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FOREWORD

This is a practical book on many phases of radio and television.
It is practical! because the publishers developed the book for use,
either as a text and reference book in the radio course at Coyne
Electrical, Radio and Television School, or as a field reference
book for the experienced radioman.

The book is written in easy to follow language. The illustra-
tions and examples are down to earth, with no high sounding
theories. In most chapters of the book a brand new method in
explaining technical subjects is used. By this method, wherever
we are explaining a piece of radio or television apparatus, a series
of fllustrations are used. One photo will show the unit intact,
then step by step the apparatus will be taken apart, just as
though you had it in your own hands and disassembled it to see
what “makes it tick.” This is practical photo instruction helpful
to botb the student and experienced radio man.

Although every subject in this book has been carefully selected
because of its importance in the radio field, we particularly call
your attention to the instructions on the following.

We have amazingly clear, “show how,” easy to follow chapters
on amplifiers, superheterodyne receivers and auto radio.

We have also devoted two entire chapters to the increasingly
important subject of Frequency Modulation or F.M., as the term
is commonly used in radio. These chapters not only explain the
principles of F.M., but cover actual service procedure on F.M.
receivers.

Television, an industry offering great opportunities, is very
closely allied to radio. Tremendous progress has been meade in
this field. The radiomen of the future will have to know televi-
sion—it i8 part of his industry. The importance of this subject in
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the future of radio, rates two complete introductory chapters at
the end of this book and an entire volume later on.

Naturally, since this is a practical book, you will find hundreds
of photos, charts, diagrams, etc. These, obviously, are provided
to make it easier for the reader to understand the explanations.
Like most Coyne books we include Review Questions at the end
of each chapter. These help to let the reader know how he is
understanding the subject—they act as a guide for him.

We feel this book represents the latest data on the subjects
covered. The information combines the efforts of the Coyne staff,
one of America’s leading staffs of instructors (who are teaching
practical radio and television every day), cooperating with a
technical author of over thirty-five years of experience. These
men not only know radio by actual field experience, but know how
to teach it—they are experts in their line. In addition, we have
also had the cooperation of the leading radio and television
companies in the preparation of this book. They have supplied
a great deal of practical radio and television data from their own
research laboratories. These facts, we feel, should make this book
outstanding in its class. A book that should be valuable to both
the radio student or experienced serviceman.

B esharSt

B. W. COOKE, JR., President
Educational Book Publishing Division
Coyne Electrical School
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Chapter 1
RECTIFICATION AND RECTIFIERS

General.—A simple 2-electrode vacuum tube containing only
a cathode and plate for anode, is more specifically called a
“diode.” When a diode is connected as shown in Fig. 21-1, so that
the plate is positive with respect to the cathode, electrons will flow
from the cathode to the plate within the tube and they will com-
plete the circuit by flowing externally through the meter, the
load in the plate circuit, through the battery and back to the
cathode. This electron flow is measured by the d-c milliammeter
and is known as the plate current.

In Fig. 21-1, if the plate battery connections are reversed, so
that the plate is negative with respect to the cathode, electrons
from the cathode will be repelled by the negative plate and no
plate current will flow. This behavior shows that diodes permit

iy MILLIAMMETER
T = -

T lLood

|||||
Fig. 21-1—A diode as o rectifier.

electrons to flow from the cathode to plate but not from plate to
cathode.

Inasmuch as such a device conducts current in one direction
only, it suggests itself as a means for rectifying alternating cur-
rent. This voltage can be either 60 cycles as ordinary power line
frequency or 15,750 cycles such as the horizontal circuit of a

1



2 APPLIED PRACTICAL RADIO-TELEVISION

Television set. The principle is the same. If the battery in Fig. 21-1
is replaced with a-c voltage, the plate is made alternately positive
and negative. Plate current can flow only during the time that
the plate is positive, with the result that the current through the
tube flows always in one direction, and is said to be rectified.
Just how this rectifying action takes place for the circuit of
Fig. 21-1, but with a-c on the plate instead of the battery, is
shown graphically (by means of curves) in Fig. 21-2. The diode
characteristic is a curve showing the change of plate current
with the plate voltage for a diode. This curve is furnished by
tube manufacturers and is obtained by setting up a circuit such
as Fig. 21-1, plotting the plate current values obtained for dif-
ferent plate voltages. When the plate battery of Fig. 21-1 is re-
placed by a-c voltage, the a-c voltage is shown as a sine curve on
the vertical axis of Fig. 21-2. All the a-c voltage values on the
right side of the vertical axis are positive, whereas the a-¢ volt-
age values on the left side of the vertical axis are negative. With
a-c on the plate, we have in effect, the same condition as in Fig.

S
= Diode
3 Characteristic
@ Rectified
E - ""/’\'f° ~~ Output
0 ]
o/ 1 1.\ 1, [\

T — u

, Diode Vol'faqe

<«+—Alternating
Voltage Input

Fig. 21-2.—A diode as a rectifier with A-C on the plate.

21-1 when a plate battery is used and its voltage varied in order
to get the plate current for different plate voltages, except that
the plate voltage changes continuously in value and polarity.
Inasmuch as 60-cycle voltage has 60 positive loops and 60 nega-
tive loops per second in its wave form, the 60 positive loops will
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show up as 60 pulses of current through the tube, whereas the
60 negative loops will be blocked off, as the tube does not pass
current when the plate is negative. The rectified pulses of output
voltage from the diode are shown in Fig. 21-2. Since the load of
Fig. 21-1 is made up of resistance only, the voltage across it will
have the same wave form rectified a-c pulsations as shown in
Fig. 21-2. Such a rectifier is called a half-wave rectifier. Another
way of showing the input and output of wave forms and the rec-
tifier circuit is shown in Fig. 21-3. Rectifiers may be divided into
two classes: half-wave and full-wave rectifiers.

Half-Wave Rectifiers. — Half-wave rectifiers pass current
when the plate is positive and block the flow of current or have
zero output when the plate is negative. In other words, current
through such rectifiers flows only during one half of the a-¢

]
]
|
: Rectifier from Rectifier
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60cy D-C
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Fig. 21-3.—A half-wave reclifier circuit anJ its waveformes.
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cycle. The output voltage is pulsating and before it can be ap-
plied to the plate or grid of vacuum tubes, the pulsations must be
converted to smooth direct current with the use of filters, Filter-
ing is more difficult and voltage regulation (a measure of the
change of voltage with changing load) is poorer with half-wave
than with full-wave rectifiers, because the rectified pulses of
voltage are of the same frequency as the input a-c voltage; the
load connected to the rectifier draws current continuously while
current is delivered by the rectifier for only one-half of the a-c
cyclee. When a half-wave rectifier is connected directly to the
a-c line as shown in Fig. 21-8, the output d-c voltage from the
rectifier is much less than that of the input a-c line. Where as
higher output than input voltage is wanted, a step-up transformer
must be used as shown in Fig. 21-4. In this circuit, the pulsating

»

tnput D-C

Fig. 21-4.—A rectifier circuit showing use of transformer to get higher output
than line veltage.

d-c in the transformer secondary always flows in one direction,
thereby tending to saturate the iron and reducing transformer
efficiency, making necessary a larger transformer than would
be required if no d-c were present. For these reasons, the half-
wave rectifier is used only when very small currents are required.

Full-Wave Rectifiers. — If two half-wave rectifiers are con-
nected so that they alternately pass current so as to utilize
both halves of the a-¢ cycle, we have a full-wave rectifier, as in
Fig. 21-6. The full-wave rectifier may consist of two plates and
one or more cathodes in the same tube (such as the 5T4, 80, 5Z4
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or 6Z3) for relatively low plate voltages or it may consist of two
separate tubes to handle the high voltages required in trans-
mitters. The plates are connected across the step-up transformer
so that at any moment one plate is positive with respect to the
center tap and at the same time the other is negative with respect
to the center tap. As the polarity of the transformer changes from
plus to minus, the individual plates and cathodes pass current
alternately, producing a combined output wave form as shown
in Fig. 21-5.

The center tap of the secondary is the negative side of the d-¢
output and is usually although not always grounded. Full-wave
rectifiers pass current on both halves of the a-¢ cycle so that the
voltage regulation is much better than with half-wave rectifiers.
The d-c output pulsations have twice the frequency of the input.
This means that the output pulsations will be moved closer to-
gether as can be seen in Fig. 21-2 and Fig. 21-7. Less filtering will
be necessary to smooth out the pulsations.

Rectifier Filters. — The output wave forms shown in Figs.
21-3 and 214 constitute a pulsating d-¢c current flowing in the
same direction but varying continuously in value. Such d-¢ would
be satisfactory for operation of d-c relays, battery charging, etec.,
but these pulsations or ripples must be reduced to as near pure
d-c as is economically possible before this output can be used
satisfactorily on the plates and grids of vacuum tubes. Smooth-
ing out of the rectified pulsations is accomplished by the use of
filters.

Filters consist of series choke coils and shunt condensers
through which the output from the diode rectifier passes before
reaching the load. Rectifier filters can be divided into two groups:
condenser-input or choke-input, depending on whether the filter
presents a shunt condenser or a series choke coil to the output

<«—<SPIO0 >
To L To Load To L To
Rectifier T C ¢

T Rectifier Cm=mm= LOQd

el

- v » f Ll
a Condenser-Input Filter b~ Choke-Input Filter

Kg. 21-6a.—~A condenser-input filter. Ng. 21-6b—A choke-input flter
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from the rectifier. Fig, 21-6a shows a condenser-input filter some-
times referred to as a pi section and Fig. 21-6b shows a choke-
input filter. Further subdivisions of these filters can be made
according to the number of sections of filter elements used.

The degree of filtering required for a specific purpose depends
on the amount of a-c hum or ripple voltage permissible in the
circuit. However, referring to Fig. 21-5 one a-¢ cycle is really 2
half waves: one above and one below the reference line. The full
wave rectifier puts both waves above the line. The frequency of
the pulsations in the output from the rectifier tube, or briefly the
ripple frequency, is dependent on the supply voltage frequency
and the type of rectification (half-wave or full-wave). A half-
wave rectifier has a ripple frequency equal to the frequency of
the input voltage to the rectifier. A full-wave rectifier has a ripple
frequency twice the supply frequency. The frequency of the pul-
sations in the output of the rectifier tube determines the average
value of the filter condenser needed. An ordinary a-c—d-c power
supply such as used in small table model sets operating on a 60
cycle line will use about a 30 MF input condenser in the filter sys-
tem. A TV set which has a high voltage supply working at 15,670
cycles has an average value of filter condenser of 500 mmf—or
.0005 mf. The coating on a TV picture tube is grounded ard it
acts like a .0005 mf condenser also. It is quite common to use a
470K resistor between the 2 condensers. This resistor takes the
place of the filter choke of Fig. 21-10. Because of this difference in
ripple frequency, a half-wave rectifier requires approximately
twice the filtering of a full-wave rectifler if the same a-¢c hum or
ripple voltage is to be attained in both cases.

Condenser-Input Filter. — The simplest form of this type of
filter consists of a condenser connected in parallel with the
load as shown in Fig. 21-7. While the rectified voltage is increas-
ing, the tube is delivering current to the load and charging the
condenser which acts as a reservoir of current storage. After the
maximum value of the rectified pulse is reached, the voltage from
the rectifier tube increases and continues to do so until the one-
half cycle is completed. During this decrease in rectifier tube
output, the condenser has a higher potential than the output
voltage from the rectifier because of the charge on the condenser
accumulated during the time that the output voltage from the
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rectifier was increasing. The condenser cannot discharge through
the tube because of the one way condition of the tube (plate is
negative and cathode positive when condenser is discharging), so
it must discharge energy through the load. A small load will
cause the condenser to discharge slowly as shown in Fig. 21-Tb,
whereas a heavy load will cause it to discharge more rapidly as
shown in Fig. 21-7c. The amount of energy which the condenser
can store is dependent on the capacitance of the condenser and
the applied voltage.

As compared with the unfiltered d-c output obtained in Fig.
21-3, a simple filter of this kind may reduce much of the ripple
voltage in the rectifier output. However, the amount of ripple

| A-Cinput |D-C Pulsotions| Combined Rectifier and

To | From Condenser D-C Pulsations —
i Rectifier | Rectitier Output to Load
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Fig. 217 .—Condenser input fRiter and output waveforms with smell and large loads.

voltage still present in the output is too great for use as a plate
supply for receivers and transmitters and must be filtered to
smooth out the ripple voltage, since any ripple in the power supply
will be amplified by each tube and passed along until it becomes
objectionable,
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Another disadvantage of the condenser-input filter is the heavy
current drawn through the rectifier tube while the condenser is
charging. In combination with the load current, it may be great
enough to cause damage to the rectifier tube. The voltage regula-
tion under varied loads is very poor. This is indicated in Fig. 21-7
by the change in voltage across C when the load is changed from
small to large.

The first condenser in a condenser-input filter should be rated
for a working voltage greater than 1.41 times the r-m-s (root-
mean-square) voltage out of the rectifier to withstand the peak
voltage value from the rectifier and avoid breakdown. If electro-
lytic condensers are used, they must be connected with proper

—

L
TO ==
Rectifier wwmm G Load
<% L=

Fig. 21-8.—~Choke added to simple capacitor filter to improve filtering action.

polarity.

The ripple voltage from a simple condenser filter can be
smoothed to a greater extent with the use of an iron core choke
(10 to 45 henries), as shown in Fig. 21-8. The choke offers a high
impedance or opposition to the flow of pulsating current and
“chokes out” the ripple voltage before it reaches the load. Because
the load current flows through the choke, it should have a small
resistance to d-c.

The charge and discharge of the condenser when used with the
series choke is similar to that of the simple condenser filter pre-
viously described except for the additional smoothing effect
produced by the choke. Fig. 21-9 shows the sequence of operation
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for this filter. Assuming the first half cycle of the rectifier output
from E to F, condenser C is charged while the voltage from the
rectifier is increasing until the peak voltage A is reached. In the
same half cycle E to F, current flows to the load through the choke
coil L. Inductance of the choke coil opposes any rapid change of
flow of pulsating current to the load and in that way, allows the
condenser C to store up energy. After point A in Fig. 21-9 is
reached, the voltage from the rectifier begins to decrease from
A to F. However, the inductive property of the choke coil opposes
the decrease in the load current, and from A to F, the condenser,
because it is charged with a higher potential than the voltage on

Pulsations From Rectifier w A C Capacitor Charge
S~ T\~
ey AN A

\ 8\ \
/ \'l \/ \
/ ‘v ') A\
E F G H E F G H

@ Rectifier Output () Copacitor Charge and
Dischorge Cycle

I Ve Wan Ve

(C) wave Form of Filter Output
Fig. 21-9.—Waveforms of filter of Fig. 8.

the rectifier, begins to discharge slowly through the choke coil
into the load. This interval of condenser discharge is from 4 to B
as shown in Fig. 21-9. As the condenser charge diminishes from
A to B, the next rectifier half cycle F' to G has begun at F and the
voltage increases to B at which point the rectifier again charges
the condenser from B to C to approximately the peak voltage of
the rectifier output. The behavior of the choke and condenser for
the rest of the rectifier half cycle F to G is the same as for the first
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half cycle E to F and repeats itself every half cycle. The resulting
output from the simultaneous action of the rectifier, condenser
and choke coil as delivered to the load, is shown in Fig. 21-9¢,
which is much smoother than the other output of Fig. 21-7.

If a second condenser C-1, is connected across the filter as
shown in Fig. 21-10a the ripple voltage of Fig. 21-9¢ is reduced
further as shown in Fig. 21-10b. The current-storage property of
the second condenser helps to “fill in” the “troughs” of the filter
output in the form of Fig. 21-9¢ and smooths the output to a
better approximation of steady d-c. If the load current suddenly
increases, the choke coil tends to prevent a sudden decrease. This
tends to decrease the output from the filter, but the condenser C-1
discharges to the load because it has momentarily a higher poten-
tial than the output from the preceding filter and supplies the
necessary increase in current. In this way it helps to keep a morae
uniform load voltage.

000 J

L
TO  ——— - Load
Rectifier C

(a)
E Output Voltage Wave

* i
(b)

Fig. 21.10.—Circvit of complete filter section, and waveform of evipw.
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For a higher degree of filtering, a single p1 filter of Fig. 21-10
can be followed by a second pi filter with resulting smoother d-c
output as shown in Fig. 21-11.

Condenser-input filters are used with full-wave rectifiers for
delivering small amounts of power at fairly high plate voltages
(50 watts or less at voltages up to 400 volts) where good voltage
regulation is not an important requirement.

Choke-Input Filter. — In flowing through the inductance L,
the rectified current meets a high resistance at ripple fre-
quency but only a small d-¢ resistance, with the result that the
ripple is greatly reduced. Just how the choke brings about this
result is shown in wave forms of Fig. 21-12. When the rectifier
output voltage, which is the same as the filter input voltage,
increases from A to B, the tube and load current build up more
slowly than with the condenser-input filter.

-l |
i L L1 i
- — — 1 ——
T ' C C] cz —— L d
Rectifier | of
- 4 ,

l‘— Section 1 —~<-Sect|on 2—-| |
\ (a) - TWo- SECTION FILTER l

T

Output - D-C Voltage

!

(b) OUTPUT WAVEFORM

fig. 21-11.=Two secion filter and out-put waveform: (a) Two-section fiter
(b) Out-put waveform.
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The inductive property of the coil opposes any rapid changes
of current regardless of whether the current be increasing or
decreasing, and in this way smooths out the ripple voltage and
tends to keep the current at a steady state, when the rectifier
output begins to decrease from B to C. This function is duplicated
at each half cycle. The ripple voltage is decreased further if the
condenser is connected across the load. Such an arrangement may
make up a single section filter and the resulting improvement in
output is shown in Fig. 21-18-a. More elaborate filtering involving
an additional filter section and further smoothing of the ripple
voltage, is shown in Fig. 21-138-b.

Comparison of Condenser-Input and Choke Input Filters.—
Both of these filters are similar in that they suppress the rip-

— T —

L
To Rectifier Load

Rectifier Output
B or Filter input

- o~ P oo

Y / V4 (Y

A C Filter Outputor/
Load Voltage

Fig. 21-12.~Choke filter; inpwt and outpwt waveforms.




14 APPLIED PRACTICAL RADIO-TELEVISION

ple voltage. However, they have other characteristics which
distinguish them from each other. In the condenser-input filter,
the condenser next to the rectifier tube is charged to nearly
maximum instantaneous value of the rectified pulses from the
rectifier tube. It does not discharge completely between pulses and
it is this current storage property which helps in maintaining

——— Rectifier Output or Filter input

ST T

L [

To c
Rectitier | Lood ] \/ \ / : \
/ ) \/ \/ \
< h Y V \
a- Single ~section Fulter Filter Outpul
—_— Rectifier Output or
m— For Filter inpul Load Voltoge
W 7N ) . N
L L 72 Y W A I\
a )\ v gy
c ") § +—FrY 7T 17—
e N A V W
v/ \
~ / '} \ L \

b~ Two- section Filter

Fig. 21-13.—Single section and two-section choke-input fillers,
showing input and output woveforms.

the output voltage from the filter in the interval between pulses
from the rectifier tube. When the load current is very small, the
voltage from the filter is approximately equal to the peak voltage
of the rectified pulses. When the load current increases, the filter
output voltage drops off quickly. In brief, for small load currents,
this filter has a high output voltage, but voltage regulation is poor.

As seen from the output wave forms of the choke-input filter,
this filter does not permit its output voltage to reach the peak
value of the rectified pulse as was the case with the condenser-
input filter. If the same rectifier-output voltages are applied to
either type filter, the choke-input filter would deliver less voltage
to the load than the condenser-input filter. In Fig. 21-14, curve A
shows the d-c voltage and filter output for various load currents
of 400 volts r-m-s on the rectifier plate, when using the condenser-
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input filter. Curve C shows the same characteristics with the same
voltage on the rectifier plate but using a choke-input filter. Note
how much lower the output voltage is for C as compared to A.
Also note how much quicker the voltage of A drops off with load
as compared to C, showing that the voltage regulation is better
with the choke-input filter than for a condenser-input filter.
Curves B and D show a similar relationship but for lower plate
voltage (300 volts) on the rectifier. Curves similar to these are
furnished by tube manufacturers as part of technical data
supplied with their rectifier tubes.

The choke coil is usually connected in the positive lead of the
power supply, although it may be used in the negative side with-
out changing the filtering. When used on the positive side, the
insulation between the windings and the core is stressed at a
higher voltage than when the choke is used in the negative lead.

Choke-input filters are used chiefly where large amounts of
power and good voltage regulation are required. Choke-input
filters are used with mercury-vapor rectifier tubes whereas the
use of condenser-input filters is not advisable. This is because the
maximum voltage drop across this type of tube is about 22 volts
and while the voltage will remain practically constant, the heavy
rush of current to charge the condenser causes the voltage drop
to exceed 22 volts and the heavy gas ions are accelerated toward
the filament, thereby bombarding and destroying it.

The d-c which flows through the choke coil lowers the in-
ductance effect (or inductance of the coil) because it saturates
the iron which makes up the core. Choke coils used in condenser-
input filters have sufficient air gaps in their cores to prevent the
d-c from saturating the core. Choke coils used in choke-input
filters have no air gaps, and normally the d-c saturates the core.
In these choke coils the effective inductance may be lowered ap-
preciably when the load current is increased. When the current
decreases, the effective inductance of the choke tends to rise.
However, if the current through the choke coil is too small, the
input inductance loses its effect and the filter behaves like a
condenser-input filter. To maintain the desirable characteristics
of the choke-input filter, a certain minimum value of inductance
must be in the circuit at the time of maximum and minimum load
current. This value of input-choke inductance is called the critical
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inductance. For a single-phase full-wave rectifier operating at
60 cycles, the approximate formula is:
R
L — 1550
L is the inductance of the filter choke in henries. R is the
d-c load resistance in ohmas.

Thus, if a rectifier is to deliver 100 ma (bleeder current plus
current taken by all other vacuum tubes) at 300 volts d-c, the
load resistance is

R_PI.-_—:”—glssooo ohms.

The minimum required inductance of this filter choke will be:

3000

L — 3550
If the load current is to vary between 25-100 ma, this 2.5 henry
choke will not be satisfactory at the lower values of tube current.
At the 25 ma current, the d-c load resistance in ohms is 4 times
the value of 3000, since the current is one-quarter of the former
value, the resistance must be 4 times the former value. The
necessary inductance required is:

L-= R 12000

1200 ~ 1200

The choke having this inductance or larger, for a maximum load

current of 100 ma, will provide satisfactory choke-input filter

operation. Such chokes, called swinging chokes, have large in-

ductance at low current, with appreciably smaller inductance
at maximum current.

Rectifier Transformers.—The voltages for the various elements
of a vacuum tube may range from 1 volt for the filament of
the receiving tube to ten or fifteen thousand volts for the plate of
the high voltage rectifier tube in a TV set. The cathode voltage is
a step-down transformation whereas the plate voltage is usually
a step-up transformation, exceptions being in the small a-c—d-c
sets which operate directly from the a-c or d-c line, that is, with-
out any plate or filament voltage transformers.

The average radio receiver has a plate voltage less than 400
volts — it usually approximates 800 volts. This relatively low

== 2.5 henries

== 10 henries
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voltage permits assembly of the high voltage and various filament
windings as separate secondaries over the same primary and
core. Such transformers are rated by the current they can deliver
at a specified plate voltage. A transformer suitable for a B-tube
receiver, may be rated 50 ma and 250 volts while one suitable
for a 9-12 tube receiver may be rated at 110 ma and 250 volts.
In addition, these transformers have filament windings of speci-
fied voltage and current ratings.

In a-c operated receivers, the cathodes of the tubes are usually
of the separate heater type so that a-c may be used for these
filaments. The voltage rating for these tubes is from 1.6 to 117
volts, with 6.3 volts being the most common,

The filaments of transmitter tubes operate on voltages of 2.5
to 14 and can be used on a-c as well as d-c, the only requirement
for proper operation being that the grid and plate circuits return
to the electrical center of the supply system. This connection is
necessary to avoid introducing hum into the signal, and is usually
the center tap on the filament winding.

The power supply of a TV set consists generally of a standard
supply such as is used on a very large a-c receiver and a high volt-
age supply which delivers 10,000 to 15,000 volts but at very low
current, usually on the order of .0005 amperes, This high voltage
is used to supply the picture tube 2nd anode.

Bleeders.—The resistance connected across the output of the
filter circuit is called the “bleeder.” Its purpose is to prevent
excessive rise in voltage that would otherwise occur if the load
were suddenly removed, thereby causing a break-down of the
insulation used throughout the circuit. In most radio power sup-
plies, when the set is just turned on, the rectifier tube and the
other tubes do not begin full operation at the same time. They

.do not operate in synchronism until a few seconds elapse since
turning on the set. When the rectifier tube is of the filament type
it begins to pass current immediately after it is turned on. The
tubes in the receiver, however, are usually of the separate heater
type and do not begin operating as soon as the plate voltage from
the rectifier is supplied. The bleeder resistor is an ever-present
load on the power supply and prevents any high voltage surge
that could occur under such conditions. The bleeder resistor also




RECTIFICATION AND RECTIFIERS 19

serves to discharge the condensers of the power supply when the
radio set is shut off, thus eliminating the hazard of high voltage
shocks to anyone repairing or working on the apparatus.

Voliage Dividers.—When a bleeder resistor is tapped at one
or more places, it becomes a voltage divider as shown in Fig.
21-15. The current flowing through the total bleeder resistor and
that portion of the bleeder between the voltage tap, determines
the voltages between individual taps and ground or reference
point.

Voltage Doublers.—Through the use of voltage doubler cir-
cuits, it is possible to obtain d-c voltages higher than the line
voltage without the use of step-up transformers. The operation
of a standard half-wave rectifier with condenser-input as shown
in Fig. 21-16-a should be understood thoroughly before the voltage
doubler and the other voltage multiplying circuits can be studied.
When a-c is applied to the circuit, the diode rectifier (25Z5 or
2576) passes current during that portion of the cycle when the
plate is positive with respect to the cathode. Assuming the con-
denser to have no initial charge, as at time (o) Fig. 21-16-b, the
current flowing into the condenser C and the resistor R, is the
same as it would be if they were entirely separate until the

100 ma A 60 ma

T1s

!
i

3
Fig. 21-15.—Typical voltage-divider crcun tor receiver.
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condenser is charged to the peak voltage of the supply as at time
(a) in Fig. 21-16-b. During the time interval (o) to (a) the cur-
rent flowing through the rectifier is the sum of the current
flowing through C and R. When the peak (a) has been reached
the condenser will start to discharge through the load resistor
and the rectifier will also pass current through the resistor until
such a time (b) when the voltage on the condenser exceeds the
value of the line voltage applied to the rectifier. The condenser
continues to pass current which drops off in value as shown from
(b) to (c). During the interval from (b) to (¢) the rectifier
voltage drops to zero, goes through the negative half cycle, starts
through the positive half of the cycle and increases in value
until at (c¢) it begins to exceed the condenser voltage, thereby
again charging the condenser and supplying current to the load
resistor. This sequence of rectifier and condenser operation is
repeated every cycle of input voltage. The current flowing in the
condenser while it is charging is heavy, and for this reason the
maximum current through the rectifier may be many times the

L

A-C Ry
Line = c |-

o g p c

d
S T

! ]
(b) l s \_/ \J
input A-C Line Voltage

Fig. 21-16.—Maif wave rectifier with condenser input.
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d-¢ current through the load resistor. For each rectifier tube,

there is a maximum plate current. For the 256Z5 and 25Z6 this.

rating is 450 ma. If this rating is exceeded, a short rectifier life
may result. This consideration limits the size of the input con-
denser which may be used safely, unless a series resistor R-1 of
80 to 50 ohms is used in the plate circuit to limit the peak plate
current. Such a resistor causes a few volts drop in the plate
voltage but provides protection to both tube and condenser;
where a series resistor is used, a higher value of condenser is
chosen to offset the loss in plate voltage caused by the series
resistor. The ripple voltage is determined by the size of the
condenser, load resistor and the line frequency. The frequency
for the half-wave rectifier is the same as the line frequency.

There are two types of voltage doubler circuits, (a) symmet-
rical or balanced type and (b) series or common line type. Some-
times these circuits are referred to as full-wave and half-wave
doublers, respectively. The latter designation probably arises
from the fact that the former has a ripple frequency of twice the
line frequency from the rectifier, while the latter has a ripple
of line frequency.

Fig. 21-17 is the most common voltage doubler circuit. A cur-
rent limiting resistor (R-1) and (R-2) have been discussed pre-
viously in connection with the half-wave rectifier. Filaments 7-1
to T-4 represent the heaters of other tubes of the receiver, con-
nected in series with the rectifier filament and the resistor R-8
and the rectifier filament circuit connected directly to the line.
The resistor R-8 reduces the voltage across the individual tube
filaments to the rated operating value. Condensers C-a and C-b
are assumed to be of identical value. Fig. 21-17-b is a simplified
version of a schematic diagram showing only the essential por-
tions of the circuit.

The operation of the circuit is explained as follows. At the
instant, point 1 is positive and point 2 negative, current will flow
in the direction of the solid arrow through the rectifier tube 7'-1,
thus charging condenser C-a, making point A positive with
respect to point 0. During this half cycle, no current will flow
through the rectifier 7-2 since the plate is negative with respect
to its cathode. During the next half cycle, current will flow only
through T-2, since point 2 has‘been positive with respect to
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point 1, and charging current will flow as shown by the dotted
arrows, charging C-b with polarity as shown. The potential
difference between points A and B if the condensers did not
discharge, would be twice the line peak voltage. Actually one
condenser is discharging through the load while the other is
being charged, in much the same manner as the input condenser
discharges in Fig. 21-16 during the alternate half cycles. If the
dotter curve of Fig. 21-18 represents the sine wave of the power
supply line a-c voltage corresponding to polarities 7 and £, then
A and B represent the instantaneous potentials of condensers
C-a and C-b respectively, with regard to 0. The potential differ-
ence between points A and B in the simplified diagram as shown
by curve E which is obtained by adding curves 4 and B. Curve E
is the total voltage from the rectifier and it is the voltage input
to the filter. The ripple or hum frequency is twice line frequency,
being the same as for a full-wave rectifier.

The operating characteristics of the voltage doubler circuit are
approximately similar to the half-wave rectifier of Fig. 21-16

Instantaneous Sum of Voltages
A and B of Figure Below

a E

Instantaneous Voltage Across
Condenser CA
A /=

AT S S
/
bolh L v SNy
v ‘\ l \ /
\ ! / \ /
-~ B \—

>
Applied AC Voltage

Instantaneous Voltage Across Condenser CB
Fig. 21-18.—Potentials in a symmetrical voltage dowbler.
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except that the higher output voltages are obtained. The 25Z5
and 25Z6 have a maximum rating of 75 ma for doubler circuits,
with a peak value of 450 ma for plate. The use of series resistors
in the plate helps to keep the peak current within safe limits.

The voltage rating of the condenser C-a and C-b is 150 d-c
working volts and capacitance is 20-40 mfd—the same as for the
half-wave rectifier of Fig. 21-16. Condenser C is usually rated 250
d-c working volts. It is to be noted that condenser C-b has the
negative lead connected to the chassis and thus if it is of a metal
can construction, the unit may be mounted on the receiver chassis.
Condenser C-a, on the other hand, must have its can insulated
from the chassis and be suitably covered to prevent accidental
contact with any grounded parts. One side of the power line is
connected to the junction of the two condensers as designated as
Point 0 in Fig. 21-17. Since either side of the power line may be
grounded depending on the way the line plug is inserted into the
power outlet, the full power line voltage can occur between the
chassis and any other actual ground such as a water pipe, radiator
pipe, or grounded conduit or outlet base plate. These are the
reasons why transformerless types of circuits are enclosed so
that no metal part of the chassis is accessible for accidental con-
tact by the user.

Fig. 21-19 is another voltage doubler circuit called the common
line, series line feed type, or half-wave doubler. This circuit
operates in a somewhat different manner from the balanced type
of voltage doubler, and might be more properly called a voltage
addition or multiplier circuit than a doubler circuit. The circuit
is shown in schematic form in Fig. 21-19-a and in simplified form
in Fig. 21-19-b. The operation of the circuit may be explained as
follows: Assuming point I is positive with respect to point 2,
during the first half cycle, charging current will flow in the
direction shown by the solid arrow to the rectifier tube T-1, until
condenser C-a shows a charge equal to approximately maximum
potential of the line. During the next half cycle, when point 2
becomes positive with respect to point 1, the charge of the con-
denser C-a will add to that of the line and the current will flow
through the rectifier tube 7-2, charging condenser C-b to a
potential equal to the sum of the charge in C-a plus the feed line
voltage. The path of this current flow is shown by the dotted
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arrow. This action would result in a charge of condenser C-b of
twice the peak line potential if it were not for the fact that this
condenser begins to discharge through the load the instant that
current starts flowing through the rectifier tube 7-2. Although
the current flow through C-a is in one direction on one half cycle
and in the reverse direction on the other half cycle, the polarity
of this condenser always remains the same.

Unlike the balanced type of voltage doubler circuit, this voltage
doubler has two different functions for the condensers C-a and
C-b. C-a acts as a reservoir of energy and adds its charge to the
line during the succeeding cycles. C-b is similar in its function
to the input filter condenser of the half-wave a-c—d-c circuit of
Fig. 21-16, except for the fact that it is worked at a higher volt-
age. C-a is of a 150 volt rating and approximately 80-40 mfd.
C-b should be of 250 or 300 volts rating depending on the load
current. If C-b is large, the safe estimate of the ripple current
through C-b is 2.4 times the load current. When considering load
currents for practical usefulness, such as 560 ma or more, the
ripple current through the condenser C-a can be figured safely
as 3.2 times the load current. Based on these considerations, the
peak value. (460 ma) of ripple current for a 25Z5 or 25Z6 is
reached when the load current is about 76 ma. For conditions
of greater d-c load current, two rectifier tubes shoild be operated
in parallel.

Voltage Multipliers.—An interesting extension of the prin-
ciple of circuit in Fig. 21-19 is shown in the voltage multiplier
circuit of Fig. 21-20. In this application, the principle does not
stop with the doubling of the voltage but is extended to as many
times the line voltage as desired. Condenser C-1 operates in the
same manner as C-a of Fig. 21-19, and delivers its charge plus the
peak line voltage of the succeeding cycle to the condenser C-2.
Condenser C-2 adds its contribution of double voltage to the line
voltage on the next half cycle when diodes T-1 and T-$ are pass-
ing current. This action continues in chain fashion to condensers
and diodes 8, 4, and 5 and 6 in turn. This circuit has been included
here chiefly as an extension of the principles discussed rather
than as a suggested practical power supply system. Very high
voltage such as used in surge voltage generators for studies of
lightning, are based on this circuif prineiple.
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Voltage doublers are also used in TV sets in the high voltage
gection. The high voltage in a TV set normally 10,000 to 15,000
volts is obtained by a transformer action in connection with the
horizontal output transformer. By using 2 tubes in a voltage
doubler circuit the initial voltage from the transformer does not
have to be so high and results in less break-downs in the trans-
former.

Voltage triplers: Some of the early projection TV sets required
25,000 volts for the picture tube. This was obtained by adding one
more tube to a voltage doubler and making it a tripler (RCA and
Philco both used it).

A-C
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U.S. Patent  \]__./ I
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Fig. 21-20—Voltage multipller circolt.
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Auto Radio Vibrator Power Supply.—To avoid the necessity
of having extra “B” batteries for plate and screen voltage supply,
auto radios are equipped with vibrator interrupters and step-up
transformers to change the voltage from the 6 volt car battery to
the higher voltage needed for plate and screen grid circuits.

The vibrator interrupter changes the smooth d-c from the
battery to a pulsating d-c which is transformed to a higher value
of pulsating d-c by a transformer and filtered to smooth d-¢ suit-
able for radio circuits.

Non-Synchronous Vibrators.—A vibrator supply using vacuum
tube rectification is shown in Fig. 21-21-a. A vibrator of
this type in which magnetically vibrator reed contacts are used,
merely as interrupters to provide ac to the step-up transformer
and rectifier tubes, is known as a non-synchronous vibrator. The
operation of this vibrator is explained as follows: current flows
from the positive side of the battery as shown by the large open
arrow, through the fuse, r-f choke, upper half of the primary
of the transformer, through coil L of the vibrator magnet, and
through the ground connection to the negative side of the battery.
This excites the upper section of the transformer primary and
also energizes the coil L and its magnet core, causing the vibrator
reed R to be attracted and close contact A. This allows current
to flow through the vibrator reed to ground and shorts out coil L,
thus releasing the vibrator reed E. The spring action and the
momentum of the weighted end of the reed R causes it to then
close contacts B and permit current to flow through the lower
half of the transformer primary as shown by the large closed
arrow.

Thus as reed R is caused to vibrate by magnet L, it causes
current to flow in the opposite direction, first through the upper
half and then through the lower half of the transformer primary.
“This induces alternating voltage of a higher value in the secon-
dary, the ends of which are connected to the plate of the full-
wave rectifier tube. Current flows first from one plate, then the
other, to the cathode and then through the filter choke to the B
plus terminal for the plate circuits of the receiver tubes. The
return for this circuit is through the receiver chassis ground to
the secondary center tap as shown by the dotted line.

The resistors shown across the transformer primary are used
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to stabilize the circuit and improve filtering action. The r-f choke
and the .b mfd condenser are used to filter out radio interference
from the vibrator contacts.

The .02 mf condensers shown in Fig. 21-21 are commonly called
buffer condensers. The value of this condenser is rather critical

NON-SYNCHRONOUS TYPE VIBRATOR & FULL-WAVE VACUUM TUBE RECTIFIER
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and its value is determined by a combination of factors including
the frequency of the reed of the vibrator, the overall inductive
value of the vibrator transformer and the load. For replacement
purposes the original engineered value must be adhered to or dam-
age to the vibrator points will result from excessive sparking.
This applies to both non-synchronous and synchronous vibrators.

Synchronous Vibrator Units.—Fig. 21-21-b shows a diagram
of an auto radio power unit using a synchronous vibrator
which has a double set of contacts which operate in synchronism,
and serve both as interrupters for the transformer primary
current and as rectifiers for the secondary current.

The operation of this vibrator circuit is explained as follows:
the current flows from the battery through first the upper and
then the lower sections of the transformer primary and can be
traced by the large open and closed arrows, the same as in Fig.
21-21-a. However, with the synchronous vibrator, the center tap
of the secondary of the transformer forms a positive connection
for the plate supply to the tubes. With the vibrator reed R in the
up position, closing contacts A and C, primary current flows
through the upper half of the transformer primary coil. Sec-
ondary current flows out of the secondary center tap, through
the filter to the tube plates, back through the chassis ground, to
the grounded end of the reed R, then through the contact C, to
the top half of the secondary coil, as shown by the small open
arrow. When vibrating reed R is down, closing contacts D and B,
primary current flows through the lower section of the trans-
former primary. Secondary current flows out of the center tap
of the secondary winding, through the tubes, back through ground
to reed ‘R, through contact D to the lower end of the secondary
coil, as shown by the small closed arrow.

Another way of representing this same type of circuit is
shown in Fig. 21-21c.

REVIEW QUESTIONS

Name the two general classes of vacuum tube rectifiers.

What are the differences between half-wave and full-wave rectifiers?
Why are filters necessary in vacuum tube rectifiers?

Name the two most common types of rectifier filters. What is the
ripple frequency for each type of filter?

8. What are the recommended uses of each type of rectifier filter?

oo



Chapter 2
RADIO WAVE RADIATION AND ANTENNAS

Early Radio History.—The word radio, coming from the word
radiate, applies particularly to the general radiation or broad-
casting of messages and radio entertainment and education.
Before 1920 when radio broadcasting began to get its start, the
term wireless was used almost entirely with reference to such
equipment. The first known attempts at wireless communication
were made by Professor Steinheil of Munich, Germany, in about
1837. Approximately thirty years later, between 1860 and 1870,
a famous mathematician in England, named Maxwell, proved by
theoretical analysis and calculations that wireless communication
was possible, but Maxwell did not put his ideas into practical
operation.

The next development along this line was made by Heinrich
Hertz of Germany, who within a few more years discovered and
established the various laws of electric wave transmission, or
transmission of energy through space without wires. The laws
established by Hertz are still used and found dependable today,
so Hertz is often called the founder or inventor of wireless. Due
to his early death, Hertz was unable to complete this work and put
his discoveries into actual practice, but very shortly afterward
Marconi successfully accomplished the first wireless communica-
tion, thus completing the work started by Hertz and also proving
that such communications were possible over great distances.
For this reason Marconi is also often called the father or inventor
of wireless.

The first transmission of wireless energy was accomplished by
means of what was called a spark transmitter. These transmitters
made use of a high-voltage spark or arc across a pair of adjustable
electrodes, to set up high frequency current or oscillations in a
local condenser and inductance coil circuit, and also in the an-
tenna and ground circuit. This high frequency energy in the
antenna circuit sets up combined electrostatic and electromag-
netic waves of energy which are transmitted a considerable
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distance through the air, of course becoming weaker and weaker
as the distance from the transmitter is increased. With this type
of wireless transmitting and receiving equipment, signals could
be successfully transmitted and received only a very short dis-
tance. Spark transmitters have become obsolete because of their
low efficiency, poor tuning characteristics, and the interference
they cause,

A little later the crystal detector came into use and, being more
sensitive to feeble electric impulses, made possible the detection
of signals over distances of quite a few miles. In the early part
of this twentieth century came the invention of the vacuum tube,
and its development and perfection made possible wireless teleph-
ony or voice transmission in addition to code signals. The
vacuum tube also made possible broadcasting and reception of
radio and television entertainment and education as we know it
today. It was not until 1920 that this means of radio transmission
and reception became popular for the purpose of entertainment,
thus making a general demand for radio equipment in the homes
throughout the country, and making much more efficient and re-
liable the equipment used for sending commercial messages and
radio telephone conversations.

Wave Form Energy.—As radio signals are transmitted through
space by energy in wave form, it is very important to first obtain
a general knowledge of wave form energy and how it is produced
and transmitted. Almost everyone has seen waves in water, set
up by wind or by dropping some object into it. These waves
represent traveling energy, as can be observed from the way they
will bob a small boat up and down, or even rock a large steamer.
The small circular waves set up by dropping a stone in a pond
and which radiate outward in all directions from the source,
gradually dying out in the distance, are very illustrative of the
nature of radio waves set up by a transmitting antenna.

Let us next consider sound waves. Sound is also energy in the
form of air waves and is created by anything that sets up vibra-
tions of the air. Air waves or vibrations ranging between 16 and
15,000 per second create audible sounds, or sounds which can be
heard by the average human ear. So all frequencies between 16
per second and 15,000 per second are called audio frequencies,
abbreviated a-f. A very interesting and important fact to note
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about sound waves is the manner in which certain objects will
vibrate in tune with them if their natural rate of vibration
happens to be the same as the frequency of the sound waves. This
can be readily demonstrated with a pair of tuning forks of the
same pitch. Striking one fork will set up audible vibrations of
the other one some distance away, by the energy radiated through
the air. This same thing is often noticed in connection with the
strings of a piano or some other instrument, or even a tin pan,
vibrating very noticeably when sound of the proper pitch or fre-
quency strikes them.

Now if sound consists of air waves or vibrations, and will travel
through the air, it is easy to see that air must be a conductor of
sound. Sound travels through air at a speed of about 1100 feet per
second. Water will also conduct sound and various solids will
carry sound more or less according to their nature. At the rate
sound travels through air we can readily see that it would be
impractical for long distance communication, because of the time
it would take the sound to travel any great distance. The time
required for a sound echo to return from a distant hill or building
well illustrates this. You have probably also noticed the fact that
thunder is often heard considerably later than the distant flash
of lightning is seen, due to the fact that the sound travels so
much slower than light.

Radio Energy or Waves.—Radio energy, instead of being in the
form of air waves, consists of electromagnetic and electrostatic
waves set up around conductors by the high frequency currents
flowing in them. These radio waves are thrown off into space in
all directions and for great distances if sufficient electrical energy
is used. See Fig. 1, which roughly illustrates radio waves travel-
ing from a transmitter antenna in all directions to be picked up by
various receiver antennas. Radio waves travel through most sub-
stances and all space, even where no air is present. So we find
that air, which is the conductor of sound waves, is not the carrier
of radio energy.

Radio waves are said to be set up in an invisible something
which exists in all space and in all materials. Ether is the name
which has been given to the medium by which radio waves are
carried. Radio waves cannot be insulated by any known material,
although they can be shielded or kept out of certain spaces by




Fig. 22-1.—Diagram illustrating the manner in which radio waves are sent

in all directions from a transmitting antenna. These waves can be received

by a number of different aerials at various distances from the transmitter
as shown in the sketch.
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using metal shields, Large steel buildings often shield their in-
teriors and certain spaces near them in this manner. Natural
mineral deposits and hills also produce shielding effects on radio
energy. Radio waves travel at a speed many thousands of times
faster than sound waves—186,000 miles per second, or 300,000,000
meters per second, which is the same as the speed of light. At this
rate a radio signal will travel about seven times around the earth
in one second, or from New York to San Francisco in a time
period so short it is usually not worth considering.

Frequency and Wave Length.—Radio waves are set up around
transmitting antennas by passing through the antenna wires
alternating current of very high frequencies. In addition to refer-
ring to radio waves by their frequency, they are also classified
according to wave length. The length of each wave produced by
a cycle of the radio frequency current can be accurately measured

| WAVE LENGTH —m
[ WAVE LENGTH ————+————|
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Fig. 22-2.—The above two sefs of curves illustrate the difference between

the frequency of sound waves and radio waves. The conirast between

ordinary 60 cycle alternating current and the radio waves would be still
greater.
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or calculated. Radio wave lengths are expressed in meters and
one meter is equal to 39.37 inches. The length of one wave can be
measured either from the crest of one wave to the crest of the
next of the same polarity as at A in Fig. 22-2 or from the start
to the finish of a wave as at B in this same figure.

When the frequency of radio energy is known, the wave length
can be easily calculated by dividing the distance in meters which
the waves travel in one second, by the frequency or number of
waves per second. For each cycle of current applied to the trans-
mitting aerial there will be one complete wave radiated from it.

Therefore

Wave length in meters = ?'-00’—02@—@
in which 800,000,000 — speed of wave travel in meters per second,
f — frequency of current in cycles per second (c.p.s.)

For example a station transmitting at a frequency of 1,000,000
cycles will have a wave length of

%g—g—o or 300 meters.

Checking the ordinary broadcast frequencies of 500,000 to
1,500,000 cycles (500 to 1500 kilo-cycles) in this manner will
show that they cover a wave band of 200 to 600 meters.

This formula can also be transposed and used to find the fre-
quency of a station when the wave length is known as follows:

300,000,000
~ wave length in meters
For example if a certain station is using a wave length of 400
meters, the frequency will be

f— %ggg’ﬂ, or 760,000 cycles of 750 kilo-cycles .

One kilocycle (k.c.) is 1,000 cycles.

One megacycle is 1,000,000 cycles (m.c.)

Sources of High Frequency Energy.—We have mentioned that
radio waves are set up at the transmitter antenna by the flow of
high frequency current in the antenna circuit. This alternating
voltage causes current to flow back and forth through the circuits,
setting up a constantly changing and reversing magnetic field
around the conductors. While low frequency current in con-
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ductors sets up changing magnetic flux around them, and this
flux will induce energy in other conductors or coils even several
feet away, high frequency currents throw off or radiate their
magnetic and static energy much more efficiently and much far-
ther into space. Radio signals sent out at this high frequency
energy with very low power are often received on the opposite
side of the earth.

Radio frequency currents can be produced by means of oscillat-
ing circuits using power vacuum tubes. Vacuum tube oscillator
systems for radio transmitters are much more economical and
efficient than the other sources of high frequency. They can be
adjusted to produce almost any desired frequency and they
produce a pure continuous wave that is quite ideal for either
radio telephone or telegraph use, and which can be very sharply
tuned, thus minimizing interference and making it possible to
cover great distances with comparatively small amounts of
energy.

4
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Fg. 22-3.—Diagram of a simple vacuum tube oscillator circuit for producing
radio frequency energy. .

Vacuum tube oscillators use high voltage direct current from
d-c generators, rectifiers or batteries and convert it into high
frequency a-c. Fig. 22-3 shows a tube connected in a simple cir-
cuit with the necessary devices for setting up high frequency
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oscillations. The frequency of these oscillations depends on the |
inductance and capacity of the tuned circuit, including the coils,
the tube parts, and any condensers that may be used to tune the
circuit. Inductance determines the length of time required for the
current and flux to build up to full value in each direction through
a coil, As these coils usually consist of only a few turns and have
no iron cores, their inductance is low enough to allow very rapid
oscillations or frequencies, ranging up to millions of cycles per
second in some cases. A variable condenser can be connected
across either the grid coil L1 or plate coil L2 and also used to vary
the frequency of the oscillations as desired.

The Antenna Circuit.—Now that we know the nature of the
energy used in radio transmission and how it is produced, we
will next want to know how this modulated wave or energy is
radiated or thrown out into space from the transmitter. This is
done with an aerial or antenna, but you may have wondered how
current can flow in the antenna as it is not a complete metallic
circuit. When high frequency alternating voltage supplied by the
transmitter is applied to the antenna circuit, either by direct
connection or by induction to the antenna coil, current does |
actually flow due to the condenser or capacity effect between the l
antenna and ground. This current is measurable with special high
frequency ammeters of the thermocouple or hot wire or other

types.

Fig. 22-4.—Sketch showing the antenna circoit of a radio transmitter, com-
pleted by capacity to sarth, A single wire is often used instead of several
wires as shown above.
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A condenser consists of two or more conductors of conducting
surfaces or plates separated by insulation of some kind. Trans-
mitting aerials for medium or long wave stations often consist of
one or more long wires, supported horizontally or parallel to the
earth’s surface. If several parallel wires are used, they are all
connected together to form a network. These wires are attached
to their supporting poles or towers by high voltage insulators,
and are further insulated from the earth by the air between the
aerial and the ground. This construction forms a simple con-
denser as shown in Fig, 22-4. The dotted lines simply show that
the aerial acts as one plate, the earth as the other, and the air as
the dielectric of the condenser.

Current Flow in Antennas.—When d-c voltage is applied to a
condenser it will charge the condenser with one plate or group of
plates positive, and the other plate or group negative. While the
condenser is being charged current flows into it, even though it
does not pass through the condenser dielectric. Then when the
applied voltage is removed and the condenser shorted or merely
left connected in a closed circuit, it will discharge and cause
current to flow out of it in the opposite direction to that of the
charging current. A condenser can be charged in either direction

Lo 0
. 75 U

Fig. 22-5.—On the left is shown a curve for one cycle of alternating current.
On the right is showa the manner in which the alternating charge a con-
denser and set up current flow in its circvit.

by simply reversing the polarity of the applied voltage. If alter-
nating voltage is applied to a condenser by connecting it in an a-¢
circuit, alternating current will flow in the condenser leads as the
condenser charges and discharges with the rise and fall of the ap-
plied voltage during each alternation as shown in Fig. 22-5. The
amount of charging current that will flow to a condenser depends
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directly upon the voltage and frequency of the a<c energy applied,
as well as upon the size or capacity of the condenser.

As radio transmitters supply extremely high frequency to the
antenna circuit and usually at several thousand volts potential,
considerable current will flow, even though the actual capacity
between the aerial and ground may not be very great in micro-
farads. As the high voltage, high frequency current flows in the
antenna of a transmitter each cycle sets up a complete electro-
magnetic wave, and also a complete electrostatic wave around
the antenna. These waves travel through space with the speed of
light, and when they strike or cut across a receiving aerial they
induce very feeble voltages in it.

Transmitting aerials are not always horizontal, some being
merely a vertical wire or mast. There is sufficient capacity
between a long vertical wire and the earth, to allow current to
flow in such antenna circuits. Fig. 22-6 shows an illustration of
electrostatic waves leaving a vertical antenna. The magnetic
waves are not shown in this sketch. It is very important that
transmitting antenna circuits, including their ground connections
be of low resistance in order to avoid resistance losses as much
as possible. Due to the skin effect or tendency of high frequency
currents to flow close to the outer surface of a conductor, rather
large conductors are often used in transmitting antennas.

Tuning and Resonance.—A variable inductance, or a condenser
can be used to change the frequency or oscillation period of a
transmitter oscillating circuit. The same is true of the antenna
circuit and as the length of this circuit, including the antenna,
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Fig. 22-6.—This diagram shows the manner in which electro-static waves are
assumed fo radiate in oll directions from o verticol radio transmitting aerfal.
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lead in wire and ground lead, determines the amount of in-
ductance and capacity of the circuit, it should be made of the
proper length for the wave length of the station. In addition to
making this circuit the proper length, variable inductance coils
and variable condensers are used, either in series or parallel], to
tune the antenna circuit to the frequency of the energy produced
by the transmitter. Generally they are connected in series with
the antenna for tuning.

When the open antenna circuit is adjusted to the same natural
frequency as that of the closed oscillating circuit of the trans-
mitter, the two are said to be in resonance with each other., Proper
tuning of the antenna circuit enables maximum current to flow
and produces best results and efficiency with a transmitter.
Tuning of radio transmitters has another very great advantage,
in that it makes possible the sending of signals of one certain
wave length, which can be received only by receivers that are
also tuned to that wave length, without interfering with other
stations that are operating on different wave lengths. This makes
possible the operation of many transmitting stations at the same
time without confusion, and also makes possible the selection of
the desired station by the receiver. The height of an antenna also
influences its wave length, both by changing its capacity to earth
and by changing the length of the lead-in wire.

Receiving Antennas.—Receiving aerials do not need to handle
much current and so0 generally consist of just one small wire,
about No. 12 or 14 B & S gauge, and of the proper length for
desired results. Either solid or stranded copper or bronze wires
are very good for receiving antennas.

With early forms of radio receivers such as crystal sets, where
all of the energy to operate the headphones come from the anten-
na, or even with sets using only one or two tubes, long high
receiving aerials were needed to pick up sufficient induced voltage
to give good signals. But with modern multiple tube sets and the
great amount of amplification they accomplish, very little receiv-
ing aerial is needed.

It is well to remember, however, that the higher a receiving
aerial is located and the more free it is kept from surrounding
trees, buildings, or other tall objects, the more energy it will
usually receive. Also remember that increasing the length of a
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receiving antenna increases the energy it will pick up; of course,
keeping in mind that the antenna should not be so long that its
natural wave length is much greater than that of the energy to
be received. In rural communities and certain out of the way
places which are a long distance from any radio station, long,
high, outdoor antennas may still be used to good advantage.

If one were to really understand all the technical problems
to be considered in producing an ideal antenna installation, in-
tensive study of complete treatises on the subject would be
necessary. Such a process is recommended if the individual de-
gires the finest possible performance. However, since the number
of locations where it is convenient to erect such an antenna would
represent only a fraction of one per cent of radio users, and
also because it is possible to achieve quite acceptable results
with the more common types of antennas, this discussion is
purposely limited to the generally practical receiving types.
A study of the advantages and disadvantages of each type is
presented.

Lead-ins for Receiving Antennas. — The lead-in includes all
antenna circuit connections running from the horizontal portion
of the antenna, down the side of the building and to the receiving
get. If there is anything more generally neglected than the
antenna itself, it is the lead-in. Too many radio enthusiasts seem
to think that the chief purpose of the lead-in is to provide for
final disposition of any scrap wire that may be lying around
the premises. The first rule for the lead-in is to make it short.
A lead-in, like an antenna, has inductance, capacity, and resist-
ance, but the inductance and capacity can not be used to such
a good advantage as when used in the antenna itself. For
example, a lead-in 100 feet high used with an antenna only 30
feet long would have three times the inductance and capacity
of the antenna itself, but if the lead-in for this 30 foot antenna
were reduced to 40 feet, its inductance and capacity would be
only about 20% more than that of the antenna.

The lead-in is part of the antenna circuit and should be well
insulated by proper use of stand-off insulators wherever they
are required. Because insulated wire is used for the lead-in does
not mean it may be dropped over the edge of a roof without any
protection. There is no objection to using insulated wire for the
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lead-in if the wire is properly supported but neither is there any
advantage. The lead-in wire should be kept away from, or
insulated from, walls, ceilings, mouldings, ete., in the room
through which it passes on its way to the receiver. Lead-in wires
should always be at least as large as the aerial wire, or with an
area equal to all aerial wires in parallel where a number of
wires are used. Remember that the length of lead-in wires should
be added to that of the antenna proper, when calculating the
effective length of natural wave length of the antenna. That is,
with the exception of certain special types of transmitting aerials.
Long ground leads will also affect the wave length of the antenna
circuit. Sometimes, the lead-in is connected nearer the center of
the antenna rather than at one end. Then the effective length of
the antenna is equal to about 14 of its physical length, or half
that of an antenna of the same length in feet but having the
lead-in at one end. Where the lead-in enters the building it
should be run through a porcelain or glass insulator. Such an
insulator may be passed through 9/16 to 34 inch hole bored in
the window frame.

The outer end of the lead-in wire should be scraped perfectly
clean and a secure mechanical joint made between it and the end
of the antenna wires, which has also been thoroughly cleaned
of all insulation or oxide. This joint should then be thoroughly
soldered. If it is impossible to solder the joint, wrap it tightly
with tin foil, then cover the foil with a layer of rubber tape,
followed by a layer of friction tape. If rubber tape is not avail-
able, use two layers of friction tape and cover the outside with
a heavy coating of shellac. If the lead-in wire enters a wall or
window through a porcelain tube insulator, drill the hole for
the insulator with a slant so that the out-door end will tilt
downward, thus preventing entrance of rain into the building.
In case it is objectionable to bore holes in the window frames, it
may be best to cut a notch in the top edge of the sash, pass the
bushing through this opening and push the window up against
the bushing to hold it.

Various kinds of special lead-ins may be purchased. Some of
these consist of flat ribbon copper incased in a covering of in-
sulation, Such a device may be laid over the window-sill and the
window closed tightly over it. The danger in this construection
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comes from the fact that the insulating covering may be broken
through and water from rain or snow will ground the antenna,
which means weak signals or no signals in the receiver. Never
use a lead-in device in the ends of which wires are held by spring
clips or similar devices. All such joints corrode with wet weather
and after they corrode for a few months, the antenna might just
about as well be disconnected. Every joint from the farthest end
of the antenna to the binding post of the receiver must either be
soldered or else solidly bolted, and well shellacked to keep water
from the joint. After the lead-in has entered the building, it
should be carried along the walls, baseboards or mouldings until
it reaches the receiver. This inside part should be made of well
insulated stranded copper wire. From the standpoint of appear-
ance, a silk-covered wire is best, although any other insulated
wire will be as good from the standpoint of radio reception. As
a final precaution, bring the lead-in from the building entrance
to the receiving set in the straightest line possible, avoiding
unnecessary turns.

Types of Receiving Antennas.—The frequency coverage of the
all-wave receivers ranges from .56 megacycles to 15 megacycles.
For purposes of antenna design requirements this wide coverage
is roughly divided into two sections. The first section extends
from .56 megacycles to 1.5 megacycles (the present broadcast
band) and the second from 1.5 megacycles to 15 megacycles
(police, aircraft, amateur and foreign transmission). The major
requirements of these two sections as to physical location to
obtain the largest possible signal energy, the most favorable
signal to noise ratio, and the methods for conveying the signal
energy to the receiver are very similar.

Probably the most common types of receiving antennas in use
at the present time are still the “Old faithful” single wire “T”
and inverted “L” types, illustrated in Fig. 22-7, These antennas
are used in the Marconi system, that is, installations employing
ground as an essential part. The “T” and inverted “L” types
are convenient to install and generally satisfactory in operation.
No better testimonial need be given than the one usually included
on the installation instructions of ‘a newly purchased receiver.
From an antenna standpoint the instructions read somewhat as
follows: “satisfactory resulte may usually be obtained with an
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antenna of 25 to 75 feet in length, suspended as high as possible.
The directional characteristics of these antennas for broadcast
use are shown in Fig. 22-8.

Two illustrations are given for the “L” type because the length
of the flat top (FT) as compared to the length of the lead-in (L)

Fig. 22.7.--Single wire “T* and inverted “L” type receiving antennas.
has a bearing on the directional effect. If, as in Fiig. 22-8 the lead-in
(L1) has more length than the flat-top (FT), the reception pat-
tern is found to be almost non-directional (equally effective in
any direction). Fig. 22-8 also shows the reception pattern when
the lead-in (L2) is shorter than the flat top (FT2).
The directional effects noted are characteristics of an antenna

erected over an open plain. In actual practice the pattern is
greatly distorted by the presence of nearby metallic objects such
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as metal roofing, telephone and electric wires, gutters, down
spouts, etc. In practical applications this means that if reception
is poor from a desired direction, the situation can be improved
by shifting one end of the antenna. Sometimes moving or rotating
an antenna only a few feet will make a decided difference in its
performance on the reception of more distant stations. The
effects noted are more pronounced on the short wave bands.

" A third type of antenna is one in which the wire is suspended
in a vertical manner. This type antenna has a non-directional
reception pattern. When the average person thinks of a vertical
antenna, he immediately visions large supporting masts, difficult
installation and prohibitive cost. However, this picture is not
necessarily true. If the operation of the “T” antenna previously
described is analyzed, it will be found that the system operates
mainly on the ability of the lead-in wire to pick up the signal for
the receiver. If the “T” type antenna has its lead-in attached at
the electrical center, the two halves formed effectively counteract
each other with the result that little or no signal is fed to the
lead-in. It naturally follows that it is possible to erect a vertical
antenna in much the same manner. However if no masts are
used, the only ether logical way to support the vertical antenna
is by fairly close mounting to a building or similar objects. This,
of course, destroys the antenna’s non-directional properties and
much of its pick up efficiency since it is effectively shielded in
one or more directions by the absorption qualities of the sup-
porting object.

Before proceeding with a discussion of the noise reducing types,
let us see just what improvements can be made by alterations in
the designs previously described. One of the most obvious methods
of improving a short outside antenna (almost completely in the
noise area created by household appliances and utilities) is by
increasing its length in a direction so that a major part of it is
in a comparatively noise-free location as shown in Fig, 22-9. .=

The same remedy may be applied to an indoor installation.
While this method does not actually decrease the noise pickup,
ft increases the noise-free pickup and results in a more favorable
signal-to-noise ratio. However, there is the following factor to
be considered, especially in the case of all-wave receivers, before
{nstalling a very large antenna.
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Any wire has a certain amount of inductance. It also has a
certain distributed capacity with relation to surrounding objects
and to ground. As in the case of any tuned circuit, at some definite
frequency, the inductive and capacitive reactances will be equal
and opposite, resonance will occur, and maximum efficiency
realized. The larger the antenna, the larger the inductance and
associated capacity, and the lower the frequency at which the
antenna system is naturally resonant. The very large antenna
tends to have its resonant point either in or near the broadcast
band.

It should be remembered that the lead-in wire of the “T” and
“L” types of antennas also functions as a pickup medium. When
any calculations are made, the lead-in length should be included
as an integral part of the antenna. Since the ordinary lead-in
wires are capable in intercepting signals, they are also capable
of receiving noise impulses. Through the antenna itself may be
located is a noise-free area, the lead-in, forced to pass through
the noise field to the receiver, may contribute heavily to the
noise level. (Fig. 22.9).

The fact that any vertical pickup medium is especially prone
to intercept waves of vertical polarization, makes conditions even
worse, since most man-made interference is radiated in vertically
polarized waves (or in waves leaning toward the vertical). Sev-
eral methods have been designed to eliminate the property of
the lead-in to intercept either signal or noise impulses and make
it more suitable for its true purpose, that of conducting the
energy accumulated by the antenna to the input circuit of
the receiver.

One such method uses a completely shielded lead-in wire. Al-
though it is possible to make this system perform in a fairly
satisfactory manner on the broadcast band, it is practically use-
less for short wave reception unless a proper matching network
is employed. The impedance matching network consists of im-
pedance matched transformers, one of which is connected at the
lead-in end where it connects to the horizontal portion of the
antenna, the other connects to the receiver end of the lead-in.
These transformers are for the purpose of reducing the loss of
energy in the lead-in due to the grounded shield. Fig. 22-10c.
The energy loss at broadcast frequencies, due to the relatively
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high capacity between the lead-in and the shield, is serious
enough even considering the tremendous power of some of the
popular broadcasting stations. Keeping in mind that this energy
loss will increase with any increase in frequency, it is easily
understood why this method is not generally recommended. Most
of the short wave stations are of relatively low power as compared
to average broadcast band transmitting stations, and any appre-
ciable loss in signal energy fo be delivered to the receiver should
be avoided. Fig. 22-10 illustrates this point.
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Fig. 22-10-C.—Wiring diagram of lead in.

A second and extremely popular method is that of using a
transmission line to transfer the signal energy from the antenna
to the receiver with minimum signal pickup by the transmission
line. Since this development has come about largely as a result
of the demand for noise reduction on the short wave bands of
commercial all-wave receivers, it would seem in order to discuss
the basic antenna requirements of these all-wave receiving sets.

In the short wave spectrum a new condition arises in that the
physical dimensions of a half wave length antenna are small
enough (for given frequencies) that its length is within the
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restrictions of the practical installation. Antenna systems de-
signed on this principle are capable of delivering a much stronger
signal to the receiver in the frequency ranges for which they
are designed.

The signal voltage that is generated in the antenna is due to
the fact that the antenna is cut by electric lines of force created
by the incoming signal. The value of the voltage generated in
the antenna is somewhat proportional to the length of the antenna
until this length approaches a half wave length with respect to
the frequency of the signal under consideration. At this point the
antenna become resonant. The voltage or power built up in the
antenna itself at or near this frequency is much larger than it
would be if the antenna length was not a half wave length or
some multiple thereof.

This explanation may seem a bit involved and unnecessary but
it should be understood that this basic action or principle is
incorporated in the design of almost all of the commercially
available all-wave antenna systems. These include such types as
the doublet, double-doublet, “V” doublet, the staggered doublet
(one having uneven flat top sections), the selective beam type
and the combination web types.

Up to this point it seems that the design for the standard
broadcast range (.55 to 1.5 megacycles) has been somewhat
neglected in the all-wave antenna design. This is true to a certain
extent. In the first place both transmission and reception are more
stable in the broadcast band frequency range. This band is not
merely as much affected by fading, skip distance and unusual
refraction properties peculiar to high frequency signals. Secondly,
the power of the average broadcast band transmitter is much
greater than a corresponding short wave station. As a result,
if any compromise must be made in the antenna design, it should
favor the short wave design so that the listener may have a
performance on the higher frequency stations similar to the
performance he expects and gets on the broadcast band. In the
third place, manufacturers of all-wave antenna systems have
made it possible either through ingenious design of the matching
transformer at the set, or by a simple switching arrangement,
to convert the antenna into the equivalent of an ordinary single
wire antenna of equal length for broadecast band use.
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Doublet Antenna.—As previously pointed out, doublet or dipole
antennas are usually designed to give maximum efficiency when
used upon a certain predetermined frequency band or bands. It is
well to remember that any section or combination of sections in
the doublet systems can operate not only at the given frequency
or frequencies but may also be operated quite efficiently at some
harmonic of the fundamental design.

All of the doublet types use some form of transmission line
(either shielded, twisted or transposed). This line under ordinary
conditions will not have any tendency to pick up signal or noise
impulses. Such a system provides the very useful advantage of
allowing the antenna proper to be as much as several hundred
feet from the receiver. In many cases this permits the antenna
installation to be made in a noise-free area. The addition of large
amounts of like transmission line should produce little or no
change in the impedance match at the transformer.
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In the matter of locating the noise-reducing antenna types, the
following precautions should be observed. The prime need is, of
course, to get the antenna as high as possible. Locate the antenna
as far above and away from any noise radiating utility wires
as practical, at any cost stay away from elevator penthouses and
any rotary electrical equipment.

In the matter of directional characteristics, the average double
system has what is termed a broadside reception pattern. This
means that the antenna is most effective when it is located at a
right angle (90 degrees) with relation to the desired direction.
If two doublets are located at right angles to each other, the
result is a non-directional pattern inasmuch as one or the other
section can always produce an essentially broadside effect to any
desired signal. Fig. 22-11.

So far, except for the doublet antenna, we have talked mostly
about antennas which use a ground connection. Marconi first used
such antennas; accordingly we call them Marconi antennas.
Observe (Fig. 22-7) that there is always more or less “up and
down” to them. They start at the earth and go up. Sometimes
they go horizontally also, but invariably they go up. In a moment
we shall show why that is important.

»The Hertz antenna or doublet uses no ground connection what-
ever. Accordingly it need not run up and down at all; it is possible
to make it a straight horizontal antenna if so desired. For the
best short wave reception, this feature is very desirable.

Vertical or Horizontal Antennas.—Near the radio transmitting
station the waves are departing in the manner of Fig. 22-13A.
They are mainly vertical and are best received by a vertical (or
partly vertical) receiving antenna—an antenna that has some
height. The Marconi antennas of Fig. 22-12 will work best for
such reception, as will the vertical Hertz type of Fig. 22-12.

At a great distance we have a different picture. We find that
short waves arrive in the manner of Fig. 22-18B. It is at once
apparent that this leaning of the waves (“polarization toward
the horizontal”’) gives the horizontal Hertz antenna a chance
which it did not have on the nearby reception of Fig. 22-18A.
For that reason the horizontal Hertz antenna is very useful in
short wave, long-range reception. Fig, 22-14 shows the best
theoretical and practical locations of antenna and receiver to
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keep the antenna out of the noise area and also to keep it from

being shadowed by surrounding objects.
One of the most popular forms of doublet antenna systems is

(Horizontal) § 3 (T)
2 = II I

4
Hertz Type Marconi Types

fig. 22-12.—Hertx (ungrounded) antenna types are becoming more and more
popular for short wave work.
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Fig. 22-13.~Why vertical receiving antennas ore best on locals,
while horizontal types favor distance.
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shown in Fig. 22-15. If we make the top about 70 or 75 feet long,
the best performance will appear in the 49 meter band, but at
other wave lengths, the line no longer acts as a pure line; the
upper part participates in varying degree in the antenna action
and the losses vary materially with frequency. However, a theo-
retical shortcoming can often be tolerated commercially, and the
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Fig.- 22-!4.—.‘"'. theoretical ideal (A) and the prccvic_al substitute (B). . .
extreme simplicity of this arrangement is evident. Its anti-noise

action leaves little to be desired, it is easy to erect, the line can
be of any convenient length upward of some 40 feet (be sure to
use that much and coil up any you don’t need inside the set
cabinet) and strong wind does little damage.

The real shortcoming of this or any other horizontal Hertz
type is in the relative ineffectiveness of such an antenna near
500 kcs. To make the antenna long enough to get around this
difficulty results in preposterous clumsiness. Accordingly one
must accept reduced reception in the ordinary broadcast band
for the sake of a more favorable signal to noise ratio in the

short wave range.
o ; I ®
<At right ongles fo
andenna for $0er S0F2
Feisted pair
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La— Spoced teveral inches
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fig. 22-15.—Two efficient *ransmission line systems using Hertz collectors.
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The importance of a good r-f ground cannot be over-empha-
sized. This statement may seem contradictory to the explanation
of the doublet systems designed to operate with no ground.
However, the purpose of the ground in such cases is to prevent
chassis pickup and possible pickup from the light line. The
ground in these cases has no function in the signal pickup design
of the antenna system. A separate ground for the radio set other
than water pipes, ete., is recommended for the best possible
results. A good noise-filter in the 110-volt line which supplies
power to the set may be of assistance when the noise condition
is extremely bad.

—_— 5

JRANSFORMER
OPTIONAL

Fig. 22-16.—Staggered doublet antenna.

In Fig. 22-16 we have a modification of the original doublet
system. This design is sometimes known as the staggered doublet
because its sections are unequal in length. The staggered system
is used for the purpose of providing resonance properties on
the higher frequencies.

Fig. 22-17 shows another type doublet known as the “V”
doublet. In this system, the tapered “V” at the center has the
property of effectively matching a relatively high impedance
antenna to a low impedance line.

In the “V” doublet, Fig. 22-17 the length of Sections A and B
are equal, Sections C, D and E should form an equilateral triangle.

The effect of systems employing two doublets mounted at

e el e

O 7

Rg. 22-17.—%V* doublet antenna.
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right angles to each other has been previously discussed and is
illustrated in Fig. 22-11.

Another widely used design is shown in Fig. 22-18, This par-
ticular design represents not only a combination of the resonance
properties of its possible sections, but also has the additional
factor of improvement where wave polarization is considered.

Fig. 22-18.~This antenne combines resonance properties and weve polarization.

Fig. 22-19 shows the web type of antenna. A thorough explana-
tion of this somewhat complicated design would be very long.
This system has roughly the same properties as the type shown
in Fig. 22-18.

A final point to be considered lies in the choice of an antenna
for a receiver of a given manufacturer. In every case it is well
to follow the manufacturer’s recommendation as to the type
antenna to be used with his particular receiver, inasmuch as he
specifies the one which has the best matching properties for
his set design.

Capacity of Antennas.—Considering the horizontal portion of
an antenna, the capacity or condenser effect of the antenna
increases almost directly with its length up to 100 feet but

(o

Fig. 22-19.—W3sb type ontenna.
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increases less rapidly for greater lengths. This might be expected
since an increase of antenna length increases the area of the
condenser which is formed by the antenna and ground. There
is only a small change in capacity as the height of the antenna
above the ground is increased above 30 feet. From a height of
30 feet up to a height of 120 feet, the decrease in capacity is only
about 7%, but as the antenna is lowered under 30 feet, the
capacity increases quite rapidly. This effect might also be ex-
pected because lowering the antenna brings the parts of this
condenser closer together. The capacity of a vertical lean-in
wire increases directly with the length of the lead-in. The capacity
of a vertical lead-in must be added to that of the antenna to
obtain the total capacity of the whole antenna system.

In the accompanying table is given the capacity in mmfs of
mmfs of the horizontal portion and following the hyphen is the
of the horizontal is 107 mmfs and the vertical portion, or lead-in
is 71 mmfs a total of 178 mmi{s for the entire antenna system.

Thus for an antenna 60 feet long and 40 feet high, the capacity
of the horizontal is 107 mmfds and the vertical portion, or lead-in
is 71 mmifds a total of 178 mmfds for the entire antenna system.
The capacity of the lead-in must be added to that of the antenna.

CAPACITY OF HORIZONTAL AND VERTICAL PORTION OF A SINGLE
WIRE ANTENNA IN MICRO-MICROFARADS

Antenna Length in Feet of Horizontal Portion of Antenna
Height 80 Feet 45 Feet 60 Feet 75 Feet 100 Feet
in Feet Hor.-Vert. Hor.-Vert. Hor.-Vert. Hor.-Vert. Hor.-Vert.

20 59-40- 83-40 111-40 139-40 182-40
30 58-56 81-56 109-56 131-56 175-56
40 57-71 80-71 107-71 123-71 172-71
60 57-103 80-103 105-103 121-103 170-103
100 56-166 79-166 104-166 119-166 168-166

The effective capacity of the antenna system is somewhat
greater at the higher frequencies or lower wave lengths used in
broadcasting than at the other end of the scale. Taking the
effective capacity at 1000 K.C. or approximately 300 meters as
represented by 100%, the following changes are found in practice.

At 1600 K.C. or 200 meters, the capacity is 120% and at
600 K.C. or 500 meters, it is 90% of the value at 1000 K.C.
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Inductance of Antenna.—The horizontal portion of the antenna
and vertical lead-in not only have capacity but also have in-
ductance even though they are straight wires. The following
table gives the value in inicrohenries of the horizontal portion
of the antenna and of the vertical lead-in. (A microhenry equals
one millionth part of a henry or 1,000,000 microhenries equal
one henry.)

INDUCTANCE OF ANTENNA SYSTEM IN MICROHENRIES

Antenna Length in Feet of Horizontal Portion of Antenna
Height 80 Feet 46 Feet 60 Feet 76 Feet 100 Feet
in Feet Hor.-Vert. Hor.-Vert. Hor.-Vert. Hor.-Vert. Hor.-Vert.

20 20-10 30-10 41-10 50-10 66-10
30 20-16 80-16 61-16 51-15 69-16
40 20-21 30-21 42-21 52-21 71-21
60 20-34 30-34 42-34 53-34 72-34
100 20-61 30-61 42-61 52-61 72-61

MODULATION AND DEMODULATION

Modulation.—Radio waves are much higher in frequency than
sound or audio frequency waves. Frequencies above 15,000 cycles
per second and up to many millions of cycles per second are
known as radio frequencies (r-f). The radio waves used in the
ordinary broadcast band are from 500,000 to 1,500,000 cycles
per second. The frequency spectrum as recognized today is:

500 to 1,600 Kilocycles — Ordinary Radio
10 to 80 Kilocycles — Very Low Frequencies
80 to 800 Kilocycles — Low Frequencies

300 to 8,000 Kilocycles — Medium Frequencies

3 to 30 MC — High Frequencies
30to 3800 MC — Very High Frequencies
800 to 8,000 MC — Ultra High (UHF) Frequencies
38,000 to 80,000 MC — Super High Frequencies

Fig. 22-20 shows a comparison of the frequency of sound and
radio waves, the upper curve representing a simple sound wave
of 5,000 cycles per second, which is quite a high frequency in the
sound range; and the lower curve represents a constant radio
wave of 100,000 cycles frequency, which is in the lower range of
radio frequencies,
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The high frequency oscillation or carrier waves necessary for
radio transmission are not audible to the human ear. In order
to send music or voice it is necessary to impress the audio
frequency sound waves on the radio frequency carrier wave, in
such a manner that they will vary or control the amplitude of

A
2 _—
! et wave LeweH ———

r
!
!
1
!
'
!

— b

| T
T

—— b S, —

Fig. 22.20.—The two sets of curves illustrate the difference between the
frequency of sound waves and radio waves.

the carrier wave directly with the volume and frequency varia-
tions of the sound. This is known as modulation of the carrier
wave, by a voice or music wave. A modulator is a circuit arrange-
ment which will impress the audio frequency energy on the radio
frequency carrier.

Fig. 22-21 shows a simple low power radio telephone transmitter
circuit with one oscillator tube and with a microphone coupled
to the grid circuit by means of a microphone coupling trans-
former T. The microphone control varies the current from a
battery in impulses that correspond exactly to the value and
frequency of the sound waves striking the diaphragm. In Fig. 21,
the microphone is connected in series with the microphone bat-
tery M and the primary of the coupling transformer. Therefore,
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the pulsating current set up through this primary coil when
voice or music waves strike the microphone diaphragm, induces
alternating current of corresponding value and frequency in the
secondary coil, which is connected in series with the grid circuit of
the oscillator tube. Fig. 22-22a and 22-22b show curves represent-
ing the pulsating d-c of the microphone circuit and the varied value
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Fig. 22-21.—Diogram showing how a microphone can be coupled to an

oscillotor circuit of a simple radio tr itter to dulate the carrier wave

with the audio frequency voice energy. This circuit uses what is known
as grid modulation.

of a-¢ which will be induced by the secondary of the coupling
transformer. Any change in the grid voltage of a vacuum tube
causes a corresponding change in the plate current. So as the
microphone transformer supplies alternating voltage of varied
value and frequency to the grid of this tube, the plate current
will vary accordingly. If the tube is already oscillating and de-
livering a radio frequency carrier current to the antenna, the
audio frequency variation is impressed on the radio frequency
waves and will cause them to vary in value, the variation being
at audio frequency and corresponding to the original sound wave
at the microphone. Fig. 22-23 shows a modulated carrier wave on
which the value and amplitude of the high frequency wave has
been varied by impressing the audio frequency upon it. This
modulated wave is what reaches the antenna and is sent out
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through space to produce voice and music at the distant receiver.

Demodulators or Detectors.—The transmitted radio energy or
carrier wave is much too high in frequency to be audible to the
human ear. After modulation by audio frequency current, the
signal energy or current induced in the receiving aerial circuit
is alternating current of such high frequency that the diaphragm

MM

Fig. 22-22.—~The curve ot “A” illustrates the nature of pulsating current set

up in the drcuit of a microphone. At “B” is shown the curve for the alter-

nating current of varying value which is induced in the secondary winding
of a microphone coupling transformer.

of the headphones or loud speaker cannot respond to it, because
even their slight inertia prevents them from vibrating at such
high speed. The detector is a device which makes it possible to
hear the signals received. It is the job or function of the detector

Fig. 22-23.—Curve showing a high frequency carrier wave modulated or
varied in valve by the avdio frequency voice waves.
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to rectify the received high-frequency current into pulsating d-c.
In the early stages of radio, the crystal detector was one of the
devices used for this purpose whereas in the radios of today,
the vacuum tube detector is used exclusively.

Crystal Detectors.—There are a number of crystals which have
more or less the property of rectifying the high frequency alter-
nating current used in radio transmission into uni-directional or
pulsating d-c. In the past, one of the most commonly used was
the galena crystal which is a natural crystal formation of sul-
phide of lead and is found in lead mines, A crystal mounting
with its feeler contact or adjustable “cat-whisker,” was used to
explore the surface of the crystal for sensitive spots. When a
crystal such as galena is connected to an a-¢ circuit, it will allow
current to pass freely in one direction, and will almost entirely
prevent its flow in the opposite direction. This rectifier action is
thought to be due to either electro-chemical or electro-thermal
action between the layers within the crystal structure or at the
point of contact between the tip of the cat-whisker wire and
the crystal surface.

Fig. 22-24 shows a method of connecting a crystal and a pair of
headphones to a tuning coil to form a simple radio detector or
receiver. When the high frequency waves, or a damped wave,
for example, strike against the receiving antenna of such a
circuit they induce alternating voltage in the antenna. This
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Fig. 22-24.—This sketch shows a circvit for a simple crystal detector radio receives.
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voltage tends to set up in the tube coil, during each wave train,
an alternating current such as illustrated by the curve at A in Fig.
22-25, The voltage drop across the coil L in Fig. 22-24 will cause
part of the current to flow through the crystal and headphones.

If the crystal were left out, the high frequency current would
not produce any sound at the phones, because it could not flow
to any appreciable extent through the high impedance of the
phone coils which are wound on iron cores. Even if the current
could get through the coils in any useful amount, the phone
diaphragms could not vibrate at such high frequency nor could
the human ear hear it if they did. With the crystal in the circuit
as shown in Fig. 22-24, however, the current is allowed to flow
through it and the phone in only one direction, and is practically
all cut off in the reverse direction. This is illustrated by the
curves at B in Fig. 22-25.

Thus practically all that gets through the phone is pulsating
d-c or current in one direction. The current through the phones
does not vary with, or follow each of the high frequency pulsa-
tions of these rectified groups, but due to the impedance of the
phone calls, the current builds up to a sort of average value. in the
form of one pulsation for each group or wave train, as illustrated
by the large dotted curves C in Fig, 22-25. These longer and slower
current impulses through the phone magnets, all in one direction,
cause the diaphragms to be attracted and released or vibrated
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Fig. 22-25.~The curve at “A” represents the alternating current induced by

damped wave trains striking the aerial. At “B” is shown the curve for this

energy after it has been rectified into pulsating D.C. by the crystal. At “’C”

the lorge dotted curves illustrate how each group of pulsations supply line
current impulse to the headphones.
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at audio frequency, thus setting up audible signals.

The same general action takes place with modulated radio
frequency waves. The crystal rectifies the energy to high fre-
quency pulsating d-¢c by cutting off the flow in one direction.
Then the impedance of the phone causes the uni-directional pul-
sations to build up current through the phone magnet, which
does not vary much with each high frequency impulse, but varies
or pulsates with the slower variations which are due to the audio
frequency modulation of the waves, as was shown at C in Fig.
22-25. Thus detection, or a change from radio frequency to audio
frequency, takes place as a result of the combined rectifying action
of the crystal and the choking action of the phone.

Galena crystal detectors have the disadvantages of a lack of any
amplifying ability and a need of frequent adjustment. They have
been entirely replaced by vacuum tube detectors which are more
dependable and, in some types, are capable of amplification.

The latest type of crystal detector is the Mermanium crystal.
A common type is numbered 1N34. It is used in radio and televi-
sion for detector or demodulator purposes. Some specialized types
are even used as detectors in the very high frequency tuners of
TV sets.

Fundamentals of Vacuum Tube Detectors.—If a diode is placed
in series with a source of a-c voltage, current will flow through
the tube and the circuit only during the half-cycle in which the
plate is positive and the cathode negative. Current cannot flow
in the opposite direction because there can be no electron emis-
sion from the cold plate, consequently, the alternating voltage
can produce pulses of current only during the half of each cycle,
and all these pulses are in the same direction as shown by Fig.
22-26. Any current which flows always in one direction is a direct
current so the diode is delivering pulsating direct current from
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Mg. 22-26.—~A RECTIFIER allows pulsating direct current fo flow whea an
clternating current is opplied.
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an alternating voltage. The diode is a rectifier. Negative electrons
leaving the cathode make the cathode somewhat positive, so a
cloud of electrons remain near the cathode because of the attrac-
tion between the relatively positive cathode and the negative
electrons. These electrons near the cathode form the space charge.
Since two negative bodies repel each other, the space charge
repels additional electrons being emitted from the cathode. Volt-
ag