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The “Radia” Handbook

FOREWORD

THE Editors of RADIO have unquestionably become in recent years
the outstanding group in radio not affiliated with a definite commer-
cial interest. They are all practical radio engineers and active ama-
teurs of many years’ experience. They are the source of the reputa-
tion and prestige of RADIO, envied by publications of greater cir-
culation.

Starting several years ago with an extensive set of “notes”
compiled for their own use, the Editors of RADIO and particularly
Frank C. Jones have developed the present ‘“RADIO”’ HANDBOOK,
which is now in its fifth edition. Each edition is thoroughly revised,
not merely brought up to date. To keep up with rapid developments
in commercial equipment, the great majority of items shown in the
constructional pages are newly built for each edition. Though a
few outstanding items were selected from other publications by the
same publishers, the greater portion are built especially for this
handbook. All have been tried in actual practice.

New methods have been evolved for the presentation of buffers
and amplifiers. By means of them, the reader will be able to select
the oscillator, buffer, and doubler or final amplifier which he prefers,
regardless of the type of tube he has or wishes to use. This will
permit the design of a transmitter employing one of several suitable
combinations of the respective units. It is not necessary to adhere
to one complete set of instructions in planning a transmitter. But
for those who so desire, several completely-built transmitters are
described.

Taken all in all, no effort has been spared in an attempt to com-
pile the most comprehensive book on the subject, both as a reference
for those with wide knowledge of the field and as a practical
text for those of limited knowledge and means.

In closing, we wish to thank those whose year-after-year pur-
chases have indicated their approval of such an unusual policy.
This policy has only been possible, however, with the additional
cooperation of our advertisers. In similar technical fields texts
such as this sell from $5.00 upwards; whatever value this book may
have for you over its purchase price is a gift to you from our
advertisers. We hope that you will reciprocate by using their prod-
ucts when suited to the job at hand.

THE PUBLISHERS
Los ANGELES, CALIFORNIA
October, 1938 '

The Editors of RADIO in preparing this work have not only drawn upon
their own knowledge and extensive experience, but also have drawn uponm nearly
the whole current field of radio literature, wherefore it is impossible to give due
acknowledgment to all whose work has been consulted to some extent. e wish
to acknowledge particularly the kind permission of the RCA Manufacturing Co.,
Inc., to use certain of the formulas in the theoretical pages, as well as extensive
data and specifications on vacuum tubes.
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CHAPTER 1

Pundamental Theory

Elementary Electricity and Radio Physics — Circuit Charac-
istics and Components — Computations

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
difference 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.

Electrons and protons in combination
are known as atoms. The proton (one
or more) represents the central or nucle-
ar positive charge, while the electron
(or electrons) 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 re-
volve about the sun. The atoms which
make up the various elements differ
mainly in the fact that some have sev-
eral 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 cen-
tral unit, and, since they are opposite in
polarity, a perfect state of balance ex-
ists. It is this same general state of
balance which exists throughout nature,
generally speaking.

It is important to understand that an
atom (or atoms) containing several or-
bits of electrons around the central por-
tion (nucleus) will have many of its
electrons at a considerable distance from
the nucleus, and consequently these elec-
trons 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 visu-
alize the actual physical mass of either
is quite impossible, the realization be-
coming evident when it is considered that
countless billions upon billions of elec-
trons and protons make up a tiny piece
of copper wire.

When this enormous quantity of atoms
in any particular object is taken into
consideration, it is easier to understand
why, when electrons in some far-re-
moved orbit are not so strongly held by
their central positive proton, such elec-
trons are very apt to be attracted by
some other atom which has previously
lost its outer electron. This is exactly
what happens.

The atom at all times seeks to main-
tain a state of balance; this is accom-
plished only when an atom has the
proper number of electrons. If one elec-
tron is lost to some other atom, balance
is quickly restored by attracting an-
other. Consequently, there is a continu-
ous 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 current.

Conductors and Insulators

Should the atomic structure of a cer-
tain material be 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, por-
celain and dry air are examples of such
insulators.

.7.
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On the other hand, materials that have
a large number of free electrons are
known as conductors. Most metals, such
as copper, silver and aluminum, are con-
ductors. The ability of a material to pass
an electric current is known as its con-
ductivity. Metals which have high con-
ductivity may be said to have low re-
gistance to the flow of an electric cur-
rent.

The Electric Current

The free electrons in a conductor move
constantly about and change their posi-
tion in a haphazard manner. If, however,
the conductor is connected between the
positive and negative terminals of a bat-
tery, there will be a steady movement
of electrons from the negative to posi-
tive 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.

It can be said in explanation that when
the battery was first connected to the
wire, there existed a shortage of elec-
trons at one terminal which the elec-
trons at the other terminal attempted to
supply.

Remember that the constant movement
of electrons in a definite direction cre-
ates an electric current. In the previous
example, the constant electron movement
was brought to a halt when the battery
was disconnected since the surplus elec-
trons immediately supplied the deficiency
existing at one end and established a
balance throughout the entire conductor.

‘Resistance

The molecular structure of certain
metals is such that when the free elec-
trons are made to flow in a definite direc-
tion, there are frequent collisions be-
tween them and the individual atoms in
the material. The result of these colli-
sions is to decrease the total electron
flow. This ability of a substance to re-
sist 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
produce the same current in a good con-
ductor. In the case of the conductor
virtually all of the electromotive force
is effective in producing current, where-
as in the resistor a portion is wasted

in the form of lost energy due to electron
collisions. These collisions cause the ma-
terial 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-
hibited when a metal is repeatedly struck
by a hammer.

The resistance of a uniform length of
material is directly proportional to its
length and inversely proportional to its
cross section. A wire with a certain re-
sistance for a given length will have twice
as much resistance 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 resistance of most materi-
als will increase as the temperature is
increased. Thus, the resistance .of the
filament in a vacuum tube, or in a tung-
sten electric lamp, is many times higher
when brought to operating temperature
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 pro-
duced. Expressed as an equation:

electromotive force
R =

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 meg-
ohm (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 meas-
urement 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 elec-
trical practice is the ampere, 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
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force called an electromotive force, usu-
ally abbreviated e.m.f. or E.M.F. The
unit that denotes this force is called the
volt. This force or pressure is measured
in terms of the difference in the number
of electrons at one point with respect
to another. This is known as the poten-
tial difference,

The relationship between the electro-
motive force (voltage) to the flow of
current (amperes), and the resistance
which impedes the flow of current
(ohms), is very clearly expressed in a
simple but highly valuable law known
as Ohm’s law.

Ohm’s Law

This law states that the current in
amperes 18 equal to the voltage divided
by the resistance in ohms. Expressed as
an equation:

E

R

If the voltage (E) and resistance (R)
are known, the current (I) can be read-
ily found. If the voltage and current
are known, and the resistance is un-
known, the resistance (R) is equal to
E
—. When the voltage is the unknown
I
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
repeated for quick reference:

E E

] = — R=—

R I
where I is the current in amperes,
R is the resistance in ohms,

E is the electromotive force involts

E=IR

One typical problem for the applica-
tion of Ohm’s law would be a resistance-
coupled amplifier whose plate resistor
has a value of 50,000 ohms, with a meas-
ured current through this resistor of
5 milliamperes. The problem is to find
the actual voltage applied to the plate of
the tube.

The resistance R is 50,000 ohms. The
current I is given as § milliamperes;
milliamperes must, therefore, first be
converted into amperes; .006 amperes
equals 5 milliamperes. The electromotive
force or voltage, E, is the unknown quan-
tity. Ohm’s law is applied as follows:

Formula: E -‘—‘i X R
R = 50,000 ohms
I =.006 amperes

Solution: .005 X 50,000 = 260 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
desirable in this case to have a voltage
of 150 on the plate of the tube. The
known quantities are a plate current of
10 milliamperes (0.01 amperes) and a
supply voltage of 300 volts. It is desired
to find the value of plate resistor to pro-
vide this drop in voltage.

From the foregoing, it is obvious that
with 300-volts plate supply available, the
voltage that must be consumed across
the plate resistor is 150 volts, so that
150 volts will remain 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
voltages, or the ‘“voltage drop” across the
resistor, 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, I = ;2_’
equals the difference between supply and
measured plate voltages.

E again

Therefore:
200
I=0——vn
20,000

1 = 0.010 amperes, or 10 milliamperes.
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Resistances in Series

The total resistance of several resist-
ances in series is equal to the sum total
of the individual resistances. A 50,000-
ohm resistance in series with a 25,000-
ohm resistance would give a total resist-
ance of 75,000 ohms.

Formula: R, + R, =R,

R4 R2
I WA W T
Rs
FIGURE 1.

Resistances in Parallel

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

When two or more resistances are
connected in parallel, the effective total
is always less than the value of the low-
est resistance in the group. The value of
three or more unequal resistances in par-
allel is solved from the following for-
mula:

: 1
R =
1 1 1
+—t
R, R, R,
\
Ry %Rz R3 R
\ ;
FIGURE 2,

Three or More Parallel Resistors
Having Same Value

When three or more resistors of the
same 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 ef-
200

fective resistance of ——, or only 50
4
ohms.

Two Unlike Resistances
In Parallel

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

Ri: X Ra
R=m o .,
R.+ Ra
where R is the unknown quantity,
R, 18 the resistance of the first
resistor,
R, i3 the resistance of the sec-
ond resistor.

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

500,000 X Ra
300,000 =

500,000 4+ R

By transposition, factoring and solution,
the effective value of R will be 760,000
ohms. Thus a 750,000-ohm resistance
must be connected across the 500,000-
ohm resistance in order to secure an ef-
fective resistance of 300,000 ohms.

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

R: X R
Ri = —,
R—R,

where R is the resistance present,
R, is the resistance to be ob-
tained,
R, 18 the value of the unknown .
resistance necessary to give
R, when in parallel with R.
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Resistances in Series-Parallel

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

1
R =
1 1 1

R: + R, R:+ R, R: + R,

]
,

Ri R3 2Rs
R

Rz $R4 3SRe

o

FIGURE 3.

Power Measurements
and Formulas for
Resistive Circuits

When a voltage causes a given current
to flow through a resistor, heat is
generated or dissipated by 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, there-
fore, be forced through in order that a
given number will constantly move
through the conducting medium. 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
expenditure 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 convenient to express power in
terms of the resistance and current, a
substitution of I X R for E (E =1 X

www americanradiohistorv com

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
R R
substituted for I, the formula became
E E?
W = E X — or W = —, These three
R R
expressions are repeated for quick refer-
ence:
E’
W=EXILW=DIXR, W=—
R
where W is the power in watts,
E i the electromotive force or
voltage,
I is the current in amperes.

This equation is used in the following
typical example: The voltage drop across
a cathode resistor in a power amplifier
stage is 50 volts; the plate current flow-
ing through the resistor is 150 milli-
amperes. The number of watts the
resistor will be required to dissipate is
found from the formula: W (watts) =
E X I, or 50 X .150 = 7.6 watts (.160
amperes is equal to 150 milliamperes).
From the foregoing it is seen that a
7.5-watt resistor will safely carry the
required current, yet a 10- or 20-watt
resistor would ordinarily be used to pro-
vide a safety factor.

In another problem, the conditions
being similar to those above, but with
resistance and current being the known
factors, the solution is obtained as fol-
lows: W =1* X R = .0225 X 333.33 +
= 1.5.

If only the voltage and resistance are

E? 2500
known, = — = —— = 7.5 watts.
R 333.33
It is seen that all three equations give
the same result; the selection of the
particular equation 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
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means of obtaining plate, screen and
bias voltages of different values from a
common power supply source. It may
also be used to obtain very low voltages
of the order of .01 to .001 volts with a
high degree of accuracy, even though a
means of measuring such voltages is
lacking. The procedure for making these
measurements can best be given in the
following example:

Assume 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 resistance of exactly 1,000 ohms. It
will, then, be found that the voltage

Conversion Table for Volts,
Amperes and Watts.

1 kilovolt = 1,000 volts.

1 volt = 1/1000 kilovolt, 107*
kilovolts, or .001 kilovolt.
1 millivolt = 1/1000 volt,

10~ volts, or .001 volt.

1,000 millivolts = 1 volt.

1 microvolt = 1/1,000,000
volt, 10~* volts, or .000001
volt.

1,000,000 microvolts = 1 volt.

1,000 microvolts = 1 milli-
volt, or 107 volts.

1 milliampere = 1/1,000 am-
pere, 10 amperes, or .001

. ampere.

1,000 milliamperes = 1 am-
pere.

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

1,000 microamperes = 1
milliampere, or 10* am-
peres.

1 kilowatt = 1,000 watts.

1 watt = 1/1,000 kilowatt,
10* kilowatts, or .001 kilo-
watt.

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 watt. .

1,000 microwatts — 1 milli-
watt or 10~ watts.

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 re-
mains unchanged since the original value
of resistance (1,000 ohms) and the volt-
age source (100 volts) are unchanged.
Thus, at a 500-ohm point on the resistor
(half its entire resistance), the voltage
will likewise be halved or reduced to 50
volts.

The equation (E = I X R) gives the
proof: E = 500 X 0.1 = 50. At the
point of 2560 ohms on the resistor, the
voltage will be one-fourth the total value

“or 25 volts (E = 250 X 0.1 = 25). Con-

tinuing 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
resistance can be measured, it is a
simple matter to predetermine the volt-
age at any point along the resistor, pro-
vided that the current remains constant.

Bleeder Resistors

Often resistors are 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 regulation of the power supply
is thereby improved 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 particu-
lar power transformer in use. If a trans-
former will carry a maximum safe cur-
rent of 100 milliamperes, and if 75 milli-
amperes of this current is required for
operation of a radio receiver, there
remains 25 milliamperes ‘of current
available which can 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 milliamperes of current,
of which 60 milliamperes will be re-
quired for the receiver. The problem is
to find the correct value of resistance to
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give a bleeder current of 15 milliamperes.

E
Ohm’s law gives the solution: R = —
1
300
= —— = 20,000 ohms. (15 milliamperes
.0156

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

Another problem would be to find the
required 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 = 3800 X .015b — 4.5 watts. It is

considered good practice to allow an
overload factor of at least 100 per cent,
since the voltage will increase somewhat
when all load except the bleeder is re-
moved. Therefore, a 10-watt resistor
should be chosen.

Volltage Divider Design

Proper design of a voltage divider for
any type of radio equipment is a rela-
tively simple matter. The first considera-
tion is the amount of bleeder current to
be drawn, which is dictated largely by
- the examples previously given. In addi-
tion, it is also necessary that the desired
voltage and the exact current at each
tap on the voltage divider be known.

The current does not flow from the

tap-on point through the resistor to

ground or negative 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 figure 4,
wherein the arrows indicate the direction
of current flow through the external
load.

The device which secures current from
the voltage divider is indicated as C. The
current drawn by C flows through sec-
tion A of the bleeder resistor, then
through C, and back to ground. The
bleeder current, however, 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
dividers 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 milli-
amperes. The following voltages are
wanted: 250 volts at 20 milliamperes
for the plates of the tubes, 100 volts at
b milliamperes for the screens of the
tubes, and 75 volts at 2 milliamperes for

i

Figure 4. Use of an adjustable
voltage divider to feed an external
load, C.

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 75-volt value, the drop will be
b volts. These values are shown in
e diagram of figure 5. The respective

current values are also indicated.
Tabulating the above:

Voltage Drop 50
A=. =

Current 037

Dissipation — .087 X 50 = 1.85 watts.

= 1,351 ohms.

Voltage Drop 150
B = =
Current 017

Dissipation = .017 X 150 = 2.25 watts.

Voltage Drop 2536

C = =
Current 012
Dissipation = .012 X 25 = 0.3 watts.

= 8,823 ohms.

= 2,083 ohms.

Voltage Drop 75
D= —

Current 010

Dissipation = .010 X 75 = 0.75 watts.

= 7,600 ohms.
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The divider has a total resistance of
19,757 ohms; this value is secured by
adding together 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, therefore, be of the
approximately correct size and, there-
fore, would ordinarily be used because of
the difficulty in securing four separate
resistors of the exact odd values indi-
cated and because no adjustment would
be possible to compensate for any slight
error in estimating the probable currents
through the various taps.

While 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 b-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,
therefore, made on the basis of current
because wattage rating of resistors as-
sumes uniform current distribution. Most
manufacturers rate their resistors in
this manner; if not, it can be .calcu-
lated from the resistance and wattage
rating.

When the sliders on the resistor once
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.

—_— e e T
10+2+5 +20 MA g A 30 VOLTS

< IS

DROP

250 VOLTS AT 20MA

10 +2+5 MA
300

g: L)
B 4s0vOLTS
¥

DROP

400 VOLTS AT 5 MA

VOLTS

§ 1
10+2 MA C as VOI;TS

DROP

78 VOLTS AT 2 MA

BLEEDER
CURRENT
10 MA

g 1
D 78 vOLTS
L

OROP

One of the serious disadvantages of the
voltage divider becomes evident when
the current drawn from one of the taps
changes. It is obvious that the voltage
drops are interdependent 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 in order 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 because of the ex-
cessive values of bleeder current 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 current from the amplifier stages
will flow through the divider in the
same direction as the bleeder current.
If this grid current changes, the voltage
applied to the grid will also correspond-
ingly change. Adjustments of a C-bias
supply should be made while the am-
plifier 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, especially where the
grid current is changing and the bias
must remain constant, as in certain
types of phone transmitters.

Resistances for Operating
Filaments in Series

Not only do the following problems re-
garding series and parallel operation of
vacuum tube filaments have practical

Figure 5. Combined
bleeder and adjustable
voltage divider resistor
as commonly used in
radio receivers.
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application in the design of radio re-
ceivers, but they serve as excellent ex-
amples for those who want to follow
the solution of typical problems involv-
ing calculations of resistance, current,
voltage and wattage.

When computations are made for the
operation of vacuum tube filaments or

heaters in series connection, it should -

be remembered 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 resistance.

No particular problem is involved
when two exactly similar tubes of the
same voltage 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 0.6 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 current drawn from the power
supply will be the same as for one tube
or 0.5 ampere. By making this connec-
tion, the resistance has actually been
doubled; yet, because the voltage is
doubled, each tube automatically se-
cures its proper voltage drop.

In this example, 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 ohms. The current

12
I would then equal — or 0.5 amperes,
24
from which it can be seen that the cur-
rent 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 cir-
cuit cannot be more than the voltage of
the supply. It is not possible to connect
six similar 6-volt tubes in series across
a 32-volt supply and expect to realize 6
volts on the filaments 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
veries- and series-parallel connections:

Example—One 6F6 and one 6L6 tube

are to be operated in a low-power air-
plane transmitter. The power supply de-
livers 12.6 volts. The problem is to
connect the heaters of the two tubes in
such a manner that each tube will have
exactly the same voltage drop across its
heater terminals. The tube tables show
that a type 6F6 tube draws 0.7 ampere
at 6.3 volts. Its resistance, accordingly,

E 6.3

equals R = — = —— = 9 ohms. The
I 0.7

6L.6 tube draws 0.9 ampere at 6.3 volts, ,

6.3
== 7 ohms.

and its resistance equals
0.9

If these tubes are connected in series
without precautionary measures, the
total resistance of the two will be 16
ohms (9 4+ 7). A potential of 12.6
volts will pass a current of 0.787 am-
pere through this value of 16 ohms. The
drop across each separate resistor 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, there-
fore, 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 connected
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 equa-

7TX9
= ——— = 31.b

tion previously given,
7-9

T T

6F6 = 9 OHMS 6L6 = 7 OHMS

9 OHMS 7 OHMS
34.5 OHMS

f¢e——— 12.6 VOLTS —

Y Y
FIGURE 6.
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ohms. By connecting a resistance of
31.6 ohms in parallel with the 9-ohm
resistance, the effective 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 found that the 6L6 draws 0.9

ampere and the 6F6 0.7 ampere, or a
difference of 0.2 ampere. If the resistance
°of the 6F6 is made equal to that of the
6L6, both tubes will draw the same
current. Simply take the difference in
current, 0.2 ampere, 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 obtained
in the previous roundabout method of
calculation.

- r——1
6.3v @ SECTION @ 0.3V .
0.9A A 0.7A
34.5 OHMS
0.3A
6.3V
SECTION 0 38

PARALLEL
RESISTOR
9 OHMS

T 12.6 voLTs 1
FIGURE 7.

The diagram in figure 7 shows other
possible connections for tubes of dis-
similar heater or filament current rat-
ings. Although section B in figure 7
appears formidable, it is a simple matter
to make the necessary calculations 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, therefore, will
be 0.3 + 0.3 + 0.7 = 1.3 amps. The
two tubes in parallel draw 0.3 4+ 0.3 =
0.6 amp. The difference between 1.3
and 0.6 is 0.7 amp. The drop across
each section is the same or 6.3 volts;

6.3

therefore = 9 ohms. This value of

0.7
resistance across the two parallel-con-
nected 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
operated in series, the current is the
same throughout the entire circuit. The
resistance of all tube filaments must
then be made the same if each is to have
the same voltage drop across its termi-
nals. The resistance of a tube heater
or filament should never be measured
when cold because the resistance will
be only a fraction of the resistance
present when the tube functions at
proper heater or filament temperature.
The resistance can be calculated satis-
factorily by using the current and volt-
age ratings given in the tube tables.

Alternating Current

So far in this text, consideration has
been given only to a steady flow of
electrons in one direction. Such currents
are known as unidirectional or direct
currents, abbreviated d.c. Radio and
electrical practice also makes use of an-
other and altogether different kind of
current, known as alternating current
and abbreviated a.c.

An alternating current begins to flow
in one direction, meanwhile changing its
amplitude from zero to a maximum
value, then down again to zero, from
which point it changes its direction,
and again goes through the same pro-
cedure. Each one of these zero-maximum-
zero amplitude changes in a given di-

- rection 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 fre-
quency of common house-lighting alter-
nating current is generally 60 cycles,
meaning that it goes through 60 com-
plete cycles (120 reversals) per second.

High radio-frequency currents, on the
other hand, go through so many of these
changes per second that the term cycle
becomes 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 sim-
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plifying this terminology is given here:

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

1 cyele = 1/1,000 of a kilocycle, .001
ke. or 107 ke.

1 megacycle = 1,000 Fkilocycles, or
1,000,000 cycles, 10* kec. or 10°
cycles.

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

Ohm’s Law Applied to
_Alternating Current

Ohm’s law applies equally to direct or
alternating current, provided that the
circuits under consideration are purely
resistive, that is, circuits which have
neither inductance (coils) nor capaci-
tance (condensers). Problems which in-
volve tube filaments, drop resistors,

electric lamps, heaters or similar re- .

sistive devices can be solved from Ohm’s
law, regardless of whether the current
is direct or alternating. When a con-
denser or a coil is made a part of the
circuit, a property common to each,
called reactance, must be taken into
consideration. Reactance will be treated
under a separate heading.

Electromagnetic Effects

When an electric current flows through
a conductor, the moving electrons which
comprise this current set up lines of
force in the surrounding medium. These
are termed lines of magnetic force, and
they extend outwardly from the conduc-
tor in a plane at right angles to its
direction. It is these lines of magnetic
force that make up the magnetic flux.

In drawing an analogy of voltage, cur-
rent and resistance in terms of magnetic
phenomena, magnetic flux might be
termed magnetic current, magnetomotive
force or magnetic voltage. The reluc-
tance of a magnetic circuit can be
thought of as the resistance of the mag-
netic path. The relation between the three
is exactly the same as that between cur-
rent, voltage and resistance (Ohm’s
law).

The magnetic flux depends upon the
material, cross section and length of
the magnetic circuit, and it varies direct-
ly as the current flowing in the circuit.
The reluctance 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 (®) =

magnetomotive force (m.m.f.)

reluctance (r)

Permeability

Permeability describes the difference in
the magnetic properties of any magnetic
substance as compared with the mag-
netic properties of air. Iron, for exam-
ple, has a permeability of around 2,000
times that of air, which means that a
given amount of magnetizing effect pro-
duced in an iron core by a current How-
ing through a coil of wire will produce
2,000 times the flux density that the
same magnetizing effect would produce
in air. The permeabilities of different
iron alloys vary quite widely and perme-
abilities up to 100,000 can be obtained.

Permeability is similar to electric con-
ductivity. There is, however, one im-
portant difference: the permeability of
iron is not independent of the magnetic
current (flux) flowing through it, al-
though electrical conductivity 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 dens-
ity. This point is known as the point of
saturation. The inductance of a choke
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coil whose core is saturated declines to
a very low value.

Ampere Turns

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 cur-
rent through the conductor 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 con-
ductor is put into the form of a coil, two
figures are given here:

AYARAYAY

FIGURE 8A.

FIGURE 8B.

An arbitrary point P is chosen in A
of figure 8 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 re-
sultant 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 con-
ductor. 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 P, with the result that the
field is greatly strengthened.

- When a conductor is wound into a
number of turns in the form of a coil,
the flux which encircles the current flow-
ing through an individual turn also links
the turn adjacent to it. Thus, in a multi-
turn coil, the magnetic field which is pro-

duced will be much greater than if only
a single turn were used. This flux in-
creases or decreases in direct proportion
to the change in the current. The ratio
of the change in flux to the change in
current has a constant value known as
the #nductance of a coil.

Counter E.M.F.

A fundamental law of electricity is:
when lines of force cut across a conduc-
tor, a voltage is induced in that conduc-
tor. Therefore, it can be readily seen
that in the case of the coil previously
mentioned the flux lines from one turn
cut across the adjacent turn, and a volt-
age 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 direction 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 multiturn
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 voltage may only
be produced by a changing flux. It is
only such a changing flux that will cut
across the individual turns and induce a
voltage in them. By a changing flux is
meant a flux that is increasing or de-
creasing as would occur if the e.m.f.
across the coil were alternating or chang-
ing its direction periodically.

As the current increases, the back
em.f. reaches a maximum; as the cur-
rent decreases, the back e.m.f. is maxi-
mum in the same direction as the cur-
rent. This back voltage is always oppo-
gite to the exciting voltage and, hence,
always acts to resist any change in cur-
rent 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 volt-
age 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
microhenry are more commonly used, in
the following manner:
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1 henry = 1,000 millihenrys, or 10
millihenrys.

1 mallihenry — 1/1,000 of a henry,
001 henry, or 10 henry.

1 microhenry = 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 = 1 millihenry.

Mutual Inductance

If 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 voltage. This
effect of linking two inductances is
called mutual inductance, abbreviated M,
and is also expressed in henrys. Two ecir-
cuits thus joined are said to be induc-
tively coupled. ‘

The magnitude of the mutual induct-
ance depends upon the shape and size
of the two circuits, their positions and
distances apart and the permeability of
the medium. The extent to which two in-
ductances are coupled is expressed by a
relation known as coefficient of coupling.
This is the ratio of the mutual induct-
ance actually present to the maximum
possible value.

Inductances in Parallel

Inductances in parallel are combined
exactly as are resistors in parallel, pro-
vided 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 pro-
vided that no mutual inductance exists.
In this case, the total inductance L is:

Where mutual inductance does exist:
L=1i+ L. 4+ 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., additive. If this is not
the case and the mutual linkages sub-

tract from the self-linkages, the follow-
ing formula holds:

L = ILa + L, — 2M,

where M is the mutual inductance.

Calculating Inductance Formulas

The inductance of coils with magnetic
cores can be determined with reasonable
accuracy from the formula:

L=126T X N*X P X 10°
where

L is the inductance in henrys,

N is the number of turns,

P is the permeability of the core ma-

terial.

From this formula it can be seen that
the inductance is proportional to the
permeability as well as to the square of
the number of turns. Thus, it is possible
to secure greater values of inductance
with a given number of turns of wire
wound on an iron core than would be
possible if an air core coil were used.

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 impos-
sibility, strictly speaking). The formula
for inductance of air core coils is given
with good accuracy, as follows:

L=N' XdXF,

where
L. = inductance in microhenrys,
d = diameter of coil, measured to
center of wire,
N = number of turns,
F = a constant, dependent upon the

ratio of length-to-diameter.

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

Core Material

Ordinary magnetic cores cannot be
used for radio frequencies because the
eddy current losses in the core material
become enormous as the frequency is in-
creased. The principal use for magnetic
cores is in the audio-frequency range
below approximately 15,000 cyecles,
whereas at very low frequencies (50 to
60 cycles) their use is mandatory if an
appreciable value of inductance is de-
sired.

An air core inductor of only one henry
inductance would be quite large in
size, yet values as high as 100 henrys
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are commonly 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 sup-
plies have a certain inductance rating at
a predetermined value of d.c.

One exception to the statement that
metal core inductances are highly in-
efficient at radio frequencies is in the
powdered iron cores used in some types
of intermediate frequency transformers.
These cores -are made of very fine parti-
cles of powdered iron, which is first
treated with an insulating compound 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
reduced, with the result that these spe-
cial iron cores are entirely practical in
circuits which operate up to 1,500 ke. in
frequency.

Mutual Conductance

The unit of conductance is the mho,
which can be recognized as ohm spelled
backward. Transconductance, or mutual
conductance, is expressed in micromhos;
the latter is 1/1,000,000 of a mho. A mu-
tual conductance of 5,000 micromhos
would be .005 mhos.

Energy Stored in a
Magnetic Field

" The stored energy in a magnetic field
is expressed in joules and is equal to

LXI

2

Transformers:
Primary—Secondary

When two coils are placed in such in-
ductive 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 de-
rived from the fact that energy is trans-
formed from one coil into another. The
inductance in which the original flux is
produced is called the primary; the in-
ductance which receives the induced volt-
age is called the secondary. In a radio
receiver power transformer, for exam-
ple, the coil through which the 110-volt

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
magnetic cores, depending upon whether
they are to be operated at radio or audio
frequencies. The reader should thorough-
ly impress upon his mind the fact that
current can be transferred from one cir-
cuit to another only if the primary cur-
rent is changing or alternating. From
this it can be seen that a power trans-
former cannot possibly function as such
when the primary is supplied with non-
pulsating d.c.

A power transformer usually has a
magnetic core which consists of lamina-
tions. 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 de-
livering a different voltage. The sec-
ondary voltages will be proportional to
the number of turns and to the primary
voltage.

If a primary winding has an a.c. po-
tential 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 trans-
former core, would have a potential of
5 volts. If the secondary winding has
500 turns, the potential would be 250
volts, etc. Thus, a transformer can be
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

As was previously stated, when an
alternating current flows through an
inductance, a back- or counter-electro-
motive force is developed; this force
opposes any change in the initial e.m.f.
The property of an inductance to offer
opposition to a change in current is
known as its reactance or inductive re-
actance. This is expressed as Xi:

X. = 27fL,
where X. = inductive reactance ex-
pressed in ohms,
7= 3.1416 (27 — 6.283),
f = frequency in cycles,
L = inductance in henrys.

It is very often necessary to compute
inductive reactance.at radio frequencies.
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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 millthenrys and frequency
in kilocycles. For higher frequencies and
smaller values of inductance, frequency
is expressed in megacycles and induc-
tance in microhenrys. The basic equa-
tion need not be changed since the multi-
plying factors for inductance and fre-
quency appear in numerator and denom-
inator, and hence are cancelled out. How-
ever, it is not possible in the same equa-
tion to express L in millihenrys and f
in cycles without conversion factors.
Should it become desirable to know
the value of inductance necessary to
give a certain reactance at some def-
inite frequency, a transposition of the
original formula gives the following:

XL
L=
2a f
or when X. and L are known:
X
f=
27 L

Capaéity; Condensers

Two metallic plates separated from
each other by a thin layer of insulating
material (called a dielectric, in this
case), become a condenser. When a
source of d.c. potential i§ momentarily
applied across these plates, they may be
said to become charged. If the same two
plates are then joined together momen-
tarily by means of a wire, the condenser
will discharge.

When the potential was first applied,
electrons immediately started to flow
from one plate and to the other through
the battery or such source of d.c. po-
tential as was applied to the condenser
plates. However, the circuit from plate
to plate in the condenser was incom-
plete (the two plates being separated by
an insulator) and thus the electron flow
ceased, meanwhile establishing a short-
age of electrons on one plate and a sur-
plus of electrons on the other.

Remember that when a deficiency of
electrons exists at one end of a conduc-
tor, there is always a tendency for the
electrons to move about in such a manner
as to reestablish 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 because the circuit has
been broken; that is, the battery or d.c.
potential was removed. This leaves the
condenser in a charged condition; the
condenser plate with the electron de-
ficiency is positively charged, the other
plate being negative.

In this condition, a considerable stress
exists in the insulating material (di-
electric) which separates the two con-
denser plates, due to the mutual attrac-
tion of two unlike potentials on the
plates. This stress is known as electro-
static energy, as contrasted with elec-
tromagnetic energy in the case of an in-
ductance. This charge can also be called
potential energy because it is capable of
performing work when the charge is re-
leased through an external circuit.

If the external circuit of the two con-
denser plates is completed by joining the
terminals together with a piece of wire,
the electrons will rush immediately from
one plate to the other through the exter-
nal circuit and establish a state of equi-
librium. This latter phenomenon explains
the discharge of a condenser. The
amount of stored energy in a charged
condenser is dependent upon the charg-
ing potential, as well as a factor which
takes into account the size of the plates,
dielectric thickness, nature of the dielec-
tric and the number of plates. This fac-
tor, which is determined by the fore-
going, is called the capacity of a conden-
ser and is expressed in farads.

C X E?
Stored energy in joules — —
2
where C = the capacity in farads,
E = potential in volts.

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

1 microfarad = 1/1,000,000 of a
farad, or .000001 farad, or 107
farads.

1 micro-microfarad = 1/1,000,000
of a microfarad, or .000001 micro-
farad, or 10° microfarads.

1 micro-microfarad = one-million-
millionth of a farad, or
.000000000001 farad, or 107
farads.

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

2 X 1,000,000

This storage of energy in a condenser
is one of its very important properties,
particularly in those condensers which
are used in power supply filter circuits.

Stored energy in joules =

Dielectric Constant

The capacity of a condenser is largely
determined by the thickness and nature
of the dielectric separation between
plates. Certain materials offer a greater
capacity than others, depending upon
their physical makeup. This property is
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 .. i 1.00
Mica .................... 2.94
Hard rubber .............. 2.50 to 3.00
Glass ......ceieriinnneann 4.90 to 7.00
Bakelite derivatives ....... 3.50 to 6.00
Celluloid ................. 4.10
Fiber ........c.iiiien... 4to6
Wood (without special prep-

aration) :

Oak ...oiiiiiininnnnnnn 3.3

Maple ................. 4.4

Birch .................. 5.2
Transformer oil ........... 2.5
Castor oil ................ 5.0
Porcelain ................. 4.4

Dielectric Breakdown

The nature and thickness of a dielec-
tric have a very definite bearing on the
amount of charge of a condenser. If the
charge becomes too great for a given
thickness of dielectrie, the condenser will
break down, i.e., the dielectric will punc-
ture. It is for this reason that condensers
are rated in the manner of the amount
of voltage they will safely withstand.
This rating is commonly expressed as
the d.c. working voltage.

Capacity Calculation

The capacity of two parallel plates is
given with good accuracy by the follow-
ing formula:

A
C=0.2244 X K X —,
' t

where C = capacity in micro-microfarads
K = dielectric constant of spacing

4

material,

A —area of dielectric in square
inches, '

t = thickness of dielectric in
inches,

This formula indicates that the ca-
pacity is directly proportional to the
area of the plates and inversely propor-
tional to the thickness of the dielectric
(spacing between the plates). This sim-
ply means that when the area of the
plate is doubled, the spacing between
plates remaining constant, 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 propor-
tional to the dielectric constant of the
spacing material. 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 cas-
tor 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
transposition is of value when the spac-
ing between plates is known:

CXt
A= e
0.2244 X K
where A — area of plates in square
inches,
K = dielectric constant of spacing
material,
C = capacity in micro-micro-
farads,
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FIGURE 9.
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t = thickness of dielectric (plate
spacing) 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,
A X 0.2244 X K
t= ,
C
where all units are expressed just as in
the preceding formula. This formula is
not confined to condensers having only
square or rectangular plates, but also
applies when the plates are circular in
shape. The only change will be the cal-
culation of the area of such circular
plates; this area can be computed by
squaring the radius of the plate, then
multiplying by 8.1416, or “pi”. Expressed
as an equation:
A = 3.1416 X r,
where r = radius in inches.

The capacity of a multi-plate conden-
ser can be calculated by taking the ca-
pacity of one section and multiplying
this by the number of dielectric spaces.
In such cases, however, the formula
gives no consideration to the effects of
edge capacity so that the capacity as
calculated will not be entirely accurate.
These additional capacities will be but a
small part of the effective total capacity,
particularly when the plates are reason-
ably large, and the final result will,
therefore, be within practical limits of
accuracy.

Equations for calculating capacities of
condensers in parallel connection are the
same as those for resistors in sertes:

C = Ci+ G, ete.

IN PARALLEL

Cz2

CONDENSERS
FIGURE 10.

Condensers in series eonnection are
calculated in the same manner as are
resistors in parallel.

Cy C2
1l 2 | g

L

C <~

CONDENSERS IN SERIES

FIGURE 11.

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

1 1 1 1 1

c= yor —=— 4 ——

1 1. 1 C G G G
— 4 —
G G G

(2) Two condensers of unequal capacity
in series:
Cl x CI

(@) ==
Ci+ G

(3) Three condensers of equal capacity
in series:

C:
C = —, where C, is the common capacity.

3

(4) Three or more condensers of equal
capacity in series:

Value of common capacity

C=
Number of condensers in series

(5) Six condensers in series parallel:

1 1 1
1 1 1 1 1 1
e o S —+—
C G G G G Ce
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I ——
Ic, IC3 IC5 c
Tca Tc4 Tcs T

CONDENSERS IN SERIES — PARALLEL

FIGURE 12,

Voltage Rating of
Series Condensers

Any good paper dielectric filter con-
denser has such a high internal resist-
ance (indicating a good dielectric) that
the exact resistance will vary consider-
ably from condenser to condenser even
though they are made by the same man-
ufacturer and are of the same rating.
Thus, when 1000 volts d.c. is connected
across two 1-xfd. 500-volt condensers,
the chances are that the voltage will
divide unevenly and one condenser will
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
resistors act as a voltage divider and the
internal resistances of the condensers
are so much higher (many megohms)
that they have but little effect in disturb-
ing the voltage divider balance.

Carbon resistors of the inexpensive
type are not particularly accurate (not
being designed for precision service);
therefore it is 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. Because, in addition to the d.c.
across a capacitor in a filter or audio
amplifier circuit there is usually an a.c.
or a.f. voltage component, it is inadvis-
able to series-connect condensers of un-
equal 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-ufd. ca-
pacitor is used in series with a 4-ufd.
500-volt condenser across a 250-volt a.c.
supply, the 1-pfd. condenser will have
200-volts a.c. across it and the 4-ufd.
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 im-
pedance of the condensers to a.c. Such a
divider would draw excessive current
and be impracticable.

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

Similar electrolytic capacitors, of the
same capacity and made by the same
manufacturer, have more nearly uniform
(and much lower) internal resistance
though it still will vary considerably.
However, the variation is not nearly as
great as encountered in paper condens-
ers, and the lowest d.c. voltage is across
the weakest (leakiest) electrolytic con-
densers of a series group.

As an electrolytic capacitor begins to
show signs of breaking down from ex-
cessive voltage, the leakage. current
goes up, which tends to heat the con-
denser 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 con-
denser and more on the remaining ones.
Thus, the capacitor with the lowest leak-
age current, usually the best capacitor,
has the highest voltage across it. For
this reason, dividing resistors are not
essential across series-connected electro-
lytic capacitors.

Electrolytic condensers use a very
thin film of oxide as the dielectric and
are polarized; that is, they have a posi-
tive and a negative terminal which must
be properly connected in a circuit; other-
wise, the oxide will boil, and the con-
denser 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
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terminal of the mext condenser in the
series combination. The method of con-
nection is illustrated in figure 13.

<]

E|- +|.- +.|- +"’-__

POLARIZED CONDENSERS, (ELECTROLYTIC) IN

FIGURE 13,

SERIES

Condensers in A. C.
and D. C. Circuits

When a condenser is connected into a
direct current circuit, it will block the
d.c. or stop the flow of current. Beyond
the initial movement of electrons during
which the condenser is charged, there
will be no flow of current because the
circuit is effectively broken by the dielec-
tric 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 cur-
rent 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 ap-
plied to a condenser, it will charge and
discharge a certain number of times per
second in accordance with the frequency
of the alternating voltage. The electron
flow in the charge and discharge of a
condenser when an a.c. potential is ap-
plied constitutes an alternating current,
in effect. It is for this reason that a
condenser will pass an alternating cur-
rent yet offer practically infinite opposi-
tion to a direct current. These two prop-
erties are repeatedly in evidence in a
radio circuit. .

Capacitive Reactance

It has been explained that inductive
reactance is the ability of an inductance
to oppose a change in an alternating
current. Condensers have a similar prop-
erty although in this case the opposition
is to the wvoltage which acts to charge

the condenser. This action is called
capacitive reactance and is expressed as
follows:

1
Xe = —,
27 fC
where X. = capacitive reactance in ohms,
7 — 3.1416,

f = frequency in cycles,

C = capacity in farads.
Here again, as in the case of inductive
reactance, the units of capacity and fre-
quency can be converted into smaller
units for practical problems encountered
in radio work. The equation may be
written:

1,000,000
Xe —mm———
27 £fC

where f — frequency in megacycles,

C = capacity in micro-micro-

farads.

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

Comparison of Inductive
to Capacitive Reactance
with Changing Frequency

From the equation for inductive re-
actance, it is seen that as the frequency
becomes greater the reactance increases
in a corresponding manner. The re-
actance is doubled when the frequency is
doubled. If the reactance is to be very
large when the frequency 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 in-
creases. When the frequency is fixed, the
reactance will be greater as the capacity
is lowered. In order to have high re-
actance, it is necessary to have low
capacitance although in power filter cir-
cuits the reactance is always made low
so that the alternating current compo-
nent from the rectifier will be by-passed.
The capacitance must be made large in
this case because the frequency is quite
low (60-120 cycles).

A comparison of the two types of re-
actance, inductive and capacitive, shows
that in one case (inductive) the re-
actance increases with frequency, where-
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as the other (capacitive) the reactance
decreases with frequency.

Reactance and Resistance
in Combination

When a circuit includes a capacity or
an inductance or both, in addition to
a resistance, the simple calculations of
Ohm’s law will not apply when the total
impedance to alternating current 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
current.

When alternating current passes
through a circuit which contains only a
condenser, the voltage and current re-
lations are as follows:

. E
E=1X, and I = .
X.
where E — voltage,
I =—current in amperes,

1

X .= capacitive reactance or
27fC
(expressed in ohms).
When the circuit contains inductance
only, yet with the same conditions as
above, the formula is as follows:

E
E=1 XL, and I = y
XL
where E — voltage,
I =—current in amperes,

X1, — inductive reactance or 2 7 fLL
(expressed in ohms).

When a circuit has resistance, capaci-
tive reactance and inductive reactance in
series, the effective total opposition to
the alternating current flow is known as
the impedance of the circuit. Stated
otherwise, impedance of a circuit is the
vector sum of the resistance and the dif-
ference between the two reactances.

=V r+4+ (Xp— X:)?or

Z
- 1 ’
\/ 4+ [27mfL — —

where Z = impedance in ohms,
r = resistance in ohms,
XL = inductive reactance (2%

-fL) in ohms,

1
X. = capacitive reactance | ——
(27rfC)
in ohms.

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

for reactance X;=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 = 10 ohms

Substituting these values in the imped-
ance equation:

Z=V 10*+ (3750 — 1300)* =2450 ohm:s.

This is nearly 250 times the value of
the d.c. resistance of 10 ohms. The sub-
ject of impedance is more fully covered
under Resonant Circuits.

Again recalling previous text, an alter-
nating current is one which rises to a
maximum, then decreases to zero from
that point, and then goes through the
same pulse in the opposite direction.
This continual change of amplitude and
direction is maintained as long as the

current continues to flow. The number -

of times that the current changes direc-
tion in a given length of time is called
the frequency of change, or more gener-
ally, it is simply called the frequency.
Alternating currents which range from
nearly zero to many millions of cycles
per second are commonplace in radio
applications. Such a current is produced
by the rotating machine which generates
the common 60-cycle house-lighting cur-
rent; it is likewise produced by oscilla-
tory circuits for the high radio frequen-
cies. A machine that produces alternat-

"ing current for house-lighting, industrial

and other uses is called an alternator.
It is also called an a.c. generator.

An alternator in its very basic form
is shown in figure 14. 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), mag-
netic lines of force exist; these lines of
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force constitute a magnetic field. If a
conductor in the form of C is so sus-
pended that it can freely rotate between
the two poles, and if the opposite ends
of conductor C are brought to collector
rings, R, which are contacted by brushes,
there will be a flow of alternating cur-
rent when conductor C is rotated. This
is the basic method of producing alter-
nating current.

If 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 collector rings R and brush-
es B to the external circuit, X-Y. As the
rotation continues, the current bgrcomes
increasingly greater as the center o1 each
pole piece is 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.

Figure 15 will serve to clarify the
operation 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 circular manner, the
change in field intensity with consequent
change in voltage can be visualized.
It will be seen that as the conduc-
tor P begins its rotation, it starts
through the lesser field intensity, grad-
ually coming into the maximum field,
then away again to another field of min-
imum intensity. The conductor then cuts
the magnetic field in the opposite direc-
tion, going through the same varying
intensity as previously related, then
reaching a maximum, and then falling
away to zero, from which point the cur-
rent again increases in the original direc-

Figure 14. Basic form of alternator.

tion. When the conductor has completed

its 860° rotation, two complete changes—

one cycle—will have been completed.
Actually the voltage does not increase
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FIGURE 15.

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. Although most elec-
trical machinery does not produce a
strictly pure sine curve, the departures

4 CYCLE ————

A
" +
P
t TIME
T
u
= -
E
4 CYCLE = %- 270°
4 [
ZCYCLE = 3o
WHERE, F = FREQUENCY (N CYCLES PER SECOND
FIGURE 16.

are usually so slight that the assump-
tion can be regarded as fact for most
practical purposes.

Referring to figure 16, it will be seen
that if a curve is plotted for an alternat-
ing voltage, such a curve would assume
the shape of a sine wave and by plotting
amplitude against time, the voltage at
any instant could be found. When dealing
with alternating current of sine wave
character, it becomes 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 calculated as
follows:
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€ = Epn.x sin 271t

where ¢ = the instantaneous voltage,
sin = the sine of the angle formed
by the revolving point P at
the instant of time, t.
E — maximum crest value of volt-
age (figure 16).

The term 27f should be thoroughly
understood because it is of basic impor-
tance. Returning again to the rotating
point P (figure 15), it can be seen that
when this point leaves its horizontal po-
sition and begins its rotation in a coun-
ter-clockwise direction, through a com-
plete revolution back to its initial start-
ing point, it will have traveled through
360 electrical degrees. Instead of refer-
ring to this movement in terms of de-
grees, mathematical treatment dictates
that the movement be expressed in
radians or segments equal to the radius.

In the case of an alternating current
with a frequency of 60 cycles per sec-
ond, the current must pass through twice
60 or 120 changes in polarity in the
same length of time. This time can be

expressed as:
- 1
2f
However, the only consideration at this
point is one half of one alternation, and
because the wave is symmetrical between
0 and 90 degrees rising, and from 90
degrees to zero when falling, the expres-
sion therefore becomes:

1

L 4f
The actual time t in the formula is
seen to be only a fractional portion of a

second; a 60-cycle frequency would make
1 1

WHERE ,

© (THETA) = PHASE ANGLE = 2WFT
A= T nabians or 90

BT 7 RADIANS OR {80
c=3TraoiaNs or 270

D=2 RADIANS OR 360
#~RADIAN & 57.324 DEGREES

FIGURE 17.

If radians must be considered in terms
of degrees, there are approximately 57.32
degrees in one radian. In simple lan-
guage, the radian is nothing more than
a unit for dividing a circle into many
parts. In a complete circle (360 degrees),
there are 27radians. Figure 17 shows
lesser divisions of a circle in radians.

When the expression 27radians is
used, it implies that the current or volt-
age has gone through a complete circle
of 360 electrical degrees; this rotation
represents two complete changes in direc-
tion during one cycle, as was previously
shown. 27f then represents one cycle,
multiplied by the number of such cycles
per second or the frequency of the alter-
nating voltage or current. The expression
2wft is a means of showing how far
point P has traveled from its zero posi-
tion toward a possible change of 27ra-
dians or 360 electrical degrees.

equal to — of a second at the max-
4f 240

imum value, and correspondingly less at
lower amplitudes. 27ft represents the
angular velocity, and since the instan-
taneous voltage or current is propor-
tional 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 instan-
taneous current can be found from the
same formula, except that the maximum
current would be used as the reference,
viz:

1= Imax sin 27rft,
where i = instantaneous current,
Imax = maximum or peak current.

Effective Value of Alternating
Voltage or Current

An alternating voltage or current in
an a.c. circuit is rapidly changing in
direction, and 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
negligible damping that it could be made
to follow the a.c. changes, it would mere-
ly vibrate back and forth near the zero
point on the meter scale.
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Alternating and direct current can be
expressed in similar terms from the
standpoint of heating effect. In other
words, an alternating 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 ef-
fective value, it is neither the maximum
nor the instantaneous value, but an en-
tirely different value.

This effective value is derived by tak-
ing 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 ob-

tained. By this procedure, the effective
value becomes known as the root mean
square or r.m.8. This is the value that is
read on alternating current voltmeters
and ammeters. The r.m.s. value is 70.7
per cent of the peak or maximum instan-
taneous value and is expressed as fol-
lows:

Eott = 0.707 X Emlx, or
Iatt = 0.707 X Imlx,

where Em.x and Im.: are peak values of
voltage and current respectively, and E.¢:
and I.¢: are effective or r.m.s. values.

The following relations are extremely
useful in radio and power work:

Erms = 0.707 X Emax,
Ema = 1.414 X Erns.

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

If an alternating 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 recti-
fied a.c. or pulsating d.c. A typical wave
form of a current of this nature is shown
in figure 18.

Measuring instruments designed for
d.c. operation will not read the peak
or instantaneous maximum value of the
pulsating d.c. output from the rectifier;
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
portions 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

A
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OUTPUT FROM FULL-WAVE RECTIFIER

FIGURE 18.

read this average value. It is related to
peak value by the following expression:

E;v‘ = 0.636 X Emax

It is thus seen that the average value is
63.6 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 tnphase with the
voltage. For this reason, Ohm’s law will
apply equally well for a.c. or for d.c.
‘where pure resistances are concerned,
provided that the effective values of a.c.
are used in the calculations.

If 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; therefore
Ohm’s law will not apply. It has been
stated that inductance tends to resist
any change in current; when an induct-
ance is present in a circuit through
which an alternating current is flowing,
it will be found that the current will
reach its maximum behind or later than
the voltage. In electrical terms, the cur-
rent will lag behind the voltage or, con-
versely, the voltage will lead the cur-
rent.

If the circuit is purely inductive, i.e.,
if it contains neither resistance nor ca-
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pacitance, the current does not start un-
til the voltage has first reached a maxi-
mum; the current, therefore, lags the
voltage by 90 degrees as in figure 19.
The angle will be less than 90 degrees
if resistance is present in the circuit.

When pure capacity alone is present
in an a.c. circuit (no inductance or re-
sistance of any kind), the opposite ef-
fect will be encountered; the current
will reach a maximum at the instant the
voltage is starting and, hence, will lead
the voltage by 90 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. cir-
cuit in which current and voltage are in-
phase. The reactive components cause
the voltage and current to reach their
maximums at different times, as was ex-
plained under phase, and to calculate
the power in such a circuit we must use
a figure called the power factor in our
computations.

The power factor in a resistive-reac-

1
™

%

TIME

L o

CURRENT LAGGING VOLTAGE BY #0°

(CIRCUIT GONTAINING PURE INDUCTANCI ONLY)

AN

-

4 TIME
L’o-'l w
CURRENT LEADING VvOLTAGE BY 90°*

(CIRCUI‘I’ CONTAINING PURE CAPACITY ONLV)

FIGURE 19,

tive a.c. circuit may be expressed as
the actual watts (as measured by a
wattmeter) divided by the product of
voltage and current or:

W

EXI
where W — watts as measured,
E = voltage (r.m.s.)
I = current in amperes (r.m.s.).

Stated in another manner:
w

= cos?f
E XI

The character @ 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 the cosé to
give the actual power. This factor cosé
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

EI
W=EXI W=IR. W=—
R

Resonant Circuits

The reader is advised to review at
this point the subject matter on induc-
tance, capacity and alternating current
in order that he may gain a complete
understanding of the action of resonant
circuits. Once the basic conception of the
foregoing has been mastered, the more
complex ecircuits in which they appear
in combination will present no great
problem.

Figure 20 shows an inductance, a ca-
pacitance and a resistance arranged in
series, with a variable frequency source,
E, of a.c. applied across the combination.

© ..

TC

FIGURE 20.
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Some resistance is always present in
a circuit because it is possessed in some
degree by both the inductance and capac-
itor. If the frequency of the alternator
E is varied from nearly zero to some
high frequency, there will be one partic-
ular frequency 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 cur-
rent will be a maximum. Such series
resonant circuits are chiefly used when
it is desirable to allow a certain fre-
quency 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 ca-
pacity both are fixed, there will be only
one resonant frequency.

If both the inductance and capacitance
are made variable, the circuit may then
be changed or tuned, so that a number
of combinations of inductance and ca-
pacitance can resonate at the same fre-
quency. This can be more easily under-
stood when one considers that inductive
reactance and capacitive reactance 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 were then
changed, the following combinations
would have equal reactance:

Frequency 8 constant at 60 cycles.
L is expressed in henrys.

C is expressed in microfarads
(.000001 farad.)

L Xn C XO

.265 100 26.5 100

2.65 1,000 2.65 1,000

26.5 10,000 .266 10,000

265.00 100,000 .0265 100,000

2,660.00 1,000,000 .0026 1,000,000

In the above table there are five rad-
ically different ratios of L to C (induct-
ance to capacitance) each of which satis-
fies the resonant condition, X. = Xo.
When the frequency is constant, L, must
increase and C must decrease in order
to give equal reactance. Figure 21 shows
how the two reactances change with
frequency; this illustration will greatly
aid in clarifying this discussion.

For mechanical reasons, it is more
common to change the capacitance rather
than the inductance when a circuit is

IMPEDANCE

RESISTANCE — REACTANCE —

SERIES CIRCUIT REACTANCE VARIATION WITH
CHANGE OF APPLIED FREQUENCY
FIGURE 21.
— e e N N e T i

tuned, yet the inductance can be made
variable if desired.

Formula for Frequency

From the formula for resonance,
1
27fLL = ———, the resonant frequency
27£C.
can readily be solved. In order to isolate
f on one side of the equation, merely
multiply both sides by 27f, thus giving:
1
47l = —,
C
Dividing by the quantity 4%’L, the
1

result is: £ =

4T'LC
Then, by taking the square root of
1
both sides: f = ————,
27VLC

where f — frequency in cycies,
L = inductance in henrys,
C = capacity in farads.
It is more convenient to express L ana
C in smaller units, especially in making
radio-frequency calculations; f can aiso
be expressed in megacycles or kilocycles.
A very useful group of such formulas is:
25,330 26,330 25,380
or Ce= ,
r'C L

= or L=

LC
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where f = frequency in megacycles,
L = inductance in microhenrys,
C = capacity in micromicrofarads.
In order to clarify the original for-
1
mula, f = , take two values of
27V LC
inductance 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 = ——; 3600 —=——,;
27 VLC 47LC
1
L=

3600 X 47* 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.
Recalling that one microfarad equals
.000001 farad, it is, therefore, possible
to express 26 microfarads as .000026
farads. This consideration is often over-
looked when computing for frequency
‘and capacitive reactance because capac-
itance is expressed in a totally impraec-
tical unit, viz: the farad.

Impedance of Series
Resonant Circuits

The impedance across the terminals
of a series resonant circuit (figure 20) is

Z=vVr+ (Xv—Xo)?
where Z — impedance in ohms,
r = resistance in ohms,

X = capacitive reactance in ohms,
X1 = 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 between the two reactances.
Since at the resonant frequency Xu.
equals X¢, the difference between them
(figure 21) is obviously zero so that at
resonance the impedance is simply equal
to the resistance of the circuit; therefore,
because 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

20

[
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FIGURE 22.

2200

to make the impedance higher and higher
as the circuit is tuned off the resonant
frequency.

Current and Voltage in
Series Resonant Circuits

Formulas for calculating series reso-
nance are similar to those of Ohm’s law.

E
= E =1Z.
Z
The complete equations:

I=

vr'+ (Xv—Xc)?
E=1vVr+ (X.—Xo)?

Inspection of the above formulas will
show the following to apply to series
resonant circuits: When the impedance
is low, the current will be high; con-
versely, when the impedance is high, the
current will be low.

Since it is known that the impedance
will be very low at the resonant fre-
quency, 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

www americanradiohistorv com


www.americanradiohistory.com

Fundamental Theory 33

the shape of this resonance curve, of
which resistance and L-to-C ratio are
the important considerations. The
curves B and C in figure 22 show the
effect of adding increasing values of re-
sistance 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. Se-
lectivity in this case can be defined as
the ability of a circuit to discriminate
against frequencies adjacent to the
resonant frequency.

Referring again to figure 22, it can
be seen from curve A that a signal, for
instance, will drop from 19 to 5, or
more than 10 decibels, at 50 ke. off reso-
nance. Curve B, which represents consid-
erable resistance in the circuit, shows a
signal drop of from 4 to 3, or approxi-
mately 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 reso-
nance 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 Coil and Condenser
in Series Circuit

Because the a.c. or r.f. voltage across
a coil and condenser is proportional to
the reactance (for a given current), 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 individual re-
actances 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
considerably below that at which the con-
denser is rated.

Circuit Q .

An extremely important property of
an inductance is its factor-of-merit, more
generally called its Q. This factor can be
expressed as the ratio of the reactance
to the resistance, as follows:

27fL,
Q= )
R

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-
frequency circuit; this is because the cur-
rent 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 actual current-carrying portion
of the wire is decreased, therefore, and
the resistance is increased. This effect
becomes even more pronounced in square
or rectangular conductors because the
principal path of current flow tends to
work outwardly toward the four edges
of the wire.

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 constant. In actual practice, however,

the resistance usually increases more
rapidly with frequency than does the
reactance, with the result that Q nor-
mally decreases with increasing fre-
quency.

Parallel Resonance

In radio circuits, parallel resonance is
more frequently encountered than series
resonance; in fact, it is the basic foun-
dation of receiver and transmitter cir-
cuit operation. A circuit is shown in
figure 23. '

In this circuit, as contrasted with a
circuit for series resonance, L (induc-
tance) and C (capacitance) are con-

e

A /M
\Y,

)

L 'LC
T

FIGURE 23.
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nected in parallel, yet the combination
can be considered to be in series with the
remainder of the circuit. This combina-
tion of L and C, in conjunction with R,
the resistance which is principally in-
cluded in L, is sometimes called a tank
circuit because it effectively functions 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 in-
dicating meters M, (2) the circulating
current which flows within the parallel
L-C-R portion of the circuit. See figure
23.

At the resonant frequency, the line
current (as read on the meters M) will
drop to a very low value although the
circulating current in the L-C circuit
may be quite large. It is this line cur-
rent 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 circuit is
tuned through its resonant frequency.
The current is, therefore, a minimum
when a parallel resonant circuit is tuned
to resonance, although the impedance is
a maxrimum at this same point. It is in-
teresting 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 maximum when the
impedance is minimum. It is for this
reason that in a parallel resonant circuit
the principal consideration is one of im-
pedance 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
resonance. The impedance at resonance
is expressed as:

(27fL)?
Z=———,
R
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 addi-
tion 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 amplifier circuit,
the impedance curve must have a sharp
peak in order for the circuit to be
selective. If the curve is broadtopped in
shape, both the desired signal and the
interfering signals at close proximity to
resonance will give nearly equal voltages
on the grid of the tube, and the circuit
will then be nonselective; 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 in-
ductance-to-capacitance is great, that is,
when L is large as compared with C.
When the resistance of the circuit is
very low, X. will equal X¢ at resonance
and, of course, there are innumerable
ratios of L. and C that will have equal
reactance at a given resonant frequency,
exactly as is the case in a series resonant
circuit. Contrasted with the necessity
for a high L/C ratio for high impedance,
the capacity for maximum selectivity
must be high and the inductance low.
While such a ratio will result in lower
gain, it will offer greater rejectivity to
signals adjacent to the resonant signal.

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

Circulating Tank Current
at Resonance

The Q of a circuit has a definite bear-
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-

ing 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 b amperes. From this it can be
seen that the inductance and connecting
wires in a circuit with a high Q must be
of very low resistance, particularly in
the case of high power transmitters, if
heat losses are to be held to a minimum.

Effect of Coupling
on Impedance

If a parallel resonant circuit is
coupled to another circuit, such as an
antenna 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 parallel circuit. The resistance
thus coupled into the tank circuit can be
considered as being reflected from the
output or load circuit to the driver cir-
cuit.

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 inductance, 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
condenser 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 (defined in the
following chapter) is connected to a
parallel resonant circuit, the plate cur-
rent serves to maintain this L/C cireuit
in a state of oscillation. If an initial
impulse is applied across the terminals
of a parallel resonant circuit, the con-
denser will become charged when one set
of plates assumes a positive polarity, the
other set a negative polarity. The con-
denser 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 opposite
direction.

In this manner, an alternating current

is set up within the L/C circuit and the
oscillation would continue indefinitely
with the condenser charging, discharging
and charging again if it were not for the
fact that the circuit possesses some re-
sistance. The effect of this resistance is
to dissipate some energy each time the
current flows from inductance to con-
denser and back, so that the amplitude
of the oscillation grows weaker and
weaker, eventually dying out completely.

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 L/C circuit can be main-
tained in a constant oscillatory state.
The plate current pulses from class-B
and class-C amplifiers supply just the
desired kind eof kicks.

Whereas the class-B plate current
pulses supply a kick for a longer period,
the short pulses from the class-C ampli-
fier give a pulse of very high amplitude,
thus being even more effective in main-
taining oscillation. So it is that the
positive half cycle in the tank circuit
will be reinforced by a plate current
kick, but since the plate current 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 on 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
distorted wave shape is to be avoided,
as would be the case when a transmitter
is being modulated. The foregoing ap-
plies particularly to single-ended ampli-
fiers. 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

A fundamental law of electricity is
that the maximum transfer of energy
results when the impedance of the load
is equal to the impedance of the driver.
Although this law holds true, it is not
necessarily a desirable one for every
condition or purpose. In many cases
where a vacuum tube works into a
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parallel resonant circuit load, it is desir-
able to have the load impedance con-
siderably higher than the tube plate im-
pedance, so the maximum powetr will be
dissipated by the load rather than in the
‘tube. On the other hand, one of the nota-
ble conditions for which the law holds
true is in the matching of transmission
lines to an antenna impedance.

Often a vacuum tube circuit 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. 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 im-
pedance. 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 required a

10,000
step-down impedance ratio of

5,000
or 2-to-1. This impedance value is mnot
secured when the driver inductance is
tapped at the center. It is of importance
to stress the fact that the impedance is
decreased four times when the number
of turns on the tank coil is halved. The
following equations show this fact:

N: Z, N/’ Z,
—— or == y
N: Z, N7 Zy

N:
where = turns ratio,
N,
Z,
— impedance ratio
Z,

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 inductance 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.)
141

Either an impedance step-up or step-
down ratio can be secured from a parallel
resonant circuit. One popular type of
antenna impedance matching device
utilizes this principle. Here, however, two
condensers are effectively in series across
the inductance; one has quite a high
capacitance (500 pufd.), the other is a
conventional size condenser used princi-
pally to restore resonance. The theory
of the device is simply that the im-
pedance is proportional to the reactances
of the condensers and, by changing the
ratio of the two, the antenna is effec-
tively connected into the tank circuit at
impedance points which reach higher or
lower values as the ratio of the con-
densers is changed.

In practice, however, it is usually
necessary to change the value of in-
ductance in order to maintain resonance
while still correctly matching it to the
antenna or feeder. This method is dis-
cussed at greater length in Chapter 4.

As the impedance step-down ratio be-
comes larger, the voltage step-down be-
comes correspondingly great. Such a con-
dition takes place when a resonant cir-
cuit is tapped down for reasons of im-
pedance 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.

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 con-

STEI_-UP g.-u-\
INPUT VOLTAGE STEF-EOWN ;a—r" OUTPUT VOLTAGE
Figure 24. llustrating design  and

method of connecting an auto transformer.
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tinuous winding with taps taken at ciple as applied to a vacuum tube circuit
various points along the winding, the which couples one circuit to another.
input voltage being applied to the bot- Assuming that the grid impedance
tom and also to one tap on the winding. may be of a lower value than the plate

If the output is taken from this same tank impedance of the preceding stage,

tap, the voltage ratio will be 1-to-1; i.e., a step-down ratio will be necessary in

the input voltage will be the same as the order to give maximum transfer of

output voltage. On the other hand, if energy. In B of figure 25, the grid

the output tap is moved down toward impedance is very high as compared with

the common terminal, there will be a the tank impedance of the driver stage,

step-down in the turns ratio with a con- and thus there is required a step-up

sequent step-down in voltage. ratio to the grid. The driver plate is

The opposite holds true if the output tapped down on its plate tank coil in

terminal is moved upward from the order to make this impedance step-up

middle input terminal; there will be a possible. A driver tube with very low

voltage 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 M
primary current at a reasonably low @ '—ljl @

]

Ca

L

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

25A shows an application of this prin- L
L] 2

O O

-lll—n——guq—
-ul—u——gu;—

@ STEP DOWN OF Z

+8 Figure 26. Two common examples of in-
ductive coupling in radio circuits.

plate impedance must be used if a good

sree uv o 2 order of plate efficiency is to be realized.

In C of figure 25, the grid impedance

; very closely approximates the plate im-

= pedance and this connection is used when

no transformation is required. The grid
and plate impedances are not generally
known in many practical cases; hence,

11
. .Il il -% : the adjustments are made on the basis
— 170 + RATIO OF Z

of maximum grid drive consistent with
maximum safe input to the driver stage.

Inductive Coupling

Inductive coupling is often used when

Figure 25. Impedance step-up and step- two circuits are to be coupled. This
down may be obtained by utilizing the method of coupling is shown in figures
plate tank circuit of a vacuum tube as 26A and 26B.

an auto transformer. The two inductances are placed in such

inductive relation to each other that the

www americanradiohistorv com


www.americanradiohistory.com

38 RADIO Handbook

lines of force from the primary coil cut
across the turns of the secondary coil,
thereby inducing a voltage in the second-
ary. As in the case of -capacitive
coupling, impedance transformation here
again becomes of importance. If two
parallel tuned circuits are coupled very
closely together, the circuits can in
reality be overcoupled. This is illus-
" trated 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 overcoupled; the reso-

‘MOC-=rvED>»

FREQUENCY

FIGURE 27.

nance curve will have a definite dip
on the peak, or a double hump. This
principle of overcoupling is advantage-
ously utilized in bandpass circuits where,
as shown in C, the 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 is appreciable, 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 accomplishing the
pame purpose is by electrical means. A
turtain of closely-spaced parallel wires
or bars, connected together only at one
end, and with this end connected to
ground, will allow electromagnetic coup-
ling but not electrostatic coupling. Such
a device is called a Faraday screen or
shield.

Link Coupling

-Still. anqther method of - decreasing

capacitive coupling is by means of a
coupling link circuit between two parallel
resonant circuits. The capacity of the
coupling link, with its one or two turns,
is so small as to be negligible.

Link coupling is widely used in trans-
mitter circuits because it adapts itself
so universally and eliminates the need of
a radio-frequency choke, thereby reduc-
ing a source of loss. Link coupling is
very simple; it is diagrammed in A and
B of figure 28.

In A of figure 28, there is an impe-
dance 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
therefore can be carried over a con-
siderable distance without introduction
of appreciable loss. A similar link or
loop is at the output end of the line;
this loop is coupled to the grid tank of
the driven stage.

LINK COUPLING

TAP ON AND LINK COUPLING

INTERWOUND

i
E%:—«l——{lh ©

UNITY

"
i

COUPLING

Figure 28. Two types of link (induc.
tive) coupling and below, unity coupling.
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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 commonly used type of coup-
ling is that known as wunity 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 inter-
winding of the two coils gives an effect
in the untuned winding as though it were
actually tuned with a condenser.

Unity coupling is used in some types
of ultra-high frequency circuits although
the mechanical considerations are some-
what 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

Two inductances coupled to each other
constitute a transformer in basic form.
The two inductances can be wound on
separate air core forms, or, as in an
audio or power transformer, on iron or
magnetic cores. Power transformers are
treated in a separate chapter of this
Handbook; radio-frequency transformers
have already been treated; thus, this dis-
cussion will be confined to audio-
frequency transformers.

In 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 secondary impedance,
which means that the primary impedance
will be of the rated value only when the
secondary is terminated in its rated im-
pedance.

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

7,000 '
would be

= 1,000-to-1. Hence, the
T .

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 in-
ductance in order to offer a high impe-
dance to the lower audio frequencies.

+ 8

Figure 29. The re-

flected impedance Zp

varies directly in pro-

portion to Zy. and the

square of the turns
ratio.

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 constant, regardless of the num-
ber of turns in the primary if the correct
primary impedance is to be maintained.

To summarize, 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 terminated with an
impedance or resistance lower than the
original rated value, the reflected im-
pedance on the primary will also be
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 recom-
mended primary impedance is stated as
some certain value, plate to plate; this
refers to the impedance of the total
winding without consideration of the
center tap. The reflected impedance
across the total primary will follow the
same rules as previously given for single-
ended stages. The voltage relationship
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 impedance ratio would be
100-to-1.
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Vacuum Tule ‘7/1&0/14; and Praclice

Thermionic Effect—Tube Types and Applications—Circuits
and Characteristics—Class-A, AB, B and C Amplifiers

VACUUM TUBES are widely used for
the generation, detection and amplifica-
tion of audio- and radio-frequency cur-
rents; electron tubes also serve as power
rectifiers to convert alternating current
into direct current and, in special cases,
for controlling and converting electric
power.

The performance of a thermionic tube
depends upon the emission of electrons
from a metallic surface and the flow of
these electrons to other surfaces; the
transition constitutes an electric current.

An electron tube consists essentially of
an evacuated glass or metal envelope in
which is enclosed an electron emitting
surface, called a cathode, and one or
more additional electrodes. The connec-
tions for the various elements are car-
ried through the tube envelope to special
connectors.

Electron Emission; Cathodes

The rate of electronic motion in every
atom increases if the molecular con-
stituents 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 negatively charged. Therefore, the
number of electrons leaving the emitter
is limited because the free negatively-
charged electrons counteract the escape
function of new electrons.

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 most all modern vacuum tubes, the
surface of the cathode material is chemi-
cally treated in order to increase
electronic emission. The two principal
types of surface treatment include
thoriated tungsten filaments, as used in
medium- and high-powered transmitter
tubes, and oxide coated filaments or
cathode sleeves, such as used in most
receiver tubes. Pure tungsten filaments
are practically obsolete, and are only
being manufactured for some types of
high-power transmitter tubes in which
sufficient vacuum cannot be maintained
for operating properly a thoriated tung-
sten type of filament.

Cathode Current

When a heated cathode and a separate
metallic plate are placed in an evacuated
envelope, it is found that a few of the
electrons thrown off by the cathode will
leave with sufficient velocity to reach the
plate. If the plate is electrically con-
nected 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 in-
creased. This is due to the strong at-
traction offered by the positively charged
plate for any negatively charged elec-

.40.
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Figure 1. Curve showing emission from

a cathode.

trons. If the positive potential on the
plate is increased, the flow of electrons
between the cathode and plate will also
increase up to the point of saturation.
Saturation current flows when all of the
electrons leaving the cathode are at-
tracted 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
materially above its normal rating will
shorten the life of the emitting surface.
In the case of thoriated tungsten
emitters, which are rather sensitive tn
changes in filament temperature, it is
advisable to have a close control 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 current.

Rectification

It has been stated that when the
potential of the plate is different from
that of the cathode, electrons will be at-
tracted to the plate and a current will
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 derived a
valuable property, namely, the ability
to pass current in one direction only as
in a rectifier. Figure 2A shows a half-
wave rectifier circuit. For convenience of
explanation, a conventional power rectifier
is chosen although the same diagram and
explanation will apply to diode rectifica-
tion in a radio receiver.

‘When a sine wave voltage is induced
in the secondary of the transformer, the

rectifier plate is made alternately positive
and negative as the polarity of the alter-
nating-current changes. Electrons are
attracted to the plate from the cathode
when the plate is positive, and current
then flows in the external circuit. On
the succeeding half cycle, the plate be-
comes negative with respect to the
cathode, and no current flows. Thus,
there will be an interval before the
succeeding half cycle occurs when the
plate again becomes positive. Under
these conditions, plate current once more
begins to flow and there is another pulsa-
tion in the output circuit.

For the reason that one half of the
complete wave is absent in the output,
the result is what is known as half-wave
rectification. 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 always 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 pulsations.
This output is known as rectified a.c.
or pulsating d.c.

Mercury Vapor Rectifiers

If a two-element electron tube is
evacuated and then filled with a gas such

4 PAnn
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as mercury vapor, its characteristics and
performance will differ radically from
that of an ordinary high-vacuum diode
tube.

The principle upon which the operation
of a gas-filled rectifier depends is known
as the phenomenon of ionization. Investi-
gation 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 the electrons out of
the atoms with which they collide.

As more and more atoms are broken
up by collision with electrons, the
mercury vapor within the tube becomes
itonized and transmits 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 negative space
charge as long as saturation current is
not drawn. This effect neutralizes the
negative space charge to such a degree
that the resistance of the tube is re-
duced 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 rectifica-
tion is thereby increased because the
voltage drop across any rectifier tube
represents a waste of power.

Vacuum Tube As An Amplifier

A rectifier tube is essentially a two-
element device. A third element can be
added to the tube as a means of con-
trolling the plate current. A third
element of this type is called a grid.
It is. a. mesh-like structure which sur-
rounds the cathode, interposed 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 electrons will be repelled back
to the cathode. Plate current can be
stopped entirely 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
voltage on the grid than that necessary
to cut off the plate current, a steady
value of plate current will flow. The
value of fixed negative 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
plotted as shown in figure 3.
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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 accord-
ance with the wave shape of the input
signal. This is the condition under which
a class-A amplifier functions. The
fluctuation in grid potential results in
a corresponding fluctuation in plate cur-
rent. When this current flows through
a - suitable- lead ‘device, it - produces -a
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varying voltage drop which is a replica
of the original input voltage, although
considerably greater in amplitude.

Amplification Factor; Mutual
Conductance; Plate Resistance

The amplification factor or mu (#) of
a vacuum tube is the ratio of a change
in plate voltage to a change in grid volt-
age, either of which will cause the same
change in plate current. Expressed as
a differential equation:

dE,

”, —
dE;

The ¢ can be determined experimen-
tally 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 incre-
ment in plate voltage to the increment in
grid voltage is the # of the tube. The
foregoing assumes that the experiment
is conducted on the basis of rated
voltages as shown in the manufacturers’
tube tables.

The plate resistance can also be de-
termined by the previous experiment. By
noting the change in plate current as it
occurs when the plate voltage is changed,
and by dividing the latter by the former,
the plate resistance can then be deter-
mined. Expressed as an equation:

dE,
R, =

dI,

The mutual conductance, also referred
to as tramsconductance, is the ratio of
the amplification factor (u#) to the plate
resistance:

dE,
© dE, dI,
Sm == — =
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 ob-
tained from a tube is expressed as
follows:

2Ry
Rp + RL

where R. =— ohmic load in the plate cir-
cuit. In the case of a type 6F5 tube with
a plate resistor of 50,000 ohms, the volt-
age amplification as calculated from the
previous equation would be:

100 X 50,000
= 43

50,000 -+ 66,000

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 con-
ditions of an amplifier stage. It was pre-
viously explained how the fixed bias
applied to the grid of an amplifier de-
termines the operating point from which
the signal input varies. From the char-
acteristic curve in figure 3, it will be
seen that this curve is not a perfectly
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
faithfully reproduce the character of the
input signal, the operating point on the
curve must be set in the center of the
straight line portion. Furthermore, the
amplitude of the input signal must be
such that the peaks do not exceed the
straight line portion of the characteristic
curve.

Should the signal be 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 distortion in
the output will therefore result. The
fundamental property of class-A ampli-
fication is that the bias voltage and input
signal level must not advance beyond the
point of zero grid potential; otherwise,.
the grid itself will become positive. Elec-
trons 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
impedance 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 bhecome
positive. Class-A amplifiers do not real-
ize the .optimum. capabilities of any
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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 larger
tubes and higher plate voltage are re-
quired to obtain a given audio output
power than when some grid current is
permitted to flow. The correct bias for
class-A operation is given in the Tube
Tables.

Load Impedance;
Dynamic Characteristic

The plate current in an amplifier in-
creases 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 resistance or
impedance across which the power can be
developed. When increasing and de-
creasing 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 IZ drop across the load, even though
a steady value of direct current may be
applied to the load impedance; hence, for
an alternating voltage on the grid of
the tube, there will be a constant change
in the voltage 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 char-
acteristic curve will shift. This sequence
of change can be plotted in a form that
permits a determination of tube per-
formance; it is customary to plot the
plate current for a series of permissible
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 for the tube. Dynamic
characteristics include curves for varia-
tions in amplification factor, plate re-
sistance, transconductance and detector
characteristics.

The correct value of load impedance
for a rated power output is always spe-
cified by the tube manufacturer. The

plate coupling device generally reflects
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 required 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
connection 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 degrees out
of phase, the voltage usually being se-
cured from a center-tapped secondary
winding with the center tap connected to
the source of bias and the outer ends of
the winding connected to each grid. The
plates are similarly fed into a center-
tapped winding and plate voltage is in-
troduced 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 re-
sult is an increase in plate current in one
tube with a 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 Amplification

.Practically all amplifiers can be divid-
ed into two classifications, voltage ampli-
fiers and power amplifiers. In a voltage
amplifier, it is desirable to increase the
voltage to a maximum possible value,
consistent with allowable distortion. The
tube is not required to furnish power
because the succeeding tube is always
biased to the point where no grid cur-
rent 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 employed
in the plate load solely in the production
of voltage to be applied to the grid of the
following stage. The plate voltage is al-
ways relatively high, the plate current
small.
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A 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-consuming devices such as a loud-
speaker or antenna. They also serve as
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Figure 4. Five common methods of a.f.
interstage coupling.

drivers for other larger amplifier stages
whose grids require power from the pre-
ceding stage. Power amplifiers are com-
mon in transmitters.

The difference between the plate power
input and output is dissipated in the tube
in the form of heat, and is known as
the plate dissipation. Tubes for power
amplifier service 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.

3

Interstage Coupling

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

Transformer coupling for a single-
ended stage is shown in A; coupling to
a push-pull stage in B; resistance
coupling in C; impedance coupling in D.
A combination impedance-transformer
coupling system is shown in E; this ar-
rangement is generally chosen for high
permeability audio transformers of small
size and where it is necessary to prevent
the plate current from flowing through
the transformer primary. The plate cir-
cuit in the latter is shunt-fed.

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 resting plate current is thereby re-
duced 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; that is, the peak signal volt-
age 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 oper-
ated in push-pull if distortion is to be
held to a minimum. Class-AB, will fur-
nish more power output for a given pair
of tubes than will class-AB.. The grids
of a class-AB; amplifier draw current,
which calls for a power driver stage.
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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 cut-off point. When the
grids are fed with voltage 180 degrees
out of phase, that is one grid swinging
in a positive direetion 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 negatively 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 rests at
a very low value when no signal is ap-
plied, the plate efficiency is considerably
higher than in an 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 much greater than in a B
amplifier of the same power output capa-
bility.

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 service must have
good regulation. A high-capacity output
condenser must be used in the filter cir-
cuit to give sufficient storage to supply
power for the stronger audio peaks, and
a choke-input filter system 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
adjusted to the cut-off value. In g single-
ended stage, the r.f. plate current flows
on alternate half cycles. The power out-
put in class-B r.f. amplifiers is propor-
tional to the square of the grid excita-
tion voltage. The grid voltage excitation
is doubled in a linear amplifier at 100%
modulation, the grid excitation voltage
being supplied by the modulated. stage;

hence, the power output on modulation
peaks in a linear stage is increased four
times in value. In spite of the fact that
power is supplied to the tank circuit only
on alternate half cycles, the flywhesl
effect of the tuned tank circuit supplies
the missing half cycle of radio frequency,
and the complete wave form is repro-
duced in the output to the antenna.

Class-C R. F. Amplifier

The class-C amplifier differs from
others in that the bias voltage is in-
creased 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 beyond cut off,
that is, when the grid bias becomes
more negative, the angle of plate current
flow decreases. Under normal conditions,
the optimum value for class-C amplifier
operation is approximately 120°. The
plate current is at zero value during the
first 30° because the grid voltage is
still approaching cut off. From 30° to
90°, the grid voltage has advanced be-
yond 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
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current decreases to zero. From 150° to
180°, no plate current flows since the
grid voltage is then beyond cut off.

The plate current in a class-C ampli-
fier flows in pulses of high amplitude,
but of short duration. Efficiencies up to
75% are realized under these conditions.
It is possible to convert nearly all of the
plate input power into r.f. output power
(approximately 909% efficiency) by in-
creasing 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 be-
cause 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; 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
' oscillator in a suitable circuit. When part

of the amplified output is coupled back
into the input circuit, sustained oscilla-
tions will be generated provided the in-
put voltage to the grid is of the proper
magnitude and phase with respect to the
plate.

The voltage that is fed back and ap-
plied to the grid must be 180° out of
phase with the voltage across the load
impedance in the plate circuit. The volt
age swings are of a frequency depending
upon circuit constants.

If 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 impressed on the grid of the same tube
180° out of phase, amplification of the
potential across the L/C circuit will re-
sult. The potential would increase to an
unrestricted value were it not for the
limited plate voltage and the limited
range of linearity of the tube character-
istic, which causes a reversal of the proc-
ess 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
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can be made very great; thus, by varying
the circuit constants, oscillations from a
few cycles per second up to many mil-
lions can be generated. A number of dif-
ferent types of oscillators are treated in
detail elsewhere in this Handbook.

Harmonic Distortion

Distortion exists when the output wave
shape of an amplifier departs from the
shape of the input voltage wave. The
filywheel 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, which
are voltages existing simultaneously with
the fundamental at frequencies 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 amplifiers are, therefore, rated
in percentage of harmonic content. The
value of 5% 1is generally accepted as
being the maximum permissible total
harmonic distortion from an average
audio amplifier.

The effect of harmonics in a c.w. tele-
graph 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 reach-
ing the antenna. This is covered in
Chapter 4.

Detection

Detection is the process by which the
audio component is separated from the
modulated radio-frequency signal carrier
at the receiver. Detection always in-
volves either rectification or nonlinear
amplification of an alternating current.

Two general types of amplifying detec-
tors are used in radio circuits:

(1) Plate Detector. The plate detector
or bias detector (sometimes called a
power detector) amplifies the radio-fre-
quency wave and then rectifies it and
passes the resultant audio signal com-

ponent to the succeeding audio amplifier.
The detector operates on the lower bend
in the plate current characteristic, be-
cause it is biased close to the cut-off
point and therefore could be called a
single-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 un-
modulated 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 am-
plifies 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 sat-
urated bend of its characteristic curve,
at a high plate voltage, and the demodu-
lated 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 char-
acteristic. By proper choice of grid leak
and plate voltage, 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 distortion can reach
25%.

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. Detec-
tor sensitivity is a matter of rectifica-
tion efficiency and amplification, not
amplification alone. Grid leak detectors
are often used in regenerative detector
circuits because smoother control of re-
generation is 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 tet-
rode, meaning that it has four elements.
Such tubes are more familiarly known
as screen grid tubes since the additional
element is called a screen. The inter-
position of this screen between grid and

- plate serves as an electrostatic shield

between these two elements, with the
consequence that the grid-to-plate capac-
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itance 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 feed-back
voltage from plate to grid is normally
insufficient to start oscillation. The ad-
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vent of the screen grid tube eliminated
the necessity for lossers and neutraliza-
tion previously required to prevent a tri-
ode r.f. amplifier stage from oscillating.
In addition to the shielding effect, the
screen grid serves another very useful
purpose. Since the screen is maintained
at a positive potential, it serves to in-
crease or accelerate 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 amplification.
When the screen is held at a constant
value, it is possible to make radical
changes in plate voltage without appre-
ciably affecting the plate current.

Secondary Emission; Pentodes

When the electrons from the cathode
travel with sufficient velocity, they dis-
lodge electrons upon striking the plate.
This effect of bombarding the plate with
high velocity electrons, with the conse-
quent dislodgment of other -electrons
from the plate, is known as secondary
emission. This effect can cause no par-
ticular difficulty in a triode tube because
the secondary 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 main-
tained at a positive potential. Thus, the
screen will attract these electrons that
have been knocked from the plate, par-
ticularly when the plate voltage falls
to a lower value than the screen volt-
age, with the result that the plate cur-
rent is lowered and the amplification is
decreased.

This effeet is eliminated when still
another element is added between the
sereen and plate. This additional element
is called a suppressor, and tubes in which
it is used are called pentodes. The sup-
pressor grid is sometimes connected to
cathode within the tube, sometimes it is
brought out to a connecting pin on the
tube base, but in any case it is estab-
lished negative with respect to the mini-
mum plate voltage. The secondary elec-
trons 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 amplifica-
tion possibilities are increased.

Pentodes for audio applications are
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designed so'that the suppressor increases
the limits to which the plate voltage may
swing; therefore the consequent power
output and gain can be very great.
Pentodes for radio-frequency service
function in such a manner that the sup-
pressor 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. Be-
cause of the manner in which the elec-
- trodes are spaced, the electrons which

Internal structure of beam
power tube. (Courtesy R.C.A. Radiotron.)

Figure 8.

travel to the plate are slowed down
when the plate voltage is low, almost to
zero velocity 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 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 current
drawn by the screen, the beam power
tube has the advantages of high power
output, high power sensitivity and high
efficiency. The 6L6 is such a beam power
tube.

Pentagrid Converters

A pentagrid converter is a multiple
grid tube so designed that the functions
of superheterodyne oscillator and mixer
are combined in one tube. One of the
principal advantages of this type of
tube in superheterodyne circuits is that
the coupling between oscillator and mixer
is automatically done; the oscillator ele-
ments effectively modulate the electron
stream and, in so doing, the conversion
conductance is high. The principal dis-
advantage of these tubes lies in the fact
that they are not particularly suited for
operation at frequencies much above 20
Mec. because of difficulties encountered in
the oscillator section.

Special Tube Types; Twin Triodes;
Frequency Converters

Some 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
6N7, are typical examples. A feature of
the twin triode tube is its common
cathode.

Of a different nature are the 6H6 twin
diode and 6C8-G twin triode tubes; the
cathode is a separate element in these
tubes, thus making them true dual-
tubes in one envelope. Other types com-
bine the functions of double diode and
triode in a common envelope, as well as
a similar combination 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
multiple grid tubes is the 6L7 heptode,
used principally as a mixer in super-
heterodyne circuits. This tube has five
grids: control grid, screens, suppressor
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and 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 interaction between
oscillator and mixer. Oscillator injection
into the suppressor grid of an ordinary
pentode also is not particularly success-
ful.

The 6L7 has a special injection grid
so placed that it has reasonable effect
on the electron stream without the dis-
advantage of interaction between the
screen and control grid. The principal
disadvantage is that it requires fairly
high oscillator input in order to realize
its high conversion conductance. It may
also be used as an r.f. pentode amplifier.

The 6J8-G and 6K8 are two tubes
designed for converter service. They con-
sist of a heptode mixer unit and a
triode unit in the samie envelope, in-
ternally connected to provide the proper
injection for conversion work. While
both tubes function as a triode oscillator
feeding a heptode mixer, the method of

injection is different in the two tubes.
In the 6J8-G, the control grid of the
oscillator is connected internally to a
special shielded injector grid in the
heptode section. In the 6K8, the control
grid of the heptode is connected inter-
nally to the control grid of the oscillator
triode.

Conversion Transconductance

Conversion transconductance is a term
applied to mixer circuits in superhetero-
dyne receivers and may be considered as
a factor of merit for such stages.

Tube Manuals

The larger tube manufacturers offer
at a nominal cost tube manuals which
are very complete and give much valu-
able data which, because of space limita-
tions, cannot be included in this hand-
book. Those especially interested in
vacuum tubes are urged to purchase one
of these books as a supplementary
reference.

\S
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CHAPTER 3

Expression of Gain or Loss in Decibels—Amplifier and
Microphone Ratings—Conversions

T HE DECIBEL unit as used in radio
engineering and virtually universal in all
power and energy measurements is actu-
ally a unit of amplification expressed as
a common logarithm of a power or energy
ratio. One decibel is 1/10th of a bel. One
bel or 10 decibels indicate an amplifica-
tion by 10, the common logarithm of 10
being 1. Similarly, 2 bels or 20 db mean
amplification by 100; 30 db mean ampli-
fication by 1,000, and so on. The power
ratio for one decibel is expressed as

P,
_; = 10°? (1)

where P: is the power input; P, the
power output. The number of decibels
represents a power gain or loss, depend-
ing upon whether the relation P,/P: is
greater or less than 1.

Expressions for various power rat1os
are now commonly employed in com-
munication engineering at audio and at
radio frequencies. 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 direc-
tions between the number of decibels and
the corresponding power, voltage and cur-
rent rattos.

Logarithmic Table

The table of logarithms presented here
does not differ essentially from any other
similar table except that no proportional
parts are given and the figures are stated
to only three decimal places; this ar-
rangement does not permit great ac-
curacy but has been found to bg satisfac-
tory for all practical radio purposes. A
complete exposition on logarithms is

outside the scope of this Handbook; how.
ever, the very essentials together with the
practical use of the tables and their ap-
plication to decibels are glven herewith.
The following discussion is not concerned
with the study of logarithms other than
their direct employment to decibels.

The logarithm of a number usually
consists 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 in-
dependent of the position of the decimal
point, while the characteristic is depend-
ent only on the position of the number
with the relation to the decimal point.
Thus, in the following 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
digits minus one to the left of the deci-
mal point.

In (a) the characteristic is 3, in (b)
2,in (d) 0,in (e) —1, in (f) —2. The
following should be remembered: (1)
that for a number greater than 1, the
characteristic is one less than the num-
ber of digits to the left of the decimal
point; (2) that for a number wholly a
decimal, the characteristic is negaiive
and is numerically one greater than the

0520
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number of ciphers immediately follow-
ing the decimal point. Notice (e) and
(f) in the above examples.

To find a common logarithm of any
number, proceed as directed herewith.
"Suppose the number to be 5576. First,
determine the characteristic. An inspec-
tion 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 referring to the logarithm table.
Proceed selecting the first two numbers
which are 55, then glance down the N
column until coming to these figures. Ad-
vance 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 figure
in the number 5576). Place the mantissa
746 to the 7right 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 man-
tissa in the accompanying three-place
tables; in fact, disregard all digits be-
yond the first three when determining
the mantissa. However, be doubly sure
to include all figures when ascertaining
the magnitude of the characteristic.

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

Power Levels

In the design of radio devices and am-
plifying equipment, the standard power
level of six milliwatts (.006 w) is the arbi-
trary reference level of zero decibels.
All power levels above the reference
level are designated as plus quantities,
and below as minus. The figure is al-
ways prefixed by a plus (-4) or minus
(—) sign indicating the direction in
which the quantity is to be read.

Power to Decibels

The power output (watts) of any am-
plifier may be converted into decibels
by the following formula, assuming that
the input and output impedances are
equal;

. P,
av =10 Logi — (2)
P
where Na» is the desired power level in
decibels; Pi, the output of the amplifier,

and P,, the reference level of 6 milliwatts.
The subnumeral, 10, affixed to the loga-
rithm indicates that the log is to be ex-
tracted from a log table using 10 as the
base, such as the one given here.

Substitute values for the letters in the
above formula as in the following:

An amplifier using 2A5 tube should
be able to deliver an undistorted output
of three watts. How much is this in

decibels?
Solution by formula (2)
) 3
—=—=500
P. .006

10 X Log 500 — 10 X 2.69
therefore 10 X 2.69 = 26.9 DECIBELS.

Substituting other values for those
shown allows any output power to be
converted into decibels provided that the
decibel equivalent is above the zero ref-
erence level or the power is not less
than 6 milliwatts.

To solve almost all problems to which
the solution will be given in minus de-
cibels, an understanding of algebraic ad-
dition i8 required. To add algebraically,
it is necessary to observe the plus and.
minus signs of expressions. (Do not con-
fuse these signs with decibels.) In the
succeeding illustrations notice that the
result is obtained sometimes by addition
and at other times by subtraction.

(a) (b) (c) (d)
+2 —4  —4 44
—4  —2 42 42
—2 6 _—2 46

The terms used in (¢) are those that
apply to decibel calculations.

When the solution to a problem involv-
ing logarithms will be in minus decibels

DB POWER RATIO
0 1.00
1 1.26
2 1.58
3 2.00
4 2.51
5 3.16
6 3.98
7 5.01
8 6.31
9 7.94

10 10.00

N
o
s
8

30 1,000
40 10,000
50 100,000
60 1,000.000
70 10 070.000
80 100,000,000
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(when the power lewel under considera-
tion is less than 6 milliwatts), note par-
ticularly that the characteristic of this
logarithm will be prefixed by a minus
sign (—). Note also that this sign af-
fects only the characteristic; the man-
tissa remains positive. The mantissa al-
ways remains positive, regardless of
whether the solution of the problem re-
sults in a positive or a negative charac-
teristic.

A prefix —1 to a logarithm means that
the first significant figure of the number
which it represents will be the first place
to the right of the decimal point; —2
means that it will occupy the second place
to the right while the first will be filled
by a cipher; —3, the third place with two
ciphers filling the first and second, and
SO on.

To multiply a logarithm with a minus
characteristic and a positive mantissa by
another number, each part must be con-
sidered separately,

THREE-PLACE LOGARITHMS

N 0o 1 2 3 4 5 6 7 8 9
00 000 000 000 000 000 000 000 00O 0G0 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
156 176 179 181 184 187 190 193 195 198 201
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

48 681 682 683 683 684 685 636 687 688 689
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
B2 716 716 717 718 719 720 721 722 722 723
63 724 725 725 726 727 728 729 730 730 731
54 732 733 734 734 735 736 737 738 738 739
N 0 1 2 3 4 5 6 7. 8..9

multiplied by the

number (10 or 20 for decibel calcula-
tions), and then the products added al-
gebraically. Thus, in the following il-
lustration:

A preamplifier for a microphone is

~ feeding 1.5 milliwatts into the line going

to the regular speech amplifier. What
is this power level expressed in decibels?
Solution by formula (2):

P, .0015

—_—=—=.2b

P, .006

Log .25 = —1.397 (from table). There-
fore, 10 X —1.397 = (10 X —1 = —10)
+ (10 X .397 = 3.97); adding the prod-
ucts algebraically gives 6.03 DB.

By substituting other values for those
in the above example, any output power
below 6 milliwatts (zero reference level)
can be converted into decibels.

Determining Db Gain or Loss

In using amplifiers, it is a prime requis-
ite to be able to indicate gain or loss in
decibels. To determine the gain or loss
in db employ the following formula:-

P,

(gain) Na» = 10 Log — (3)
P,
P,

(loss) Nap =10 Log — (4)
P,

where Nab is the number of db gained or
lost; P, the input power, and P, the out-
put power.

Applying, for example, formula (3):
Suppose that an intermediate amplifier
is being driven by an input power of 0.2
watt and after amplification, the output
is found to be 6 watts.

P, 6
—=—=230
P, 2
Log 80 —=1.48
Therefore 10 X 1.48 = 148 DB
POWER GAIN.,

Amplifier Ratings

The technical specifications or rating
on power amplifiers should contain the
following information: the overall gain
in decibels, the power output in watts,
the value of the input and output im-
pedances, the input signal level in db,
the input signal voltage and the power
output level in decibels.

If the specifications on an amplifier in-
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clude only the input and output signal
levels in db, it then is necessary to cal-
culate how much these values represent
in power. The methods employed to de-
termine power levels are not similar to
those used in previous calculations. Cau-
tion should, therefore, be taken in read-
ing the following explanations, with par-
ticular care and attention being paid to
the minor arithmetical operations.

The Antilogarithm

To determine a power level from some
given decibel value, it is necessary to in-
. vert the logarithmic process formerly em-
ployed in converting power to decibels.
Here, instead of looking for the log of
a number, it is now necessary to find the
antilogarithm or number corresponding
to a given logarithm.

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 orig-
inal number from a corresponding loga-
rithm 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, (3) that, if the original
number was a whole number, the decimal
point would be placed to the extreme
right.

The procedure of finding the number
corresponding to a logarithm is explain-
ed by the following: Suppose the loga-
rithm to be 38.574. 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 column and there will be read the
number, 37. This number comprises the
first two figures of the number -cor-
responding 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
number heading the column will be 5.
If the figures have been arranged as
they have been found, the number will
now be 375.

Now, since the characteristic is 38,
there must be four figures to the left
of the decimal point; therefore by annex-
ing a cipher, the number becomes 3750;
‘thix ig the number  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 —1.5674, the antilogs or corresponding
numbers would be .00376 and .376 re-
spectively. After a little experience, a
person can obtain the number correspond-
ing to a logarithm in a very few seconds.

Converting Decibels to Power

It is always convenient to be able to
convert a decibel value to a power equiv-
alent. The formula used for converting’
decibels into watts is similar in many re-
spects to equation (2), the only differ-
ence being that the factor P: correspond-
ing to the power level is not known.
Usually the formula for converting deci-
bels into power is written as:

P,
(5)

Na =10 Log
006

It is difficult to derive the solution to

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
67 826 826 827 828 828 829 829 830 831 831
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
76 880 881 882 882 883 883 884 834 885 885
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
80 903 903 904 904 905 905 306 906 907 907
81 908 909 909 910 910 911 911 912 912 913
82 913 914 914 915 915 916 917 917 918 918

94 973 973 974 974 975 975 975 976 976 977
95 977 978 978 979 979 980 980 980 981 981
96 982 982 983 983 984 984 985 988 985 986
97 986 987 987 988 988 989 989 989 990 990
98 991 991 992 992 993 993 993 994 9 995
89 995 996 996 996 997 997 998 998 999 999

00 000 004 008 012 017 021 025 029 033 037.
N 0 1 2 3 4 5 6 7 8 .9
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the above equation because of the expres-
sion being written in the reverse. How-
ever, by rearranging the various factors,
the expression can be simplified to permit
easy visualization; thus:

Ndl
P =.006 X antilog —
10

(6)

where P is the desired power level; .006,
the reference level in milliwatts; Nas, 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 num-
ber comprising 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
—Nas, is not always equally divisible by
i0. When this is the case, the numer-
ator in the factor —Nas/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
—Nan equally divisible by 10, proceed as
follows: Assume —Na to be the value
-38; hence, to make this figure equally
divisible by 10, we must add a -2 to it,
and, since we have added a negative 2
to it, we must also add a positive 2 to
make the net result the same.

Our decibel value now stands, —40 +2.
Dividing both of these figures by 10 (as
in equation 6), we have -4 and a plus
0.2. Putting the two of them together,
we have —4.2 as our resulting logarithm,
with the negative characteristic and pos-
itive mantissa required to indicate a
number smaller than one.

While the above discussion applies
strictly to negative values, the following
examples will clearly show the technique
to be followed 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 milli-
watts? '

Solution by equation (6)

—Nas -74
= —— (not equally divisible by 10)
10 10
Routine:
-74
-6 +6
-80 +6
—Nas —-80 46
= = -8.6
10 10

Antilog -8.6 = .00000004
.006 x .00000004 — .00000000024 watt or
240 microwatts

(b) This example differs somewhat
from that of the foregoing one in that
the mantissas are added differently. A
low-powered amplifier has an input sig-
nal level of -17.3 db. How many milli-
watts does this value represent?

Solution by equation (6)

Routine:
-173
- 2.7 +2.7
-20.0 +2.7
—Nas 20 +2.7
= = -2.27

10 10

Antilog -2.27 = .0186
.006 x .0186 — .0001116 watt or .1116
milliwatts.

Voltage Amplifiers

When plans are being drafted contem-
plating the design of power amplifiers,
it is essential that the following data be
determined: first, the input and output
signal levels to be used; second, the size
of the power tubes that will adequately
deliver sufficient undistorted output;
third, the input signal voltage that must
be applied to the amplifier to deliver
the desired output. This last require-
ment is the most important in the design
of voltage amplifiers.

The voltage step-up in a transformer-
coupled amplifier depends chiefly upon
the # of the tubes and the turns ratio of
the interstage coupling transformers.
The step-up value in any amplifier is cal-
culated by multiplying the step-up fac-
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tor of each voltage amplifying or step-
up device. Thus, for example, if an am-
plifier were designed having an output
transformer with a ratio of 3:1 coupled
to a tube having a u of 7, the voltage
step-up would be approximately 3 times
7 or 21. It is seldom that the total prod-
uct will be exactly the figure derived
because it is not quite possible to realize
amplification equal to the full # 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 in-
put signal must be in order to obtain
the desired output. By converting volt-
age ratios into decibels, power levels can
be determined. Hence, to find the gain
in db when the input and output volt-
ages are known, the following expres-
sion is used:

E:
(gain) Na =20 Log —
E,

where E,, is the output voltage, and E,,
the input voltage.

(7)

Employing the above equation in a
practical problem, note the logarithm
is multiplied by 20 instead of by 10 as in
previous examples. For instance:

A certain one-stage amplifier consists
of the following parts: 1 input trans-
former, ratio 2:1, and 1 output tube
having a z 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.

To reverse the above and convert deci-
bels to voltage ratios, use the following
expression:

Ndb
E (gain) = antilog —
20

where E is the voltage gain (power
ratio); Na, the decibels, and 20, the
divisor.

(8)

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
paramount to have exact knowledge of
the magnitude of the input signal voltage
necessary to drive the output power tubes
to maximum undistorted output.

To determine the input voltage, take
the peak wvoltage 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.

Computing Specifications

From the preceding explanations the
following data can be computed with a
very high degree of accuracy:

(1) Voltage amplification

(2) Overall gain in db

(8) Output signal level in db
(4) Input signal level in db
(6) Input signal level in watts
(6) Input signal voltage

Microphone Levels

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

Aver-
Decibels age
Phonographic pickup. O0to —30 —15

Carbon microphones. —30to —60 —45b
Piezo-electric micro-

phones —bb to —80 —60
Dynamic microphones —75to —95 —85
Condenser micro-

phones
Velocity microphones

—80 to -100 —90
—T70 to-110 —85

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
amplifiers. Therefore, the same equations
employed in connection with power ratios
are similarly applied when converting
output signal levels to power levels.

Push-Pull Amplifiers

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

To determine the voltage gain (voltage
ratio) of a push-pull amplifier, take the
ratio of one half of the secondary wind-
ing of the push-pull transformer and
multiply it by the # of one of the output
tubes in the push-pull stage; the product,
when doubled, will be the voltage ampli-
fication or step-up.

Acoustically, that is from the loud-
speaker standpoint, it takes approxi-
mately three db before any change in the
volume of sound is noted. This is be-
cause 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 three db, they
sound practically alike.

Preamplifiers are employed to raise
low input signal levels up to some re-

quired input level of another intermedi-
ate 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 preamplifier 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 output
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 —Ndbl
E (gain) = antilog ——— (9)
20

where E is the voltage step-up or gain;
Nam, the input signal level of the pre-
amplifier or the new input signal level;
Nawe, the input signal level to the inter-
mediate amplifier, and 20, the divisor.

%
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CHAPTER 4

Antennad

Antenna and Feeder Types—Radiator and Feeder Dimensions
' —Coupling—Directive Arrays—Field Patterns

RADIO waves are electromagnetic
waves which consist of condensations
and rarefactions of energy as they travel
through space.

Electromagnetic waves travel through
space with the speed of light (186,000
miles or 300,000,000 meters per second).
Radio waves include an electrostatic and
an electromagnetic component. The
electrostatic component corresponds to
the voltage of the wave, and the electro-
magnetic component corresponds to the
wave current.

High-frequency waves travel in direct
rays from transmitter to receiver, but
also can be radiated upward into the
variable ionosphere to be bent downward
in an indirect ray.

Energy radiated from the transmitting
antenna along the surface of the earth
is rapidly attenuated so that it is prac-
tically useless for consistent communi-
cation for distances over 100 miles.

This ray was formerly thought to be
guided by the earth in the same manner
that a wave is guided by a pair of wires.
Investigation by the Bell Telephone
Laboratories has proved this assumption
to be incorrect.

Energy sent off at an angle above the
horizon is partly returned to earth by the
bending effect of the ionized particles in
the various layers of the ionosphere.

The ionosphere consists of layers of
ionized particles of gas located above
the stratosphere and extending up to
possibly 750 miles above the surface of
the earth (H layer).

The amount of bending which the sky
wave undergoes depends on the fre-
quency of the wave and the amount of
ionization in the ionosphere which is, in

turn, dependent on ultra-violet radiation
from the sun. The ionization is much
greater in the daytime. Also, the height
of the ionosphere is affected by the
sun. Therefore, radio waves act very
differently at night.

The higher the frequency of the radio
wave, the more it penetrates the
ionosphere and the less it is bent back
toward earth. The 160- and 80-meter
signals are bent so much by the layers
of the ionosphere that they are often
bent back; thus if these low-frequency
short waves are radiated straight up,
they will return back to earth (close to
the transmitter). As the frequency goes
up beyond about 5,000 kec., it is found
that waves whose angle with the horizon
exceeds a certain critical angle never
return to earth. Thus, as the frequency
goes up, it is usually desirable to confine
radiation to low angles since the high-
angle waves simply penetrate the iono-
sphere and are lost.

Signals above about 45,000 ke. are bent
so slightly that they seldom return to
earth, although under exceptional cir-
cumstances radio waves of 75,000 kc.
have been known to return to earth for
very short periods of time.

Thus, the sky wave does not give
consistent communication at frequencies
above 45,000 kc., and even above about
22,000 kc. the results are not good
enough for commercial use.

The ground wave of a 14,000-ke.
transmitter rarely can be heard over a
hundred miles away. Also, the first bend-
ing of the sky wave rarely brings the
sky wave back down to earth within three
hundred miles from the 14,000-kc. trans-
mitting antenna at night. Thus, there is

e 60 °
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an area between 100 and 300 miles from
the transmitter in which the signals
cannot usually be heard. This area lies
in what is termed the skip distance. Mov-
ing closer to or farther away from the
transmitter allows the signals to be
heard, but in the skip distance (or zone)
no reception is possible.

The lower the angle of radiation of
the wave, with respect to the horizon,
the farther away will the wave return
to earth and the greater the skip dis-
tance. The wave can be reflected back
up into the ionosphere by the earth and
then be reflected back down again, caus-
ing a second skip distance area. The
drawing of figure 1 shows the multiple
reflections possible. When the receiver
receives signals which have traveled
over more than one path between trans-
mitter and receiver, the signal impulses
will not all arrive at the same instant
as they do not all travel the same dis-
tance. When two or more signals arrive
in the same phase at the receiving an-
tenna, the resulting signal in the receiver
will be quite loud. On the other hand, if
the signals arrive 180 degrees out of
phase so they tend to neutralize each
other, the received signal will drop—
perhaps to zero if perfect neutralization
occurs. This explains why high-frequency
signals fade in and out.

Fading can be greatly reduced on the
high frequencies by using a transmitting
antenna with sharp vertical directivity,
thus cutting down the number of multi-
ple paths of signal arrival. A receiving
antenna with similar characteristics
(sharp vertical directivity) will further
reduce fading. It is desirable when using
antennas with sharp vertical directivity
to use the lowest vertical angle consistent
with good signal strength for the fre-
quency used. This cuts down the number
of hops the signal has to make to reach
the receiver, and consequently reduces

5000 .'_. E :LA'YE'R a

LAYERS ARE RAPID
CHANGES IN 1ON | 2A-
TION DENSITY

Showing some of the many possible paths of a high-frequency ‘“‘sky wave” signal.

the chance for arrival via different paths.

Selective Fading

Selective fading affects all modulated
signals. Modulated signals are not a
single frequency signal but consist of a
narrow band of waves perhaps fifteen
ke. wide. It will be seen that the whole
modulated signal band may not be neu-
tralized at any instant, but only part
of it. This causes a peculiar and chang-
ing form of audio distortion at the
receiver, which suppresses some audio
frequencies, emphasizes others, is known
as selective fading.

Radiation Angle

The reflection of low-frequency waves
and the reflection of high-frequency
waves from the ionosphere show that
for any given distance and ionosphere
neight there is an ideal angle with the
horizon which the radio wave should
take. For long-distance communication
the angle of radiation should be low,
while for short-distance communication
the angle of radiation should be higher.
Different types of antennas have differ-
ent major angles of radiation as will be
shown later.

Antenna Radiation

When an alternating current is passed
through a conductor, an alternating .
electro-magnetic field extends around
that conductor. Energy is alternately
stored in the field and then returned to
the conductor. As the frequency is raised,
it is found that more and more of the
energy does not return to the conductor
but is radiated off into space in the
form of electromagnetic waves which
travel through space with the speed of
light. Radiation from a wire or line is
materially increased wherever there is a
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sudden change in the electrical constants
of the line. Such changes produce re-
flection, which places standing waves on
the line.

For example, a wire in space, to which
is fed radio-frequency energy with a
wavelength close to 2.08 times the length
of the wire in meters, is said to resonate
as a dipole or half-wave antenna at that
wavelength or frequency. As both ends
of the dipole are terminated in an in-
finite impedance (open circuit), there is
a mismatch at each end, which produces
reflection. This means that an incident
radio-frequency wave will travel to one
end of the dipole and will be reflected
right back toward the center of the
dipole.

The returning waves which have been
reflected meet the next incident wave,
and the voltage and current at any point
along the antenna are the algebraic sum
of the two waves. At the ends of the
dipole the voltages add up while the
currents in the two waves cancel, thus
producing high voltage and low current
at the ends of the dipole or half-wave sec-
tion of wire. In the same manner, it is
found that the currents add up while
the voltages cancel at the center of the
dipole. Thus, at the center there 18 high
current but low voltage. Note in figure
2 that the current in the dipole uni-
formly deereases as the measuring in-
strument is moved out from the center
to either end, while the voltage uniformly
increases (the polarities being opposite
at the two ends, however). The curve of
voltage or current represents a standing
. wave on the wire. If the voltage, or
: current, measured the same all along the
wire, it would indicate the absence of
standing waves.

The points of maximum and minimum
current and voltage are described as
loops and nmodes. A voltage or current
loop in a wire or line is a point of
maximum voltage or current. A voltage
or current node is a point of minimum
or zero voltage or current. In a wire
or line containing standing waves but no
reactance, it will always be found that a
voltage node coincides with a ‘current
loop, and a current node coincides with a
voltage loop.

A nonradiating transmission line must
be always terminated in its characteristic
impedance in order to avoid reflection
and standing waves. A Hertz antenna
is an ideal example of a type of trans-

mission line that is not terminated in its
characteristic impedance at its ends.

A two-wire resonant line, such as zepp
feeders, may have high reflection losses
and standing waves, but the effective
radiation can be reduced by having the
radiation from two adjacent wires in
such amplitude and phase as to cancel
out. In other words, the radiation from
one wire is absorbed by the other wire,
and vice-versa.

Frequency, Wavelength,
Antenna Length

All antennas used by amateurs are
based on the fundamental Hertz type,
which is any wire in space a half wave-
length long electrically. The Marconi
antenna is a special type of Hertz an-
tenna used only when space considera-
tions necessitate using something shorter
than half of an electrical wavelength.
The Marconi antenna always is grounded
and is an odd number of quarter wave-
lengths long electrically. In other words,
the ground acts as the missing quarter
wavelength.

In any discussion of antennas, the
relationship between wavelength and
frequency must be kept in mind. As the
velocity of radio waves through space
is constant at the speed of light, it will be
seen that the more waves that pass a
point per second (higher the frequency),
the closer together the peaks of those
waves must be (shorter the wavelength).
Therefore, the higher the frequency the
lower the wavelength. Frequency de-
scribes the number of wave peaks (in
cycles or thousands of cycles) passing a
point per second. Wavelength describes
the distance in meters between adjacent
peaks of a wave train.

A radio wave in space can be compared
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.

As a radio wave travels 300,000,000
meters a second (speed of light), a fre-
quency of one cycle per second corre-
sponds to a wavelength of 300,000,000
meters. As the frequency increases, the
wavelength decreases; so if the fre-
quency is multiplied by a million, the
wavelength must be divided by a million
in order to have them still refer to the
same thing.

Thus, a frequency of one million cycles
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per second (a thousand kllocycles) equals
a wavelength of 300 meters. Multiplying
frequency by ten and dividing wave-
length by ten we get: a frequency of
10,000 kilocycles equals a wavelength of
30 meters. Multiplying by ten and di-
viding by ten again we get: a frequency
of 100,000 kilocycles equals 3-meters
wavelength. Therefore, remember when
changing wavelength to frequency that
frequency in kilocycles equals 300,000
divided by wavelength in meters. Also,

wavelength in meters equals 300,000
divided by frequency in kilocycles.
300,000
Fee =—-—"r
A
300,000
A—m—————
Fie

When speaking of antenna lengths, it
is necessary to speak of electrical length.
When speaking of a half-wave antenna,
we mean one whose electrical length is a
half wave. Actually a half-wave antenna
is slightly less than a half wave long
physically, due to the end effects and the
fact that the velocity of a high-frequency
radio wave traveling along a conductor
is not as high as it is in free space.

Below 380,000 kilocycles this effect is
relatively constant, so that an electrical
half wave is a fixed percentage shorter
than a physical half wavelength. This
percentage is approximately 5%; there-
fore most half-wave antennas are really
95% of a half wave long. This is taken
into consideration in the formula shown
below. Thus, a half-wave antenna reso-
nant at exactly 80 meters would be
80 x 1.56, or 124.8 feet long physically.

Another way of saying the same thing
is that a wire resonates at a wavelength
of about 2.1 times its length in meters.

Wire length 467,400 467.4
of half-wave =1.56A= —
radiator, in feet Fie

Fle

Harmonic Resonance

A wire in space resonates at more
than one frequency. The lowest fre-
quency at which it resonates is called its
fundamental frequency, and at that fre-
quency it is approximately a half wave-
length long. A wire can have two, three,
four, five or more standing waves on it,
and thus resonates at approximately the

integral harmonies of its fundamental
frequency. However, the higher har-
monics are not exactly integral multiples
of the lowest resonant frequency as end
effects affect only the outer quarter
waves.

As the end effect comes in only at the
ends, regardless of whether the antenna
has its minimum resonant length or any
of the longer resonant lengths (harmonic
resonance), the equivalent electrical
length approaches the actual physical
length more and more, as the antenna
length, measured in wavelengths, in-
creases.

The following two formulas can be
used to determine either the frequency
or length of a wire with a given number
of half waves on it. These formulas are
accurate between 3000 and 30,000 ke.

492 (K—.05) 492 (K—.05)
L= Me—
Fue L

Where F equals frequ.ency in megacycles.
L equals length in feet.
K equals number of half waves on wire.

Radiation Resistance, -
Antenna Impedance

A half-wave antenna is much like a
tuned tank circuit. The main difference
lies in the fact that the elements of
inductance, capacity and resistance are
lumped in the tank circuit and are dis-
tributed throughout the length of an
antenna. The center of a half-wave
radiator is effectively at ground poten-
tial as far as r.f. voltage ‘is concerned,
although the current is highest at that
point. See figure 2.

When the antenna is resonant, and it
always should be- for best results, the
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impedance at the center is a pure re-
sistance and is termed the radiation
resistance. Radiation resistance ‘is a
fictitious term used to express the power
radiated by the antenna, It is the re-
sistance which would dissipate the same
amount of power that is being radiated
by the antenna.

The radiation resistance at the voltage
node (current loop: in other words,
minimum voltage and maximum current)
depends on the length of the antenna and
its proximity to nearby objects which
either absorb or reradiate power, such as
the ground, other wires, etc.

The theoretical radiation resistance of
a grounded quarter-wave antenna equals
36.57 ohms. A half-wave antenna, far
from ground and other reflecting objects,
has a radiation resistance at the center
exactly twice as high, namely 73.14 ohms,
since each half of the half-wave antenna
carries the same current and radiates the
same amount of energy for a given im-
pressed voltage as does the grounded
quarter-wave antenna.

Because the power throughout the an-
tenna is the same, the impedance of the
antenna at any point along its length
merely expresses the ratio between volt-
age and current at that point. Thus, the
lowest impedance occurs where the cur-
rent is highest, namely: at the center.
The impedance rises uniformly toward
each end. The impedance at the center
of a resonant half-wave antenna is about
73 ohms and at the ends, approximately
2400 ohms, provided the antenna is re-
mote from ground.

If a vertical half-wave antenna is set
up so that its lower end is at the ground
level, the effect of the ground reflection

- — -.-_pl —
ﬂ———ossx% _—
ne
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i DZ T

Figure 3. Three antennas, all equal elec-
trically to one-half wavelength.

is to increase the radiation resistance to
approximately 100 ohms.. When a hori-
zontal half-wave antenna is used, the
radiation resistance (and, of course, the
amount of energy radiated for a given
antenna current) depends on the height
of the antenna above ground, since the
height determines the phase angle be-
tween the wave radiated directly in any
direction and the wave which combines
with it after reflection from the ground.

The radiation resistance of an antenna
generally increases with length, although
this increase varies up and down about
a constantly increasing average. The
peaks and dips are caused by the re-
actance of the antenna when its length
does not allow it to resonate at the
operating frequency.

Antennas have a certain loss resis-
tance as well as a radiation resistance.
The loss resistance defines the power
lost in the antenna due to ohmic re-
sistance of the wire, ground resistance,
corona discharge and insulator losses.
The losses rarely amount to 5% of the
power supplied to the antenna at the
high frequencies.

Resonating Antennas

Antennas should always be resonated
at the frequency of operation (except for
certain special types of aperiodic direc-
tive arrays, such as the diamond). The
radiation efficiency of a resonant wire
is many times that of a wire which is
not resonant. Thus, an ungrounded an-
tenna should always be an even multiple
of a quarter wave long, while a grounded
antenna (Marconi) should always be an
odd multiple of a quarter wave long.
Note that length means electrical length
in this case. Short wires can be
lengthened electrically by series induec-
tive loading. Long wires can be shortened
by about one-eighth wavelength by
means of a series condenser located near
the voltage node.

It is desirable to know the radiation
resistance of an antenna when attempt-
ing to match a nonresonant transmission
line to a resonant antenna. As the an-
tenna end of the line must be terminated
in its characteristic surge impedance in
order to allow the line to operate with-
out line radiation, it must be attached
to the antenna at a point where the
antenna impedance equals the line im- -
prdance.
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CHARACTERISTICS AND CONSIDERATIONS

Fundamental Types

Antennas used by amateurs for gen-
eral coverage are usually of either the
Hertz or the 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.

Usually a Marconi antenna is 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 resonance. 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.

Most popular for all-around use is the
simple half-wave dipole (Hertz) radia-
tor mounted either horizontally or verti-
cally. It can be fed in a number of
ways. Hertz antennas usually are most
efficient. There is a power loss due to the
resistance of the earth connection re-
quired with a Marconi radiator.

Grounded - (Marconi) antennas are
normally used for longer wavelengths
where the physical length of a half-wave
antenna wire makes such an antenna
impractical. The Marconi antenna also
is advantageous on mobile vehicles, as
its overall span is one half the span
required by a half-wave radiator. How-
ever, the grounded Marconi antenna is
always materially less efficient than the
half-wave type; so, wherever possible,
the half-wave type should be used.

Radiation Resistance

Along a half-wave antenna the im-
pedance varies from a minimum at the
‘center to a maximum at the ends. The
impedance is that property which de-
termines the antenna current at any
point along the wire for the value of
. radio-frequency voltage at that point.
The main component of this impedance
is the radiation resistance; normally, the
latter is referred to the center of the
half-wave antenna where the current is
at maximum. The square of the current
multiplied by the radiation resistance is
equal to the power radiated by the an-

tenna. For convenience, these values are
usually. referred to the center of a half-
wave section of antenna.

In figure 4 the curves 1nd1cate the
theoretical center-point radiation resis-
tance of a half-wave antenna for various
heights above perfect ground. These
values are of some importance in match-
ing untuned radio-frequency feeders to
the antenna in order to obtain a good
impedance match and an absence of
standing waves on the feeders.

Above average ground, the actual
radiation resistance of a dipole will
seldom be that given in the chart of
figure 4 which assumes a hypothetical
perfect ground having no loss and per-
fect reflection. Fortunately, the curves
for the radiation resistance over most
types of earth will correspond rather
closely with those of the. chart, except
that the radiation resistance for a hori-
zontal dipole does not fall off as rapidly
as is indicated for heights below an
eighth wavelength. However, with the
antenna so close to the ground and the
soil in a strong field, much of the radia-
tion resistance is actually represented
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Figure 4. Effect of height on the radia-
tion resistance of a dipole suspended
above perfect ground.
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by ground loss; this means that a good
portion of the antenna power is being
dissipated in the earth, which, unlike the

hypothetical perfect ground, has resis-

tance. The type of soil also has an effect
upon the radiation pattern, especially in
the vertical plane, as will be seen later.

If the radiation resistance of an
antenna or array is very low, the current
at a voltage node will be quite high for
a given power. Likewise, the voltage at
a current node will be very high. Even
with a heavy conductor and excellent in-
sulation, the losses due to the high volt-
age and current will be appreclable if
the radiation resistance is sufﬁclently
low.

Usually, it is not considered desirable
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Figure 5. Radiation from half-wave an-
tenna a half wave above perfect ground,
for fixed vertical angle of 30°.

‘

to use an antenna or array with a radia-
tion resistance of less than approxi-
mately 10 ohms unless there is sufficient
directivity, compactness or other advan-
tage to offset the losses resulting from
the low radiation resistance.

Ground Resistance

The radiation resistance of a Marconi
antenna, especially, should be kept as
high as possible. This will reduce the
antenna current for a given power, thus
minimizing loss resulting from the series
resistance offered by the earth connec-
tion. The radiation resistance can be
kept high by making the Marconi radia-
tor as long as possible (five-sixteenths
wave being about the maximum for
a series-tuned quarter-wave Marconi)
and removed from ground as much as
possible (vertical being ideal). Methods
of minimizing the resistance of the earth

connection will be found in the discussion
of the Marconi antenna.

Directivity of Antennas

When choosing and orienting an an-
tenna system, the radiation patterns of
the various common types of antennas
should be given careful consideration.
The directional characteristics are of
still greater importance when a directive
antenna array is used.

There are two kinds of antenna di-
rectivity: vertical and horizontal. The
latter is not generally desirable for ama-
teur work except (1) for point-to-point
work between stations regularly commu-
nicating with each other, (2) where
several broad arrays are so placed as to
cover most useful directions from a given
location, and (3) when the beam may
be directed by electrical or mechanical
rotation.

Considerable horizontal directivity can
be used, provided that the beam is not
narrower than perhaps 5°. Signals fol-
low the great circle path or are within
a few degrees of that path a good share
of the time.

For general amateur work, however,
too much horizontal directivity is ordi-
narily undesirable, inasmuch as it
necessitates having the beam pointed ex-
actly at the station being worked.
Making the array rotable overcomes this
obstacle, but arrays having extremely
high horizontal directivity are too cum-
bersome to be rotated, except perhaps
above 56 Mec.
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Figure 6. Pattern§ of vertical directivity
for horizontal doublets at height H above
perfect and Holmdel, N. ]., ground.
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On the 28- and 14-Mc. bands and, to
an extent on the 7-Mc. band, the matter
_of vertical directivity is of as much
importance as is horizontal directivity.
Only the power leaving the antenna near
a certain vertical angle is instrumental
in putting a signal into a distant re-
ceiving antenna; the rest may be con-
sidered as largely wasted. In other words
the important thing is the amount of
power radiated in a desired direction at
the useful vertical angles, rather than
_the actual shape of the directivity

curves as read on the ground by a field

strength meter.

A nondirectional antenna such as a
vertical or horizontal dipole will give
excellent results with general coverage
on 28 and 14 Mec. if the vertical angle of
radiation is favorable. The latter type
is slightly directional broadside, es-
pecially on 28 Mec., but is still con-
sidered as a nondirectional type.

Effect of Average Ground

Most articles appearing in amateur
journals discussing antenna radiation
have been based upon the perfect
ground assumption in order to cover
the subject in the most simple manner.
Yet, little has been said about the real
situation which exists, the ground gen-
erally being everything but a perfect
conductor. Consideration of the effect of
a ground that is not perfect may explain
many things. _

When the earth is less than a perfect

conductor, it becomes a conducting
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Figure 7. Patterns of vertical directivity
for horizontal doublets calculated for per-
fectly conducting ground.
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Figure 8. Vertical directivity of vertical
doublets above perfect ground and above
ground at Netcong, N. .

dielectric or, perhaps in an extreme case,
a leaky insulator.

Let us first study the horizontal an-
tenna above average ground, because
it is less seriously affected.

The resulting change in the pattern
of an antenna is shown in figure 6,
which includes a perfect ground compari-
son. The ground constants in this case
are those for Holmdel, New Jersey.
The country there is flat farmland, and
probably is similar to midwestern farm-
land. It will be noted that there is only
a moderate loss in power due to the
imperfect ground. Figure 7 shows rela-
tive power for antennas at various
heights over a perfect conductor. These
curves are illustrative of the need for
height, in order to favor the useful low
angles when using a horizontal antenna.

The effect of the earth on the radiation
pattern of a vertical dipole is apparent
from figure 8. It shows how radiation
from a half-wavelength vertical wire is
severely reduced by deficiencies of the
ground. Even over the most perfect
ground available, sea water or salt
marsh, radiation at the lowest angles
approaches that for a horizontal an-
tenna, and complete cancellation takes
place at the horizontal.

Vertical vs. Horizontal

A very important factor in the ad-
vantages of horizontal or vertical an-
tennas, therefore, appears to be the
condition of the ground. Figure 9 shows
a comparison between such doublets
elevated 0.6 wavelength above Rumson,
New Jersey, salt marsh and Holmdel
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farmland. This suggests that the hori-
zontal has some advantages for high-
angle waves, but none for low angles
over dry farmland. On the other hand,
there is a substantial advantage favoring
the vertical located over wet or marsh-
land when low angles are involved.

The best angle of radiation varies
with frequency, layer height and many
other factors. For instance, a lower
optimum vertical angle is found to hold
for high-frequency communication with
South America from the U.S.A. than
for Europe and the U.S.A.

FEEDING THE ANTENNA

A high-frequency doublet or direc-
tional array is usually mounted as high
and in the clear as possible for obvious
reasons. Power can then be fed to the
antenna system via one of the various
transmission lines discussed in the next
chapter. c

However, it is sometimes justifiable to
bring part of the radiating system right
in to the transmitter, feeding the an-
tenna without benefit of a transmission
line. This is permjssible when (1) there
is .insufficient room to erect a 75- or
160-meter Hertz and feed line, (2) when
a long wire is operated on one of the
higher frequency bands on a harmonic.
In either case, it is usually possible to
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Figure 9. Vertical-plane directional char-
acteristics of horizontal and vertical
doublets elevated 0.6 wavelength and
above two types of ground.

RELATIVE OUTPUT VOLTAGE

get the main portion of the antenna in
the clear because of its length. This
means that the power lost by bringing
the antenna right in to the transmitter
is relatively small.

Even so, it is not the best practice to
bring the business part or high-voltage
end of an antenna in to the operating
room, especially for phone operation,
because of the possibility of r.f. feed-
back from the strong antenna field. For
this reason, one should dispense with a
feed line in conjunction with a Hertz
antenna only as a last resort.

END-FED ANTENNAS

The end-fed Fuchs (pronounced
“Fooks”) antenna has no form of trans-
mission line to couple the antenna to
the transmitter, but brings the radiating
portion of the antenna right down to the
transmitter where some form of coupling
system is used to transfer energy to the
antenna.

This antenna is always voltage-fed
and always consists of an even number
of quarter wavelengths. There has been
considerable reference to end-fed,
current-fed Hertz antennas, but it should
be pointed out that they are neither end-
fed nor Hertz antennas, being Marconi
antennas fed somewhere above the
ground end. Figure 10 shows several
common methods of feeding the Fuchs
antenna or end-fed Hertz.

The Fuchs type of antenna has rather
high losses unless at least three-quarters
of the radiator can be placed outside the
operating room and in the clear. As
there is high r.f. voltage at the point
where the antenna enters the operating
room, the insulation at that point should
be several times as effective as -the in-
sulation commonly used with low-voltage
feeder systems. This antenna can be
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operated on all of its higher harmonics
with good efficiency, and can be operated
at half frequency against ground as a
quarter-wave Marconi.

If the system is operating properly
as an end-fed Hertz, there will be high
r.f. voltage at the point P.

THE MARCONI ANTENNA

A grounded quarter-wave antenna is
widely used on the 160-meter band due
to the fact that a half-wave antenna at
that low frequency is around 260 feet
long, which is out of the question for
those confined to an ordinary city lot.
It is also widely used in mobile five-
meter applications where a compact
radiator is required.

The Marconi-type antenna allows the
use of half of the length of wire used
for a half-wave Hertz radiator. The
Marconi antenna is not as satisfactory
for long-distance communication as the
Hertz type, and the antenna efficiency is
never as great, due to the losses in the
ground connection. However, it can be
made almost as good a radiator on 160
meters if sufficient care is taken with
the ground system.

The fundamental Marconi antenna is
shown in figure 11, and all Marconi an-
tennas differ from this only in the
method of feeding energy. Antenna A
in figure 12 is the fundamental vertical
type. Type B is the inverted-L type; type
C is the T type with the two halves of
the top portion of the T effectively in
parallel.

The Marconi antenna should be as
high as possible, and too much attention
cannot be paid to getting a good ground.

Importance of Ground Connection

With a quarter-wave antenna and a
ground, the antenna current is generally
measured with a meter placed in the
antenna circuit close to the ground con-
nection. Looking at this meter, it is not
at all difficult to picture the flow of cur-
rent into the ground. Now, if this current
. flows through a resistor, or if the ground
itself presents some resistance, there
will definitely be a power loss in the
form of heat. Improving the ground
connection, therefore, provides a definite
means of reducing the loss of antenna
power, of increasing radiated power.

Antennas 69
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Figure 10. Five methods of end-feeding
an antenna.

The best possible ground consists of
as many wires as possible, each at least
a quarter wave long, buried just below -
the surface of the earth and extending
out from a common point in the form of
radials. Copper wire of any size larger
than no. 16 is satisfactory, though the
larger sizes will take longer to corrode
through. In fact, the radials need not
even be buried; they may be supported
just above the earth and insulated from
it. This arrangement is called a counter-
poise, and operates by virtue of its high
capacity to ground.

Unless a large number of radials are
used, fairly close to the ground, the
counterpoise will act more like the
bottom half of a half-wave Hertz than
like a ground system. However, the
efficiency with a counterpoise will be
quite good regardless. It is when the
radials are buried or laid on the ground
that a large number should be used for
best efficiency.
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When it is impossible to extend buried
radials in all directions from the ground
connection for an inverted L-type
Marconi, it is of importance that a few
wires be buried directly below the flat
top and spaced at least 10 feet from one
another.

Should the antenna be physically

shorter than a quarter wavelength, an-.

tenna current would be higher, due to
lower radiation resistance, consequently,
the power lost in resistive soil would be
greater. The importance of a good

A
4 DIRECT INDUCTIVE
COUPLING

T

Figure 11. The series-tuned Vi-wave
Marconi, the basic Marconi antenna
system.

ground with short inductive-loaded Mar-
coni radiators is, therefore, quite obvious.
With a good ground system, even very
short antennas can be expected to give
upwards from 90% of the efficiency of a
quarter-wave antenna used with the
same ground system.

Woater-Pipe Grounds

A piece of water pipe, because of its
physical size, has about as low an r.f.
resistance as copper wire. If it is possible
to attach to a junction of several water
pipes (where they branch in several
directions and run for some distance
under ground), a satisfactory ground
connection will be obtained. If one of the
pipes attaches to a lawn or garden
sprinkler system in the immediate vi-
cinity of the antenna, and runs hither
and thither to several neighboring fau-
cets within a radius of a hundred yards,
the effectiveness of the system will ap-
proach that of buried copper radials.

Chief objection to water pipe grounds
is the possibility of high resistance joints
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in the pipe due to the dope put on the
coupling threads. By attaching to a
junction with three or more legs, the
possibility of requiring the main portion
of the r.f. current to flow through a
high-resistance connection is greatly
reduced.

Contrary to popular opinion, the pres-
ence of water in the pipe adds but little
to the conductivity; it, therefore, does
not relieve the problem of high-resistance
joints. Bonding the joints is the best
insurance, but this is, of course, im-
practicable where the pipe is buried.
Bonding together the various water
faucets in your yard above the surface
of the ground with copper wire will im-
prove the effectiveness of a water pipe
ground system hampered by high-resis-
tance pipe couplings.

Radiator Length

A Marconi antenna is exactly an odd
number of electrical quarter-waves long
(usually only %4 wave in length), which
is the same thing as saying that a
Marconi is always resonated to the op-
erating frequency. The loading adjust-
ment is accomplished by varying the
coupling rather than by detuning the
antenna from resonance.

Physically, a quarter-wave Marconi
may be made anything from one-eighth
to nearly three-eighths wavelength
overall, meaning the total length of the
antenna wire and ground lead from the
end of the antenna to the point where the
ground lead attaches to the junction of
the radials or counterpoise wires. The
longer the antenna is made physically,
the higher will be the radiation resis-
tance, the lower will be the current
flowing in the ground connection and the
greater will be the overall radiation
efficiency. However, when the antenna
length approaches three-eighths wave-
length, the antenna becomes difficult to
resonate by means of a series condenser,
and it begins to take shape as an end-fed
Hertz, requiring a different method of
feed than that illustrated in figure 11
for current feed of a Marconi.

A radiator physically shorter than a
quarter wavelength can be lengthened
electrically by means of a series loading
coil, and used as a quarter-wave Mar-
coni. However, if the wire is made
shorter than approximately one-eighth
wavelength, the radiation resistance will
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be so low that good efficiency cannot be
obtained.

To resonate an inductive-loaded Marco-
ni, the inductance would have to be in the
form of a variometer in order to permit
continuous variation of the inductance.
The more common practice is to use a
tapped loading coil and a series tuning
condenser. More than the required
amount of inductance for resonance is
clipped in series with the antenna, and
the system is then resonated by means
of the series variable condenser the same
as though the radiator were actually too
long physically.

To estimate whether a loading coil
will probably be required, it is necessary
only to note if the length of the antenna
wire and ground lead is over a quarter
wavelength; if so, no loading coil should
be required, provided the series tuning
condenser has a high maximum capacity.

Amateurs primarily interested in the
higher frequency bands but who like to
work 160 meters for an occasional local
ragchew can usually manage to resonate
one of their antennas as a Marconi by
working the whole system, feeders and
all, against a water pipe ground and

resorting to a loading coil if necessary.
A high-frequency zepp, doublet or single-
wire-fed antenna will make quite a good
160-meter Marconi if high and in the
clear, with a rather long feed line to act
as a radiator on 160 meters. Where two-
wire feeders are used, the feeders should
be tied together for Marconi operation.
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Figure 12. Three common variations of
the Marconi-type antenna.

TRANSMISSION LINES

It is desirable to place a radiator as
high and in the clear as possible, utilizing
some form of nonradiating transmission
line to carry energy with as little loss as
possible from the transmitter to the
radiating antenna.

There are many different kinds of
transmission lines, and generally speak-
ing, practically any type of transmission
line or feeder system can be used with
any type of antenna; however, certain
types are often better adapted than
others for use with a certain antenna.

Transmission lines are of two general
types: resonant and nonresonant. Strict-
ly speaking, the term transmission line
should really only be applied to a non-
resonant line. Strictly speaking, a reso-
nant line should be termed a feeder
system, such as zepp feeders, etc.

The principal types of nonresonant
transmission lines include the single-
wire-feed, the two-wire open and the
twisted-pair matched impedance, the

coaxial (concentric) feed line and the
multiwire matched-impedance open line.

Voltage Feed and Current Feed

The half-wave Hertz antenna has
high voltage and low current at each
end, and it has low voltage and high
current at its center. As any un-
grounded resonant antenna consists
merely of one or more half-wave an-
tennas placed end to end, it will be seen
that there will be a point of high r.f.
voltage every half wave of length mea-
sured from either end of the antenna.
Also, there will be a point of high r.f.
current halfway between any two adja.
cent high-voltage points.

A voltage-fed antenna is any antenna
which is excited at one of these high-
voltage points or, in other words, a
point of high impedance. Likewise, a
current-fed antenna is one excited at m
point along the antenna where the cur-
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rent is high and the voltage low, which
corresponds to a point of low impedance.

THE ZEPP ANTENNA

The zepp antenna system is very
widely used, due to the fact that it is
rather easy to tune up and can be used
on several bands by merely retuning the
feeders. The overall efficiency of the
zepp antenna system is probably not
quite as high for long feeder lengths
as some of the antenna systems which
employ nonresonant transmission lines,
but where space is limited and where
operation on more than one band is de-
sired, the zepp has some decided ad-
vantages.

Zepp feeders really consist of an addi-
tional length of antenna which is folded
back on itself so that the radiation from
the two halves cancels out. In figure
13A is shown a simple Hertz antenna
fed at the center by means of a pickup
coil. Figure 13B shows another half-wave
radiator tied directly on one end of the
radiator shown in figure 13A. Figure
13C is exactly the same thing except that
the first half-wave radiator, in which is
located the coupling coil, has been folded
back on itself. In this particular case,
each half of the folded part of the
antenna is exactly a quarter-wave long
electrically.

Addition of the coupling coil naturally
will lengthen the antenna, electrically;
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" LENGTH LONG ELECTRICALLY
| A ] ]
r 3 -1 3 l
S ¥ 4
SECOND HALF WAVE ADDED
I FS |
© I 2 ™

FIRST HALF WAVE FOLDED -|mum f

BACK AND Cy ADDED FOR A

TUNING ADJUSTMENT 4
Ct J_

Figure 13. The evolution of a zepp an-

tenna. (A) Radiator one-half wave long

electrically, current-fed at- center. (B)

Second half-wave added. (C) First half-

wave folded back on itself, C, added for
tuning adjustment.

thus, in order to bring this portion of
the antenna back to resonance, we must
electrically shorten it by means of the
series tuning condenser, C.. The two
wires in the folded portion of the an-
tenna system do not have to be exactly a
quarter wave long physically although
the total electrical length of the folded
portion must be equal to one-half wave-
length electrically.

When the total electrical length of the
two feeder wires plus the coupling coil
is slightly greater than any odd multiple
of one-half wave, then series condensers
must be used to shorten the electrical
length of the feeders sufficiently to
establish resonance. If, on the other
hand, the electrical length of the feeders
and the coupling coil is slightly less than
any odd multiple of one-half wave, then
parallel tuning must be used wherein a
condenser is shunted across the coupling
coil in order to increase the electrical
length of the whole feeder system to a
multiple of one-half wavelength.

As the radiating portion of the zepp-
antenna system must always be some
multiple of a half wave long, there is
always high voltage present at the point
where the live zepp feeder attaches to
the end of the radiating portion of the
antenna. Thus, this type of zepp-antenna
system is voltage-fed.

The idea that it takes two condensers
to balance the current in the feeders, one
condenser in each feeder, is a common
misconception regarding the zepp-type
end-fed antenna. Balancing the feeders
with tuning condensers for equal cur-
rents is useless anyhow, inasmuch as the
feeders on an end-fed zepp can never be
balanced for both current and phase
because of the dead feeder.

The condition will be most nearly met
when the flat top is of the correct length,
and if the flat top is of the correct length,
no juggling of the individual feeders is
required. One tuning condenser in one
of the feeders is all that is required; it
will not unbalance the system any more
than it is already unbalanced as a result
of having one 'dead feeder; a condenser
in each feeder does nothing to restore
the balance of a system that is inherently
unbalanced as a whole.

It is impossible to remove completely
all radiation from the feeders of an end-
fed zepp antenna. For the reason that it
is of no particular disadvantage to allow
the feeders to do a little radiating on
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their own, and because some feeder radi-
ation will be present regardless, the
zepp-antenna system may be operated
over a range of about 5 per cent each
side of the resonant frequency of the flat-
top radiator.

THE TUNED DOUBLET

A current-fed doublet with spaced
feeders, sometimes erroneously called a
center-fed zepp, is an inherently bal-
anced system (if the two legs of the
radiator are exactly equal electrically)
and there will be no radiation from the
feeders regardless of what frequency the
system is operated on. A series con-
denser may be put in one feeder with-
out affecting the balance of the sys-
tem. The system can successfully be
operated on most any frequency if the
system as a whole can be resonated to
the operating frequency. This is usu-
ally possible with a tapped coil and a
tuning condenser that can optionally be
placed either across the antenna coil or
in series with it.

This type of antenna system is shown
in figure 14. It is a current-fed system
on the lowest frequency for which it
will operate, but becomes a voltage-fed
system on all its even harmonics.

When operated on harmonics, this an-
tenna has a different radiation pattern,
as would be expected. The arrange-
ment used on the second harmonic is
better known as the Franklin colinear
array and is described later in this chap-
ter. The pattern is similar to a half-
wave doublet except that it is sharper
in the broadside direction. On higher
harmonics there will be multiple lobes.

TUNED FEEDER CONSIDER-
ATIONS

If a transmission line is terminated
in its characteristic surge impedance,
there will be no reflection at the end of
the line and the current and voltage dis-
tribution will be uniform along the line.
If the end of the line is either open-
circuited or short-circuited, the re-
flection at the end of the line will
be 100 per cent, and standing waves
or voltage variation will appear on
the line. There will still be no radia-
tion from the line, but voltage nodes
will be found along the wire spaced a half

Ll

ToJ

Figure 14. The tuned doublet, using an
open line. A condenser in only one feeder
may be used if desired.

wavelength. Likewise, voltage loops
will be found every half wavelength,
the voltage loops corresponding to cur-
rent nodes.

When the line is terminated in some
value other than the characteristic surge
impedance, there will be some reflec-
tion, the amount being determined by

. the amount of mismatch. With reflec--~

tion, there will be standing waves or ex-
cursions of current and voltage along
the line, though not to the same extent
as with an open-circuited or short-cir-
cuited line. The current and voltage
loops will occur at the same points along
the line, and as the terminating im-
pedance is made to approach the charac-
teristic impedance of the line, the current
and voltage along the line will become
more uniform. The foregoing assumes,
of course, a purely resistive (nonreac-
tive) load. .

A well-built 400- to 600-ohm transmis-
sion line may be used as a resonant feed-
er for lengths up to several hundred feet
with very low loss, so long as the am-
plitude of the standing waves (ratio of
maximum to minimum voltage along the
line) is mot too great. The amplitude,
in turn, depends upon the mismatch at
the line termination. A line of no. 12
wire, spaced 6 inches with good ceramic
spreaders, has a surge impedance of
approximately 600 ohms, and makes an
excellent tuned feeder for feeding any-
thing between 60 and 6000 ohms. If
used to feed a load of higher or lower
impedance than this, the standing waves
become great enough in amplitude that
some loss will occur unless the feeder is
kept short.

A transmission line which is not per-
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fectly matched should be made resonant,
even though the amplitude of the stand-
ing waves (voltage variation) is small.
This prevents reactance from being
coupled into the final amplifier. A tuned
feed system may be made to present a
nonreactive load to the amplifier either
by tuning or pruning the feeders to
resonance.

It is wusually preferable with tuned
feeders to have a current loop (voltage
minima) at the transmitter end of the
line. This means that when voltage-
feeding an antenna the tuned feeders
should be made an odd number of quar-
ter wavelengths long, and when current-
feeding an antenna the feeders should
be made an even number of quarter
wavelengths long. Actually, the feeders
are made about 10 per cent of a quar-
ter wave longer than the calculated
value (the same value given in the
tables) when they are to be series tuned
to resonance by means of a condenser
instead of being trimmed and pruned to
resonance.

When tuned feeders are used to feed
an antenna on more than one band, it is
necessary to compromise and make pro-
vision for both series and parallel tun-
ing, inasmuch as it is impossible to cut
a feeder to a length that will be opti-
mum for several bands. If a voltage
loop appears at the transmitter end of
the line on certain bands, parallel tun-
ing of the feeders will be required in
order to get a transfer of energy. It is
impossible to transfer energy by in-
ductive coupling unless current is flow-
ing. This is effected at a voltage loop by
the presence of the resonant tank cir-
cuit formed by parallel tuning of the
antenna coil.

Methods of coupling to a transmitter
are discussed later in the chapter.

UNTUNED TRANSMISSION LINES

A nonresonant or untuned line is a
line which does not possess standing
waves. Physically, the line itself should
be identical throughout its length; there
will be a smooth distribution of voltage
and current throughout its length, both
gradually tapering off slightly towards
the antenna end of the line as a result
of line losses. The attenuation (loss) in
certain types of untuned lines can be
kept very low for the line lengths of
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several thousand feet. In other types,
particularly where the dielectric is not
air (such as in the twisted-pair line),
the losses may become excessive at the
higher frequencies unless the line is rela-
tively short.

The termination at the antenna end is
the only critical characteristic about the
untuned line. It is the reflection from
the antenna end which starts waves
moving back toward the transmitter end.
When waves moving in both directions
along a conductor meet, standing waves
are set up.

All transmission lines have distributed
inductance, capacity and resistance.
Neglecting the resistance, as it is of
minor importance in short lines, it is
found that the inductance and capacity
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Figure 15. Conductor size and spacing
versus surge impedance for two-wire open
line or matching transformer.
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per unit length determine the charac-
teristic or surge impedance of the line.
Thus, the surge impedance depends upon
the nature and spacing of the conductors
and the dielectric separating them.

When any transmission line is termi-
nated in an impedance equal to its surge
impedance, reflection of energy does not
occur and no standing waves are present.
When the load termination is exactly the
same as the line impedance, it simply
means that the load takes energy from
the line just as fast as the line delivers
it, no slower and no faster.

Thus, for proper operation of an un-
tuned line (with standing waves elimi-
nated), some form of impedance-match-
ing arrangement must be used between
the transmission line and the antenna so
that the radiation resistance of the an-
tenna is reflected back into the line as a
nonreactive impedance equal to the line
impedance. It is important that the
radiator itself be cut to exact resonance;
otherwise, it will not present a pure re-
sistive load to the nonresonant line.

An untuned feeder system may con-
sist of one, two, four or even more paral-
lel wires. Increased constructional diffi-
culties of the multiwire type of line
where three or more parallel wires are
used and the danger of appreciable
feeder radiation from an improperly-
adjusted single-wire feeder make the
more familiar two-wire type of line the
most satisfactory for general use.

If four, six, eight and even greater
numbers of wires are used, it is possible
to secure a somewhat lower surge im-
pedance than is possible with the more
conventional two-wire line.

Two-Wire Open Lines

A two-wire transmission system is easy
to construct. Its surge impedance can
be calculated quite easily, and when
properly adjusted and balanced to
ground, undesirable feeder radiation is
minimized since the current flow in the
adjacent wires is in opposite directions
and the magnetic fields of the two wires
are in opposition to each other. When
a two-wire line is terminated with the
equivalent of a pure resistance equal to
the surge impedance of the line, the hne
becomes a nonresonant line. It is, then,
the problem tov find a way to go about
calculating the surge impedance of any
two-wire transmission line, which im-
pedance we will call Z,.

Wire gauge Wire
Number Diameter
B&S in Inches
2 et 257
S 204
6 .. .162
- 2P P-2:15]
0 .1019
12 i e, .0808
14 e e .0641
- 2 0508
18 i i e it 0403

Figure 16. Necessary data for computa-
tion of surge impedance of any two-wire
open line.

It can be shown mathematically that
the true surge impedance of any two-
wire parallel line system is approxi-
mately equal to

28

d

Zg — 276 loglo

Where:

S is the exact distance between wire
centers in some convenient unit of
measurement, and

d is the diameter of the wire measured
in the same units as the wire spacing, S.

28

Since expresses a ratio only, the

d

units of measurement may be centi-
meters, millimeters or inches. This
makes no difference in the answer so long
as the substituted values for S and d are
in the same units.

The equation is surprisingly accurate
so long as the wire spacing is relatively
large as compared to the wire diameter.

Surge impedance values of less than
200 ohms are seldom used in the open-
type two-wire line and, even at this com-
paratively high value of Z,, the wire
spacing S is uncomfortably close, being
only 5.3 times the wire diameter d.

Figure 15 gives in graphical form the
surge impedance of any practicable two-
wire line. The chart is self-explanatory
and sufficiently accurate for practical
purposes.

Twisted-Pair Untuned Line

Low-loss, low-impedance transmission
cable (such as EO1) allows a very flexi-
ble transmission line system to be used
to convey energy to the antenna from the
transmitter. The low-loss construction
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is largely due to the use of untinned,
solid conductors, low-loss insulation, plus
a good grade of weatherproof covering.
The older twisted flex cables used by
amateurs had quite high losses and
should be avoided.

A twisted-pair line should always be
used as an untuned line as standing
waves on the line will produce excessive
losses and can easily break down the line
insulation.

For turning sharp corners and run-
ning close to large bodies of metal, the
twisted pair is almost as good at the
lower frequencies as the coaxial line
whose cost unfortunately places it out
of reach of the average amateur at the
present time.

Above 14 Mc., however, the rubber in-
sulation causes appreciable dielectric
loss, and the twisted-pair type of low-
impedance line should not be used except
where the length is short or where con-
centric tubing might not be suitable from
a mechanical standpoint, as in certain
types of rotary arrays.

The low surge impedance of the
twisted-pair transmission line is due not
only to the close spacing of the conduc-
tors, but to the rubber insulation sepa-
rating them. The latter has a dielec-
tric constant considerably higher than
that of air, which not only lowers the
surge impedance but also results in
slower propagation of &« wave along the
conductors. This results in the voltage
loops occurring closer together on the
line when standing waves are present

COMPARATIVE R. F. FEEDER LOSSES

DB
LOSS
FRE- PER TYPE OF LINE
QUENCY 100 FT.
[ 150-ohm impedance,
7 Mc. 0.9 rubber insulated
14 Mc. 1.5 1 twisted-pair with
30 Mc. 3 outer covering of
. braid.
W. Ef. 1}%” concentlric
pipe feeder with In-
7 Mc. 0.4 ! ner wire on bead
30 Mc. 0.9 spacers. Impedance,
|l 70 ohms.
Open 2-wire line no.
7 Mc. 0.05
30 Mec. 0.12 {lgov:irr"fﬁs-lmpedance,
[ Twisted no. 14 solid
7 Mc. 3 weatherproof wire,
14 Mc. 41/, { weathered for six
30 Mc. 8 months (telephone
| wire).

than for an open-wire line working at
the same frequency.

Coaxial Line

Lately, coaxial cable has come into
wide use for connecting an antenna to
the transmitter. A cross-sectional end
view of a coaxial cable is shown in
figure 17.

As in the parallel-wire line, the power
lost in a properly-terminated line is the
sum of the effective resistance losses
along the length of the cable and the
dielectric losses between the two con-
ductors. In a well-designed line, both
are negligible, the actual measured loss
in a good line being less than 0.5 db per
1000 feet at one megacycle.

Of the two losses, the effective re-
sistance loss is the greater; since it is

Jlargely due to the skin effect, the line

loss (all other conditions the same) will
increase directly as the square root of
the frequency. Such lines are almost
always made of soft copper tubing hav-
ing a very low d.c. resistance, which,
with the large conductor surface avail-
able (high-frequency currents tend to
travel on the surface of a conductor),
will make the line losses of negligible im-
portance for the line lengths normally
used.

Figure 17 shows that, instead of hav-
ing two conductors running side by side
with each other, one of the conductors
is placed inside of the other. Because of
this, the line has been termed the con-
centric, or more correctly, coaxial trans-
mission line. Since the grounded out-
side conductor completely shields the
inner one, no radiation takes place.

The conductors may both be tubes, one
within the other, or the line may con-
sist of a solid wire within a tube. In
either case, the inner conductor is sup-
ported at regular intervals from the
outside tube by a circular insulator of
either pyrex or some nonhygroscopic
ceramic material with low high-fre-
quency losses. The insulators are
slipped over the inner conductor and
held in place either by some system of
small clamps or by crimping the wire
immediately in front of and behind each
insulator. If the insulator fits snugly
over the inside conductor, this latter
method is to be preferred, as the mean
or average distance of the outside diame-
ter of the inside conductor from that of
the inside diameter of the outside con-
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ductor remains more uniform, and the
calculated results will be more accurate
than if some other system using clamps
or small metal collars to hold the in-
sulating spacers were used.

Moisture must be kept out of the tube
if best results are to be secured. It is,
therefore, necessary to solder or other-
wise to join tightly the line sections to-
gether so that no leak occurs. This pre-
vents water from seeping into the line in
outdoor installations.

To avoid condensation of moisture on
the inside walls of the line, it is the
general practice to fill the line with
dry nitrogen gas at a pressure of ap-
proximately 35 pounds per square inch.

Filling a line with dry nitrogen gas
also greatly increases its power capa-
city, a power capability rating of three
to one being quite common for the nitro-
gen-filled line as compared to a line
operating under normal atmospheric
pressures.

Nearby metallic objects cause no loss
and the cable can be run up air ducts,
wire conduit or elevator shafts just as
easily as a flexible hose. Insulation
troubles can be forgotten. The coaxial
cable may be either buried in the ground
or suspended above ground.

This characteristic makes the coaxial
cable valuable where transmitter in-
stallations must be made in large build-
ings, as in the case with a majority of
police transmitters. Even at frequencies
as high as 100 megacycles, line losses
can be kept within tolerable limits. For
the smaller powers, flexible coaxial cable
can be secured in line lengths up to
several hundred feet, thus doing away
with the need for couplings or sections.

MATCHING NON-RESONANT
LINES

The most practical open-wire untuned
line is one having a surge impedance of
from 400 to 600 ohms. Unfortunately,
it is seldom that the antenna system be-
ing fed has a radiation resistance of
similar value. It is sometimes necessary
with current-fed antennas to match the
line to an impedance as low as 8 or 10
ohms, while with voltage-fed antenna
systems and arrays it is occasionally
necessary to match the line to an im-
pedance of many thousands of ohms.
There are many ways of accomplishing
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Figure 17. Curve for determination of
surge impedance of any coaxial line.

this, the more common and most satis-
factory methods being discussed here.

Delta-Matched Antenna System

The delta matched-impedance antenna
system is quite widely used. Figure 18
shows this feeder system. The im-
pedance of the transmission line is trans-
formed gradually into a higher value by
the fanned-out Y portion of the feeders,
and the Y portion is tapped on the an-
tenna at points where the antenna im-
pedance equals the impedance at the ends
of the Y.

The constants of the system are
rather critical, and the antenna must
resonate at the operating frequency in
order to get the standing waves off the
line. Some slight readjustment of the
taps on the antenna is desirable if stand-
ing waves persist in appearing on the
line. .

The constants are determined by the
following formulas:

4674
Lfeet ==
F megacycles
176
Dfeet —=
F megacycles
147.6°
Efret —

F megacycles

where L is antenna length; D is the dis-
tance in from each end at which the Y
taps on; E is the height of the Y section.
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MATCHED IMPEDANCE ANTENVA SV5TEM
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Figure 18. The delta-matched antenna
system. For dimensions see page 81.

As these constants are correct only
for a 600-ohm transmission line, the
spacing S of the line must be approxi-
mately 75 times the diameter of the wire
used in the transmission line. For no.
14 B & S wire, the spacing will be
slightly less than 5 inches. For no. 12
B & S, the spacing should be 6 inches
and for no. 10 B & S wire, the spacing
should be 7% inches to make the surge
impedance of the line 600 ohms. Note
that the distance D is quite close to
three-eighths (0.375) of the antenna
length. This feeder system should never
be used on either its even or odd har-
monics as entirely different constants are
required when more than a single half-
wavelength appears on the radiating
portion of the system.

Single-Wire-Fed Antenna

The matched-impedance single-wire-
fed antenna system is quite satisfac-
tory where the length of the transmis-
sion line may be kept short. The losses
are somewhat higher than for the two-
wire types of transmission lines, but are
not serious for lengths up to a few hun-
dred feet.

A single-wire feed has a characteristic
surge impedance of from 500 to 600
ohms, depending upon the diameter of
the feeder wire. This type 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 transmitter may have
a relatively high resistance without
causing appreciable loss of r.f. energy.
The impedance of the feeder is a great
many times more than the 5- to 30-ohm

radiation resistance of a Marconi an-
tenna at the ground connection. The
additional resistance of a few ohms at
the earth connection produces a large
power loss in the latter case, but rela-
tively little loss in the case of single-
wire feed due to the smaller amount
of current flowing.

The single-wire feeder should be
tapped to either side of a current loop in
a resonant antenna at a point of proper
impedance match.

The current loop occurs at the cen-
ter 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 perfectly the 500- or
600-ohm impedance of the feeder, it is
necessary to connect it to the antenna at
a point approximately one-seventh of the
total length of the antenna wire either
side of center. There will be no stand-
ing waves on the feeder when the im-
pedances are perfectly 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 frequency, 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 one-sixth
rather than one-seventh, of the total
length of the antenna 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 con-
nect the feeder to the antenna at a
point which is a third of the total length
from either end.

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

In a perfectly matched design at the
fundamental frequency of operation, the
impedance mismatch is very great when
the antenna is operated on its harmonics.
It is better to compromise by connecting
the feeder to the antenna as shown in
figure 19.

It is almost impossible to find a com-
bination that will allow the standing
waves to be entirely eliminated on two or
more bands with this antenna, but tuned
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Single-wire-fed antenna for all-band operation.
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An antenna of this type

for 40-, 20. and 10-meter operation would have a radiator 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 radiator 134

feet long, with the feeder tapped 22 feet off center.
This system should be used only with those coupling methods which

132 feet long.

The feeder can be either 66 or

provide good harmonic suppression.

up for the higher frequency band it will
give satisfactory results on the next
lower frequency band.

The effect on the final amplifier of
small standing waves on the feeder can
.be practically eliminated by making the
feeder some multiple of a quarter wave
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 calculat-
ing a feeder length in feet is:

234,000
l=

i

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 19 is also a compromise for all-
band operation. The harmonies of an
antenna wire for any given length are

not exact multiples due to the end ef-
fects of the antenna.

A wire cut for 3,600 kc. will be a
little short for operation as a full-wave
antenna on 7,200 ke., which is the second
harmonic of 3,600 ke. Fortunately, the
single-wire-fed antenna can be operated
satisfactorily over a band of frequencies
wide enough that this effect is no handi-
cap.

The antenna wire should be cut so that
it will resonate at the middle of the
highest frequency band desired on its
fourth harmonic; this gives the best
compromise for operation in three har-
monically related bands. The method of
calculation will be found on page 63;
quick reference tables are also given,
making it easy to calculate the proper
radiator length for harmonic operation.

These multiband single-wire-fed an-
tennas are generally designed for three
bands of operation, such as 80, 40 and
20, or 40, 20 and 10 meters.

A single-wire feeder for all-band
operation should preferably be some
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multiple of a quarter wave (of the lowest
frequency band) in length. 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, as indicated by an absence of
standing waves. When a single-wire-fed
antenna is to be used on just one fre-
quency, it is desirable to adjust the
feeder by cut-and-try methods.

SINGLE WIRE MATCHED 2
A
4

.

7

Figure 20, Marconi with single-wire feed.

The feeder should always run at right
angles to the antenna wire proper for a
distance of at least a sixth wavelength
at the lowest frequency of operation. A
good ‘“earth” ground connection should
be made to the transmitter for most ef-
fective operation of a single-wire feeder
though it need not be as elaborate as for
a Marconi antenna.

It is often desirable to feed a grounded
Hertz or Marconi antenna with a single-
wire feeder. Figure 20 shows such an
arrangement. The feeder can be tapped
about 149 of a half wave up from the
ground point. This type of antenna does
not operate well on its harmonics and
is principally used on 30, 60 and 120
megacycles.

The radiation resistance of a T or in-
verted-L. Marconi 'antenna is somewhat
less than the theoretical 36-ohm value
for a grounded quarter-wave antenna;
in some cases, especially where the an-
tenna is short and loading is required,
it may run as low as 10 ohms. How-
ever, the resistance of the ground con-
nection in an amateur installation is
usually high enough to bring the re-
sultant resistance up in the vicinity of
25-30 ohms, thus permitting a satisfac-
tory impedance match with standard
30-ohm coaxial cable.

Y-Matched Antenna System

It is not good practice to attempt to
match a transmission line of less than
about 100 ohms to a dipole by means of
the delta-matching system previously
described.

For this reason, the Y match is used
for the twisted-pair transmission line
where the surge impedance of the line
does not exactly equal the radiation re-
sistance of the antenna being fed. The
feeders are fanned out into a small equi-
lateral triangle where they attach to
the antenna, the required amount of
fanning being determined by the dif-
ference between the line impedance and
radiation resistance. As the latter will
depend upon many factors and is diffi-
cult to estimate accurately, the best de-
gree of fanning for a particular antenna
and line can best be determined by ex-
periment. With correct fanning, stand-
ing waves will be at a minimum and no
trouble will be had from heating of the
line at the crotch of the Y when high
power is used.

The Y-matched antenna is not quite
so critical as to frequency as is the delta-
matched antenna, and can be used with
success on its odd harmonics.

A

\/

(5 TWISTED PAIR FED

E DOUBLET

(0007

lllustrating the Y-matching
method.

Figure 21.

MATCHING STUBS

It is possible to hang a resonant length
of Lecher wire line (called a matching
stub) from either a voltage or current
loop and attach 600-ohm nonresonant
feeders to the resonant stub at a suitable
voltage (impedance) point. The stub
is made to serve as an autotransformer.
Thus, by putting up a half-wave zepp
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467.4 95A 175 147.6
Frequency L= = D= =
Kilocycles ) 2 ) O Fume
feet feet feet
3500 133’ 7" 50’ 42' 27
3600 129’ 10" 48’ 7" 41’
3700 126’ 4" 47 4" 39'11”
3800 123/ 46’ 1” 38 10”
3900 119 10" 44’ 9” 37 11"
3950 118 4” 44’ 3" 37 5"
4000 116’ 10” 43’ 9”7 36’ 11"
7000 66' 9" 25’ 21’ 1”
7050 66’ 4" 24' 10" 20’11
7100 65'10” 24' 8" 20’ 9”
7150 65" 4" 24’ 6" 20" 7.5"
7200 64’11” 24’ 4" 20' 6”
7250 64’ 6” 24’ 27 20’ 4.5”
7300 64’ 24' 20" 3"
14,000 33’ b” 12° 6" 10’ 6”
14,100 33" 2" 12’ 5” 10" 5”
14,200 32'11” 12 47 100 4”
14,300 32’ 9” 12" 8” 10’ 3.5”
14,400 32' 6” 12’ 2" 10 3"
28,000 16’ 8.5” 5" 63"
28,500 16’ 5" 74" 62"
29,000 16’ 1.5” 72.5"” 61”
29,500 15’ 10.5” 71" _ 60”
30,000 15’ 7.5” 70" 59”
56,000 100” 37.5" 31.5”
57,000 98.4" 3" 31”
58,000 96.5” 36" 30.5”
59,000 94.8” 35.5" 30”
60,000 93” 35" 29.5"

DIMENSIONS FOR DELTA MATCHED-IMPEDANCE ANTENNA SYSTEM.

The delta matched-impedance antenna system is an old stand-by that has withstood the test
of time. When properly adjusted, the losses are as low as for any antenna system it is possible
to construct, and lower than most of the ones in common use. The main drawback is that it is
inherently a one-band affair. The dimensions L, D and E refer to figure 18. .

The dimensions are quite critical, and the values given above should be closely adhered to, then
altered slightly, if necessary, for the particular installation until there is no trace of standing
waves on the line. Usually, slight adjustment of the dimension D will remove any trace of stand-

ing waves; this should be tried first.
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with quarter-wave feeders at a distance
from the transmitter and attaching a
600-ohm line from the transmitter to the
zepp feeders at a suitable point, we have
a stub-matched antenna. The example
cited here is commonly called a J an-
tenna, especially when both radiator and

[=————2 ANTENNA —-
—eCCX3-

A
4 STuB

N—R:soumr FEEDERS
-

D\ ~
SHORTING
BAR

(A) Half-wave antenna with quarter-
wave matching stub.

Y|

fe———————2 ANTENNA

-« w2
% sTus
N NON=-RESONANT
SHORTING BAR FEEDERS
Py
~ -

(B) Center-fed half-wave antenna with
haif-wave matching stub.

fe—————— % ANTENNA
~acCo—

FEEDER TAPS NEAR
ANTENNA END OF STUB

e —— ...]
-arlo-

NON-RESONANT

2 stum
FEEDERS

o,
OPEN

(C) Center-fed half-wave antenna with
stub line cut to exact length without
shorting bar.

SHORTING BAR

(D) Two half-wavé sections in phase
with quarter-wave stub.

FIGURE 22. MATCHING-STUB
APPLICATIONS.

stub are vertical. Many variations from
this example are possible; stubs are
particularly adapted to matching an
open line to certain directional arrays
as will be described later in this chapter.

When the stub attaches to the antenna
at a voltage loop, the stub should be a
quarter wavelength long electrically and
be shorted at the bottom end. The stub
can be resonated by sliding the short-
ing bar up and down before the nonres-
onant feeders are attached to the stub,
the antenna being shock-excited from a
separate radiator during the process.
Slight errors in the length of the radia-
tor can be compensated for by adjust-
ment of the stub if both sides of the stub
are connected to the radiator in a sym-
metrical manner. Where only one side of
the stub connects to the radiating sys-
tem, as in the J antenna example given
here, the radiator length must be ex-
actly right in order to prevent excessive
unbalance in the untuned line.

If only one leg of a stub is used to |
voltage-feed a radiator, it is impossible
to secure a perfect balance in the trans-
mission line due to a slight inherent un-
balance in the stub itself when one side
is left floating. This unbalance, pre-
viously discussed under the zepp anten-
na system, should not be aggravated by
a radiator of improper length.

When a stub is used to current-feed a
radiator, the stub should either be left
open at the bottom end instead of shorted
or else made a half wave long. The open
stub should be resonated in the same
manner as the shorted stub before at-
taching the transmission line; however,
in this case, it is necessary to prune the
stub to resonance as there is no short-
ing bar. )

Sometimes it is handy to have a stub
hang from the radiator to a point that
can be reached from the ground in or-
der to facilitate adjustment of the posi-
tion of the transmission-line attachment.
For this reason, a quarter-wave stub is
sometimes made three-quarters wave-
length long at the higher frequencies in
order to bring the bottom nearer the
ground. Operation with any odd num-
ber of quarter waves is the same as for
the quarter-wave stub.

Any number of half waves can be
added to either a quarter-wave stub or a
half-wave stub without disturbing the
operation though losses will be lowest
if the shortest usable stub is employed.
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This can be fully understood by inspec-
tion of the accompanying table.

Stub Length Current-Fed | Voltage-Fed
(Electrical) Radiator Radiator
V4-34-1V4 -etc. Open Shorted
wavelengths |
Vp-1-1V/,-2-etc. I
wavelengths | Shorted | Open

Shorted-Stub Tuning Procedure

When the antenna requires a shorted
stub (odd number of quarter waves if
the antenna is voltage-fed; even number
of quarter 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 doub-
let strung directly underneath where
possible and just off the ground a few
inches, connected to the transmitter by
means of any kind of twisted pair or
open line 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
current, 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 mini-
mum. The makeshift doublet should, of
course, be disconnected and the regular
feeders connected to the transmitter in-
stead during this process.

When checking for standing waves,
take readings 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 con-
clusions. The standing-wave indicator

=

Figure 23. A simple “standing-wave
detector’” may consist of either an r.f.
thermogalvanometer or a 0-1-ma. d.c.
milliammeter connected in series with

a  carborundum  crystal rectifier
(detector). A pickup coil of from two
to six turns is mounted as shown and
the whole affair attached to a stick
in order to minimize body capacity.
The device is moved along the feeder
or line, indicating any variation in cur-
rent along the line. The pickup coil
must be held in the same relationship
to the line as it is moved along the
line if accurate results are desired.

may be either a voltage device, such as
a neon bulb, or a current device, such as
an r.f. milliammeter connected to a
three-turn pickup coil. A high degree of
accuracy is not required.

Open-Ended Stub Tuning Procedure

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

Shock-excite the radiator as deseribed
for tuning a shorted-stub system, feeders
disconnected from the stub and stub cut
slightly longer than the calculated value.
Place a field strength meter (the stand-
ing-wave indicator can be very easily
converted into one by addition of a tuned
tank) close enough to one end of the
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radiator to get a reading, and as far
from the makeshift exciting antenna as
possible. Now, start folding and clipping
the stub wires back on themselves a few
inches at a time, effectively shortening
their length, until you find the peak as
registered on the field meter.

Now, attach the feeders to the stub as
described for the shorted-stub system,,
but, for the initial trial connection, the
feeders will attach more nearly three-
quarters of a quarter wave from the
end of the stub instead of a quarter of
a quarter wave as is the case for a
shorted stub. After attaching the feed-
ers, move them along the stub as neces-
sary 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 correct connecting
point is in the other direction.

LINEAR TRANSFORMERS
Q-Matching Section

A resonant quarter-wave line has the
unusual property of acting much as a
transformer. Let us take, for example,
a quarter-wave section consisting of no.
12 wire spaced six inches, which happens
to have a surge impedance of 600 ohms.
Let the far end be terminated with a
pure resistance and let the near end be
fed with radio-frequency energy at the
frequency for which each feeder is a
quarter wavelength long. If an imped-
ance measuring set is used to measure
the impedance at the near end while the
impedance at the far end is varied, an
interesting relationship between the 600-
ohm characteristic surge impedance of
this particular quarter-wave matching
line and the impedance at the two ends
will be discovered.

When the impedance at the far end of
the line is the same as the characteristic
surge impedance in the line itself (600
ohms), the impedance measured at the
near end of the quarter-wave line will
also be found to be 600 ohms. ‘

Under these conditions, the line would
not have any standing waves on it due
to the fact that it is terminated in its
characteristic impedance. Now, let the
resistance at the far end of the line be
doubled, or changed to 1200 ohms. The
impedance measured at the near end of
the line will be found to have been cut in

half and is now 300 ohms. If the resist-
ance at the far end is made half the or-
iginal value of 600 ohms, or 300 ohms,
the impedance at the near end doubles the
original value of 600 ohms and becomes
1200 ohms. Therefore, as one resistance
goes up, the other goes down proportion-
ately.

It will always be found that the char-
acteristic surge impedance of the
quarter-wave matching line is the geo-
metric mean between the impedance at
both ends. This relationship is shown
by the following formula:

Zuo =V 4Ll
where

Zyc—=Impedance of matching section.

Z,» — Antenna resistance.

Z. — Line impedance.

Johnson-Q Feed System

The standard form of Johnson-Q feed
to a doublet is shown in figure 24. An
impedance match is obtained by utilizing
a matching section whose surge im-
pedance is the geometric mean between
the transmission line surge impedance
and the radiation resistance of the radi-
ator. A sufficiently good match can
usually be obtained by either designing
or adjusting the matching section for a
dipole to have a surge impedance that is
the geometric mean between the line im-
pedance and 72 ohms, the latter being the
theoretical radiation resistance of a half-
wave doublet either infinitely high or a
half wave above a perfect ground.

Though the radiation resistance may
depart somewhat from 72 ohms under
actual conditions, satisfactorily good re-
sults will be obtained with this assumed
value so long as the dipole radiator is
more than a quarter wave above effective
earth and reasonably in the clear. The
small degree of standing waves intro-
duced by a slight mismatch will not in-
crease the line losses appreciably, and
any small amount of reactance present
can be tuned out at the transmitter
termination with no bad effects.

A Q-matched system can be adjusted
precisely, if desired, by constructing a
matching section to the calculated dimen-
sions with provision for varying the
spacing of the conductors slightly after
the untuned line has been checked for
standing waves.

The Q section will usually require
about 200 ohms surge impedance when
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Figure 24. Method of
feeding a half-wave radia-
tor by means of Q bars. Re-
fer to text for dimensions.

.

UNTUNED LINE <

#12 WIRE
SPACING INSULATOR/J LENGTH
4
g %

[

used to match a half-wave doublet, actu-
ally varying from about 150 to 250 ohms
with different installations. This im-
pedance is difficult to obtain with a two-
wire line as very close spacing would be
required. For this reason, either a four-
wire line or a line consisting of two half-
inch aluminum tubes is ordinarily used.
The four-wire section has the advantage
of lightness and cheapness, while the
aluminum tubing arrangement possesses
the advantage of being readily adjust-
able to different values of surge imped-
ance by means of adjustable spacing in-
sulators.

The four-wire section can be used to
advantage where the approximate radi-
ation resistance is known with certainty,
thus making it possible to design the
matching section for a certain value of
surge impedance with some assurance
that it will turn out to be sufficiently ac-
curate.

Construction with Aluminum Tubes

The apparent complexity of the Q-
matched dipole comes from the large
numbér of antennas and line combina-
tions which the Q section is able to match.
By eliminating all but the most common

combinations, all the spacing data can
be placed in one simple table.

The length of the flat top or radiating
portion of the half-wave Q-fed antenna
equals 468 divided by the frequency in
megacycles. The answer is in feet. The
length of the Q bars will be exactly half
the total length of the flat-top radiator,
or 234 divided by the frequency in mega-
cycles. The formulas are shown in the
diagram.

The untuned transmission line between
the transmitter and the input, or lower
end of the Q section, can be any length
(within reason).

Use no. 12 B & S gauge wire for both

Figure 25. Pictorial sketch of Johnson Q.
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SPACING SPACING
UNTUNED Q
LINE BARS
2" 1 3/16”
4" 13/8”
6” 17/16”

Table of spacing for half-wave Q-
antenna system using no. 12 wire in
untuned line and half-inch Q bars.
Spacings given are center-to-center.

the flat top and the untuned line. Use
half-inch aluminum or copper tubing for
the Q section. Use either two-, four- or
six-inch spacing between conductors of
the untuned line. There is little choice
between them.

After choosing one of these three un-
tuned line spacings, pick it out on the ac-
companying table; opposite it you will find
the proper center-to-center spacing of the
Q bars. Subtract one-half inch from the
center-to-center spacing and you will get
the surface spacing of the Q bars. The
regular Q-antenna kit includes a spacing
tool calibrated in center-to-center spac-
ings.

Construction with Four-Wire
Transformer

The reduction in impedance obtained
by the use of four wires instead of two
makes the four-wire line highly useful
for matching transformer applications.
For instance, the order of impedances or-
dinarily required for Q-matching sections
is easily obtained by spacing four wires
around a circular insulating spacer of
suitable diameter.

Plastic iced-tea coasters of the correct
diameter can be used for spacers. They
are quite inexpensive, and where the ex-
act desired size cannot be obtained, some
choice as regards surge impedance is
possible because one is not necessarily
restricted to any particular wire size and
some change in surge impedance is ob-
tained by using one size larger or smaller
wire. :
When purchasing the coasters, one
should take precaution to get the correct
type of material. It seems that some are
made from bakelite, while others are
made of a plastic that has much better
insulation qualities than bakelite; the
bakelite ones show up rather poorly at
the high frequencies. The plastic ones

can easily be identified: they are trans-
lucent, while the bakelite ones are not.

The spacers should be oriented so that
they will not collect water when it rains,
The wires of the matching section can
be secured to the spacers by means of
short serving wires a few inches long.
This method is much simpler than using
screws or clamps, and just as satisfac-
tory. Incidentally, it is simpler to drill
four holes around the edge of the coasters
and insert the serving wires through the
holes than it is to thread the coasters
along the four wires of the matching
section.

The line is flexible and must be used

CORRECT VALUES OF SURGE IMPED-
ANCE OF A/4 MATCHING SECTIONS
FOR DIFFERENT LENGTHS OF AN-

TENNAS
|Surge Impedance for Con-
Antennal| hection Into Two-Wire
Length Open Lines with Im-
in pedance of
Wave- 500 580 600
_length | _Ohms |_Ohms |_Ohms
Va 190 210 212
1 210 230 235
2 235 252 257
4 255 277 282
8 280 300 | 305

Matching section connects into center of
a current loop such as middle of a half-
wave section.

under slight tension to keep the wires
from twisting. Spacers should be placed
approximately every two feet. The di-
agonally opposite wires should be con-
nected together at each end of the 4-
wire section.

Designing a Four-Wire Q Section

Assuming that the antenna is resonant
at the operating frequency, there are
two values that must be known to cal-
culate the impedance of the quarter-wave
matching transformer. These are the

PARALLEL TUBING SURGE IMPEDANCE
FOR MATCHING SECTIONS.

Center to | Impedance | Impedance
Center in Ohms in Ohms
Spacing for VL"” for V4"

in Inches | Diameters | Diameters

1 170 250
1.25 188 277
1.5 207 298
1.75 225 318
2 248 335
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‘Quarter-wave —_— Dis. from end of
. . alf-wave radiator to
Frequency matching section iater foeder ta
4 or stub 467.4 95\ p
. 234 95\ C —L 169.2
Kilocycles — =NI|F P D=
Fre 4 " ; Fone
(single-wire feed)
3500 66' 10" 133' 7" 48' 4n
3600 64’ 11" 129" 10” 46’ 8"
3700 63" 2" 126" 4" 45 7"
3800 61 6" 123 44’ 6
3900 59'11” 119 10" 43’ 3"
3950 59’ 2" 118" 4" 42' 8"
4000 58" 5" 116’ 10” 42" 1”
7000 33’ 5” 66’ 9" 24" 2”
7050 33 27 66’ 4 23'11”
7100 32’ 11" 65'10” 23’ 9”
7150 - 32" 9” . . 65 4 23’ 1
7200 32’ 6" 64: 11: 23’ 4:!
7250 32" 3" 64’ 6 23" 3"
7300 32’ 64’ 23" 2"
14,000 16’ 9" 33I 5" 12’ 1”
14,100 16° 7" 33" 2" 12’
14,200 16’ 5” 32'11” 11/10.5"
14,300 16’ 4” 32" 9” 11’ 9”
14,400 16’ 3” 32’ 6” 11’ 8”
28,000 100” 16’ 8.5” 72"
28,500 98.4" 16’ 5" 71"
29,000 96.5” 16’ 1.5” 70”
29,500 - 94.8" 15’ 10.5" 69”
30,000 93” 15’ 7.5” 68"
56,000 50" 100" 36”
57,000 49.2” 98.4" 35.5"
58,000 48.3" 96.5" 35”
59,000 47.4” 94.8" 34.5”
60,000 46.5” 93" 34"

DIMENSIONS FOR MATCHED-IMPEDANCE J, Q AND SINGLE-WIRE-FED ANTENNAS

Quick-reference guide for determining radiator and matching section or stub length for the
J, Q and single-wire-fed antennas. Also, for determining the proper point at which to attach
a single-wire feeder for optimum results for ONE-BAND operation. For operation on more than
one band, the flat top should be cut for the highest frequency band and the single-wire feeder
tapped one-third of the way in from one end, disregarding the figures given in the right-hand
column of the above chart. The antenna will then work equally well on several bands with but a
slight reduction in efficiency. The stub for a ] should be adjusted as described under stub

matching, after being cut slightly longer than the value given in the above table.
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impedance of the antenna at the point
where it is being fed and the impedance
of the transmission line.

The center impedance of a lé-wave
antenna can be taken as 76 ohms, 3/2-
wave as 100 ohms, 5/2 wave as 115
ohms, and 7/2 wave as 125 ohms for cal-
culation of the quarter-wave section.

Knowing the center impedance of the
antenna and the impedance of the trans-
mission line to which it must be matched,
the characteristic impedance of the quar-
ter-wave matching section can be calcu-
lated by the following formula:

OPERATING AN ANTENNA ON

Zepp-fed and direct-fed antennas have
always been the most popular antennas
for multiband operation. This is due to
the fact that practically all of the an-
tennas that are fed by nonresonant trans-
mission lines reflect a bad mismatch into
the line when operated on two, four or
eight times the fundamental antenna fre-
quency. Thus, the twisted-pair doublet,
the Johnson Q, the matched-impedance J
or T types, all are unsuitable for even-
harmonic operation. The single-wire-fed
antenna can be used with fair success on
three bands, but it operates properly on
only one band.

The radiating portion of an antenna
does not resonate on integral harmonics
of its fundamental frequency. This point
is not generally appreciated. It is a
common assumption that a half-wave an-
tenna cut, for example, for 3500 kc.
(133’7”) resonates on all the integral
harmonics of 3500 ke. and, thus, can be
used on 7,000, 14,000, 28,000 and 56,000
ke. Actually, a half-wave antenna cut
for 3500 kec. resonates as 7,185, 14,550,
29,210 and 58,760 kc. These frequencies
are related by the formula

(K—.05) 492,000
F=——

L

Z,= \/7:21

where Z, is the impedance of the match-
ing section, Z, is the radiation resistance
of the antenna and Z, is the surge im-
pedance of the transmission line be-
tween the transmitter and the matching
section. :

Then, as soon as the impedance of the
matching section has been computed, up-
on referring to the chart of figure 26
indicating four-wire line impedances, the
ratio of the spacing to the diameter of the
wire used in the section can be found.

ITS HARMONICS

where F is the frequency in kilocycles,
K is the number of half waves on the
antenna, L is the length of the antenna
in feet.

In order to determine the harmonic
frequencies at which a given antenna
wire resonates, multiply by the factors
shown here the frequency for which the
antenna represents exactly a half wave.

Multiply fundamental
frequency by

Fundamental or first harmonic ... 1.000
Second harmonic ................ 2.052
Third harmonic ................. 3.106
Fourth harmonic ............... 4.158
Eighth harmonic ............... 8.390
Sixteenth harmonic ............. 16.677

Thus, a wire which is a half wavelength
long at 1,000 kilocycles resonates on its
second harmonic at 2,062 kec.; third har-
monic at 3,106 kc., etc.

When designing an antenna for opera-
tion on more than one band, it should
be cut for harmonic resonance at its
highest operating frequency. If it is to
be operated off-resonance on some band,
it is better to have it off-resonance on a
low-frequency band because any errors
then become a smaller percentage of a
half wave.

COUPLING TO THE TRANSMITTER

When coupling either an antenna or
antenna feed system to a transmitter,

the important considerations are as fol-
lows: (1) means should be provided for
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SURGE IMPEDANCE OF M.C. TRANSMISSION LINE

WESTINGHOUSE ELECTRIC & MFG. CNn

Figure 26. Quick-reference chart for determination of surge impedance of multiconductor

transmission line or matching transformer. D refers to the distance between adjacent wires,

and R the radius of the wire itself. Wires of like polarity should be connected together at
each end of the line or transformer.

varying the load on the amplifier, (2)
the two tubes in a push-pull amplifier
should be equally loaded, (3) the load
presented to the final amplifier should
be nonreactive; in other words, it should
be a purely resistive load.

The first item is often erroneously re-
ferred to as “matching the feeder im-
pedance to the transmitter” or “matching
the impedance”. There is really nothing
to match; it is simply a matter of load-
ing. The coupling is increased until the
final amplifier draws the correct plate
current. Actually, all the matching and

- mismatching we worry about pertains to
the junction of the feeders and antenna.
There is nothing that the operator can
do at the station end of a transmission
line to remove standing waves or correct
an impedance mismatch between the an-
tenna and the line. This point is often
overlooked. There is no such thing as an

impedance mismatch at the station end
between the line and the transmitter.

The matter of equal load on push-pull
tubes can be taken care of by simply
making sure that the coupling system is
symmetrical, both physically and elec-
trically. For instance, it is not the best
practice to connect a single-wire feeder
directly to the tank coil of a push-pull
amplifier.

The third consideration, that of ob-
taining a nonreactive load, is important
from the standpoint of efficiency, radiated
harmonics, and voice quality in the case
of a phone transmitter. If the feeders
are clipped directly on the amplifier
plate tank coil, either the surge im-
pedance of the feeders must match the
antenna impedance perfectly (thus avoid-
ing standing waves) or else the feeders
must be cut to exact resonance.

If an inductively-coupled auxiliary tank
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is used as an antenna tuner for the
purpose of adjusting load and tuning
out any reactance, one need not worry
about feeder length or complete absence
of standing waves. For this reason, it
is always the safest procedure to use
such an antenna coupler rather than con-
nect directly to the plate tank coil.

Function of an Antenna Coupler

The function of an output coupler is
to transform the impedance of the feed
line, or the antenna, into that value of
plate load impedance which will allow the
final amplifier to operate most effectively.
The antenna coupler is, therefore, pri-
marily an impedance transformer. It
may serve a secondary purpose in filter-
ing out harmonics of the carrier fre-
quency. It may also tune the antenna
system to resonance.

Practically every known antenna
coupler can be made to give good results
when properly adjusted. Certain types
are more convenient to use than others,
and the only general rule to follow in
the choice of an antenna coupler is to use
the simplest one that will serve your par-
ticular problem.

There is practically nothing that an
operator can do at the station end of a
transmission line that will either in-
crease or decrease the standing waves on
the line as that is entirely a matter of
the coupling between the line and the
antenna itself. However, the coupling
at the station end of the transmission line
has a very marked effect on the effi-
ciency and the power output of the final
amplifier in the transmitter. Whenever
we adjust antenna coupling and thus
vary the d.c. plate current on the final
amplifier, all we do is vary the ratio
of impedance transformation between the
feed line and the tube plate (or plates).

Capacitive Coupling Methods

Figure 27 A to G shows several of the
most common methods of capacitive
coupling between final amplifier and feed
line.

The fixed condenser C; is a large ca-
pacity mica condenser in every case. It
has no effect upon tuning or operation;
it is merely a blocking condenser keeping
high voltage d.c. off the transmission
line.

Figure 27 A shows a simple method of
coupling a single-wire nonresonant feeder

to an unsplit plate tank. The coupling
is increased by moving the tap up to-
ward the plate end of the plate tank coil.

The system shown in figure 27 B shows
a means of coupling an untuned two-
wire line to a split plate tank. If it is
desired to couple a two-wire untuned
line to an unsplit plate tank, it will be
necessary to use some form of inductive
coupling. See figure 28 K or O.

The circuit of figure 27 C shows one
way to couple a single-wire feeder or an
end-fed antenna to an unsplit plate tank.

The circuit of figure 27 D shows the
same thing except a w-section filter is
used in place of the series-tuning shown
in figure 27 C.

Figure 27 E shows the two-wire ver-
sion of the Collins coupler.

Figure 27 F is a simple and effective
means of coupling a twisted-pair untuned
line to a split plate tank. If it is de-
sired to couple a twisted-pair line to an
unsplit plate tank, it is preferable to
use inductive coupling as in Figure 29 S.

Figure 27 G closely resembles figure
27 D and its operation is quite similar.
It uses an L-section filter instead of a
7 section and is somewhat more difficult
to adjust than that of figure 27 D.

Figure 27 H is very similar to the
Collins of figure 27 D except that the
plate tank coil and condenser are elim-
inated. The 7 network effectively acts
as a plate tank and antenna coupler at
the same time. 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 har-
monic radiation can be tolerated. The
more capacity at C. and the less at C,,
the greater the impedance step-up be-
tween the line and the tube (and the
looser the coupling). This holds true
with all the 7-section couplers, such as
figure 27 D and figure 27 E, H and J.

The coupler shown in figure 27 I is
similar in operation to the coupler of
figure 27 H. Its only advantage is that
series feed can be used to the final am-
plifier, and its main disadvantage lies
in the fact that an insulated shaft must
be used on the rotor of condenser C, in
order to avoid hand capacity.

The circuit of figure 27 J is simply the
push-pull version, for a two-wire line, of
the coupler of figure 27 H.
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Inductive Coupling

Inductive coupling methods may be
classified in two types: direct inductive
coupling and link coupling. Direct in-
ductive coupling has been very popular
for years, but link coupling between the

0, &
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ANY LINE
©® e
Cs =
S
ANY LINE

ANY LINE
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Figure 27. Methods of coupling to the
transmitter,

plate tank and the antenna coupler
proper is usually more desirable. There
has been no satisfactory means developed
of using link coupling between a plate
tank circuit and a w-section antenna
coupler. Thus, if it is desired to use the
7-section coupler, it will be necessary to
use capacitive coupling as even direct in-
ductive coupling is quite difficult to ad-
just. There is no effective means of
coupling a single-wire feeder to a push-
pull amplifier by means of the 7-section
coupler. Circuit of figure 28 K shows direet
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MARCONI ANTENNA

®

UNTUNED  LINE

TUNED  LINE

ANY SINGLE WIRE FEEDER

MARCONI ANTENNA

inductive coupling to an untuned two-
wire line. This same arrangement can be
used to couple from a split-plate tank to
a single-wire untuned feeder by ground-
ing one side of the antenna coil.

The circuit shown in figure 28 L is

@@ @m:él

Figure 28. Antenna coupling systems.

e

the conventional method of coupling a
zepp or tuned feed line to a plate tank
circuit, but the arrangements shown in
figure 28 O or figure 28 Q are easier to
adjust. Circuit shown in figure 28 M is for
coupling a single-wire tuned or untuned
feeder to either a split- or unsplit-plate
tank circuit. The arrangement shown in
figure 28 P is easier to adjust. The cir-
cuit shown in figure 28 N is the con-
ventional means of coupling a Marconi
or grounded quarter-wave Hertz to a
plate tank circuit. But the circuit shown
in figure 28 R is considered more desir-
able.

Figure 28 O shows link coupling be-
tween a plate tank and any two-wire
line, tuned or untuned. If untuned, con-
densers C: can be eliminated. As drawn,
the circuit shows an unsplit-plate tank,
but the same circuit can be used with a
split-plate tank provided the coupling
link is coupled to the center of the tank
coil instead of the lower end. All cou-
pling links anywhere in a transmitter
should be coupled at a point of low r.f.
potential to avoid undesired capacitive
coupling.

The arrangement of figure 28 P is
used to couple an untuned single-wire
line to either a split- or unsplit-tank cir-
cuit. The diagram shows a split-tank
circuit, but the operation is the same in
either case. The link must be moved
down to the cold end of the plate coil
if an unsplit-tank is used.

The arrangement of figure 28 Q is
used to couple a zepp or tune a two-
wire line to either a split- or unsplit-
plate tank circuit.

The circuit shown in figure 28 R illus-
trates one means of coupling a Marconi
antenna to either a split- or unsplit-plate
tank circuit.

Figure 29 S illustrates a method of
coupling a twisted-pair line to an unsplit-
plate tank. Figure 29 T shows a means
of coupling an untuned single-wire feeder
to a plate-neutralized amplifier. This
sometimes leads to neutralizing difficulties
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due to the fact that the neutralizing coil
is not part of the tuned circuit.

Figure 29 U shows how a Faraday
screen can be placed between the plate
tank coil and a direct, inductively-
coupled antenna coil in order to reduce
capacitive coupling between the two cir-
cuits. Figure 29 V shows how the Fara-
day screen is made. The screen can
take the form of a piece of cardboard on
which the screening wires are held by
means of varnish or lacquer. Half-inch
spacing between adjacent wires in the
Faraday screen is usually satisfactory.
The wires must be connected together at
just one end in order to avoid circulating
current in the screen with resultant
losses. This screen is very effective in
reducing harmonic radiation when due to
capacitive coupling.

Tuning Pi-Section Filter

To get good results from the 7-section
antenna coupler, certain precautions must
be followed. The ratio of impedance
transformation in ™ networks depends on
the ratio in capacity of the two conden-
sers C, and C..

The first step in tuning is to discon-
nect the 7-section coupler from the plate
tank entirely. Then, apply low plate
voltage and tune the tank condenser C.
(figure 27, D and E) to resonance. Re-
move the plate voltage and tap the
7-section connection or connections ap-
proximately half-way between the cold
point on the coil and the plate or plates.
Adjust C. to approximately half maxi-
mum capacity and apply plate voltage.
Quickly adjust C, to the point where the
d.c. plate current dips indicating reson-
ance. .

At the minimum point in this plate
current dip, the plate current will either
be higher or lower than normal for the
final amplifier. If it is lower, it indicates
that the coupling is too loose; in other
words, there is too high a ratio of im-
pedance transformation. The plate cur-
rent can be increased by reducing the ca-
pacity of C. and then restoring resonance
with condenser C,. At no time after the
T-section coupler is attached to the plate
tank should the plate tuning condenser
be touched. If the d.c. plate current with
C: tuned to resonance is too high, it may
be reduced by increasing the capacity of
C. in small steps, each time restoring
resonance with condenser C..

gt

Should the plate current persist in be-
ing too high even with C: at maximum
capacity, it indicates either that C: has
too low maximum capacity or that the
w-section filter input is tapped too close
to the plate of the final amplifier. If the
plate current cannot be made to go high
enough even with condenser C; at mini-
‘mum capacity, it indicates that the in-
put of the 7-section is not tapped close
enough to the plate end of the plate tank
coil.

When the two-wire arrangement of
figure 27 E is operating properly, the
load on both tubes should be the same
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Figure 29. Further methods of coupiing to the
transmitter.
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and there should be an equal spark (with
a pencil) on each side of C.. Likewise,
the arcs that can be drawn from each
end of the plate tank coil should be the
same. If they are not, it indicates an
unsymmetrical condition of the push-pull
stage or an unbalanced two-wire line.

This type of coupler will provide some
attenuation of higher order harmonics if
the adjustment is precisely correct. With
even a slight amount of misadjustment
- the harmonics may actually be accentu-
ated; therefore the tuning should be
checked from time to time.

The simplified version, in which the
coupler replaces the conventional tank in-
stead of serving as an auxiliary unit, will
produce rather strong harmonics even
when correctly adjusted. Therefore, it
should not be used except for emergency
or low-power portable gear, as already
mentioned.

SUPPRESSING HARMONIC
RADIATION

Harmonics are present in the output
of nearly all transmitters, though some
transmitters are worse offenders in this
respect than others. Those that are
strong enough to be bothersome are
usually the second and third harmonics.

Current-fed antennas, such as the
twisted-pair-fed doublet and the Johnson
Q-fed doublet, discriminate against radia-
tion of the even harmonics. This is what
keeps them from being used effectively
as all-band antennas. However, they are
responsive to the odd harmonics, working
about as well on the third harmonic as
on the fundamental. For this reason,
any third harmonic energy present in the
output of the transmitter will be radiated
unless a harmonic trap is used or other
means taken to prevent it.

Most all-band antennas are responsive
to both odd and even harmonics, and they
are still worse as regards the possibility
of harmonic radiation.

The delta-matched antenna and radi-
ators fed by means of a shorted stub and
untuned line provide about the best dis-
crimination against harmonics, but even
these will radiate some third and other
odd harmonic energy, and the odd har-
monics always fall outside the amateur
bands. ‘

Best practice indicates the reduction of
the amount of harmonic component in
the transmitter output to as low a value

as possible, then further attenuation be-
tween the transmitter and antenna re-
gardless of what antenna and feed sys-
tem is used.

Three definite conditions must exist in
the transmitter before harmonic radia-
tion can take place. First, the final am-
plifier must either be generating or am-
plifying the undesired harmonics; second,
the coupling system between the ampli-
fier and the feeders or antenna system
must be capable of transmitting them,
and third, the antenna system (or its
feeders) must be capable of radiating
this harmonic energy.

One effective method of reducing ca-
pacity coupling is through the use of a
Faraday shield. The Faraday shield,
however, offers no attenuation to any-
thing but capacity coupling of the unde-
sired energy. Since a great deal of the
harmonic energy (the third and other
odd harmonics) is inductively coupled to
the antenna system, an arrangement
which will attenuate both capacitively
and inductively coupled harmonics (both
odd and even) would be desirable. A
Faraday shield is not a cure-all. How-
ever, its performance is effective enough
to warrant inclusion as standard equip-
ment.

Such an arrangement is shown in
figure 30. The link from the final tank
to the antenna tank should consist of
either a length of low-impedance cable
(EO-1 or similar) or a closely spoced
line of no. 12 or larger wire. This link
should be loosely coupled by means of a
single turn at either end to both tank
circuits. One side of the link should be
effectively grounded near the final tank.
The antenna tank itself should be of
medium C (a Q of about 10 or 12) at
the operating frequency. At figure 30 C,
the two links, the one to the final and the
one to the antenna, should be spaced
about two inches or so apart and at equal
distances from the grounded center of
the antenna coil. The balance of the
diagram should be self-explanatory.

This coupling system operates by vir-
tue of the fact that capacity coupling
between the final tank and the antenna
is eliminated by the grounded link and
the grounded center tap of the antenna
tank; also, due to the selectivity of the
antenna tank against the harmonic fre-
quencies, inductive coupling of them into
the antenna system will also be attenu-
ated. ‘

www americanradiohistorv com


www.americanradiohistory.com

- terfering with other services.

Antennas 95

In closing, a few general “don’ts”
might be in order:

Don’t use two tubes in parallel.
them in push-pull if possible.

Don’t use a doubler to feed an an-
tenna unless it is of the push-push type.
In a single-ended doubler, there is a
high percentage of half and three-times
frequency present in the output tank.

Don’t use more bias and excitation
than necessary for reasonable efficiency
or (in a phone transmitter) good line-
arity.

Don’t use a 75-meter zepp on 160
meters, a 40-meter zepp on 80 meters,
etc. Although it is usually the odd har-
monics that are inductively coupled, in
this case the second harmonic will be in-
ductively coupled and elimination of ca-
pacity coupling will not remove the sec-
ond harmonic.

Don’t use an all-band antenna unless
you do not have room for separate an-
tennas. If you must use such an an-
tenna, use a harmonic-attenuating tank
as shown in the accompanying diagrams.

Don’t wait till you get a ticket for in-
Run a test
with some local amateur close enough to
give you an accurate check and see if
your harmonics are objectionable.

Put

A SIMPLE UNIVERSAL COUPLER

A split-stator condenser of 200 pufd.
or more per section can be mounted on a
small board along with a large and a
small multitapped coil to make a very
useful and versatile antenna coupler and
harmonic suppressor. With this unit it
is possible to resonate and load almost
any conceivable form of radiator and
tuned feed system and to adjust the load-
ing and provide harmonic suppression
with most any untuned transmission line.

To facilitate connecting the coil and
condenser combination in the many differ-
ent ways possible, 12 large-size dual
Fahnestock connectors are mounted on
the coils and condenser terminals and
generously scattered around. Two are
mounted on stand-off insulators to act as
terminals for ground, antenna or other
wires. A dozen lengths of heavy flex-
ible wire of random lengths between 6
and 18 inches enable one to connect up
the components in an almost infinite
variety of combinations. Low-voltage
auto ignition cable or heavy flexible hook-
up wire will do nicely.

Because under certain conditions and
in certain uses both rotor and stator
will be hot with r.f.,, an insulated ex-
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FIGURE 30. SIMPLE METHODS OF HARMONIC SUPPRESSION WITH AN
AUXILIARY TANK CIRCUIT.
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Figure 31. Circuit diagram of the
coupler. For constants see text.

tension is provided for the condenser
shaft in order to remove the dial from
the condenser by a few inches. This ef-
fectively reduces body capacity. It also
precludes the possibility of being bitten
by the dial set-screw.

The large coil consists of 30 turns of
no. 12 wire, 4 inches in diameter and
spaced to occupy 5% inches of winding
space. The small coil consists of 14
turns, 2 inches in diameter, spaced to
occupy 3% inches of winding space.
Both coils have tags brought out every
other turn from one end to the center to
facilitate clipping to the coils. A copper
or brass clip is preferable to a steel
clip for shorting-out turns as the cir-
culating current may be quite high.

Rather than short-out too much of the
large coil, we put the smaller coil into

service. In fact, the two coils can even be
used together in series should the large
coil alone ever lack sufficient inductance
for any purpose. However, for every
common application, the large coil alone
should possess sufficient inductance.
Now to cover some of the things we
can do with this simple contraption:

At A in figure 33 the unit is used as
a harmonic suppression tank as advo-
cated earlier in this chapter.

Combination B may be used for either
an end-fed or center-fed zepp that re-
quires parallel tuning. It may also be
used to feed an untuned open line pro-
viding harmonic suppression. It may be
used to tune an antenna-counterpoise
system that has a higher natural fre-
quency than that upon which it is de-
sired to operate. It may be used with
a multiband (Collins) antenna system
where the feeders are too short. It may
be used with any system utilizing tuned
feceders where the system cannot be
resonated with series tuning (see C).

Combination C may be used for either
an end-fed or center-fed zepp that re-
quires series tuning. It may be used to
feed an antenna counterpoise system that
is too long electrically to resonate at the
operating frequency at its natural
period. It may be used with a multiband
antenna where the feeders are too long.

FIGURE 32. THIS UNIVERSAL ANTENNA COUPLER HAS MANY USES, IS SIMPLE

AND INEXPENSIVE TO CONSTRUCT.

ITS APPLICATIONS AND OPERATIONS ARE

DISCUSSED ON PAGES 95, 96 AND 97.
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Figure 33. Applications of the universal antenna coupler.
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It may be used for most any system
utilizing tuned feeders where the system
cannot be resonated using B.

Arrangement D may be used for feed-
ing an end-fed antenna (even number
of quarter waves long). It is usually
preferable to F which is sometimes used
for the same purpose.

System F also is used to tune a
Marconi that is slightly shorter than an
odd number of quarter waves long.

System E is the common method for
tuning a Marconi where the antenna is
slightly longer than an odd number of
quarter waves.

G is commonly used to end-feed an
antenna an even number of quarter
waves long. It is a variation of D.

H and I are used for feeding either a
single-wire-fed antenna or for end-
feeding a very long-wire antenna (6 or
more wavelengths long). For the latter
purpose these are preferable to D, F
and G.

In each case the link is coupled around
the coil being used and one side of the
twisted pair feeding the link is grounded.

DIRECTIVE PROPERTIES

No antenna, excepting possibly a
single vertical element (no reflectors),
radiates energy equally well in all
directions. All horizontal antennas have
directional properties, the latter depend-

DUMMY ANTENNAS

When testing a transmitter, the law
requires the use of some form of dummy
antenna to minimize unnecessary inter-
ference.

The cheapest form of dummy antenna
is an electric light globe coupled to the
plate tank circuit by means of a four-
to eight-turn pickup coil (or even clipped
directly across a few turns of the tank
coil). Another good form of dummy
antenna that is relatively nonreactive
is a short thick bar of carbon tapped
across enough of the tank turns to load
the amplifier properly. The plaque form
of wire-wound resistors also are ideal
for use as a dummy antenna load.

If a lamp or lamps are chosen of
such value that they light up to approxi-
mately normal brilliancy at normal
transmitter input, the output may be
determined with fair accuracy by com-
paring the brilliancy of the lamps with
similar lamps connected to the 110-volt
line.

OF ANTENNAS

ing upon the length in wavelengths, the
height above ground and the slope.

The various forms of the half-wave
horizontal antenna produce maximum
radiation at right angles to the wire,

www americanradiohistorv com


www.americanradiohistory.com

98 RADIO Handbook

but the directional effect is not very
great excepting for very low vertical
angles of radiation (such as would be
effective on 10 meters). Nearby objects
also minimize the directivity of a dipole
radiator so that it hardly seems worth
while to go to the trouble to rotate a
simple half-wave dipole in an attempt
to improve transmission and reception
in any direction.

A half-wave doublet, zepp, single-wire-
fed, matched-impedance or Johnson-Q
antenna all have practically the same
radiation pattern when properly built
and adjusted. They are all dipoles, and
the feeder system should have no effect
on the radiation pattern.

When a multiplicity of radiating
dipoles are so located and phased as.to
reinforce the radiation in certain de-
sired directions and to neutralize radia-
tion in other undesired directions, a
directive antenna array is formed.

170
190°

180°

The function of a directive antenna
when used for transmitting is to give an
increase in signal strength in some
direction at the expense of reduced signal
in other directions. For reception, one
might find useful an antenna giving
little or no gain in the direction from
which it is desired to receive signals if
the antenna is able to discriminate
against interfering signals and static
arriving from other directions. A good
directive transmitting antenna, how-
ever, can generally also be used to good
advantage for reception. This is covered
in detail later in this chapter.

If radiation can be confined to a
narrow beam, the signal intensity can be
increased a great many times in the
desired direction of transmission. This
is equivalent to increasing the power
output of the transmitter. It is more
economical to use a directive antenna
than to increase transmitter power if

HORIZONTAL ANTENNAS
REMOVED

== HALF WAVE ANT.

IN FREE
FROM

~——cemme. FULL WAVE ANT.

SPACE - FAR
GROUND :

ceecces TWO WAVE  ANT,

FIGURE 34. THEORETICAL FIELD STRENGTH IN DB UNITS OF THREE TYPES OF
HORIZONTAL ANTENNAS IN FREE SPACE.
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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 nar-
row beam that it can be used only for
commercial applications in point-to-point
communication.

The increase in radiated power in the
desired direction is obtained with a cor-
responding loss in all other directions.
Gains of 3 to 10 db seem to be of more
practical value for amateur communica-
tion because the angle covered by the
beam is wide enough to sweep a fairly
large area. Three to 10 db means the
equivalent of increasing power from 2
to 10 times.

For each of the amateur high-
frequency bands, there is a certain
optimum vertical angle of radiation.
Energy radiated at an angle much higher
than this optimum angle is largely lost,
while radiation at angles much lower
than this optimum angle oftentimes is
not nearly so effective in producing sig-

nals at a distant station.

For this reason, the horizontal direc-
tivity pattern as measured on the ground
is of no import when dealing with fre-
quencies and distances dependent upon
sky wave propagation. It is the horizon-
tal directivity (or gain or discrimina-
tion) measured at the most useful verti-
cal angles of radiation that is of conse-
quence. The horizontal radiation pattern
as measured on the ground is considera-
bly different from the pattern obtained at
a vertical angle of 15 degrees, and still
more different from a pattern obtained
at a vertical angle of 30 degrees. In
general, a propagation angle of 30°
above the horizon has proved to be the
most effective for 40- and 80-meter
operation over long distances. The
energy which is radiated at angles other
than approximately 30° above the earth
is not very effective at these frequencies
for dx.

For operation at higher frequencies
. (lower wavelengths), such as in the
vicinity of 20 meters, the most effective
angle of radiation is usually about 15°
above the horizon, from any kind of an
antenna. The most effective angles for
" 10-meter operation are those in the
vicinity of 10°. These angles give best

$ TO 15 WAVELENGTHS

TRANSMIT —————p= 2C
RECEIVE —+———o

EE

Figure 35. Aperiodic, unidirectional,
long-wire antenna,

results for long-distance communication
because the waves are most effectively
reflected from the Heaviside layer for
the various frequencies or wavelengths
mentioned.

The fact that many simple arrays give
considerably more gain at 10 and 20
meters than one would expect from con-
sideration of the horizontal directivity
can be explained by the fact that, be-
sides providing some horizontal direc-
tivity, they concentrate the radiation at
a lower vertical angle. The latter may
actually account for the greater portion
of the gain obtained by some simple
10-meter arrays. The gain that can be
credited to the increased horizontal di-
rectivity is never more than 4 or 5 db
at most with the simpler arrays. At 40
and 80 meters this effect is not so pro-
nounced, most of the gain from an array
resulting from the increased horizontal
directivity. Thus, a certain type of array
may provide 12 to 15 db effective gain
over a dipole at 10 meters, and only 3
or 4 db gain at 40 meters.

The chart in figure 34 shows the
theoretical field strength in db units of
three types of horizontal antennas in
free space. By free space is meant a
height of many wavelengths above
ground, a condition seldom found in
practice. The solid-line curve shows the
field strength in db units surrounding a
half-wave horizontal antenna. Since
this curve is plotted in db units, the two
lobes are somewhat different in shape
than those of most other radiation
pratterns. The maximum radiation is at
right angles to the antenna wire.

Another group of lobes is represented
by the dot-and-dash line; they represent
the radiation pattern of a full-wave
horizontal antenna. The maximum radia-
tion takes place at an angle of about
b54° from the direction of the antenna
wire and is about one-half db greater
than the power radiated at right angles
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RADIATION RESISTANCE OF
HARMONIC ANTENNAS

No. of Power in
A Radiation Angle of major
e resistance maximum lobe of
2 ohms radiation radiation

1 72 90° 1
2 90 55° 1.15
3 100 46.5° 1.25
4 110 37° 1.35
5 115 34.5° 1.5
6 122 30.5° 1.7
7 125 28° 1.85
8 131 27° 2.1
9 135 25.5° 2.3
10 139 24° 2.55
1 142 22.5° 2.75
12 145 21° 3.1
13 148 20.5° 3.3
14 150 20° 3.65
15 152 19.5° 3.9
16 154 19° 4.25
17 156 18.5° 4.55
18 158 18° 4.9
19 160 17.5° 5.25
20 162 17° 5.65
21 163.5 16.5° 6.0
22 165 16° 6.3
23 166.5 15.5° 6.75
24 168 15° 7.2
S T r—
from a half-wave antenna, assuming

the power input is the same. Similarly,
an antenna operated with two full
waves provides a gain in its optimum
direction of somewhat more than 1 db
over that of a half-wave antenna. It can
be seen that a long-wave antenna, op-
erated on its harmonics, does not provide
very much gain in signal strength in the
optimum direction of the field pattern.
When the antenna is operated with two
full waves, it has two minor lobes on
each side of the wire; these lobes have
a magnitude of approximately 4 db less
than the major lobes. The curve of a

two-wave antenna is represented by the
all-dotted lines.

The curves indicate the radiation in
any plane, including the antenna wire in
the case of antennas far removed from
earth. The earth changes the magnitude
of the lobes when the antenna is in the
vicinity of the ground.

The presence of the ground near the
antenna wire changes the directivity
pattern at various heights above ground
and also for various angles of radiation
above the horizon.

Long-Wire Radiators

The accompanying tables give the per-
tinent characteristics of any long-wire
radiator at a glance.

The directivity of a long wire does not
increase very much as the length is in-
creased beyond about 15 wavelengths.
In fact, the directivity does not go up in
proportion to the additional cost of the
long wire after about 8 wavelengths are
used. This is due to the fact that all
long-wire antennas are adversely af-
fected by the r.f. resistance of the wire.
This resistance also affects the Q or
selectivity of the long wire, and as the
length is increased, the tuning of the
antenna becomes quite broad. In fact, a
long wire about 15 waves long is prac-
tically aperiodic and works almost
equally well over a wide range of fre-
quencies.

Terminating the far end of a long-
wire antenna in its characteristics im-

LONG-ANTENNA DESIGN CHART
End-Fed Antennas

Length in Feet.

Frequency
in Mc. 1A AN 2\ 2V4,\ 3\ 3V 4\ 41/,
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
14.0 681/, 103, 139 174 209 244 279 314
7.3 136 206 276 246 416 486 555 625
7.15 136Y, 207 277 347 417 487 557 627
7.0 137 207V,  277Y» 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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pedance makes it even more aperiodic
and, at the same time, tends to make it
unidirectional. (See figure 35.) In other
words, it radiates only away from the
transmitter out over the terminating
resistance. The power that otherwise
would be radiated out back in the oppo-
site direction from the resistance-
terminated end is dissipated in the re-
sistance. One of the most practical
methods of feeding a long-wire antenna
is to bring one end of it into the 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 harmonic by means of the tuned
circuit which is connected to the end of
the antenna. This tuned circuit corre-
sponds to an adjustable, nonradiating
half-wave section of the antenna. A
ground is sometimes made to the center
of the tuned coil.

When a long antenna is end-fed, its
radiation pattern is modified in most
" cases because a portion of the antenna
is bent down into the radio operating
room. The bent portion will change the
pattern to some extent because part of
the radiation will be vertically polarized.
Any of the usual forms of nonradiating
r.f. feeder systems can be utilized with-
out disturbing the horizontal directivity
pattern. The antenna should not be
broken at any wvoltage loop though the
long-wire antenna can be opened and
current-fed at a point of maximum
current by means of a twisted-pair
feeder or concentric line.

If opened at a voltage loop to accom-
modate a two-wire feeder or stub, the
phasing will be disturbed. Hence, it is
usually fed at one end when voltage-fed.
This permits multiband operation if
tuned feeders are used.

TRANSMIT

3 e
RECEIVE
/
FEEDERS ,
NR STUB

™~

Figure 36. Typical V-beam antenna.

THE V ANTENNA

If two long-wire antennas are built in
the form of a V, it is possible to make
two of the maximum lobes of one leg
shoot in the same direction as two of
the maximum lobes of the other leg of
the V. The antenna is bidirectional (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 on the method
of feeding the apex of the V. The com-
plete 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.

By choosing the proper angle 8, figure
36, the lobes of radiation from the two
long-wire antennas aid each other to
form a bidirectional 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 removes two of the
four main lobes and increases the other
two in such a way as to form two lobes
of greater magnitude.

V-ANTENNA DESIGN TABLE.

Frequency L=\ L =2\ L —=4) L —=8x

in Kilocycles d = 104° § = 75° 8 = b2° § = 39°
28000 34’ 8” 69’ 8~ 140’ 280’
28500 34’ 1”7 68’ 6” 137’ 6" 275’
29000 33’ 6” 67’ 3~ 135’ 271’
29500 33’ 66’ 2” 133’ 266’
30000 32’ 5" 65’ 131 262’
14050 69’ 139’ 279’ 558’
14150 68’ 6” 138’ 277" 555’
14250 68’ 2" 137* 275’ 552’
14350 67’ 7" 136’ 273’ 548’
7020 138’ 2” 278’ 558’ 1120’
7100 136’ 8” 275’ 552’ 1106’
7200 134 10" 271’ 545’ 1090’
7280 133’ 4~ 268’ 538’ 1078’
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The correct wire lengths and the de-
gree of the angle 8 are listed in the
V-Antenna Design Table for various
frequencies in the 10-, 20- and 40-meter
amateur bands. These values must some-
times be reduced slightly if one of the
wires is in the vicinity of some large
object.

The legs of a long-wire V antenna are
usually so arranged that the included
angle is twice the angle of the major
lobe from a single wire if used alone.
This arrangement concentrates the radi-
ation of each wire along the bisector of
the angle and permits part of the other
lobes to cancel each other. With legs
shorter than three wavelengths, the best
directivity and gain are obtained with a
somewhat smaller angle than that de-
termined by the lobes. P. S. Carter
pointed out in I. R. E. Proceedings for
June, 1932, that optimum directivity for
a one-wave V is obtained when the angle
is 90° rather than 108° as determined
by the ground pattern alone.

If very long wires are used in the V,

80° GAIN APPROX 5%— os,

XTI

423 ONM FELEOER

Figure 37. 20-meter V antenna, smallest

worthwhile size.

4
GAIN APPROX 9-2- De.

NON-RESONANT
FEEDERS

Figure 38. More directive V than shown
above, with more efficient method of feed.
Dimensions are for 20 meters.
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LENGTH IN "L WAVELENGTHS -
V-BEAM CURVE
Showing the included angle between
the two legs of a V-beam antenna for
various leg lengths. The included
angle is sometimes made slightly less
than that indicated by the curve, espe-
cially when the legs are short.

o

the angle between the wires is almost un-
changed when the length of the wires in
wavelengths is altered. However, an
error of a few degrees causes a much
larger loss in directivity and gain in the
case of the longer V than in the shorter
one which is broader.

The V antenna can have each leg
either an even or an odd number of
quarter waves long. If an even number
of quarter waves long, the antenna must
be voltage-fed at the apex of the V,
while if an odd number of quarter waves
long, current feed can be used.

The vertical angle at which the wave
is best transmitted or received from a
horizontal V antenna depends largely
upon the included angle. The sides of
the V antenna should be at least a half
wavelength above ground; commercial
practice dictates a height of approxi-
mately a full wavelength above ground.

1

GAIN APPRDX 8 DB.

NDN-RESONANT
FEEDERS

Figure 39. 20-meter V with moderate gain
and directivity, best suited for general ama-
teur use.
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THE RHOMBIC ANTENNA

The terminated rhombic or diamond
is probably the most effective directional
antenna that is practical for amateur
communication. 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 nonresonant, i.e., properly
terminated, the system is unidirectional
and the wire dimensions are not at all
critical. The rhombic antenna can be
suspended over irregular terrain without
greatly affecting its practical opera-
tion.

The tuned diamond antenna consists of
two V antennas, end to end, and without
a free end termination, as shown in figure
40. The antenna is bidirectional, 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
of the same size.

If the free end is terminated with a
resistance of a value from 700 to 800
ohms, as shown in figures 41, 42 and 43,
the backwave is eliminated, the forward
gain is increased and the antenna can

should be capable of dissipating one-third
the power output of the transmitter and
should have very little reactance. A bank
of lamps can be connected in series-
parallel for this purpose or heavy-duty
carbon-rod resistances can be used. The
latter can be procured from the Car-
borundum Co. For medium- or low-
power transmitters, the noninductive
plaque resistors will serve as a satis-
factory termination.

The terminating device should, for
technical reasons, present a small
amount of inductive reactance at the
point of termination. However, this
should not be too great. By using a
bank of lamps in series-parallel, this
qualification will be met. The total dis-
sipation of the lamps will be roughly a
third of the transmitter output.

Because of the high temperature co-
efficient of resistance for both carbon and
Mazda lamps, neither type is any too
satisfactory when used alone, especially
in -a keyed transmitter. However, by
connecting both types in parallel, the
resistance can be made fairly constant.
This is because the coefficient of one
type of lamp is positive, while that of the
other is negative. The most constant

be used on several bands without combination will utilize a 110-volt carbon
changes. The terminating resistance lamp of 2X watts across each 125-volt
;_/(>\
FEEDERS a
P2 e <
TUNED RHOMBIC  ANTENNA UNTUNED RHOMBIC ANTENNA
FIGURE 40. FIGURE 41.

FEEDERS
(soo waTTS)

MEIGHT ABOVE GROUND 30 FTY OR MORE
LENGTH DIMENSIONS ARE NOT CRITICAL

GAIN APPAOX {4pB ON MAIN LOBE.

RHOMBIC ANTENNA FOR 7, 14 & 28MC. BANDS

FIGURE 42

' 700 TO 890 OHMS

FEEDERS
¢ 700 YD 800 OMMS

(s00 warvrs)

— 3-E-=N=D P

ANTENNA

RHOMBIC OR
SUITABLE FOR 7. 14 & 28MC. BANDS

SMALLER DIAMOND

FIGURE 43.
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Figure 44 A and B. Diamond-antenna design chart.

Mazda lamp of X watts. Thus, a 60-watt
Mazda lamp would have a 120-watt car-
bon lamp across it. The desired resis-
tance can be obtained by series-
connecting or series-paralleling several
such units.

monly used consists of a terminated 250-
foot or longer length of line made of
resistance wire which does not have too
much resistance per unit length. If the
latter qualification is not met, the re-
actance of the line will be excessive. A

\\\".

A compromise terminating device com- 250-foot line consisting of no. 25
b3 '8 3 Bk By Rk BR  RR s; R2 ik
AT AR ,:,. T |: : i.':' LB R R R ) ’K?/y .;:?/. B
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VERTICAL DIRECTIVITY RHOMBIC ANTENNA
L= 33 = s58° H= 2
14 DB. GAIN OVER VERTICAL HALF WAVE

FIGURE 45.
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gd

-

160"
200

170°
190°

180

190°
170"

2100
150"

HORIZONTAL DIRECTIVITY — RHOMBIC ANTENNA
L= 3% A ® = 58° ‘
14 DB. GAIN OVER DIPOLE
FIGURE 46.

nichrome wire, spaced 6 inches and
terminated with 800 ohms will serve
satisfactorily. Because of the attenuation
of the line, the lumped resistance at the
.end of the line need dissipate but a few
watts even when high power is used.
A half-dozen 5000-ohm 3-watt carbon
resistors in parallel will serve for all ex-
cept very high power. The attenuating
line may be either coiled or folded back
on itself to take up less room.

The input resistance of the diamond
which is reflected into the transmission
line that feeds it is always somewhat
less than the terminating resistance, and
is around 700 or 750 ohms when the
resistor is 800 ohms.

The antenna should be fed with a
nonresonant line, perferably with an
impedance of approximately 700 ohms.
The four corners of the diamond, when
possible, should be at least a half wave-
length above ground at the lowest fre-

quency of operation. For three-band
operation, the proper angle 6 for the
center band should be observed.

The diamond antenna transmits a
horizontally polarized wave at a low
angle above the horizon in the case of a
large antenna. The angle of radiation
above the horizon goes down as the
height above ground is increased.

The vertical directivity of a typical
rhombic antenna suitable for amateur
communication is shown in the polar
diagram, figure 45. This antenna will
give a gain of approximately 14. db
over that of a vertical half-wave
antenna. The horizontal directivity of the
same antenna is shown in another polar
diagram, figure 46. The smaller lobes
of radiation prevent the antenna from
being truly unidirectional; the ampli-
tude, however, is relatively small in com-
parison to the main lobe of - radiation.
The sides of this diamond antenna are
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314 wavelengths long, with the angle ©
equal to 58 degrees. The correct angle
8 for any length L of the wires in each
leg is shown in figure 44.

The height above ground is a half
wave and the vertical angle of radiation
becomes approximately 13 degrees. This
antenna will work over a range of four
to one in frequency although the di-
rectivity is greatest at the frequency for
which the dimensions are as given above.

Thus, for operation on 7, 14 and 28

megacycles with a peak at 14 megacycles,
the dimensions are: length of each leg,
218 to 225 feet; height above ground,
33 feet, and the angles those given above.

Should the height be raised to 66 feet
above ground, the directivity remains
about the same, but the angle of vertical
radiation goes down to about 9 degrees
above the horizon on 14 Mc. This amount
of gain is truly remarkable for such
a simple antenna, and, as the diamond
requires no critical adjustment for good
results, its use is highly recommended
for those who have the necessary room
available.

The diamond antenna should not be
tilted in any plane. In other words, the
poles should be the same height and the
plane of the antenna should be parallel
with the ground. Tilting the antenna
simply sacrifices about half the direc-
tivity due to the fact that the reflection
from the ground does not combine with
the incident wave in the desired phase

e o

® ©
Figure 47. Radiation patterns of three
rhombic antennas: vertical directivity
above and horizontal directivity below. A,
pattern of rhombic antenna 4 waves on a
side and one wavelength high. B, 3 waves
on a side and 34 wavelength high. C, 2
waves on 3 side and a half wavelength
high. B, 3 waves on a side and 34 wave-
length high. C, 2 waves on a side and a
half wavelength high. The above condi-
tions also hold for a single antenna work-

ed over a frequency range of 2/1.

unless the antenna is parallel with the
ground.

The diamond loses a good deal of
directivity when the terminating resistor
is left off and it is operated as a resonant
antenna. If it is desired to reverse the
direction of maximum radiation, it is
much better practice to run feeders to
both ends of the antenna and mount
terminating resistors also at both ends.
Then, with either mechanically- or
electrically-controlled, remote-controlled
double-pole double-throw switches located
at each end of the antenna, it becomes
possible to reverse the array quickly for
transmission or reception to or from the
opposite direction.

The directive gain of the diamond or
Bruce rhombic antenna is dependent on
the height above ground and the side
angle as well as the overall length of
each of the four radiating wires in the
array. Therefore, the gain is not easy
to calculate.

STACKED DIPOLE ANTENNAS

The characteristics of a half-wave
dipole have already been described.
When another dipole is placed in the
vicinity and excited either directly or
parasitically, the resultant radiation pat-
tern will depend upon the spacing and
phase differential as well as the relative
magnitude of the currents. With spac-
ings less than 0.625 wavelength, the
radiation is mainly broadside to the two
wires (bidirectional) when there is- no
phase difference, and through the wires
(end fire) when the wires are 180 de-
grees out of phase. (See figures 48 and
49). With phase differences between 0
and 180 degrees (45, 90 and 135
degrees for instance), the pattern is
somewhat unsymmetrical, the radiation
being greater in one direction than in
the opposite direction. In fact, with cer-
tain critical spacings the radiation will
be practically unidirectional for phase
differences of 45, 90 and 135 degrees.

With spacings of more than 0.625
wavelength, more than two main lobes
appear for all phasing combinations;
hence, such spacings are seldom used.

With the dipoles driven so as to be
inphase, the most practicable spacing is
between 0.5 and 0.625 wavelength. The
latter provides greater gain, but two
minor lobes are present which do not
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FIGURE 48.

appear at 0.5-wavelength spacing. The
radiation is broadside and the gain is
slightly greater than can be obtained
from two dipoles out of phase. The gain
falls off rapidly for spacings less than
0.376 wavelength, and there is little
point in using spacing of 0.25 wave-
length or less with inphase dipoles.

When the dipoles are fzd 180 degrees
out of phase, the directivity is greatest
with close spacing though there is but
little difference in the pattern after the
spacing is made less than 0.125 wave-
length. However, the radiation resistance
becomes so low for spacings of less than
0.1 wavelength that such spacings are
not practicable for antenna arrays.

The best unidirectional pattern is ob-
tained with 0.1- or 0.125-wavelength
spacing and 13b-degrees phase lag. As
it is rather difficult to get other than 0-
and 180-degree phasing in driven radia-
tors, parasitic directors and reflectors
are usually resorted te for odd values of

phasing. These are driven parasitically
rather than directly by feeders, and the
phasing can be varied by altering the
length of the parasitic elements. '

In the three foregoing examples, most
of the directivity provided is in a plane
at a right angle to the two wires though,
when out of phase, the directivity is in a
line through the wires and, when in-
phase, the directivity is broadside to
them. Thus, if the wires are oriented
vertically, mostly horizontal directivity
will be provided. If the wires are oriented
horizontally, most of the directivity ob-
tained will be vertical directivity.

To increase the sharpness of the di-
rectivity in all planes that include one
of the wires, additional identical ele-
ments are added in the line of the wires
and fed so as to be inphase. The fa-
miliar H array is one array utilizing
both types of directivity in the manner
prescribed. The two-section W8JK flat-
top beam is another.
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FIGURE 49.

These two antennas in their various
forms are directional in a horizontal
plane in addition to being low-angle
radiators, and are perhaps the most
practicable of the bidirectional stacked-
dipole arrays for amateur use. More
phased elements can be used to provide
greater directivity in planes including
one of the radiating elements. The H
then becomes a barrage or Sterba array.

For unidirectional work, the most
practicable stacked dipole arrays for
amateurs are those using close-spaced
directors and reflectors. The close
spacing (0.1 to 0.125 wavelength) is
little more directive than quarter-wave
spacing and has the minor disadvantage
of lower radiation resistance, but a more
compact array is obtained, the latter
being an important item if the array is
to be rotated. See pages 115 and 118.

While there is almost an infinite
variety of combinations when it comes to
obtaining directivity by means of stacked
dipoles, only those systems which are

most practical from an amateur stand-
point will be discussed at length.

COLINEAR ANTENNAS

Franklin or colinear antennas are
widely used by amateurs. The radiation
is bidirectional broadside to the antenna.
The antenna consists of two or more
half-wave radiating sections with the
current inphase in each section. This is
accomplished by quarter-wave stubs be-
tween each radiating section or by means
of a tuned coil and condenser or resonant
loading coil between each half-wave ra-
diating section. The quarter-wave stub is
a folded half-wave wire in which the
wires are sufficiently together so that
the radiation is neutralized.

Two half waves inphase will give a
gain of approximately 2.5 db with re-
spect to a single half-wave antenna;
three sections will give a gain of ap-
proximately 4 db. Additional half-wave
sections increase this power gain ap-
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proximately one db per section.

Various feeder systems are shown in
the accompanying sketches. A tuned
feeder can be used in place of a quarter-
wave stub and 600-ohm line. The latter
will allow a two-section colinear antenna
to be operated as a single section half-
wave antenna (current-fed doublet) on
the next longer amateur wave band. For
example, an antenna of this type would
be a half-wave antenna on 40 meters
and a two-section colinear antenna on
20 meters. The direction of current at a
given instant and the location of the
current loops are indicated in the
sketches by means of arrowheads and
dots, respectively.

Practically all directivity provided by
colinear sections is in a horizontal plane.
The effect on the vertical directivity is
negligible when additional sections are
provided. For this reason, the Franklin
array is useful particularly on the 40-,
80- and 160-meter bands, where low-
angle radiation is not so important. On
the higher frequency bands, 20 and 10

meters, an array providing wvertical
directivity in addition to horizontal
directivity 18 desirable. Hence, the

Franklin antenna is not as suited for use
on the latter two bands as are some of
the arrays to be described.

As additional colinear elements are
added to a doublet, the radiation re-
sistance goes up much faster than when

N>

A
Ey Le

COLINEAR-ANTENNA DESIGN CHART

FRE.-
BAND QUENCY Li L2 Ls
IN MC.
10 30 16’ 1657 g2
METERS 29 166" 17’ 8’ 6”
28 171" 177" g o
20. 14.4 334" 343" 171"
METERS 14.2 338" 347" 173"
14.0  34"1” 35 17 6"
40 7.3 65 10" 67 6” 33 9"
METERS 7.15 67’ 688" 34’ 4"
7.0 685" 70'2" 351"
75 4.0 120 123’ 61’ 6”
METERS 3.9  12% 126’ 63’
80 3.6 133 136’5 68’ 2"

additional half waves are added out of
phase (harmonic operated antenna).

It should be borne in mind that the
gain from a Franklin antenna depends
upon the sharpness of the horizontal di-
rectivity. An array with several colinear
elements will give considerable gain but
will cover only a very limited arc.

MULTIPLE-STACKED BROAD-
SIiDE ARRAYS

Colinear elements may be stacked
above or below another similar string
of elements, thus providing vertical di-
rectivity. Two horizontal colinear ele-
ments stacked two above the other and
separated by a half wavelength form the
popular lazy H array, the upper illustra-
tion in figure 51. This is a highly effec-
tive array for high-frequency use

800 OHM
FEEOERS

GAIN APPROX 24 DB.
L¢ La Ly
L3 La
GAIN 4 DB.

FRANKLIN OR

HORIZONTAL POLARIZATION
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4
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600 ONM
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— > > > 1 > Lammn > >
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CO-LINEAR
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FIGURE 50.
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Figure 51. Radiators are L, phasing stubs
L. (refer to stacked-dipole design table).

without being too sharp, and is recom-
mended for amateur work on 10 and 20
meters when moderate gain without too
much directivity is desired.

More elements may be stacked as in
the lower illustration, increasing the

STACKED-DIPOLE DESIGN TABLE

FRE.-
BAND QUENCY L: La Ls
IN"MC.
1.25 240 24" 24" 12"
METERS 232 25” 25l 12"
224 26" 26l 13"
25 120 4’ 41" 24"
METERS 116 4 145" 43" 25"
112 43" 45" 26"
5 60 g g2 41
METERS 58 g3 g6 43
56 8' 7” 8I 9" 4I 5"
10 30 16’ 16'5" g 2"
METERS 29 166" 17’ g 6"
28 17’ 177" 89"
20 4.4 334" 3427 17
METERS 142 33'8  34'7" 173"
14 34 1" 35 17’ 6”
40 7.3 65 10" 676" 33’ 9
METERS 7.0 682" 70 35’

vertical directivity considerably and pro-
ducing very low-angle radiation for 28
Me.

Vertical stacking may be applied to
strings of colinear elements longer than
two half waves. In such arrays the end
quarter wave of each string of radiators
is usually bent in to meet a similar bent
quarter wave from the opposite end
radiator. This provides better balance
and better coupling between the upper
and lower elements when the array is
current-fed. Arrays of this type are
shown in figure 52, and are commonly
known as Sterba or barrage arrays.

Correct length for the elements and
stubs can be determined for any stacked
dipole from the Stacked-Dipole Design
Table.

The stacked arrays of figures 51 and
52 are horizontally polarized. This is an

GAIN APPROX 6DB.

500 OHM
FEEDERS

HORIZONTALLY POLARIZED BARRAGE

FIGURE 52.

A
4 stue
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| BRUCE-ANTENNA DESIGN CHART

FRE-
BAND  QUENCY  Li Ls
IN_MC.
2.5 120 12 24"
METERS 116 12!/" 25"
112 13” 26"
5 60 2 41"
METERS 58 2 1 4 3
56 2 2 4’ 5
10 30 4’ 8 2"
METERS 29 415" 86"
28 4' 3" 8' 9”
20 14.4 8’ 4" 17
METERS 14.2 8’ 5 17" 3
14.0 8’ 6" 17’ 6

advantage when the antennas are used
for veception as it will minimize ignition
and other such noise. Over poor soil, the
horizontal polarization is somewhat of
an advantage also when transmitting.

In these sketches the arrowheads
represent 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 direction in each portion of the
radiating sections of the antenna in
order to provide a field inphase for
broadside radiation.

If the arrays just described are ro-
tated through 90 degrees so that the
radiators are vertical, the arrays will be
vertically polarized. Such arrays are
illustrated in figure 54. These arrays are
used principally on 56 Mec. and higher
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Figure 53. Practical method of construc-
tion of barrage arrays.
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frequencies for quasi-optical work

(surface-wave propagation).

THE BRUCE ANTENNA

The Bruce antenna consists of quarter-
and eighth-wave sections, fed in such a
manner that the current in adjacent
vertical sections is inphase. The radia-
tion is vertically polarized and broadside
to the antenna. The current in the
horizontal portions is out of phase as
illustrated in figure 55. Very little
radiation takes place from the horizontal
portions of the antenna.

Good horizontal directivity will be ob-
tained if the overall length is at least
five wavelengths. A similar bent wire,
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placed a quarter wave behind the an-
tenna, will act as a reflector and make
the system unidirectional. The L. and
L. sections of a Bruce antenna, in actual
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.

The two forms of the Bruce antenna
suitable for amateur communication are
shown in figures 565 and 56. A Design
Chart is given for wire lengths for the
2.5-, b-, 10- and 20-meter amateur bands.

END-FIRE DIRECTIVITY

By placing an exactly similar array
either in front or in back of either a
half-wave dipole or a colinear array at
a distance of from 0.1 to 0.25 wavelength
and driving the two 180 degrees out of
phase, directivity is obtained in a plane
at right angles to the radiators. The
radiation is maximum in this plane in a
line drawn through the two wires. Hence,
this type of bidirectional array is called
end fire. A better idea of end-fire di-
rectivity can be obtained by referring
back to figure 49.

Two similar groups of colinear
elements spaced 0.125 wavelength and
oriented horizontally will be directional
broadside to the direction of the array
as a whole. In spite of this, the array is
considered end fire' because maximum
radiation is in the plane formed by the
two wires even if the radiation 1is
greatest at right angles to the array.
This is rather confusing, but one has
only to remember that end fire refers to
the radiation with respect to the two
“wires in the array, rather than with re-
spect to the array as a whole.

The vertical directivity of an endfire

bidirectional array which is oriented
horizontally can be increased considera-
bly by placing a similar end-fire array a
half wave below it and excited in the
same phase. Such an array is a combi-
nation broadside and end-fire affair.
However, most arrays are made either
broadside or end fire rather than a
combination of both, though the latter
type are quite satisfactory if designed
properly.

KRAUS FLAT-TOP BEAM

A very effective bidirectional end-fire
array is the Kraus Flat-Top Beam. Es-
sentially, this antenna consists of two
close-spaced dipoles or colinear arrays.
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SYSTEM AND DOUBLE ROW OF BRUCE ELEMENTS.
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FIGURE 56.

Because of the close spacing, it is
possible to obtain the proper phase re-
lationships in multisection flat tops by
crossing the wires at the voltage loops
rather than by resorting to phasing
stubs. This greatly simplifies the array.
(See figure 57.) Any number of sections
may be used though the two-section ar-
rangement is the most popular. Little
extra gain is obtained by using more
than four sections, and trouble from
phase shift may appear.

A center-fed single-section flat-top
beam cut according to the table can be
used quite successfully on its second
harmoniec, the pattern being similar ex-
cept that it is a little sharper. The
single-section array can also be used on
its fourth harmonic with some success
though there will then be four cloverleaf
lobes, much the same as with a full-wave
antenna. :
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If a flat-top beam is to be used on
more than one band, it is necessary to
use tuned feeders.

The radiation resistance of a flat-top
beam is rather low, especially when only
one section is used. This means that the
voltage will be quite high at the voltage
loops. For this reason, especially good
insulators should be used for best results
in wet weather.

The exact lengths for the radlatmg
elements are not especially critical be-
cause slight deviations from the correct
lengths can be compensated for in the
stub or tuned feeders. Proper stub ad-
justment is covered on page 83. Suitable
radiator lengths and approximate stub
dimensions are given in the accompany-
ing design table.

Figure 57 shows top views of eight
types of flat-top beam antennas. The
dimensions for using these antennas on
different bands are given in the design

table. The 7- and 28-Mc. bands are
divided into two parts, but the dimen-
sions for either the low- or high-

frequency ends of these bands will be

satisfactory for use over the entire band.
In any case, the antennas are tuned to
the frequency used by adjusting the
shorting wire on the stub or tuning the
feeders if no stub is used. The data in
the table may be extended to other bands
or frequencies by applying the proper
factor. Thus, for 56- to 568-Mc. operation,
the values for 28 to 29 Mec. are divided
by two.

All of the antennas have a bidirec-
tional horizontal pattern on their fun-
damental frequency. The maximum sig-
nal is broadside to the flat top. The
single-section type has this pattern on
both its fundamental frequency and
second harmonic. The other types have
four main lobes of radiation on the
second and higher harmonics. The nomi-
nal gains of the different types over a
half-wave comparison antenna are as
follows: Single-section, 4 db; 2-section,
6 db; 3-section, 7 db; 4-section, 8 db.

The current directions on the antennas
at any given instant are shown by the
arrows on the wires in the figure. The
voltage maximum points, where the cur-

FIGURE 57. TOP VIEWS OF EIGHT VARIETIES OF FLAT-TOP BEAMS, SHOWING BOTH
CENTER- AND END-FED TYPES.
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Dimensions for these antennas are given in the table; the symbols used are explamed in the
note accompanying the table.
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rent reverses phase, are indicated by
small X’s on the wires.

Although the center-fed type of flat
top is generally to be preferred because
of its symmetry, the end-fed type is often
convenient or desirable. For example,
when a flat-top beam is used vertically,
feeding from the lower end is in most
cases more convenient.

If a multisection flat top array is
end-fed instead of center-fed and tuned
feeders are used, stations off the ends of
the array can be worked by tying the
feeders together and working the whole

FLAT-TOP BEAM

affair, feeders and all, as a long-wire
harmonic antenna. A single-pole double-
throw switch can be used for changing
the feeders and directivity.

BI-SQUARE BEAM

Four dipoles can be formed into the
shape of a square as in figure 58A to
produce a broadside radiator that has
characteristics similar to the lazy-H
stacked colinear array except for slightly
less directivity and radiation resistance.

DESIGN TABLE

FRE-
QUENCY Spacing S L. Ls Ls

A(Ma) A(V2) A(B) X
P

L M D ap- ap- ap- ap-
prox. prox. prox. prox.

7.0-7.2 Mc. A/8 174" 30’ 60’ 52'8” 44’ 810" 4’ 26’ 64’ 96’ 4’
7.2-7.3 A/8 17'0" 29'6” 59’ 51'8” 431" 8'8" ¢ 26’ 63’ 94’ 4’
14.0-14.4 A/8 8'8” 15’ 30’ 26'4” 22’ 4’5" 2’ 13’ 32’ 48’ 2'
14.0-14.4 L1560 10’5 15’ 30’ 25'3" 20’ 54" 2’ 12’ 31’ 47’ 2’
14.0-14.4 200 13’117 157 30’ 22'10" 7'2" 2 10 29’ 45’ 3
14.0-14.4 A4 17'4” 15’ 30 208" .... 810" 2’ 8’ 27’ 43’ 4’
28.0-29.0 A58 52”7 7'6” 15’ 12'7” 10’ 2’8" 16" 7’ 16’ 24’ 1’
28.0-29.0 A/4 8'8” 7'6” 15’ 104" ... 4’5"  1'6” 5’ 14’ 22’ 2'
29.0-30.0 15N 50”7 7'3”  14'6” 12'2”  9'g” 2’7" 16" 7’ 16’ 23’ 1’
29.0-30.0 A4 8'a”  7'3” 14'6" 100" 4’4"  1'6” 5’ 14' 21’ 2’

Dimension chart for flat-top beam
antennas. The meanings of the sym-
bols are as follows:

L:, L. Ls and Li: the lengths of the
sides of the flat-top sections as shown
in figure 57. L, is length of the sides
of single-section center-fed; L., single-
section end-fed and 2-section center-
fed; Ls, 4-section center-fed and end-
sections of 4-section end-fed, and L,
middle sections of 4-section end-fed.

S: the spacing between the flat-top
wires.

M: the wire length from the
outside to the center of each crossover.

D: the spacing lengthwise between
sections.

A (%) : the approximate length for
a quarter-wave stub.

A (%) : the approximate length for
a half-wave stub. :

A (34): the approximate length for
a three-quarter wave stub.

X: the approximate distance above
the shorting wire of the stub for the
connection of a 600-ohm line. This
distance, as given in the table, is
approximately correct only for 2-

section flat tops.

For single-section types it will be
smaller and for 3- and 4-section types
will be larger.

The lengths given for a half-wave
stub are. applicable only to single-
section center-fed flat tops. To ‘be
certain of sufficient stub length, it is
advisable to make the stub a foot or so
longer than shown in the table, es-
pecially with the end-fed types. The
lengths, A, are measured from the
point where the stub connects to the
flat top.

Both the center- and end-fed types
may be used horizontally. However,
where a vertical antenna is desired,
the flat tops can be turned on end. In
this case, the end-fed types may be
more convenient, feeding from the
lower ‘end.

The approximate gains of the dif-
ferent types over a half-wave com-
parison antenna are as follows:
Single-section, 4 db; 2-section, 6 db;
3-section, 7 db, and 4-section, 8 db.
These correspond to power gains of
about 2.5, 4, 5 and 7 respectively.
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The gain and discrimination of the
arrangement at A can be increased by
mounting two similar radiating elements
an eighth wave apart as in figure 58B.
The radiation resistance is reduced con-
siderably and the array is, therefore,
more critical as to frequency than a
single element which tunes rather broad-
ly because of the relatively high radia-
tion resistance. The close-spaced ar-
rangement is preferable where it is
desired to put a signal into one
particular locality or two localities in
opposite directions.

The close-spaced version illustrated at
B is supported from a pole as high as
possible by means of a T crossarm atop
the pole and another at the bottom of the
radiators. The crossarms will be about
4% feet for 10 meters or about 9 feet
for 20 meters. The guy wires that hold
the radiating elements out in the form of
two squares also help support the pole.

Better insulation is required for the
close-spaced version than is required
for the arrangement illustrated at A.
The lower radiation resistance of the
close-spaced version results in considera-
bly higher voltage at the voltage loops.

Approximate stub lengths are given in
the diagram in terms of wavelength.
These can be converted to feet by re-
ferring to the table on page 87. Exact
adjustment of the shorting bar and
position of the feeder attachment to the
stub can be .obtained by following the
general procedure.given for adjustment
of shorted stubs, page 83. A crystal
that hits the center of the band should
be used during the stub adjustment pro-
cedure. Exact length of the radiator
elements is not particularly critical be-
cause proper adjustment of the shorting
bar will compensate for small errors in
radiator length.

Both single- and close-spaced arrange-
ments are horizontally polarized and
bidirectional, maximum radiation occur-
ring at right angles to the plane of the
radiator square or squares.

UNIDIRECTIONAL ARRAYS

If the phasing of two dipoles or co-
linear arrays is not exactly 0 or 180
degrees, the pattern becomes unsym-
metrical. For certain phasing and
spacings, a very good unidirectional
pattern is obtained. The required odd

values of phasing can be obtained by
cutting a parasitically driven element
so as to present just the right amount
of reactance. Whether the parasitic
element acts as a director or reflector
depends upon whether the reactance is
inductive or capacitive. A parasitic re-
flector is made just a little longer than
an electrical half wavelength, and a
director a little shorter than an electrical
half wave.

The presence of one or more parasitic
elements affects the driven element itself,
introducing some reactance so that slight
compensation in the physical length is
necessary for resonance. The presence of
parasitic elements also reduces the
radiation resistance; the more elements,
the lower the radiation resistance. Re-
ducing the spacing between the driven
dipole and parasitic elements further re-
duces the radiation resistance.

The older data by Yagi on the para-
sitically operated director-reflector array
called for quarter-wave spacing for the
back reflector, half-wave spacing for side
reflectors if any and three-eighths-wave
spacing for directors. Subsequent work
by Brown indicates the desirability of
considerably closer spacing for both
directors and the back reflector. Spacings
of 0.1 to 0.125 wavelength are highly
satisfactory for either a director or
reflector.

The phasing adjustment (length of
parasitic elements) is quite critical with
respect to frequency, and can best be
accomplished by cut-and-try and the help

Figure 58. The fundamental bi-square
beam element is shown at A. The close-
spaced version at B provides greater gain

and directivity. Either arrangement may

be supported from a single pole, the B

arrangement requiring a pair of T cross-
arms.

www americanradiohistorv com


www.americanradiohistory.com

116 RADIO Handbook

of a field strength meter. This is es-
pecially true when more than one
parasitic element is utilized. It will be
found that the adjustment which gives
the best forward gain is not the same as
that which gives best front to back
discrimination though they are approxi-
mately the same.

If only one parasitic element is used,
the nose of the directivity pattern will
be quite broad though the front-to-back
radiation ratio will be quite high. The
pattern resembles a valentine heart ex-
cept that the tip is rounded instead of
pointed. If the phasing is adjusted for
maximum forward gain rather than
maximum discrimination, a small lobe
in the backward direction will appear
and the nose of the main lobe will be
slightly sharper.

The foregoing applies to the horizontal
directivity when the driven and para-
sitic dipoles are wertical. When the
dipoles are orientated horizontally, as in
most amateur applications for wave-
lengths above 5 meters, the pattern is
somewhat different, the horizontal di-
rectivity depending upon the wvertical
angle of radiation. The horizontal direc-
tivity is greatest for low vertical angles
of radiation when the dipoles are
oriented horizontally. For this reason,
such an array will exhibit greater dis-
crimination on 10 meters than on 40
meters, for instance.

A close-spaced parasitic director or
reflector will lower the radiation re-
sistance of the driven element. If two
parasitic elements are used, the radiation
resistance will be lowered still more.
Consequently, the voltage at the ends
of the dipoles of such an array is high
and good insulation is essential, not only
because of loss but because the phasing
will be affected by wet weather if poor
insulators are used at the high volt-
age points. Self-supporting quarter-wave
rods permit construction of 10- and
20-meter arrays of this type without the
need for insulators.

The low radiation resistance makes
the problem of current (center) feed
quite difficult. Twisted pair or concentric
line cannot be used without incorporating
a matching transformer. A linear trans-
former of tubing (Q section) cannot be
practically designed to have a low enhough
surge impedance to match a 600-ohm line.
A simple feed method that is satisfactory
is a delta-matched open-wire line of from

400 to 600 ohms. The feeder should be
fanned out and attached a short distance
each side of the center of the driven
dipole. The feeders should be slid back
and forth equidistant from the center
until standing waves on the line are at
a minimum.

A horizontal driven dipole and close-
spaced director or reflector are com-
monly used as a rotable array on 10 and
20 meters; such an arrangement is dis-
cussed at length later in this chapter.

REINARTZ COMPACT BEAM
ANTENNA

A compact directive antenna, con-
ceived by John L. Reinartz, is shown in
figure 59. 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 vertical antenna
with single reflector.

A b-meter antenna consists of two
8-foot lengths of tubing, bent into a
circle, with 2-inch to 3-inch spacing be-
tween 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
horizontal 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 desired direction is only
18 per cent, but the power directivity is
nearly 6-to-1.

Two 16%-foot rods can be used for
10-meter operation, 33-foot 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.

LOOPS SPACED 27 OR 3~ APART

s
5‘ \
1= SPACING .
AT OPEN ENDS N[
1

t 500 OHM LINE

Figure 59. Reinartz compact
beam antenna with spaced
feeder and stub.
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The antenna is useful because of- its
discrimination (front-to-back ratio)
rather than for the small power gain
it provides.

As the null is rather sharp, the
antenna is useful for direction finding
when arranged for rotation. It will give
not only the line of the transmitting sta-
tion, but the direction when rotated for
minimum signal. If the array is to be
used only- for receiving, some loss in the
transmission line can be tolerated and
a twisted-pair line can be used by at-
taching it to the end of the matching
stub in place of the shorting bar.

The antenna will work much the same
if a single-turn loop is used instead of
the parallel conductors illustrated.

ORIENTATION OF BEAM
ANTENNAS

Directive antennas, especially those
sharp enough to give a large effective
power gain, should be so oriented that
the line or lines of maximum radiation
fall in the desired direction or directions.

The direction of true morth must be
known with reasonable accuracy. This
may vary in the United States by as
much as 20 degrees from magnetic north
as indicated by a compass.

The magnetic declination (variation of

magnetic north in degrees east or west
of true north) for your locality can be
obtained by referring to a map com-
piled by the U.S. Coast and Geodetic
Survey and available from the Superin-
tendent of Documents, Washington, D. C.
The number of the map is 3077 and it
is sent only on receipt of 20 cents in
coin.

A simpler method of determining your
declination is to inquire of your city
engineers or any surveyor or civil en-
gineer in your locality. Any amateur
astronomer can also help you to deter-
mine the direction of true north.

The next problem is to determine the
great circle direction of the country at
which you wish to aim your beam, as this
is the path taken by radio signals to a
distant point. This can be done with
great accuracy by means of spherical
trigonometry, but the method is rather
involved and requires a set of tables and
considerable calculation. A simpler
method is to stretch a thread from the
corresponding two points on a large
globe of the world (not a cheap one—
they are often inaccurate).

Great circle maps, as given in the
RADIO Antenna Handbook, can also be
used to determine the direction in which
a beam antenna should be aimed to hit
a certain area or spot.

DIRECTABLE ARRAYS

The amateur confined to an apartment
top or a small city lot is at a marked
disadvantage when it comes to erecting
antennas that will lay down a strong
signal at distant points. Even at 10 and
20 meters it is difficult to string up
arrays for various points of the com-
- pass without more ground space than
is available to the average city amateur.
And if the arrays are not placed just
right or separated sufficiently, there will
be coupling from one array to another,
resulting in poor discrimination and
directivity. As a result, the city amateur
oftentimes turns to a rotable affair, one
which takes up but little ground space
and can be aimed in the desired direction.

Arrays which give a large amount of
gain are quite directional and are in
greatest need of rotation. Unfortunately,

an array which is highly directional is
relatively large, and rotation of such an
array presents quite a problem except at
5 and possibly 10 meters. To be of prac-
tical size when used on 14 Mec., rotary
antennas must be restricted to simple
types with limited gain. The controllable
directivity feature, however, makes them
very useful, and a 20-meter array
capable of being rotated can be designed
to have sufficient gain to make such an
installation worthwhile for the amateur
unable to put up several beam antenna
arrays.

Other methods of controlling direc-
tivity besides rotation are changing of
phasing by means of a relay and the
changing of reflector or director position
without moving the radiator itself.

Still another answer to the cramped
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quarters problem is the use of two
bidirectional arrays that can be sup-
ported from a single pole without diffi-
culty from mutual coupling, with provi-
sion for switching from one to the other.

SIMPLE UNIDIRECTIONAL
ROTARY ARRAY

An effective unidirectional array which
is small enough to be rotated without too
much difficulty consists of a horizontal
dipole and close-spaced reflector or direc-
tor. Because a director 1is shorter
physically than a reflector, the director
combination is ordinarily used for rea-
sons of compactness. Such a combination
will actually provide some gain besides
showing fair discrimination.

Because the director will minimize the
effect of the earth upon the pattern of
the driven dipole, the radiation from the
dipole will be at lower, more useful
angles. For this reason, a dipole of
such height above ground that there is
but little power radiated at low angles
(a quarter wavelength above earth, for
example) will oftentimes exhibit more
than the theoretical 5-db gain when a
director is added. If the dipole is far
removed from earth, the gain will more
nearly approach the theoretical value
when a director is added.

If the director is self-resonant, the
theoretical gain will be about 5.5 db,
or maximum. However, a lobe appears
to the rear which is only about 5 db
lower in amplitude than the forward
lobe. By shortening the director slightly
so as to produce sufficient capacitive
reactance to introduce approximately a
—14-degree phase angle, it is possible
to increase the front-to-back ratio to
approximately 17 db and still obtain
nearly 5-db gain.

Because the adjustment of the director
for maximum discrimination is quite
critical, it must be accomplished by cut-
and-try; it is not practical to cut the
director according to a design .table
and then assume that it is correct.
The radiator, however, is not so critical,
and it may be cut safely to a predeter-
mined length which, because of the re-
actance presented by the director, will
be slightly longer than if it were reso-
nated without the director being present.
This leaves only the director adjustment
to be made.

The common practice is either to prune
the director an equal amount at either
end or, in the case of tubing, to use
telescoping end sections which may be
slid in or out a few inches. This is awk-
ward for two reasons: first, it is neces-
sary to make two alterations each time
in order to keep the system symmetrical
and, second, it is difficult to reach the
ends of the director if it is high above
ground. Unfortunately, it is not the best
practice to adjust the director at a
height that can be reached easily and
then raise the affair atop the pole. It is
much better to make the director adjust-
ments with the array at the height at
which it is to be operated.’

By making the director about a foot
shorter than the probable length and
splitting it at the center, the director
may be adjusted from the center. This
portion of the array is easily reached
from the supporting pole, and center
pruning requires only one adjustment.
Thus, proper adjustment of the director
length is greatly facilitated. The radi-
ation resistance of a driven dipole when
a director is spaced a tenth wave from
it is close to 28 ohms when the director
18 shortened slightly to give best front-
to-back discrimination. The exact value
will depend to an extent upon the height
above ground; it will always be fairly
close to 28 ohms, however.

A highly satisfactory method of feed-
ing a close-spaced array of the type un-
der discussion is illustrated in the accom-
panying diagram. Two quarter-wave Q
sections are utilized to transform the 28-
ohm radiation resistance to an appropri-
ate value for matching a two-wire open
line. The first Q section consists of 72-
ohm EO-1 twisted cable. Because the
propagation along such a line is slower
than for an open line, the quarter-wave
section is only 11 feet long for 14.2
Mec.

The flexible nature of this cable pro-
vides a highly satisfactory method of
connection to the rotatable dipole as it
may be allowed to bang against guy
wires without bad results and cannot
short out by twisting over on itself. The
quarter-wave section transforms the 28-
ohm radiation resistance to about 195
ohms. This value is not high enough to
produce excessive voltage across the EO-1
cable, and the cable will easily stand 400
watts in the-antenna without heating or
showing signs of breaking down,
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While the use of EO-1 cable cannot
ordinarily be indorsed for use as a Q
section, it is quite permissible to use it
as is done here because the impedance
transformation is not very great. The
losses in the cable will be very low by
virtue of the short length required: 11
feet on 20 meters and 5.5 feet on 10
meters.

A 350-ohm Q section is used to trans-
form the 195 ohms to 625 ohms, the
latter being the surge impedance of
the open line (no. 14 wire spaced 6
inches). This Q section consists of no. 10
wire spaced 1.2 inches and is 16.5 feet
long. The small size (2-inch) Johnson
spreaders will provide 1.2” spacing for
the no. 10 wire if the two wires are
run through the holes provided for the
serving wires rather than fastened to
the ends of the spacers.

This 350-ohm Q section may be run
down the supporting pole, the top attach-
ing to the EO-1 cable Q section and the
bottom to the 625-ohm line. This ar-
rangement requires that the 625-ohm line
leave the pole considerably below the
radiator and director. However, this is to
be recommended, because if the feeders
leave the pole only a few feet below the
array, it will cause unbalance in the
array at certain positions of rotation,
and will cause the input to the transmit-
ter to vary excessively as the array is
rotated. The feeders also will distort the
radiation pattern if they leave the pole
too close to the dipoles.

Physical Construction

An excellent 20-meter array may be
constructed by following the accompany-
ing diagram. The new thin-walled gal-
vanized steel conduit, available from
most -electrical supply houses in 10-foot
lengths, is used as illustrated in order
to permit a smaller wooden supporting
structure. The conduit is not expensive
and a 10-foot length in the %” inside
diameter size is quite rigid. Because of
the high voltage present and for the
sake of mechanical strength, large, 4%”
ceramic standoff insulators are used to
fasten the four lengths of conduit to the
wooden supporting structure where indi-
cated.

Besides the eight large standoff insu-
lators and four lengths of conduit, the
following are required: exactly 11 feet
of EO-1 cable, 65 feet no. 10 wire, 18
2-inch ceramic spreaders with holes
spaced 1.2 inches, sufficient no. 14 wire
and 6-inch spreaders to reach from the
pole to the transmitter.

Design of the wooden supporting
structure and rotating mechanism will
be left to the ingenuity of the individual
constructor because so much has already
appeared on the subject and because no
two amateurs have the same idea as to
the most desirable physical construction
of their particular installation.

The easiest method of adjustment
calls for a sensitive field strength meter
placed at least a hundred feet from the
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14.2 MC. UNIDIRECTIONAL ARRAY
ROTATABLE 7 X 18.5° WOODEN SUPPORTING STRUC TURE REQUIRED

PRACTICAL DESIGN FOR ROTARY CLOSE-SPACED UNI-
DIRECTIONAL ARRAY UTILIZING DOUBLE-Q MATCHING SYSTEM.
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antenna and as high as possible. Lacking
a field strength meter, enlist a local
amateur who has a sensitive R meter on
his receiver. The adjustment giving the
best discrimination on the local ground
wave will also give the best discrimina-
tion at distant points. An attempt to
check with an amateur at a distant point
while making adjustments will result in
difficulty because of fading effects.

With the array pointed away from the
assisting amateur or the field strength
meter, slide the jumper (be sure low-
resistance copper clips are used) towards
the director an inch at a time. The an-
tenna coupling at the transmitter should
be adjusted each time to keep the input
to the transmitter the same. As the
jumper is slid towards the center of the
dipole (electrically shortening the direc-
tor), the field strength will decrease.
When a certain critical point is reached,
the field strength will start to increase.
The jumper is adjusted (keeping the
transmitter input constant) for mini-
mum field strength, and then slid away
from the director about one inch (length-
ening it two inches). At this point the
front-to-back discrimination will be
greatest, and the forward gain will be
only slightly, if any, less than the maxi-
mum obtainable.

This method of adjustment is simpler
and quicker than rotating the array each
time to check the front-to-back ratio
and is just as accurate.

When this adjustment has been made,
a check for standing waves should reveal
nearly uniform current and voltage along
the 625-ohm line. If standing waves are
very noticeable, it indicates that an
error has probably been made in trim-
ming the director length as the radiation
resistance will vary considerably from
28 ohms if the director length is off
more than a very few inches.

Because of the heavy current flowing
at the center of the director, the jumper
should be replaced with a soldered short-
ing wire after the correct position has
been determined. '

This type of array is quite critical as
to frequency though it may be used over
the entire 20-meter band with fair suc-
cess if cut for the middle of the band.
A 142-Mc. array will have approxi-
mately the same forward gain over the
whole band, but will exhibit noticeably
better discrimination (front-to-back ra-

tio) at the center of the band than at
the edges. '

A 10-meter array can be constructed
with both dipoles entirely of conduit,
the director being split the same as illus-
trated for the 20-meter array to facili-
tate adjustment. Because the 10-meter
band is so wide, it is advisable to cut the
array either for 28.5 Mc. (for use from
28 to 29 Mec.) or for 29.5 Mec. (for use
from 29 to 30 Mc.). Cutting the dimen-
sions given for the 14.2-Mc. array in
half will be approximately correct for a
28.5-Mc. array. Two 87" lengths of
conduit could be used for the radiator
of a 28.5-Mec. array, with two 78"
lengths serving as the split adjustable
director. The spacing between radiator
and director would be 3.5 feet; a 3.5 ft.
by 3.5 ft. rotatable wooden supporting
structure would be sufficiently large. The
72-ohm EO-1 Q section would be 5.5 ft.
long and the 350-ohm section would be
about 8 ft. 3 inches long, the spacing re-
maining the same (1.2 inch).

For a 29.5-Mc. array the radiator
length, the director length, the spacing
between the two, the 72-ohm Q section,
and the 350-ohm Q section should all be
shortened by 3 per cent.

ROTATING FLAT-TOP BEAMS

A single-section flat-top beam (de-
scribed in the preceding pages) makes
as compact and simple a rotary array as
does the close-spaced parasitic director
arrangement just described. It has the
advantage that it can be worked on its
second harmonic even more effectively
than on its fundamental if a tuned
feeder is used rather than a matching
stub and untuned line. The array is
bidirectional and, therefore, need be ro-
tated through only 180 degrees instead
of 360 as required for a unidirectional
system. This simplifies the swinging
feeder problem.

Another advantage of the system is
that the radiator dimensions are not
critical so long as they are symmetrical
and the feeders are tuned to resonance.
The same holds for a stub-matched ar-
rangement as proper adjustment of the
shorting bar accomplishes the same
thing. The use of a matching stub limits
the use of the array to one band, some-
what offsetting the advantage of slightly
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lower losses in the untuned transmission
line as compared to tuned feeders.

The 32-foot supporting structure re-
quired for a 10- and 20-meter array may
consist of a gondola-like affair con-
structed of varnished bamboo or spruce.
The radiation resistance of the array is
rather low and the voltage high, espe-
cially when worked on its fundamental;
hence, excellent insulation is advisable.

ROTATING HEADS AND
MECHANISMS

Rotation of either the close-spaced uni-
directional array or the single-section
Kraus beam entails quite a husky bear-
ing. Whether or not the problem is sim-
plified by rotating the whole mast is open
to argument. If just the array itself is
rotated, a highly satisfactory rotating
head can be made from a polishing head

procurable in most twenty-five cent to

one dollar stores for around ninety cents.
By turning this bearing on end and mov-
ing the shaft upward as far as allow-
able, so that the antenna will clear when
rotated, the bearing problem is solved.
Note that the entire weight of the an-
tenna is on the setscrew which holds
the small V pulley in the center—so be
sure it is plenty tight. If a supporting
structure of any weight is used, it might
be well to drill into the shaft or flatten
it at one point so the setscrew will
have something to bite into.

The top belt pulley should be wide
enough to allow for two turns of rope
with a little to spare so the rope will not
climb over itself when the antenna is
turned. Since the small pulleys are placed
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only about three inches apart, the allow-
able rotation is considerably more than
360 degrees.

When rope is used for the belt, it is
necessary to insert a spring at some
point to allow for shrinkage when wet;
otherwise, something may pull loose at
one end or the other. This does not hin-
der the operation in any way except that
there will be a slightly soft feeling when
going one way because the spring will
give a little before the antenna starts to
turn.

If the rotating structure is too heavy
to be supported by a polishing head, a
saw mandrel or grinding head of suit-
able size may be utilized in the same
manner. They are, however, more expen-
sive.

U.H.F. ANTENNAS

The very-high frequency or ultra-high-
frequency range may be said to extend
from 30 megacycles to infinity. Frequen-
cies higher than 300 Mec. (1 meter in
wavelength) are usually classed as micro
waves. The micro waves extend into the
region of heat wave-lengths, thence into
the wavelengths of light.

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 of each other.
The wavelength used for radio commu-
nication 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; signals can, therefore, be received
from points beyond the horizon.

The range of transmission is governed
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by the height of the transmitting and
receiving antennas. Objects that lie in
the path of the transmitted wave intro-
duce a shadow effect which often pre-
vents reception of the transmitted signal.
This shadow effect can be overcome to
some extent by using higher power in
the transmitter.

Radio waves in the range of 56 to 60
Me. occasionally are reflected back to
earth by the Heaviside layer with the re-
sult that these signals can be heard over
distances of a few hundred to a few
thousand miles. This type of long-dis-
tance communication is extremely er-
ratic, and the practical service of the
ultra-high frequencies lies in the short-
distance visual range. The occasional re-
flection 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 ho-
rizon, reception is often erratic because
the atmosphere changes its temperature
in layers close to the earth which, in
turn, may change the amount of re-
fraction and diffraction of the 5-meter
signals. Refraction bends the radio waves
into a curve along the earth’s circum-
ference and, therefore, increases the
range of the radio wave beyond the opti-
cal distance.

Very little transmitter power is re-
quired for communication in the u.h.f.
range over optical distances. The follow-
ing formula can be used for calculating
the optical range of transmission and
reception:

2 d?

3
where
X = height of the u.h.f. antenna in feet,
d = distance in miles.

This empirical formula can be used to
calculate 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 increased and
the same formula can again be used. For
example, if the transmitting antenna
is located at a height of 75 feet above
ground, the transmission range will be
found as follows:

15 =2/3 X d,
thus d = 10.5 miles.

If the receiving antenna is 30 feet
high, the optical range can be found from
the same formula, ie., 30=2/8Xd* or
d=6.7 miles. The receiving station could,
therefore, be located 6.7 4+ 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 receiv-
ing location and would tend to be. re-
flected upward by the earth so that the
signal at the receiving station would be
considerably attenuated. The tendency of
u.h.f. waves to be curved along the sur-
face of the earth by the varying density
of the troposphere compensates for the
tendency of the earth itself to reflect the
waves upward so that the calculated
range can be maintained if no large ob-
jects lie between the tra.smitter and
receiver locations.

Antenna Systems

The only difference between the an-
.ennas for ultra-high-frequency opera-
tion as compared with those for opera-
tion in other bands is in their physical
size. The fundamental principles are un-
changed.

Many types of antenna systems can be
used for u.h.f. communciation. Simple
nondirective half-wave vertical anten-
nas are desirable for general transmis-
sion and reception in all directions.
Point-to-point communication 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 communi-
cation is that which is radiated in a di-
rection parallel to the surface of the
earth. A vertical antenna transmits a
wave of low-angle radiation which is
vertically polarized.

Horizontal antennas can be used for
receiving, with some reduction in noise.
At points close to a transmitter using a
vertical antenna, signals will be louder
on a vertical receiving antenna. How-
ever, at distances far enough from the
transmitter that the signal begins to get
weak, the transmitted wave has no spe-
cific polarization and will appear ap-
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proximately equal‘in signal strength on
either a vertical or horizontal receiving
antenna.

When used for transmitting, horizontal
antennas radiate at too high a vertical
angle to be effective for quasi-optical
u.h.f. work. However, by using several
horizontal elements in an array which
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Figure 62. 5-meter matched-im-
pedance antenna.

concentrates the radiation at low angles,
results about as good as with vertically
polarized arrays will be obtained.

The antenna system for either trans-
mitting or receiving should be as high
above earth as possible and clear of
nearby objects. Transmission lines, con-
sisting of concentric lines or spaced two-
wire lines, can be used to couple the an-
tenna system to the transmitter or re-
ceiver. Nonresonant transmission lines
are more efficient. at these frequencies
than those of the resonant type.

Open lines should preferably be
spaced closer than is common for longer
wavelengths, as 6 inches is an appre-
ciable fraction of a wavelength at 2%
and 5 meters. Radiation from the line
will be minimized if 2-inch spacing is
used rather than the more common 6-inch
spacing.

It is possible to construct quite elabo-
rate 5-meter directive arrays in a small
space; even multi-element beams are
compact enough to permit rotation. For
this reason, it is more common to employ
directional b-meter arrays to obtain a
strong transmitted signal than to resort
to high power. Any of the arrays de-
scribed in the section on directive an-
tenna arrays can be used on 5 meters
or 2% meters, though those with sharp,
low-angle vertical directivity will give
the best results. Of the simpler types of
arrays, those with their dipole elements
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vertical give the lower angle of radiation,

- and are to be preferred. When a multi-

element stacked dipole curtain is used,
little difference is noticed between verti-
cal and horizontal orientation.

Long-wire antennas such as the V and
rhombic are not particularly satisfactory
for 2%- and 5-meter work. Stacked di-
pole arrays are to be preferred.

An 8-foot aluminum rod may be con-
nected 14% off center to the end of a
160-meter Marconi to allow both 5- and
160-meter operation. The rod may be
held vertical by means of waxed fishline
attached to one end. It will have less
tendency to whip in a wind if oriented
so that the heavy end is down. The rod
will produce no bad effects when the
antenna is used on 160 meters, and the
arrangement will act as a single-wire-fed
dipole on 5 meters.

Mobile U. H. F. Antennas

For b-meter mobile application, the
b.c.l. whip or fishpole auto antennas are
highly satisfactory. Either a 4-foot
length may be used as a Marconi against
the car body, or an 8-foot length may
be used as a vertical dipole. The latter,
while delivering a stronger signal, is less
commonly used due to the fact that it
must be very well-insulated at the base
and has a tendency to whip about quite a
bit.
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FIGURE 63.

The Marconi type may be fed either
with a single wire feeder tapped 28%
up from the base or by means of coaxial
or twisted-pair line. Coaxial line con-
structed of copper tubing, with ceramic
centering spacers holding the inner con-
ductor, has the lowest loss. If single-
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wire feed is used, the Marconi antenna
need not be insulated at the base. If
twisted-pair or coaxial line is used, a base

RECEIVING

A receiving antenna should feed as
much signal and as little noise—both
man-made and atmospheric—to the re-
ceiver as possible, Placing the antenna
as high as possible and away from house
wiring, etc., will provide physical dis-
crimination if a transmission line is used
which has no signal pickup. Using a
resonant antenna will provide frequency
discrimination, attenuating signals and
noise on frequencies removed from the
resonant frequency of the antenna. Using
a directional antenna will provide direc-
tional discrimination, attenuating signals
and noise reaching the antenna .from
directions removed from that of the sta-
tion transmitting the desired signal.

The ideal antenna has these three
kinds of discrimination: physical, fre-
quency and directional, which will thus
deliver the most signal and the least
amount of noise to the input circuit of
the receiver. Such an antenna connected
to a mediocre receiver will give better

insulator is necessary.. However, the volt-
age at the base of a Marconi is quite
low, and the insulation provided on com-
mercially available b.c.l. fishpoles 1is
adequate.

The efficiency of the Marconi can be
increased by bonding the point to which
the antenna mounts to several other
points on the car body with heavy cop-
per wire.

The coaxial or twisted-pair line is
connected across the base insulator; no
tuning provision need be provided. If
the radiator is of the telescoping type,
the length may be adjusted for maximum
field strength. If coaxial line is used, the
outer conductor should be grounded to
the car frame not only at the base of the
antenna but at several points between
the antenna and transmitter.

Either the twisted-pair or coaxial line
may be coupled to the transmitter or re-
ceiver by means of a one- or two-turn
link. '

The losses in twisted-pair and rubber-
insulated coaxial lines are relatively high
at b meters; but because only a short
length is ordinarily required in a mobile
installation, such a line is often used for
the sake of convenience.

ANTENNAS

results than will the best receiver made
when working on a mediocre antenna.

All of the transmitting antennas pre-
viously described are suitable for re-
ceiving. A good transmitting antenna
meets all three of the desirable require-
ments set forth above. For this reason,
an amateur is seldom justified in erect-
ing a separate antenna system for the
purpose of receiving. A d.p.d.t. relay
designed for r.f. use, working off the
send-receive switch or the communica-
tions switch on the receiver, can be used
to throw whatever transmitting antenna
is being used at the time to the receiver
input terminals.

Fortunately, the antenna that delivers
the. best signal into a certain locality
will also be best for receiving from that
locality, and conversely the antenna
which provides the best received signal
will be best for transmitting to the same
locality. In fact, a rotary antenna can
be aimed at -a station for maximum
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gain when transmitting by the simple
expedient of rotating the array for max-
imum received signal.

As most man-made noise is essentially
vertically polarized, an antenna or array
with horizontal polarization will give
minimum noise pickup from that source.
For this reason, an array with horizontal
polarization is advisable when it is to be
used not only for transmission but also
for reception.

The problem of noise pickup is most
important because it is the signal-to-
noise ratio that limits the signals capa-
ble of being received satisfactorily. No
amount of receiver amplification will
make a signal readable if the noise
reaching the receiver is as loud as the
signal. Peak-limiting devices will im-
prove reception when trouble is experi-
enced from short-pulse popping noises
such as auto ignition interference. But
no electrical device in the receiver is of
avail against the steady buzzing, frying
noises present in most urban districts.

For the latter type of interference,
caused by power leaks, defective neon
signs, etc., a recently developed modifica-
tion of an old principle is oftentimes of
considerable help. A noise antenna, a
short piece of wire placed so as to pick
up as much of the interfering noise and
as little of the desired signal as possible,
is fed to the input of the receiver out of
phase with the energy received from
the main antenna. By proper adjustment
of coupling and .experimentation with
the length and placement of the noise
antenna, it is sometimes possible to elim-
inate the offending noise completely. The
system of noise bucking is described on
pages 7-14 and in greater detail in the
RADIO Noise Reduction Handbook.

Stray Pickup

More care has to be taken in coupling
a transmission line to a receiver than to
a transmitter. The whole antenna sys-
tem, antenna and transmission line, may
tend to act as a Marconi antenna to
ground by virtue of capacity coupling.
When transmitting, this effect merely
lowers the maximum discrimination of a
directive array with but little effect on
the power gain; with a nondirectional
antenna, nothing will even be noticed
when there is a very slight amount of
Marconi effect. But if the effect is pres-
ent when receiving, there is little point

in using an antenna removed as. far as
possible from noise sources because the
transmission line itself will pick up the
noise.

i

Faraday Electrostatic Shield

There are two simple ways of avoiding
the Marconi effect. The first method calls
for a Faraday sereen between the an-
tenna coil of the receiver and the input
grid circuit, and grounded. This elimi-
nates all capacity coupling. This type of
electrostatic screen can be constructed by
winding a large number of turns of very
small insulated wire on a piece of card-
board which has first been treated with
insulating varnish. The wire is wound on,
then another coating of varnish is ap-
plied. ‘

After it has dried, one edge is trimmed
with tin snips or heavy shears and the
wires are soldered together along the
opposite edge. The screen is placed be-
tween the two coils and grounded. If
properly made, it has little effect on the -
inductive coupling as there are no closed
loops.
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.Balancing Coils

The second method calls for a center-
tapped antenna coil with the center tap
grounded. If the coil is not easily ac-
cessible, a small center-tapped coil of
from 5 to 30 turns is connected across
the antenna input to the receiver and
the center tap grounded. While not criti-
cal, the best number of turns depends
upon the type of transmission line, the
frequency .and the turns on the antenna
coil in the receiver. For this reason, the
correct number of turns can best be de-
termined by experiment.

The center tap must be at the exact
electrical center of the coil. The coil may
be scramble wound and made self-sup-
porting by means of adhesive tape. It
should be borne in mind that a twisted-

pair or open two-wire line will work
correctly only if the receiver has provi-
sion for balanced (doublet) input. This
is especially true of the latter type of
line. If one side of the input or antenna
coil is grounded inside the receiver, the
ground connection must be broken and
moved to the center of the coil or an
external balancing coil used.

Another thing to take into considera-
tion 1s the impedance of the input circuit
of the receiver. If the receiver has high
impedance input, it will not give maxi-
mum performance when a twisted-pair
line is used. If it has low impedance in-
put, it will not give maximum perform-
ance with an open line. Most receivers
are designed with 200- to 300-ohm input
and will work well with either type line.

SUPPORTING THE ANTENNA

The foregoing portion of this chapter
has been concerned primarily with the
electrical characteristics and considera-
tions of antennas and arrays. The actual
construction of these antennas is just as
important. Some of the physical aspects
and mechanical problems incident to the
actual erection of antennas and arrays
will, therefore, be discussed. Before
going into detail on the construction of
several specific types of masts, general
problems and considerations incidental to
the erection of most all antennas and
arrays will be covered.

Up to 60 feet, there is little point in
using mast-type antenna supports unless
guy wires must either be eliminated or
kept to a minimum. While a little harder
to erect because of their floppy nature,
fabricated wood poles of the type to be
described will be just as satisfactory as
more rigid types, provided lots of guy
wires are used.

Rather expensive
through the regular channels, 40- and
50-foot telephone poles can sometimes
be obtained quite reasonably. In the lat-
ter case, they are hard to beat inasmuch
as they require no guying if set in the
ground six feet (standard depth) and
the resultant pull in any lateral direc-
tion is not in excess of a hundred pounds
Oor SO.

For heights of 80 to 100 feet, either

when purchased

three-sided or four-sided lattice type
masts are most practicable. They can be
made self-supporting, but a few guys
will enable one to use a smaller cross
section without danger from high winds.
The torque exerted on the base of a high
self-supporting mast is terrific during a
40- or 50-mile wind.

Guy Wires

Guy wires should never be pulled taut;
a small amount of slack is desirable.
Galvanized wire, somewhat heavier than
seems sufficient for the job, should be
used. The heavier wire is a little harder
to handle, but costs only a little more
and takes longer to rust through. Care
should be taken to make sure that ne
kinks exist when the pole or tower is
ready for erection as the wire will be
greatly weakened at such points if a kink
is pulled tight, even though it is later
straightened.

If dead men are used for the guy
wire terminations, the- wire or rod
reaching from the dead men to the
surface should be of nonrusting material
such as brass or given a heavy coating
of asphalt or other protective substance
to prevent destructive action by the damp
soil. Galvanized iron wire will last only
a short time when buried in moist soil.

Only strain-type(compression) insu-
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lators should be used for guy wires.
Regular ones might be sufficiently strong:
for the job, but it is not worth taking
chances, and egg-type strain insulators
are no more expensive.

Only a brass or bronze pulley should
be used for the halyard, as a nice high
pole with a rusted pulley is truly a sad
affair. The bearing of the pulley should
be given a few drops of heavy machine
oil before the pole or tower is raised.
The halyard itself should be of good ma-
terial, preferably waterproofed. Hemp
rope of good quality is better than win-
dow sash cord from several standpoints
and is less expensive. Soaking it thor-
oughly in engine oil of medium viscosity
and then wiping it off with a rag will not
only extend its life but minimize shrink-
age in wet weather. Because of the dif-
ficulty in replacing a broken halyard
(procedure described later), it is a good
idea to replace them periodically, without
waiting for them to show excessive wear
or deterioration.

Screw eyes should not be asked to
stand pulling tension as ultimately wood
loses its grip on them. They should be
used only to hold guy wires and such in)
position; the wires should always be
wrapped around the mast or pole. Nails
will serve just as well, and are cheaper.

Trees

Often a tall tree can be called upon to
support one end of an antenna, but one
should not attempt to attach anything to
the top as the swaying of the top of the
tree during a heavy wind will complicate
matters.

If a tree is utilized for support, pro-
vision should be made for keeping the
antenna taut without submitting it to
the chance of being severed during a
heavy wind. This can be done by the
simple expedient of using a pulley and
halyard with weights attached to the
lower end of the halyard to keep the
antenna taut. Only sufficient weight to
avoid excessive sag in the antenna should
be tied to the halyard as the continual
swaying of the tree submits the pulley
and halyard to considerable wear.

Galvanized iron pipe or steel tube con-
duit is often used as a vertical radiator
and is quite satisfactory for the pur-
pose. However, when used for supporting
antennas, it should be remembered that
the grounded supporting poles will dis-

tort the field pattern unless spaced some
distance from the radiating portion of
the antenna.

Painting

The life of a wood mast or pole can
be increased several hundred per cent
by protecting it from the elements with
a coat or two of paint. And, of course,
the appearance is greatly enhanced. The
wood should first be given a primer coat
of flat white outside house paint, which
can be thinned down a bit to advantage
with second-grade linseed oil. For the
second coat, which shotild not be applied
until the first is thoroughly dry, alumi-
num paint is not only the best from a
preservative standpoint but looks very
well. This type of paint when purchased
in quantities is considerably cheaper
than might be gathered from the price
asked for quarter-pint cans.

The type of wood used for the pole or
uprights for the mast is not particularly
important so long as it is strong,
straight-grained with no knots, and
rough-finished (unsurfaced).

Portions of posts or poles below the
surface of the soil can be protected from
termites and moisture by painting with
creosote. While not so strong initially,
redwood will deteriorate much more
slowly when buried than will the white
woods such as pine.

Antenna Wire

The antenna or array itself presents
no especial problem. A few considera-
tions should be borne in mind, however.
For instance, soft-drawn copper should
not be used as even a short span will
stretch several per cent after whipping
around in the wind a few weeks, thus
affecting the resonant frequency. Enam-
eled-copper wire as ordinarily available
at radio stores is usually soft drawn,
but by tying one end to some object such
as a telephone pole and the other to the
frame of an auto, a few husky tugs can
be given and the wire, after stretching
a bit, is equivalent to hard drawn.

Where a long span of wire is re-
quired, or where heavy insulators in the
center of the span result in considerable
tension, copper-clad steel wire is some-
what better than hard-drawn copper.
It is a bit more expensive though the
cost is far from prohibitive. The use
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of such wire, in conjunction with strain
insulators, is advisable where the an-
tenna would endanger persons or prop-
erty should it break.

The use of copper tubing for antennas
is not only expensive but unjustifiable.
Though it was a fad at one time, there
is no excuse for using anything larger
than no. 10 copper or copper-clad wire
for any power up to one kilowatt. In
fact, no. 12 will do the trick just as well
and passes the underwriter’s rules if
copper-clad steel is used. For powers of
less than 100 watts, the underwriter’s
rules permit no. 14 wire of solid copper.
This size is practically as efficient as
larger wire, but will not stand the pull
that no. 12 or no. 10 will, and the under-
writer’s rules call for the latter for
powers in excess of 100 watts if solid
copper conductor is used.

More important from an electrical
standpoint than the actual size of wire
used is the soldering of joints, especially
at current loops in an antenna of low
radiation resistance. In fact, it is good
practice to solder all joints, thus insur-
ing quiet operation when the antenna is
used for receiving.

Insulation

A question that often arises is that
of insulation. It depends, of course, upon
the r.f. voltage at the point at which the
insulator is placed. The r.f. voltage, in

turn, depends upon the distance from a
current node and the radiation resistance
of the antenna. Radiators having low
radiation resistance have very high volt-
age at the voltage loops; consequently,
better-than-usual insulation is advisable
at those points.

Open-wire lines operated as nonres-
onant lines have little voltage across
them; hence, the most inexpensive ce-
ramic types are sufficiently good elec-
trically. With tuned lines, the voltage
depends upon the amplitude of the stand-
ing waves. If they are very great, the
voltage will reach high values at the
voltage loops, and the best spacers avail-
able are none too good. At the current
loops, however, the voltage is quite low
and most anything will suffice.

When insulators are subject to very
high r.f. voltages, they should be cleaned
occasionally if in the vicinity of sea
water or smoke. Salt scum and soot are
not readily dislodged by rain, and when
the coating becomes heavy enough, the
efficiency of the insulators is greatly
impaired.

If a very pretentious installation is to
be made, it is wise to check up on both
underwriter’s rules and local ordinances
which might be applicable. If you live
anywhere near an airport and are con-
templating a tall pole, it is best to in-
vestigate possible regulations and or-
dinances pertaining to towers in the dis-
trict before starting construction.

/-
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CHAPTER 5

In the WM/MJ:@F

Tools—Construction Hints—Handy Workshop Kinks—Racks

M AsSS PRODUCTION, especially when
the parts are of the type used in con-
struction and replacement work on b.c.l.
receivers, has brought the cost of the in-
dividual components required in the con-
struction of amateur transmitters down
to where it hardly pays one to attempt
to build them. There may be a few ex-
ceptions, such as fixed air condensers and
wire-wound transmitting coils, but ordi-
narily there is little justification for at-
tempting to build the individual pieces
of apparatus that make up a radio trans-
mitter.

Transmitters

However, the incorporation of the va-
rious components into a finished trans-
mitter presents a different story. Those
who have and wish to spend the neces-
sary time can effect considerable mone-
tary saving in their transmitters by
building them from the component parts
from the data given in the construction
chapter of this handbook. To many, the
construction is as fascinating as the
operation of the finished transmitter; in
fact, many amateurs get so much satis-
faction out of building a well-perform-
ing piece of equipment that they spend
more time constructing and rebuilding
equipment than they do operating the
equipment on the air.

Those who are not mechanically
minded and are more interested in the
pleasures of working dx and rag chewing
than in experimentation and construection
will find on the market many excellent
transmitters which require only line
voltage and an antenna. If you are one
of those amateurs, you will find little to
interest you in this chapter; your time
will be better spent in studying the an-
tenna chapter from which may be ob-

tained many excellent ideas on antennas
which will raise your signal strength
reports.

Receivers

There is room for argument as to
whether one can save money by con-
structing his own communications re-
ceiver. The combined demand for these
receivers by the government, amateurs,
airways, short-wave listeners and others
has become so great that it may be
argued that there is no more point in
building such a receiver than in build-
ing a regular broadcast set. However,
nany amateurs still prefer to construct
their own receivers—in spite of the fact
that it costs almost as much to build a
receiver as to purchase an equivalent
factory made job—either because they
enjoy construction work and take pride
in the fruits of their efforts or because
the receiver must meet a certain set of
requirements and be built as inexpen-
sively as possible.

The only factory made receiver that
is sure to meet the requirements of every
amateur or short-wave listener is the
rather expensive de luxe type having
every possible refinement. An amateur
of limited means who is interested only
in c.w. operation on two or three bands,
for instance, can build himself at a frac-
tion of the cost of a de luxe job a re-
ceiver that will serve his particular pur-
pose just as well. In the receiver con-
struction chapter are illustrated several
relatively inexpensive special-purpose re-
ceivers which, for the particular purpose
for which they were designed, will give
as good results as can be obtained from
any factory built receiver regardless
of cost. '

129 -

www americanradiohistorv com


www.americanradiohistory.com

130 RADIO Handbook

l Figure 1. Most any
corner having room for

. a bench and lots of
drawer space can serve
as the amateur’s work-
shop. Drawers are pref-
erable to shelves for
storing radio  parts

since they will protect
equipment from dust.

TYPES OF CONSTRUCTION

Breadboard

The simplest method of constructing
equipment is to lay it out breadboard
fashion, which consists of screwing the
various components to a board of suit-
able size, arranging the parts so that
the important leads will be as short as
possible.

While this type of construction is also
adaptable to receivers and measuring
and monitoring equipment, it is wused
principally for transmitter construction
and remains a favorite of the high-power
c.w. amateurs. An example of breadboard
construction will be found on page 340.

Breadboard construction requires a
minimum of tools; apparatus can be con-
structed breadboard fashion with the aid
of only a rule, screwdriver, ice pick, saw
and soldering iron. A hand drill will also
be required if it is desired to run part of
the wiring underneath the breadboard.
Ordinary carpenter’s tools will be satis-
factory.

Metal Chassis

Though quite a few more tools and
considerably more time will be required
for construction, much neater equipment
can be built by mounting the parts on
sheet metal chassis instead of bread-
boards. This type of construction is ad-
visable when shielding of the apparatus
is necessary as breadboard construction
does not particularly lend itself to shield-
ing. The appearance of the apparatus
may be further enhanced by incorpo-
rating a front panel upon which the va-
rious controls are placed, though a front
panel is not absolutely necessary. (See
the equipment illustrated on page 392.

If sufficient pains are taken with the
construction and a front panel is used
in conjunction with either a dust cover
(cabinet) or enclosed relay rack, the ap-
paratus can be made to rival or even to
resemble factory built equipment in ap-
pearance.

TOOLS

Beautiful work can be done with metal
chassis and panels with the help of only
a few inexpensive tools. However, the
time required for construction will be

greatly reduced if a fairly complete as-
sortment of metal working tools is avail-
able. Thus, it can be seen that while an
array of tools will speed up the work,
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excellent work can be accomplished with
but few tools if one has the time and
patience.

The investment one is justified in mak-
ing in tools is dependent upon several
factors. If you like to tinker, there are
many tools useful in radio construction
that you would probably buy anyway or
already have, such as screwdrivers, ham-
mer, saws, square, vise, files, etec. This
means that the money taken for tools
from your radio budget can be used to
buy the more specialized tools, such as
socket punches or circular saws, long-
nosed pliers, etc.

The amount of construction work one
does determines whether one is justified
in buying a large assortment of tools
and whether one should buy the less ex-
pensive type offered at surprisingly low
prices by the familiar mail order houses,
“five and ten” stores and chain auto-
supply stores, or whether one should
spend more money and get first-grade
tools. The latter cost considerably more
and work but little better when new, but
will outlast several sets of the cheaper
tools and, therefore, are a wise invest-
ment for the experimenter who does lots
of construction work (if he can afford
the initial outlay). The amateur who
constructs only an occasional piece of
apparatus need not be so concerned with
tool life, as even the cheaper grade tools
will last him several years if they are
given proper care.

The following hand tools and mate-
rials will be found very useful around the
home workshop. Those marked with a
double asterisk are essential. The single
asterisk denotes tools next in importance,
which should be bought as scon as possi-
ble after stocking up with the “must”
equipment. Materials not listed but ordi-
narily used, such as paint, can best be
purchased as required for each individual
job.

1 Cheap carpenter’s claw ham-
. mer
“% 1 Good ball pien hammer, % or
1 1b.
-~ * 1 Hacksaw with coarse
fine blades, 10 or 12 in.
1 Jig or scroll saw (small) with
metal-cutting blades
1 Small wood saw (crosscut
teeth)
* 1 Bench vise (jaws at least
3% in.)
** 1 Good electric soldering iron,

and

£ Rk

about 100 watts, with “radio”
tip

1 Spool rosin-core wire solder

1 Spool plain wire solder

** 1 Jar soldering paste (noncor-

_ rosive)
“** 1. Ea. large, medium, small and
~ midget screwdrivers
“** 1 Good hand drill, preferably
- two-speed
*

1 Pr. regular pliers, 6 in.

** 1 Pr. long nose pliers, 6 in.

%ok

1 Pr. cutting pliers (diagonals),
5 in. or 6 in.

* 1 Carpenter’s brace, ratchet type

1 Square-shank screwdriver bit
1 Ea. Square-shank drills: 3/8,
7/16, and 1/2 in.

* 1 Square-shank countersink

1 Square-shank taper reamer,
small

* 1 Square-shank taper reamer,

large (the two reamers should
overlap; % in. and 7% in. size
will usually be satisfactory)

* 1 Square-shank adjustable cir-

cle cutter for holes to 8 in.

* 1 Set small, inexpensive, open-

end wrenches

1 Ea. “Spintite” wrenches, %4 and
5/16 in. to fit standard 6-32 and
8-32 nuts used in radio work and
two common sizes of Parker
Kalon metal screws '

* 1 Pr. tin shears, 10 or 12 in.
*¥* 1 “Boy Scout” knife
** 1 Combination square and steel

rule, 1 ft.

** 1 Yardstick or steel pushrule

*
*
*

% %

ok
*
*

1 Carpenter’s plane, 8 in. or
larger

Cold chisel (% in. tip)

Wood chisel (% in. tip)

Pr. wing dividers

Scratch awl or ice pick scribe
Metal punch

Center punch

Coarse mill file, flat, 12 in.
Coarse bastard file, round, %
or % in. dia.

S S g Sr g N

*6 or 8 Assorted small files:

* %

¢*round, half round, *triangular,
*flat, square, rat-tail, etec.
1 doz. or more assorted round
shank drills (as many as you can
afford between no. 50 and % or
3 in., depending upon size of
hand drill chuck)
1 Tap and die outfit for 6-32
and 8-82 machine screw threads
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(A whole set is not necessary as other
sizes will be seldom needed)

* 4 Small “C” clamps
4 Medium size “C” clamps

** 1 Combination oil stone

* Steel wool, coarse and fine

* Sandpaper and emery cloth,
coarse, medium and fine
Lard oil (in squirt can)

** Light machine oil (in squirt can)
Kerosene
Duco cement

** Friction tape

* Rubber cement
Empire cloth
Alcohol
Clear lacquer (“industrial”
grade)
Lacquer thinner

* File card or stiff brush

Dusting brush
Paint brushes
Sheet celluloid
Acetone ]

The foregoing assortment assumes
that the constructor does not want to in-
vest in the more expensive power tools,
such as drill press, grinding head, etec.
If power equipment is purchased, obvi-
ously some of the hand tools and acces-
sories listed will be superfluous.

Not listed in the table are several spe-
cial-purpose radio tools which are some-
what of a luxury but are nevertheless
quite handy, such as socket hole punches,
various around-the-corner screwdrivers
and wrenches, special soldering iron tips,
etc. These can be found in the larger
radio parts stores and are usually listed
in their mail order catalogs.

CONSTRUCTION HINTS

Chassis Layout

The first step in chassis type con-
struction is the arrangement of the parts
and the transformation of their mount-
ing holes to marking on the chassis. In-
stead of marking guide lines on the
chassis itself, lay them out on a sheet of
paper to scale and then attach the paper
to the chassis with rubber cement. The
hole centers and other necessary mark-
ings can be punched right through the
paper, and then it can be removed. The
rubber cement rubs off easily and actu-
ally helps to clean the chassis as an
eraser would. A further simplifying
step is to use one-inch cross section paper
for this work. This automatically obvi-
ates the necessity for machinist’s or T-
squares for obtaining the right angles,
and also eliminates the use of a ruler for
all but oblique lines and circles.

Drilling

Although most of us do not so consider
it, a twist drill is nothing more than a
modified jackknife. It has a cutting
edge, an angle of clearance and an angle
of rake, just as has a jackknife (or a
lathe tool). The technique to be followed
in drilling is, therefore, a function of the
type of material worked on, as well as
the speed and accuracy desired. In figure
2 is shown in heavy lines one of the cut-
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ting edges of a drill normally used on
steel. The angle B, between the cutting
edge and the piece being worked on, is
the angle of clearance. This determines
to some extent how heavy a cut may be
taken. Figure 38 shows the drill in ac-
tion. Note that as the drill proceeds,
the chip cut out is above the cutting
edge. This has the effect of pushing the
drill farther into the material. This is
determined by the angle of rake, angle
A, and the hardness of the material. If
the material is hard at the point of cut-
ting, the resistance to downward motion
here is great enough to oppose that gen-
erated by the angle of rake.

Figures 2 and 3 show the shape of the
cutting edge for steel or iron. This
is satisfactory for steel or iron. The
shavings which come out of the hole
around the drill should be spiral and
continuous as shown in figure 3. For
softer metals, especially brass, the drill
should have no angle of rake (or lip, as
the forward projecting cutting edge is
called). This is shown in figure 4. The
shavings for this drill will be small
chips. If this shape drill is not used,
the drill will feed into the metal very
rapidly and will usually jam. The result.
is a stalled motor, a belt off its pulley or
a broken drill. The latter is usually the
case.

As the tip of a drill is not a point, but
a straight line perpendicular to its major
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axis, a drill will usually waltz all over
the piece before it starts to drill unless
a guide hole is punched at the point you
wish to drill. The maximum diameter of
this hole should be at least equal to the
width of the drill tip. This is designated
as D in figures 5 and 6, the latter showing
a cross section of the center-punch mark.
With drills of over 4” diameter, this
method of starting the drill is usually
impractical as the diameter of the cen-
ter-punch hole is prohibitively large. This
difficulty is avoided by first drilling a
smaller guide hole which can be started
with a center-punch hole.

A great deal could be said about drill-
ing speeds and feeds, but it would be of
little value to the average person. In
drilling steel or iron, the drill point
should be well lubricated with a medium
grade of machine oil. The weight of oil
commonly used in oiling lawn mowers is
about correct. This serves a double func-
tion for most machinists. The first, of
course, is lubrication. The second is to
keep the work cool. The oil flows from
hot points to cold ones more quickly than
heat flows from the hot points of the
drill to the cooler ones. But, for ham
use, the oil assumes a third role, thai
of a temperature indicator. The oil should
never evaporate visibly to form a cloud
around the work (this vapor looks like
steam).

Another indicator is that you should be
able to hold the end of the drill in your
hand with no discomfort immediately
after you have finished the hole. These
considerations are based on the assump-
tion that most hams use the average car-
bon drill, and not one of the more ex-
pensive type designed to operate at high
temperatures. Most tool steel will start
to lose its hardness at a little over 100

ANGLE OF RAKE
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ANGLE OF
f‘g CLEARANCE
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NUMBERED DRILL SIZES
' Correct
for
Di- Tapping
Drill ameter Cilears Steel or
Number (in.) Screw Brasst
1 (i .228 R —_—
2 e 221 12-24 —_—
3 . .213 — 14-24
4 .. .209 12-20 —_—
5 ..., .205 —_— —_—
6 el . —_— _—
7 i .201 — —_—
8 i .199 —_— —_—
9 ... .196 _ _—
10% .......... .193 10-32 —_—
M1 i, .191 10-24 S
12 ......... .189 SR >
13 ... ..., .185 _— —_—
14 .. ......... .182 — —_—
1B oieiiee., .180 _— —_—
16 ... ... 177 —_— 12-24
17 ..., .173 _— —_—
18* _......... .169 8-32 —_—
19 ..coceen.. .166 S 12-20
........... .161 — —_—
21% . ......... .159 _— 10-32
22 e .157 —_— _—
23 ... e .154 —_— —_—
24 ..., .152 — —_—
25% | ......... .149 —_— 10-24
26 ........... .147 —_— S
27 i 144 R —_—
28% .......... .140 6-32 —_—
29% | . ....... .136 —_ 8-32
30 ... ... .128 _— —_—
31 ... .120 _ —_—
32 ..., .116 _— —_—
33« . ......... .113 4-36 4-40 —
34 ........... A1 e —_
3B* ..., .110 — 6-32
36 ........... .106 _— —_—
37 .. .104 —_— _—
38 ........... .102 . —_—
39 . ........ .100 3-48 —_—
40 ........... .098 _— _
41 ... ... .096 —_— —
42% ..., .093 —— 4.36 4-40
43 ........... .089 2.56 —_—
4 .. ......... .086 R St
45* | ........ .082 —_— 3-48
t Use next size larger drill for tap-
ping bakelite and similar composition
materials (plastics, etc.).
* Sizes most commonly used in radio
construction.

degrees C. At 600 degrees, it is as soft
as mild steel, and must be heat treated
and tempered again. That means that
most hams would have to grind the soft-
ened portion off and then attempt to re-
grind the cutting edges.

Brass should always be drilled with no
lubricant. For one thing, the brass slides
readily against steel. Bronze is in the
same class. Witness the large number
of bronze bearings in current use. Al-
most all of the zinc alloys may so be
treated. If a lubricant is used, it usually
only makes the particles cling together
and thus clog up the drill point. Alumi

www americanradiohistorv com


www.americanradiohistory.com

134 RADIO Handbook

num is sometimes lubricated with kero-
sene.

The drilling speed (number of revolu-
tions per minute of the drill) and the
drilling feed (rate at which the drill is
pushed into the work) are interdepen-
dent. The safe simple way to determine
them is to watch the temperature. If
the drill is running too hot, decrease the
feed. If it still runs too hot, decrease the
speed. In drilling, it is a safe practice
never to feed the drill in a distance
greater than the diameter of the drill
without backing it off until the work is
clear. This permits you to examine the
point and permits the drill to clear itself
of particles which may be clogging it at
the point of cutting. This looks like a
waste of time, but actually will be a time
saver. You won’t have to stop to replace
broken and softened drills.

Danger

Most drill presses are equipped with
some means of clamping the work. It is
always wise to use these, unless the piece
is large and the holes are small. A piece,
especially of sheet steel, which gets
jammed on the drill and tears out of the
operator’s hands, is a dangerous weapon.
With small pieces, it is always best to
clamp them in a tool maker’s vise. Larger
pieces may be clamped as shown in figure
7.

When working with sheet steel (as
you usually are on chassis construction),
if the piece is large, you may hold it
safely by hand. Wear gloves and hold
the work firmly with both hands. The
drill feed may be easily arranged to oper-
ate by foot for these operations. Figure
8 shows how this is done. The spring
shown is a screen door spring. The
distance A from the hinge determines
the ratio between foot motion and drill
feed. The illustration is otherwise self-
explanatory. For any hams interested
in cutting operations other than drilling,
the same principles as set forth here

apply.
Punching

In cutting socket holes, one can use
either a fly-cutter or socket punches.
These punches are easy to operate and
only a few precautions are necessary.
The guide pin should fit snugly in the
guide hole. This increases the accuracy
of location of the socket. If this is not

STEEL BAR PIECE "STEEL BLOCK

r&%;z}i@*jﬁ/

WOOD BACKING PLATE INCORRECT METHOD

CORRECT METHOD OF CLAMPING PIECE WILL USUALLY
. COME FREE

FIGURE 7

of great importance, one may well use a
drill of 1/32” larger diameter than the
guide pin. Some of the punches will
operate without guide holes, but the lat-
ter always make the punching operation
simpler and easier. The only other pre-
caution is to be sure the work is properly
lined up before applying the hammer. If
this is not done, the punch may slide
sideways when you strike and thus not
only shear the chassis but also take off
part of the die. This is easily avoided by
always making sure that the piece is
parallel to the faces of the punch, the
die and the base. The latter should be
an anvil or other solid base of heavy
material.

Removing Burrs

In both drilling and punching, a burr
is usually left on the work. There are
three simple ways of removing these.
Perhaps the best is to take a chisel (be
sure it is one for use on metal, as the
ones for wood are not much harder than
the average chassis steel) and set it so
that its bottom face is parallel to the
piece (in other words, has zero angle of
clearance). Then gently tap it with a
hammer. This usually will make a clean
job with a little practice. If one has
access to a counterbore, this will also
do a nice job. But few of us can find
one to work with. A countersink will
work, although it bevels the edges. A
drill of several sizes larger is a much
used arrangement. The third method is
by filing off the burr, which does a good
job but scratches the adjacent metal
surfaces badly. Any of these methods
will work, but the first is quicker and
does a neater job. '

Transformer Cutouts

Cutouts for transformers and chokes
are not so simply handled. There are de-
vices on the market for this, but they
have not yet come into common use. After
marking off the part to be cut, drill
about a 14” hole on each of the inside
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corners and tangential to the edges.
After burring the holes, clamp the piece
and a block of cast iron or steel in the
vise as shown in figure 10. Then, take
your burring chisel and insert it in one
of the corner holes. Cut out the metal
by hitting the chisel with a hammer. The
blows should be light and numerous. The
chisel acts against the block in the same
way that the two blades of a pair of
scissors work against each other. This
same process is repeated for the other
sides. A file is used to trim up the
completed cutout.

Folding

Folding the chassis may be accom-
plished either by hand or by machine
(a brake or folder). If it is done by
hand, the work is set up in the vise just
as it was for cutting out transformer
mounting holes. But for this work, it
is best to have a block on each side of
the piece. These blocks should extend
the width of the piece. It is then folded
over by hand, being careful to have all
of it bending the same amount at any
time. If your hands aren’t big enough to
apply uniform pressure on all parts of
the bend at once, they may be supple-
mented by a wooden -block held so that
it is parallel to the fold and extends the
width of the piece. The fold is-then
completed by hammering.

In this type of folding, the bend is
very sharp. Therefore, you should add
only the thickness of the metal to the
measured distance between edges to ob-
tain the overall dimension. Figure 11
shows this. The dotted lines indicate the
positions of the block used in folding
the piece. This overall dimension is fre-
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.quently quite important, and care exer-

cised here will produce a chassis which
properly fits into its box.

If machine folds are made, this over-
all dimension is easily obtained. This is
shown in figure 12. It is advisable to
bend up a piece of scrap material first
to be sure that the machine’s stops are
set properly to fold a right angle for
the material you are using.

In bending sheet steel or iron, it is
not necessary to watch for grain. But
in rolling out sheet zinc, some brasses,
aluminum and softer metals, the strength
of the metal perpendicular to the rollers
is greater than that at right angles to
this direction. This grain, as it is called,
is very similar to that of wood. It is
usually visible as stripes on the face of
the metal. Therefore, one should be
very careful in folding or bending ma-
terials which have this weakness. The
folds should always be at right angles to
the lines showing the grain. If this is
not possible, the folds should have a
somewhat larger radius of curvature,
and should not be as sharp as they usu-
ally are made. In hand folding, this
means that you cannot complete the
job with a hammer as suggested, but
must leave it as is. The best plan is
to test out a sample of the material be-
fore folding the actual chassis.

Assembling

In chassis made of several pieces, and
in construction in which the chassis must
be fastened to the front panel, shielding
partitions, etc., a knowledge of metal
fastenings is useful. Metals may be fast-
ened together by a number of common
methods. These are rivets, nuts and
screws, screws and tapped holes, self-
tapping screws, and welding. These
are listed in the reverse order of their
general value to the ham for steel
chassis. In riveting, the chassis usually
gets warped. Nuts and screws are ex-
pensive and take time to assemble.
Tapped holes are a nuisance to make.
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But self-tapping screws are quick, cheap

and make a fairly good joint. Welding |—overau DiMENSION —

_makes the best joint of them all, but
has the disadvantage of being perma-
nent.

Many machine shops now have spot-

“—METAL THICKNESSES

[*— MEASURED DISTANCE
-1 s
!

SIDE VIEW

welding equipment, and can usually be
persuaded to weld up a box or chassis
for little or nothing. For this work, it
is usually best to have the work held
together by C-clamps or similar means
while it is being welded. The work
should always be well cleaned with lac-
quer thinner or similar compounds.

For metals other than steel, spot weld-
ing is usually not very successful. And,
as most of the other metals commonly
used in chassis construction are not hard
enough to hold a good thread, nuts and
bolts seem to be the only solution. Sol-
dering is sometimes used, but it is not
to be recommended. )

Finishes

There are a number of ways of finish-
ing the chassis. Perhaps the best for
steel is plating. Cadmium plating was
once popular, but since one of the auto-
mobile manufacturers is reputed to have
a corner on this material, it has been
hard to get. Chromium plating is pretty,
but is expensive and hard to solder to.
Copper plating tarnishes, but can be
covered with colorless lacquer and made
to be a very beautiful finish. Other
materials may be best treated by polish-
ing them and then covering with color-
less lacquer. A very pretty, dull gloss
finish, almost velvety, can be put on
aluminum by sand-blasting it with a
very weak blast and fine particles and
then lacquering it. Soaking the alumi-
num in a solution of lye produces some-
what the same effect as a fine grain
sand blast.

There are also several brands of dul
gloss black enamels on the market wnich
adhere well to metals and make a nice
appearance. Air-drying crackle finis
are sometimes successful, but a baked
job is usually far better. Crackle fin-
ishes, properly put on, are very durable
and are pleasing to the eye. If you live
in a large community, there is probably
an enamelling concern which can crackle
your work for you at a reasonable cost.
A very attractive finish for panels espe-
cially is to spray a crackle finish with
aluminum paint. In any painting oper-
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ation {or plating either for that matter),
the work should be very thoroughly
cleaned of all greases and oils.

Soldering

A prerequisite to a good soldering job
is a good iron. If one car afford two
irons, a 150-watt size for heavy work
and a smaller 75-watt size for getting
into tight places are highly desirable.
However, a single 100 watt iron will do °
nicely for most purposes.

Do not get a high wattage iron that
is relatively small physically. Such an
iron must be used continuously to keep
it from becoming too hot. When such
an iron is left plugged in and is not
used for several minutes, the iron will
become so hot that it will curdle the
solder adhering to the tip, making fre-
quent filing and retinning necessary. An
aluminum rest which presents consider-
able surface to the air and to the iron
will prevent an iron from becoming over-
heated when not in actual use. Such a
heat-dissipating rest for the iron can
be made from an old aluminum auto-
mobile piston by sawing it off crosswise
at the wrist pin.

The important thing to remember in
regard to the actual soldering operation
is to have the tip of the iron clean and
the joint both clean and hot. The solder
should be applied to the joint, not to
the iron. If the iron will not heat the
joint sufficiently for the solder to melt
and flow into it, a heavier or hotter iron
will be required. An excellent technique
is to apply the iron to the bottom side
of the joint and the solder to the top of
the joint; when the joint becomes suffi-
ciently hot, the solder will flow down into
it.

Ordinarily, soldering paste will not be
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required; rosin-core solder will do the
trick for most joints encountered in
radio work if the metals to be joined
are bright and shiny and have no film
of grease. But, occasionally, it will be
necessary to resort to soldering paste.
It should be of the noncorroding type,
and should be used sparingly. Warm the
joint with the iron, apply a small amount
of paste to the joint and then solder as
usual, but using plain wire solder in-
stead of rosin-core type. After the joint
is made, it is a good idea to wipe off the
excess paste with a clean rag while the
joint is still warm; otherwise, the. paste
remaining will cause dust to collect on

the joint and produce a messy appear-
ance.

When joining wires, approved practice
calls for a mechanically sound joint be-
fore the solder is applied. The solder
should not be depended upon to provide
mechanical strength. This is a good
idea in any case, is absolutely necessary
in the case of mobile and other apps-
ratus subject to mechanical vibration.

When the tip of the soldering iron
becomes pitted, it should be filed clean
(while hot) with a coarse file and re-
tinned either with the aid of soldering
paste or sal ammoniac.

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 and turn
the files so that every one may come in
contact with the mixture. Add ten and
one-half ounces sulphuric 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 lubri-
cant. However, 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 com-
mon drill by using a mixture of turpen-
tine 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 fin-
ishing 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 drilling 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 rubbing 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

Brass or copper when worked will be-
come 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
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brass too hot or it will fall to pieces.

To Clean Copper

Prepare a strong soda or potash lye
solution by adding about a pound of lye
to a pail of boiling water. Dip the
metal or apply this solution with a brush,
scrubbing well. Then rinse or wash with
plain hot water and finally with cold
water.

To Protect Brass from Tarnish

Thoroughly cleanse and remove the
last trace of grease by the use of potash
and water. The brass must be carefully
rinsed with water and dried; but in
doing it, care must be taken not to
handle any portion with the bare hands
nor anything else that is greasy. The
preservative varnish is made by mixing
two parts of shellac to nine parts of
alcohol. Put on with a brush as thin
and smooth as possible.

Polish for Bakelite
and Crackle Finish

Mix two parts benzine with one part
mineral oil and apply with cloth. Wipe
with dry cloth. This is not a messy
polish and does not leave an oily sur-
face.

Chromium Polish

So much chromium is now being used
in radio sets and panels that it is well
to know that this finish may be polished.

The only materials required are absorb.
ent cotton or soft cloth, alcohol ana
ordinary lamp black.

A wad of cotton or the cloth is moisten.
ed in the alcohol and pressed into the
lamp black. The chromium is then pol-
ished by rubbing the lamp black adher-
ing to the cotton briskly over its sur
face. The mixture dries almost instant
ly and may be wiped off with anothe.
wad of cotton.

The alcohol serves merely to moisten
the lamp black to a paste and make it
stick to the cotton. The mixture cleans
and polishes very quickly and cannot
scratch the chromium surface. It polishes
nickel-work just as effectively as it does
chromium.

To Color Brass a Steel Blue

Dissolve three drams antimony sul-
phite and four ounces calcined soda in
one and one-half pints water. To this
add five and one-half drams kermes.
Filter and mix this solution with five
and one-half drams tartar, eleven drams
sodium hyposulphate and one and one-
half pints water. Polished sheet brass
placed in the warm mixture will assume
a steel blue color.

To Give Brass a Dull Finish

Mix one part (by weight) of iron rust
one part white arsenic and twelve parts
hydrochloric acid. Clean the brass thor.
oughly and apply with a brush until the
desired color is obtained, after which
it should be oiled, dried and lacquered.

RELAY RACK CONSTRUCTION

Rack and panel construction is a prac-
tice borrowed from a long established
telephone practice. It offers many me-
chanical advantages, facilitates service
and inspection and lends itself to the
increasing association of radio apparatus
with telephone equipment, besides en-
hancing the appearance of the apparatus.

Relay rack construction offers many
advantages not to be found in other
styles. Its appearance is commercial,
parts are quite accessible and altera-
tions which change the physical size of
one section of the transmitter can be
made without requiring corresponding

alterations in other sections, as would
be the case with a frame-mounted or
four-poster transmitter. The reason for
this is that each section of the trans-
mitter is provided with its own mount-
ing unit, quickly removable after dis-
connecting supply wires. All the appa-
ratus of the unit is supported by the
panel.

The standard relay rack has two up-
rights made from three-inch 4.1-pound
channel iron. The base is made from
two pieces of 6 inch by 4 inch, %” angle,
and the top straps are made from two
pieces of 4" by 2” cold-rolled iron. The
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drawing gives all the details as well as
dimensions necessary.

Panels are usually of metal (either
steel, dural or aluminum) though some-
times made from pressed wood products
such as “tempered masonite.” Masonite
is the cheapest, with steel, aluminum and
dural next in order. The usual thickness
of the metal panels is 8/16”, and some-
times 1/4"” is used. Metal panels of thin-
ner dimensions are not satisfactory.

The versatility of the relay rack is
due to the fact that dimensions have
been completely 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 1%
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 1/82 inch for clearance. This for-
mula can be used:

panel — n(1%) — 1/32

Thus, a panel four rack units in height
will measure 4 times 13 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 follow-
ing:

2 pieces 3-inch, 4.1-pound

5'91%"” long

2 pieces 6-inch by 4-inch by 3-inch

angle, 1'812" long

2 pieces l%4-inch by 2-inch cold rolled,

1'8%"” long
The total price on the above steel or-

channel,

der, 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 small
item, it is better to get the cold rolled
for its square corners and finished ap-
pearance.

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 blackboard
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 circum-
stances lay out the rack with an ordin-
ary foot rule or yardstick. The cumu-
lative 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 channel. 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.

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
channel, keeping in mind that there is a
right and left hand member. Now take
the steel tape and clamp it to the chan-
nel with an even half-inch or inch mark
exactly opposite 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 1%4 inches and then one-half
inch, alternating wuntil 72 holes have
been punched. If you have not made 2
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 %-inch and 1%-inch
spacings are correct. You cannot be too
careful, as it is very easy to make a
mistake here. '

When all the holes are center-punched,
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CONSTRUCTION DETAILS OF STANDARD RELAY RACK.
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do the same on the back if desired. The
frequent 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.

Next pilot-drill all the center punches.
It is suggested that a small drill, num-
ber 28 or so, be used for this purpose.
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.

When all the pilot holes are drilled,
select the tap drill that will give the
correct percentage 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.
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.

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 take it
easy. If you feel that you are getting
tired, stop and come back to the job later.
The least side twist on the wrench will
break the tap.

After 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 desirable, but not necessary. The

RELAY-RACK PANELS

1. Make panel height a multiple of
134 inches less 1/32 inch for clearance.

2. Both top and bottom edges of a
properly mounted panel will, neglect-
ing clearances, always fall haifway
between a pair of holes spaced !/ inch
apart on the rack.

3. It is seldom necessary to cut all the
possible 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.

racks are self-supporting with most
amateur radio equipment and d- 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.

Welding is the next operation. 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 alto-
gether, 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
center 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 are quite striking.

—%
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License Requirements—The Code—Practice Sets

THE FOLLOWING is addressed to
those who contemplate taking up amateur
radio as a hobby. To secure an amateur
license from the Federal Communica-
tions Commission, it is necessary that the
applicant submit to an examination, the
first part of which is a code transmit-
ting and receiving test. The Continental
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 com-
munication.

The Continental Code is the more sim-
ple of the two because it uses only dots
and dashes. The fact that the letters
and numerals are free from spaces
simplifies the learning of this code be-
cause one is less likely to interpret as
two letters the characters intended as a
single letter.

License Requirement

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 char-
acters to the word. Thus, 65 characters
must be copied consecutively without er-
ror in one minute. Similarly, 65 con-
secutive characters must be transmitted
without error in that time. The appli-

cant, however, is given sufficient oppor-
tunity to pass this code test, since send-
ing and receiving tests are both five
minutes in length. If 65 consecutive
characters, at the required rate, are
copied correctly somewhere during the
first five-minute period, the applicant may
then attempt a transmission. Again, if
65 consecutive characters are sent cor-
rectly somewhere during this second pe-
riod, a passing mark is received.
Mastering the code has been a stum-
bling block to perhaps 30 per cent of
the total number of applicants who ap-
pear for amateur license examinations.
The code test is given first at any of
the several offices of the Federal Com-
munications Commission; if the appli-
cant passes it, he is permitted to pro-
ceed 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.

Memorizing the Sounds

The old line operators, who have grad-
uated from the school of hard knocks,
are almost unanimously of the opinion
that the surest method of learning the
code copsists of becoming familiar with
th