more stages of audio frequency amplifica-
tion for the purpose of increasing the micro-
phone output to a value required for actuat-
ing the modulator. 
12. How is a plate modulated Class-C Am-

plifier properly adjusted? 
The Class-C amplifier is operated with 

normal plate voltage, normal grid current, 
and grid bias of at least twice cut-off. It 
is neutralized, unless a screen-grid tube is 
used. The antenna loading is adjusted until 
normal plate current loads the modulator 
tube to the proper value for correct impe-
dance matching. All circuits are tuned to 
exact resonance. The audio gain control 
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should be set below the point where sound 
input to the microphone causes fluctuation 
of the Class-C amplifier plate current, or 
where overmodulation is shown by an over-
modulation indicator. 

13. How is a grid-modulated transmitter 
adjusted? 

The modulated stage is operated with fixed 
bias equal to from 11/2 to 2 times cutoff. 
Considerably less r.f. driving power and grid 
current are utilized than with an equivalent 
Class-C stage. However, the r.f. driver 
must have good regulation. This can be 
secured by dissipating approximately half 
the driver output in a load resistor con-
nected across a portion of the driver tank. 
The modulated stage is loaded somewhat 
heavier than would be the case for a Class-C 
amplifier, by using tighter antenna coupling. 
The excitation to the modulated stage is in-
creased in small steps until the modulation 
capability of the amplifier is around 90%. 
More excitation will reduce the modulation 
capability, giving less sideband power even 
though the carrier may be greater. If the 
tubes run too hot, the antenna coupling 
should be reduced and the process repeated. 
If they are running at less than rated dissi-
pation, the antenna coupling may be in-
creased and the excitation adjustment re-
peated. 

14. What is the indication of correct mod-
ulation? 

With plate modulation, the D.C. plate 
current of the modulated stage should be 
constant during modulation. Unsymmetri-
cal modulation takes place when this plate 
current varies. A pure audio- frequency sine 
wave from the modulator will cause the 
antenna R.F. current to increase 221/2 per-
cent at 100 percent modulation, grid current 
and plate current remaining constant. 

15. What is a Class-C Amplifier? 

The power output of a Class-C amplifier 
is proportional to the square of the plate 
voltage. The grid-bias is usually twice that 
required for cut-off of plate current with no 
R.F. excitation. High grid excitation is 
required, and the amplifier is more efficient 
than a Class-A or Class-B amplifier. 

16. What is the principle of operation of 
the Class-B Linear Amplifier? 

The plate power output in a Class-B R.F. 
amplifier is proportional to the square of the 
grid excitation voltage, and thus it can be 
used as a linear amplifier of modulated R.F. 
power. The grid-bias is adjusted to cut-off, 

and in the case of a single-ended stage, the 
output becomes sinusoidal by means of the 
"fly-wheel" effect of the tuned plate circuit. 

17. Describe the effects of overmodulation. 
What is the cure? 

Overmodulation causes the radiation of a 
broad interfering wave. Another effect is 
audio distortion at the receiving end. Over-
modulation can be eliminated by using the 
correct value of grid excitation, correct D.C. 
grid bias, well-regulated power supplies, cor-
rect amount of audio-frequency output from 
the modulator, and proper degree of antenna 
coupling. 

18. What is the most likely cause of over-
modulation? 

Excessive audio power output from the 
modulator. The gain control in the speech 
amplifier should be turned down. 

19. How is overmodulation observed in a 
transmitter? 

Overmodulation is observed by checking 
continuously with an approved type of over-
modulation indicator. When any tuning ad-
justments are made, an initial check should 
preferably be made with a monitor and 
oscilloscope, to check the modulation capa-
bility of the transmitter. 
The plate current should remain abso-

lutely constant in a Class-A amplifier or 
modulator, a Class-B linear amplifier, and in 
a modulated Class-C amplifier. It should 
not vary over 10% in a grid bias modulated 
transmitter, and any change should be up-
ward. 

20. What causes radiotelephone interference 
with broadcast reception and how is it 
eliminated? 

Overmodulation or frequency module'n 
will cause interference with broadcast reel> 
tion. Insufficient selectivity in the broadcast 
receiver, or a lack of shielding, or transmit-
ting and receiving antennas too close to-
gether, are other causes of interference. A 
tuned wavetrap in series with the receiving 
antenna and a change in the relative posi-
tion of the antennas will relieve interference, 
except in the case of overmodulation or fre-
quency modulation. The cure for the latter 
is covered in another question. 

21. Name three causes of frequency modu-
lation. 

(1) Variation in oscillator plate voltage. 
(2) Vibration of the oscillator. (3) Reaction 
of the modulated stage upon the oscillator 
due to lack of a buffer amplifier. (4) Im-
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proper neutralizafon of an amplifier. (5) 
Modulated R.F. feed-back to the oscillator. 

22. Why is frequency modulation undesir-
able? 

Spurious side-band frequencies are gen-
erated by frequency modulation and these 
side-bands may extend far into other phone 
channels, causing unnecessary interference. 

23. How can frequency modulation be 
eliminated? 

By the use of a well-regulated power sup-
ply for the oscillator and separate power 
supplies for the remainder of the transmitter. 
A buffer amplifier or doubler and a stable 
oscillator should also be used. The R.F. am-
plifier should be correctly neutralized, and 
the crystal oscillator should be shielded from 
the remainder of the set. 

24. What is a test for frequency modula-
tion? 

Monitor the output of the transmitter by 
means of a heterodyne meter tuned to zero 
beat with the carrier frequency. The pres-
ence of frequency modulation will cause the 
signal quality to be distorted, or "mushy." 

25. Why is a buffer amplifier used in a 
phone transmitter? 

To isolate the oscillator from the modu-
lated amplifier, in order to prevent frequency 
modulation. The input resistance of a modu-
lated tube varies during modulation, which 
places a varying load upon the R.F. driver 
stage. 

26. Why should a crystal oscillator be oper-
ated with light load and moderate plate 
voltage? 

Changes of load conditions will have mini-
mum effect when the crystal is lightly loaded. 
Moderate plate voltage is desirable in order 
to prevent frequency drift due to overload of 
the quartz crystal. High plate voltage may 
cause excessive vibration of the quartz crys-
tal at radio-frequencies. 

27. How should the oscillator be isolated 
from the modulated amplifier? 

By means of one or more buffer or doubler 
stages. 

28. What is the proper adjustment for a 
frequency-doubler-amplifier? 

High R.F. grid excitation is necessary, and 
the grid bias should be from 3 to 6 times 
cut-off. High L-to-C ratio is also desirable. 

29. What is the proper indication of reso-
nance in the R.F. amplifier tuning cir-
cuit? 

Resonance is indicated by setting the plate 
tuning condenser to the point where mini-
mum plate current is indicated. In the case 
of a tuned grid circuit, resonance occurs at 
the point of maximum D.C. grid current, as 
read by a milliammeter. 

30. What method is used to determine the 
correct harmonic frequency of opera-
tion of a doubler stage? 

An absorption wavemeter or frequency 
meter should be used for this purpose. 

31. What method is used to ascertain 
whether or not the crystal oscillator is 
operating on only the desired fre-
quency? 

The output is checked with an oscillating 
c.w. monitor while tuning the oscillator plate 
circuit over the range of the tuning con-
denser. 

32. What radio-frequencies are produced 
during the process of amplitude modu-
lation? 

Upper and lower sideband frequencies 
equal to the carrier frequency plus and 
minus the various audio frequencies applied. 

33. What is meant by Percentage of Modu-
lation? 

It is the ratio of one-half the difference 
between the maximum and minimum ampli-
tudes of a modulated wave to the average or 
unmodulated amplitude (expressed in per-
centage). 

34. How much audio power output is re-
quired for a given plate modulated 
Class-C input for 100% modulation? 

50% of the D.C. power input to the 
Class-C stage. 

35. What is the ratio of peak power out-
put to carrier power at 100 percent mod-
ulation? 

The peak power output is 4 times the 
unmodulated carrier power. 

36. What is the ratio of average power out-
put to carrier power at 100 percent 
modulation? 

One-and-one-half to one, with pure tone 
input. 

37. How close to the edge of the amateur 
bands can the carrier frequency be op-
erated? 

The carrier should be far enough from 
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the edge of the band so that the ide-band 
frequencies which are radiated will fall 
within the assigned phone bands. 

38. What determines the above limits? 
The highest modulation frequency deter-

mines the outermost side-band frequency. 
The carrier frequency must be inside of the 
band by the amount of the highest audio 
frequency used. 

39. What is meant by Modulation? 

Modulation is the process of combining 
the audio-and-radio-frequency signals into a 
radio- frequency wave for the purpose of 
transmitting intelligence. The a.f. signal is 
superimposed on the r.f. signal. 

40. What is a Carrier Wave? 

A carrier wave is the unmodulated com-
ponent of the R.F. wave. 

41. Why should self-excited oscillators not 
be modulated? 

Because frequency modulation as well as 
amplitude modulation takes place. This 
causes radiation of an extremely broad wave. 

42. What should be done to reduce har-
monic radiation? 

The remedies consist of: ( a) Increasing 
the capacity-to-inductance ratio in the tank 
circuit of the final amplifier. (b) The use 
of additional tuned antenna circuits by 
means of link or inductive coupling. (c) 
By means of low-pass "pi" antenna couplers. 

43. Draw a complete circuit diagram of a 
radiotelephone transmitter, and explain 
the operation of all parts. 

The reader is referred to the theoretical 
section of this book for complete informa-
tion on the theory, operation and circuit 
design of any type of radiotelephone trans-
mitter. 

44. Describe three means of indicating 
Audio volume level. 

(1) By means of a volume indicator con-
sisting of a vacuum-tube voltmeter, (2) By 
means of an oxide rectifier type voltmeter 
or volume indicator, (3) By noting the read-
ings of a D.C. milliammeter in the plate sup-
ply lead of a Class-B audio amplifier. 

45. Explain why a transmitter should not 
be modulated in excess of its modula-
tion capability. 

Because it will cause interference with ad-
jacent radiophone channels. 

46. Why are two tubes necessary in a Class-
B audio output circuit, whereas only 
one tube is necessary in a Class-B lin-
ear radio frequency amplifier? 

Two tubes are needed in a Class-B audio 
circuit in order to supply the complete audio 
cycle to the output transformer, since each 
tube functions during only half the audio 
cycle. The output transformer is not reso-
nant and therefore cannot complete the cycle 
in a manner similar to that of the tank cir-
cuit of a Class-B R.F. linear amplifier. 

In the r.f. amplifier the tank circuit pro-
vides a "fly-wheel" effect which completes 
the R.F. cycle, even though the tank circuit 
is only driven during half of the R.F. cycle. 

47. Explain the action of a quartz crystal 
oscillator. Why is its use desirable? 

The quartz crystal acts as a tuned circuit, 
due to its piezo-electric properties, and it 
has an extremely high degree of stability 
since it is mechanically resonant to the elec-
trical frequency of oscillation. Feed-back 
causes oscillation at a frequency determined 
by the physical dimensions of the quartz 
crystal, and power can be taken from the 
plate circuit. 
The quartz crystal is mechanically resist-

ant to changes in physical dimensions, with 
the result that the frequency of oscillation is 
very constant. 

48. Explain how a plate modulated trans-
mitter is correctly operated with re-
duced power. 

The D.C. plate voltage in the final plate-
modulated R.F. amplifier can be lowered by 
reducing the 110 volt A.C. line voltage by 
means of an auto-transformer or a primary 
line resistor. The audio power output from 
the modulator should be reduced by turning 
down the gain control to a point which pre-
vents overmodulation, as indicated by an 
oscilloscope or overmodulation indicator. If 
the plate voltage to the Class-B audio modu-
lator is reduced, the C bias must be propor-
tionately reduced in order to maintain good 
voice quality. The modulator output imped-
ance will usually remain the same at re-
duced power, since a reduction of plate volt-
age generally causes a reduction of plate 
current in the R.F. amplifier. 

49. Under what circumstances is it neces-
sary to reduce the power of a radio 
transmitter? 

Only sufficient power should be used to 
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enable reliable communication with the de-
sired station. 

50. Explain how to eliminate parasitic oscil-
lations from the various stages of a 
radio transmitter. 

Use shorter leads in the grid and neutral-
izing circuits, or use small parasitic chokes, 

shunted by a 200 ohm resistor, in the grid 
circuits adjacent to the grid terminals. Low-
f requency parasitics can be prevented by 
eliminating the grid R.F. choke, or by using 
one with very much less inductance than 
that used in the plate circuit. 

Parasitics in a Class-B audio amplifier 
can be eliminated by shunting .0005 mfd. or 
.001 mfd. condensers from grid to filament, 
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and by inserting 40 ohm resistors in the 
plate leads to the output transformer. 

Parasitics are undesirable because they 
will introduce distortion in Class-B audio 
circuits. In R.F. circuits, parasitics will 
cause excessive tube heating, radiation of 
undesired frequencies, and instability in neu-
tralized R.F. amplifiers. 

51. What is meant by "Cross Modulation" 
in a receiver, and how is it eliminated? 

"Cross Modulation" is the effect of an 
undesired signal superimposed upon the sig-
nal to which the receiver is tuned. It is 
usually due to lack of selective R.F. circuits 
ahead of the first tube, incorrect bias on the 
first tube, or lack of a variable-mu charac-
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teristic in the first tube of a radio receiver. 
A wavetrap tuned to the undesired signal 
will help reduce Cross Modulation. 

52. What is "Image Interference" in a re-
ceiver, and how is it eliminated? 

In a superheterodyne receiver, the oscilla-
tor supplies a heterodyne signal which differs 

from the frequency of the desired signal by 
the value of the intermediate frequency. 
Image interference may take place from an 
undesired signal which differs from the de-
sired signal by twice the I.F. frequency, 
since the oscillator will also heterodyne 
this signal into the I.F. amplifier. The cure 
lies in the use of sufficient pre-selection to 
eliminate the undesired signal. 
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Every reader of this hand-
book will find "Radio Digest" 

of interest and value. But be-

cause the magazine is so new, 
perhaps you have not seen a 
copy. The following pages will 

give you a general idea as to 

the aims, purpose, and content 
of this new and different techni-

cal radio magazine. 

If, after perusal of these 

typical "Digest" pages you are 

interested, and we know you 
will be, turn to page 2 of this 

handbook for prices, size, fre-

quency, and other pertinent data. 
In the U. S. A. you can sub-
scribe to "Radio Digest" for 

two years for $2.50. Foreign 
rates are correspondingly low. 

The Editors 
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€ From Bell Laboratories 
Record, Oct., 1937 

an,Wiita, Wale. Ciitcuit_ 

for Mt. Palomar Observatory 
BY AUSTIN BAILEY 

THERE is under construction on 
the top of Palomar Mountain, in 

Southern California, a new astro-
nomical observatory in which the 
world's largest telescope is to be 
installed. The establishment of the 
observatory represents a major con-
struction project, for which a tele-
phone "order wire" is required be-
tween the mountain top and the 
headquarters in the California In-
stitute of Technology, situated 
about ninety miles away. 
Members of the staff of the Cali-

fornia Institute proposed establish-
ing the desired telephone connec-
tion by means of an ultra-short 
wave radio link. As this seemed to 
be a favorable opportunity to try 
out ultra-short waves for telephone 
purposes over an unusual and diffi-
cult transmission path, the engi-
neers of the Laboratories became 
interested in it, and the project was 
undertaken on a cooperative basis. 
The transmission path is charac-

terized by its considerable length, 
ninety miles, and the fact that the 
peaks of an intervening range of 
mountains protrude into it. The 
situation is illustrated by the pro-
file chart, figure 2, where the solid 
line indicates the shortest path and 
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the dashed one represents the mean 
path which the ultra-short waves 
would be expected to take under 
average conditions, were no bar-
riers present. The curvature is due 
to atmospheric refraction which is 
caused primarily by water vapor in 
the air. It is difficult to predict re-
sults on a theoretical basis, but pre-
liminary studies indicated that the 
obstruction of the mountains might 
insert a transmission loss of about 
eighteen db. The indications were 
that five-watt transmitters might 
serve if the local noise conditions 
were not too severe and if antennas 
of reasonable gain were employed. 
The circuit has now been estab-

lished and is used thirty or forty 
times on each work day. The trans-
mission to Palomar Mountain 

C) 1937, by Bell Telephone Laboratories, Inc., 46; Irest Street, N. Y. C. 
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From Successful Servicing 
June-July, 1937 

AUDIO AMPLIFIER CHECKING 
with the Oscillograph 

BY JOHN F. RIDER 

WITH the introduction of the 
new small screen cathode-ray 

tubes and the resulting economies 
which they make possible, an ever 
increasing number of servicemen 
are becoming owners of cathode-
ray oscillographs. Now, more than 
ever before, many servicemen are 
surveying these shiny new instru-
ments with their array of knobs and 
wondering just how the new instru-
ments will help them speed up 
their service work. 
Those using the cathode-ray os-

cillograph for the first time will 
probably be disappointed. It is go-
ing to take a considerable amount 
of experience and study before one 
will be able to save time in service 
operations through the use of the 
oscillograph. At the beginning, if 
one is an average serviceman, he 

AMP 

will attempt to do things with the 
oscillograph that it was never 
meant to do. He will find the large 
number of controls confusing; and 
he will run across all sorts of puz-
zling effects. But with experience 
and study, an understanding of just 
what the instrument is capable of 
will come, and then he will find 
himself amply repaid for all the ef-
fort expended. 
The peculiar adaptability and 

usefulness of the cathode-ray oscil-
lograph over all other types of 
measuring instruments is that it 
permits the visual observation of 
waveforms. Whereas the ordinary 
type of instrument can tell us only 
the magnitude or the size of a given 
voltage or current, the oscillograph 
can tell us not only the magnitude 
but its waveform. As such it is to 

Normal Amplifier Operation 

(:) 1937, by John F. Rider, Publisher, 144to Broadway, N. Y. C. 
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C from RCA Review, 
July, 1937 

TELEVISION TRANSMITTERS 
BY J. W. CONKLIN AND H. E. GINNING 

THE advent of high-definition 
television, involving modulation 

frequencies up to several million 
cycles, has necessitated the devel-
opment of high-power, ultra-high 
frequency transmitters. The unique 
tube and circuit problems encount-
ered and the practicability of line 
sections as circuit elements has re-
sulted in radical departures from 
conventions in transmitter design as 
may be seen from the accompany-
ing illustrations, showing features 
of high-power, ultra-high-frequency 
television transmitters. 

• Vacuum Tube Problems 

In ultra-high-frequency develop-
ment the vacuum tubes have always 
been one of the major sources of 
difficulty. Vacuum tubes developed 
for lower frequencies have a num-
ber of limitations rendering them 
unsuitable for u-h-f applications. 
For low-power u-h-f transmitters 
and receivers, special tubes having 
low internal capacities, short leads, 
and other features are available, 
permitting conventional designs in-
sofar as tubes are concerned. Tele-
vision transmitters with carrier 
powers between five and ten kilo-
watts require tubes with dissipation 

capabilities of the order of thirty 
kilowatts. The Type 899 is one of 
the tubes now used in these appli-
cations. Some of the problems of 
high-power u-h-f transmitters are 
due to the large physical size of 
tubes now available. 

A 50-megacycle amplifier. Tank circuit 
is of the parallel- line type using a small 
disc condenser for fine tuning adjustment. 

@ 1937, by RCA Institute Technical Press, 75 Varick Street, N. Y. C. 
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From Ali-Wave Radio 
August, 1937 

ADVANCED 10-20 SUPERHET 
BY H. G. MUSTERMANN 

IN THIS article is described a 
receiver built specifically for 10-

meter work. Nevertheless 20-meter 
coils are also provided, as a re-
ceiver that performs well on 10 
always works a little better on 20. 
A set of 5-meter coils is contem-
plated for the near future. This will 
permit the reception of crystal con-
trolled transmitters on this band. 
High gain in the r.f. stages is of 

most importance for a 10-meter 
receiver and is most difficult of at-
tainment. High-inductance coils and 
small tuning capacities are impera-
tive if this high gain is to be real-
ized. For this reason the some-
what odd construction shown in the 
high-frequency section is used. Four 
20-Aufd. midget tuning condensers 
are ganged to a PW-0 type drive 
unit. The 500-degree scale of this 
unit provides ade-
quate mechanical 
band spread. The 
coil sockets are 
placed as close as 
possible to the 
condensers in a 
raised position. 
This gives short-
est tank leads. 
APC a i r trim-
mers are mounted 
right in the coils. 
The first r.f. stage 

is trimmed with a panel mounted 
condenser (C.). This takes care of 
antenna variations. 
A shelf of Xe in. thick aluminum 

is mounted an inch above the chas-
sis, and supports the entire high-
frequency section with the excep-
tion of the drive unit. This is 
bolted direct to the chassis, being 
raised a half inch. Both the drive 
unit and the shelf are fastened to 
the chassis by means of long 6/32 
bolts and Cardwell half - inch 
spacers. Two of the latter make up 
the inch height for the shelf. This 
shelf should be fastened in about a 
dozen places to the chassis to keep 
it rigid. 
Another set of half-inch spacers 

raises the tuning condensers to the 
proper height above the shelf for 
ganging to the drive unit. Great 

srcs.gtn 

SCHEMATIC DIAGRAM OF POWER AMPLIFIER 
AND POWER-SUPPLY UNIT 

© 1937, by Manson Pnblications Corp., 16 E. 43 St.. N. Y. C. 
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More Uses of the Electric Eye 

Astronomy: When finally established in the next three 
or four years, the 200-inch Mount Palomar telescope 
will be used in conjunction with a photocell detector for 
registering the presence of extremely faint illuminations. 

General research: The color reflection and transmis-
sion properties of any material can be analyzed by a 
machine which employs polarized light along with a 
single photocell and plots the complete spectral re-
sponse in three minutes. 

Telegraph delivery: Automatic indications of trouble 
in connection with the conveyor belt system of one of 
the larger Western Union offices is made available by 
strategically-placed photocells. 

Silk manufacture: Photocells are now responsible for 
the smoothness and hence the sheen of women's silk 
hose. 

Cotton making: A new weft straightening control, 
which has phototubes to detect skew in cotton cloth, has 
been developed by G. E. 

Burglar alarm: Successful in its every test, a photo-
tube burglar alarm, which has an infra-red beam and 
automatically notifies the police by a spoken alarm 
played from a record, should prove effective in the ap-
prehending of certain "master" criminals. 

Ship guidance: Photocell controlled, motor-operated 
rudder-control devices are being increasingly used as 
robot pilots for motorship guidance. 

Relining industry: The "compensating calorimeter," a 
phototube device, measures the color of anything trans-
parent or translucent, and is thus being used for color 
measurements which control various industrial processes 
such as sugar or oil refining, heat treatments in the 
metal industry, and so forth. 

Spark plug manufacturing: The proper gap in spark 
plugs can be obtained very accurately by controlling 
with a phototube the vibrating hammer used to bend one 
of the electrodes. 
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