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TELEVISION SCANNING AND
SYNCHRONIZATION

Reprinted from C Q
By B. W. Southwell, W60 ]W

Television will doubtless play a large part in post-war ham
radio. Television is no longer the simple art it was in the days
of mechanical scanning. It is a science all its own, and here
are a few of the fundamentals.

N ORDER to transmit and receive intelligible visual images it is necessary that
I the subject picture focused on the mosaic of the iconoscope he scanned verv
rapidly so that a complete picture can be transmitted in a fraction of a second.
It is also essential that the image be reproduced on the fluorescent screen of
the kinescope exactly as it was seen by the iconoscope.

Three views of the fluorescent screen of a cathode ray tube are shown in
Fig. 1. In A, with no connections to the deflection plates, the electron heam
striking the screen appears in the center, midway hetween the horizontal deflecting
plates 1 and 2, and vertical deflecling plates 3 and 4. 1 a potential is connected
across the tube Dbetween plates 1 and 2, the beam, which consists of negative
particles of electricitv, will move horizontally loward the positively-charged plate
2, as indicated in Fig. 15. Similarly, the beam can be displaced vertically upward
as in Fig. 1C.

Ii the bhattery voltage is replaced by an oscillating or alternating potential
on the horizontal plates, the beam will sweep back and forth across the screen.
The length of this sweep will depend on the voltage applied. An alternating poten-
tial applied to the vertical plates will cause the spot to move up and down between
plates 3 and 4.

SAWTOOTH SCANNING

In scanning an image it is necessary that the deflection increase linearly in
respect to time. In other words, the voltage must build up linearly while the beam
sweeps across the face of the screen and then reverses itself and decreases rapidly
to its initial value. The wavelorm of the voltage produced in the output of scan-
ning generators appears as shown in Fig. 2, and is known as a “sawtooth” wave.

There are two types of cathode ray tubes — the electrostatic-deflecting and
magnetic-deflecting. In the electrostatic-deflecting design the outputs of the scan-
ning generators are led lo two sets of deflecting plates. One pair sweeps the
heam horizontally and the other pair verlically. In the magnetic deflecting type
deflection is accomplished by varying the magnetic field between two sets of coils
placed at right angles to each other around the neck of the tube just beyond the last

Copyright 1945, Radio Magaszines, Inc., 342 Madison Awvenwe, N. Y. C.
(CQ, Sertember 1945)
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2 Tie Rapto Encinerrs’ DicesT NovEMBER

anode in the electron gun. The magnetic field of one set tends to ove the beam
back and forth in a horizontal direction (horizontal sweep coils) and the other
verlicallv (vertical sweep coils). The sawtooth waves produced in the scanning
generator for electrosiatic deflection are vollage waves, while those .generated for
magnelic dellection are sawtooth waves of current.

If an alternating sawtooth potential ol 15,750 cycles per second is applied
to the horizontal deflection plates, and a sawtooth voltage ol 60 cvcles to the vertical

ELECTRON
BEAM—

©)
&/
DISPLACED
ECECTRON
BEAM—

Fig. 1 Showing how the electron beam or “spot”

is deflected in a cathode ray tube. A combination

of rapid horizontal and vertical displacements
build up the “‘picture”

plates, the heam will sweep hack and forth across the screen 13.750 fimes a second
and up and down 60 times per second. The resultant reproduced picture on the
fluorescent screen ol the cathode ray tube is a scanning “raster” counsisting of 525
lines.

SAWTOOTH GENERATORS

There are various lvpes of sawntooth generators. One of these employs a lwo-
element gaseous discharge tube. Such a tube contains two electrodes immersed in
1 gas at low pressure and is connected across the terminals of a capacitor. This
tvpe is of little value for lelevision purposes due to the fact that it cavmol be ac-
curately svnchronized.

The scanning generator most commonly used is a conventional three-element
vacuum tube, which is free from temperature and de-ionization delay effects. This
type of scanning generalor, emploving the multivibrator principle, is shown in
Fig. 3. The multivibrator pulse generalor circuit is very similar to that of a regular

wWWw americanradiohistorv com



1945 TrLEVISION SCAVNING AND  SVNCIRONIZATION b

resistance-coupled amplifier. The circuil requires (wo triodes which are generally
included in one envelope. The outpul of the second triode is fed hack to the grid
of the first triode in the right phase to sustain oscillations. By varving the grid
condenser C and the grid-resistance R. it is possible 1o change thc fundamental
frequency ol the multivibrator. This arrangement is verv popular as il is easy lo
eynchronize.

ACTIVE INACTIVE
SCANNING RETRACE ,OR
/FLveack

VOLTS —»

DEFLECTION

OF oNE

TiME —® “ PZRIDG
CYCLE

Fig. 2. The “sawtooth” of a scanning generator.
In conventional 525-line television the horizontal
period is 1/15,750th of a second

The blocking oscillator tvpe ol scanning generator: illustrated in Fig. 4 s
a later developmeut and is also reliable and simple to adjust. The oscillations
are blocked suddenly when the grid is driven negative by the passage of grid
current, and commence again as the charge tlows off through the gridleak. A
separale iriode, (which in practice is generally the other half of a twin-iviode type
tube) is used to discharge the capacitor C. The frequency at which the hlocking
oscillator operates is determined by the RC combination RaCi. As Re decreases
in value, the charge leaks off Cg faster and the blocking action repeats irseif al
a higher rate.

(€]
SCANNING
R 118 Sy
l___ OUTPUT

SYNC
INPUT

AAAAAAAA
YYYYYYY
x
x

Fig. 3. Multivibrator type of sawiooth wave
generator.

Sawtooth oscillators which are not blocking oscillators are generally termed
“relaxation” oscillators. Relaxation oscillators are divided into two lypes, the
symmetrical and the unsymmetrical. In the svmmetrical type, a voltage wave is
generaled with a quick “flip-over” from extreme negalive lo extreine posilive
values, followed by a period during which the voltage decreases slowly (relaxation),
until the crilical value is reached and the process repeats itsell in the opposile di-
rection. The unsymmetrical oscillator generates positive and negative waves of
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4 Tir: Rapio ENGINEERS™ DIGEST NOVEMBER

unequal magnitude and duration. The wave-forms of these two lvpes as viewed
on a test oscilloscope, are shown in Fig. 5.

The frequency of horizontal scanning generators to reproduce an image of
a certain number of lines is derived from the formula
5+ horizontal frequency

Lines = 3 :
vertical frequency

For example, a 525-line image will require a horizontal oscillator frequency
of 15,750 cycles (assuming a 60-cycle vertical sweep).

+

]

— VWA

B8LCIKING
OSCLLATOR
I'4 A

SAWTOOTH '
—— VOLTAGE
OuUTPUT

DISCHARGE
TUBE

Fig. 4. Blocking oscillator generator with dis-
charge tube

When construction of a television receiver is contemplated, it will be <esirable
to consider separate power supplies for the horizontal and vertical scanning gen-
erators to minimize cross-talk. When vertical deflection inlermingles with the hor-
izontal, the pattern shape is distorted. Harmonics of the horizontal sawtooth ap-
pearing in the vertical deflection circuits cause the scanming lincs to hecome wavy
instead of straight.

IRNANIAN
A%

SYMME TRICAL

i
>
%

UNSYMME TRICAL

Fig. 5. Relaxation oscillator waveforms

SCANNING METHODS

There are various methods of scanning and reproducing an nmage by an
eleciron beam, the best known of which are the progressive (non-interlaced) and
the interlaced (preferable method). The progressive system consists of a picture
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scanned by a single set of parallel, adjacent lines, as shown in. Fig. 64. The solid
lines are the scanning or active lines, while the broken lines are the return or in-
active lines. The inactive lines are hlanked out so that they do not appear in the
reproduced image. The electron heam is moved back across the picture instant-
aneouslv during the time of the inactive lines. At the completion of an inactive
Jine the horizontal blanking action ceases and the beam starts to trace anotlier
active line shghtlv helow the preceding line. The distance one tine lies helow the

rﬁr
|
y
/
|
|
|

~— SCANNING MOTION

e
o i B

g ———— <M—__:_:
Ve ————— o

ZH T e — el
4 e p———
L e e T T

p=====27 —

INACTIVE PATTERN (UPWARD)

Fig. 6. Progressive scanning patterns. Inactive
or return sweeps are dotted

preceding one depends primarily on the frequency of the horizontal scanning
generator, and the coordinated action of the vertical oscillalor on the heam to hring
the spot down to the start of the next line. The higher the frequency, the grealer
the number of scanning lines and consequently each line is closer to the pre-
ceding one. Similarly, il the frequency is low the number of iines is smaller
and hence the lines are spread out from each other. The downward action of the
vertical oscillator is constant during the time of the active scanning line and the
hlanked-out retrace. One can readily see that il the retrace were not instantaneous
horizontal dark lines or hands would run through the picture.

At the end of the last scanning line, vertical blanking is imposed on the spot,
extinguishing and returning it to the upper left corner of the picture. This return
is fast compared with the downward motion and the line moves hack and forth
several times as shown in Fig. 6/ (inactive pattern). These upward motions con-
stitute the difference between the active lines and the total number of lines of the
entire pattern. The number of inactive (upward) lines must he kept to a minimum.
In practice, the number of vertical inactive lines is 41 or less.

Each scanning line should e just thick enough 1o be adjacent to the pre-
. . . - . . Al -
ceding one and must equal the distance hetween centers of adjacent lines. The line
thickness is derived from the formula
height

number of active lines

Thickness

For a 525 line picture with 483 active lines and a height of six inches, the
line thickness will be 6 divided by 483 or .0124 inches.

wwWw americanradiohistorv com
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INTERLACED SCANNING

The interlaced method of scanning is a different story. The lines are scanned
in the order 1, 3. 5, 7, etc., followed by 2, 4, 6, 8, etc. The time for covering the
picture area is reduced from 1/30th to 1/60th second so that in the first field
in which the odd numbered lines are scanned, the spacing between lines (center

o b w N

~

«t———SCANNING MOTION
(-]

FIRST FIELD
SECOND FIELD

Fig. 7. Odd-line interlacing. Return or inactive
lines are dotted. Vertical return is shown on the
right

to center) is doubled. The second field in which the even numbered lines are
scanned must fall accurately so that the lines of the second field are half-way
hetween the lines of the first field. The interlaced pattern is shown in Fig. 7.

There are two methods of interlacing — the odd-line and even-line svstems.
In the odd-line method the total number of lines is an odd number. It is simpler
than the even-line system and is the method most commonly used. In the even-
line method (Fig. 8} the total number of lines is an even number. The difficulty
lies in accurately forming up and down motions of unequal length in the required
succession. Since it is superseded by the odd-line system we shall not discuss it
further.

® Db W

“— SCANNING MOTION

SCANNING MOTION ——3»

INACTIVE FIELDS (UPWARD)

——FIRST FIELD
——SECOND FIELD

Fig. 8. Even-line interlacing
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1915 TELEVISION SCANNING AND SYNCIRONIZATION 7

With odd-line interlacing, there are 262.5 lines in each successive f](?l(l. EVfary
up and down motion must be precisely the same lenglh in ord.er that interlacing
be preserved. At the start of each field. in order to avoid “pairing” the spot must
be one-half line distant and exactly on the same level as the start of the previous
field. (Pairing will be described later.)

WIITIRIRTTHTT
LIV
WL
AT ALY
ll/ 7777 ////”/ 1771777

[l // // L / L \llllf {
AVVIVELVEVEARAARAAANRANRATAAA
LT /1//////1‘//////////7(.(
ZANURVUVVARUANU AR
ST,
LULVANLRAVANARATRARNARARARRRAR SRR

PROPER INTERLACE

e Ak
DT T T
IARLARRARRARELEARA IR DA

Ty J

yaasi £ ot i v
AR A A AR A A A A AR AR A A

“PAIRED” INTERLACE

VITHTITTITTIR scanning one of fiesT FiELD
ALY scanning Line of secono Fied

Fig. 9. Showing “pairing” of lines in successive
field; due to improper timing of vertical scan-
ning generator

There are other methods of scanning in less general use. Sinusoidal scanning
uses simple deflection circuits, which are relatively free from distortion as well
as inexpensive. Spiral scanning makes maxinmum use of a circular cathode ray
screen, bul is wasteful of screen area in rectangular pictures. Like sinusoidal
scanning it is difficult to synchronize. Another method is velocity scanning which
produces brighter high lights and need no synchronization. Its principle is bright-
ness inversely proportional lo scanning velocity, hut requires an excessive vertical
blanking period.

In interlacing, the simple two to one is the easiest form to obtain and is em-
ployed in the odd-line system. While greater detail is available with a higher
ratio interlace, it is difficult to synchronize accurately to avoid pairing, and inter-
line flicker hecomes apparent due to lower frequency.

SYNCHRONIZATION

The method by which the electron heam in the receiver is kept in step with
the scanning beam in the iconoscope at the transmitting position is called syn-
chronization—or familiarlv “syne.” The synchronizing signal is applied between
the grid circuit and the ground of each scanning generalor.

If, in each scanning cvcle, the timing is not the same as the preceding cycle,
the picture elements in the cathode ray tube will be displaced in the reproduced

wWwWw americanradiohistorv com
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image. The picture elements in one line are displaced 1o one side or the other, relalive
to the next line, if the horizontal svnchronization is faulty. On the other hand,
il the vertical scanning synchronization is out of step, lines in one interlaced field
will be displaced vertically with reference to lines of the preceding field. The
lack of vertical sync will cause what is known as “pairing,” as shown in Fig. O.
There are two imporlant {requencies in synchronizing:
1—The free or natural frequency of the scanning generator jtsell which
is governed by the constants of the circuil (resistance and capacilance
values, lube constants, elc.).
2—The synchronizing frequency, which is the frequeney ol pulses applied
to the grid of the scanning generator tube.

HORIZONTAL
SYNC. SIGNAL\
e G — ——MAX LEVEL
INFRA BLACK
REGION
- —“— BLACK LEVEL

BLANKING
SIGNAL

t

CAMERA SIGNAL REGION

Fig. 10 Horizontal synchronizing pulses

Put SE PULSE INTERVAL PULSE SYNC .
INTERVAL INTERVAL PULSES

| EQUALIZING | VERTICAL SYNC | EQUALIZING |HORIZONTAL

b ONFRA
! BLACK |
! REGON|

[ #~BOTTOM OF BLACK LEVEL-
ONE FiELD
l€———— VERTICAL BLANKING PERIOD ——hl

CAMERA SIGNAL

Fig. 11. Vertical synchronizing pulses

When the sync pulse is approximately the same irequency as the free frequency,
the scanning generator then operates at a forced frequency, which is equal to
the svne frequency whenever an image is being reproduced. Viewed on a tesl
oscilloscope the sync pulse appears to he riding on the 1op of the horizontal blank-
ing pulse as in Fig. 10. It is not desirable to have the sync frequency ard the frec
[requency exactly the same. The general rule is, Lo sel the free frequency far enough
helow the sync frequency so that they cannol become equal, but not so far as lo
cause the sync circuit to lose control. If the free frequency were set above the
sync frequency the period between pulses occur during the time a line is being
scanned. Setting the free frequency below shortens the period between pulses, and
the oscillator is held back continuouslv hecause the svnc pulses always appear at
the end of the scanning of each line.

Horizontal pulses occur al the end of each line and “lock in” each of the
successive transmitled lines. These are sharp, nearly rectangular pulses (see Fig.
10) which oceur 15,750 times per second for a 525 line picture. For every 202V
horizontal sync pulses, there must occur one vertical sync pulse. This vertical sync
pulse has the sume amplitude as the horizontal sync pulse and is prolonged to. en-
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1945 TELEVISION SCANNING  AND  SYNCHRONIZATION 9

dure through some 3 or 4 horizontal sync pulses. The vertical svne pulse does not
wipe out these horizontal sync pulses, as this would cause the horizontal generator
to slip out of sync while the vertical pulse is present. In order to preserve the
continuity of the horizontal pulses, the prolonged vertical pulse is broken up imo a
series of smaller intervals, each serving as a horizontal pulse. A series of “equaliz-
ing” pulses of twice the line scanning frequency is inserted hefore the vertical
pulses to make the effective shape of each vertical pulse identical. alter separaiion.
These pulses occur during the time the scanning heam is blanked out. The vertical
sync pulse and equalizing pulses ride on top of the vertical blanking pulse as
shown in Fig. 11. The ideal shape of any of the sync pulses (plotted against time)
should he rectangular. Thev are, however, trapezoidal in shape, as the rise to the level
of control voltage is more or less gradual rather than instantaneous.

HOR:ZONTAL

VERTICAL |

- |

Fig. 12. Oscilloscope waveferms showing sepa-
rated ‘‘sync” signals

The synchronization pulses are generated in the sync generator at the trans-
mitter location and are used 1o initiate the horvizontal and vertical sawtooth scan-
ning generalor oscillations. They are combined with the picture and blanking sig-
nals which modulate the transmitter. These signals are separated [rom the piciuve
and blanking signals in the receiver, where thev are fed into the scanning genera-
tors to lock them in with those at the transmitter. Bv doing this, the picture on
the screen of the cathode ray tube is an undistorted reproduction of the imnage
focused on the iconoscope mosaic.

SEPARATING SYNC PULSES

When the combined sync signals are received it is necessary that thev be sep-
arated so that there is nro interaction between the horizonal sync pulses and the
vertical sawtooth generator, and similarlv between the vertical sync pulses and the
horizontal generator. This separation is accomplished in a circuit called the “sync
separator” stage. After separalion, the wave-forms of the svne signals when viewed
on a tesl oscilloscope are as shown in Fig. 12. The signals iilustrated are those
occuring with progressive scanning. Svnc signals of the interlaced system appear as
in Figs. 10 and 11.

The syne signals occur in the region which is called the “infra-black” or
“blacker than black.” Since this region of amplitude ic ahbove the Dblack level,
the synchronizing signals cannot produce light in the received image. 1f the peak
amplitude of the radio-frequency television signal is taken as 100 per cent, the
National Television Systems Committee in 1939 designated as standard the use
of not less than 20 per cent, nor more than 25 per cent of this total amplitude
for synchronizing pulses.
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4 CHANNEL MIXER FOR YOUR AMPLIFIER

Reprinted from Radio News, Radio-Electronic Engineering Edition
P ’ ) g

By David A. King

HERE are many amplifiers in use today, both of professional and home con-

structed types, that have been designed with a single input terminal. These
amplifiers are entirely adequate for any purpose where it is desired to amplify
sound from only one source at a lime. For those who desire to make more elaborate
sound pick-ups for such purposes as moving picture sound-iracks and other home
recording ventures, the electronic mixing panel described herein will prove of real
value.

In designing this mixer it was proposed lo develop a unit which, while re-
taining all or most of the advantages enjoyed by expensive professional equipment,
still used standard receiver parts. Many of these parts, as in the case of the am-
plifier, can well be salvaged from discarded radio receivers.

Many volume controls designed for use in home radio sets are somewhat
noisy when used ahead of a high-gain instrument where even minute variations in
voltage are amplified to the point where they will produce annoying volumes of
sound in the loudspeaker.

This fault has bheen eliminaled in the present design Ly removing the volume
controls from the low-level input to the grid circuit of the mixer tube. This means
the addition of one exira tube for each low-level channel but, in the opinion of
the writer, this extra tube is more than justified by the quieter operation gained
through its use.

Through the use of standard electronic mixer tubes, the use of expensive pads
& : p p
has been eliminated and a mixer has been provided where each channel can he
sel 1o ils own level withoui inter-acting with anv of the other channels.

The tube line-up shown is perfectly satisfactory with the circuil constants
shown. The reader is referred lo any standard hand-hook of resistance-coupled
amplifier design for constants for tubes other than those shown. The only exception
to this is the variation shown in the schematic where it is noted that 6]7 lubes
may be substituted for the 63]7 tubes used by the wriler. Since these tubes dif-
fer only in a few minor respects insofar as audio frequency applications are
concerned, the same circuit constants may be used with either tube. One added
precaution to be used with the 6]J7 tube, though, is to be sure to use a shielded
lead to the grid-cap and to use one of the little cap shields over the grid-cap. In
the case of a “G” tube, of either type, it will be found that a close-fitting metal
shield will give a huge reduction in noise pick-up.

In planning your mixer panel layout remember that the usual construction
rules prevail; keep all leads as short as possible and paris well spaced to prevent
intercoupling. All circuits are so routed as to prevent coupling from output to
input through any path whatsoever. To this end, the output of the mixer panel
should be be well separated physically and the associated wiring so routed as to
prevent capacitance or inductive coupling between these circuits. It will be noted

Copyright 1945, Ziff-Davis Publishing Co., 185 No. [Vabash Ave., Chicage, Ill.
(Radio News, Radio-Electronic Engineering Ldition, October 1945)
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4 CHannEL Mixer vor Your AMPLIFIER 11

that de-coupling nets have been introduced into the plate-circuit of each tube. These
nets were found to he absolutelv indispensable in the prevention of motor-hoating
and other forms of instability.

As indicated in the schematic, a ground bus interconnected with that on the
amplifier will be found to reduce hum and other forms of disturbances 1o a min-
imum. Carry this ground bus on mounting lugs which are carefully insulated from
the chassis and do not connect this bus lo the mixer chassis at any point. Bond
the mixer chassis to the amplifier chassis to prevent the formation of static charges
hetween these units. It may be found that a good connection to earth ground will
reduce noise level and it will certainly prevent anv chance of shock due to any stray
voltage between chassis and ground.

Schematic diagram of four-tube mixer. Each input has its individual volume control.

c4y c6y
-
65J70r 67 3 6SC7 RO
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—

TO
MIXER INPUT
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N
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|
.||l
3
@
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Q
.||l———) =

-—
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PHONO~PICKUP (1} A I <
65C7, R22
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3 1 VOLTAGE ON AMPLIFIER
e 1
= ool O -LTo GRouwo 8US
PHONO—(P2|;:KUP k_J T ONAMPLIFIER
' 4 (SEE TEXT)
—d
R233
= 0 T06.3
c 647 647 6sC? 6SC? FILAMENT
JL ON AMPLIFIER
R,, Ra, Ris, Ry—1 megohm, Y5 w». res. C,, C;. C-, C,— 25 ufd, 25 v. elecc.
Ro, Ryy—600 ohm, Y3 w. res. Cor Cs—.5 pfd, 400 v. cond.

R,, R\;—500,000 ohm, V5 w. res. —

Re. Rio, Ric—100,000 ohm, /s w. res. oD Con S CIES (B0 O Gl
Ri. Riy Rin, Riow Ruy—3500,000 ohm pot. 4 Co» Coo—0I pfd, 400 ». cond.
Rz, Rav—3000 ohm, Vs w. res. 2—65C7 tube

Rg, Ry, Rig, Roi, Roe—10,000 ohm, Y3 w. res. 2—6J7 or 65J7 tube

In wiring this unit, bear in mind that the low-level input circuits (those marked
“mic. 1 and mic. 2” on the schematic) are carrving voltages which are amplified
some 7000 to 10,000 times before they are reproduced in the loud-speaker. For
thai reason, noise voltages which would ordinarilv he negligible assume pro-
portions comparable to program level. This latier is true since the output of high-

wWwWw americanradiohistorv com



12 The Ramo lnGINEERS DicEsT NOVEMBER

quality microphones is so minule as to be comparable in value lo the noise voltage
in a carelesslv laid-out circuit.

This is mentioned. not as an attempl to scare the reader, bhut lo save him
from the rather disappointing experience of finding that his mixer is a source of
noise rather than a means of amplilying the speech and music it is designed to
handle.

These vollages can be reduced 1o the point where they can he neglected by a
few simple precautions. First, keep all low-level signal leads as short as possible
and run them entirely in shielded wire. This applies to the grid leads of the low-
level or microphone input tubes. Bond these shields carefully to the ground bus,
hut insulate them carefully where thev pass through the chassis. Second. use some
tvpe of shielded input jack. An ordinary single circuit radio jack will do if it
isn’t too large physically. If a large jack is nnavoidable, enclose it in its own shield
to avoid pick-up. A still better input jack for the “mikes” is the regular amphenol
button-contact jack. This latler may be hard to obtain, however. Third, never
iry to use ordinary wire to connect a high-quality microphone to any amplifier.
Use regular microphone cable which is carefully shielded. Even when wsing cable
of this type, carefully avoid cable runs longer than those recommended by the
manufacturer of your microphone. This is usually about 50 feel for most makes
of high-impedance instruments.

If longer cable runs are necessarv. ohtain a microphone with a line trans-
former in its case and provide a line-to-grid transformer for each ‘microphoue
channel. This latter, if carefully shielded, will provide somewhat bhetter over-all
response for the microphone placed at some distance from the mixer.

One more excellent precaution, which will pay off in reduced hum level. is to
make sure that all wires carrving raw a.c. (such as filamenl leads) are carried
through the circuit as twisted pairs and pushed as far into a corner of the chassis
as possible. 1t will he remembered that the [ilament circuit of the amplifier was
grounded on one side to avoid hum pick-up. [t would be an excellent idea to
ground the mixer filament lead, as well. lowever, an obvious precaution would be
to make sure that the same lead is grounded in both amplificr and mixer to avoil
anv chance of a short circuit.

The panel lavout is lefl up to the reader’s taste with these few notes. First
if obtainable, select a panel ol some wmetallic material such as iron or aluminum.
This may, of course, he finished to suil. Second lay out the chanuel controls in
Jogical sequence across lhe top of the panel and place the master control below
them or, if preferred, place the master control near the top of the panel and line
the other controls up along the hottom. This is for the sake of avoiding confusion
in operation. If practicable, make all microphone and phono connections to the
hack of the mixer cabinet and keep the low-level tulies as far away from the panel as
the size ol the chassis permits. This latter is not of too much importance, however,
provided shielding has been carried oul as suggesleid.

The wiring complete, connect the mixer to the power amplifier as indicated
in the schematic. Before placing tubes in the sockets, check voltages on the tube
sockets with a good voltmeter if one is available. Failing this, at least check
the filament terminals with a neon bulb 1o be sure that plate and heater leads
haven’t been crossed. This could cause considerable damage to the amplifier’s
power pack even though a tube were not burned out.

Now place the tubes in position. Place a finger on the input circuit of one
of the low-level inputs and slowly advance the corresponding mixer control. The
result should be a loud humming sound in the loudspeaker. Now turn this mixer
control lo zero and try the other low-level channel the same wav. Now feed in
sound from either a microphone or some other sonrce of equal level and check
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the amplifier and mixer for quality. I instruments are at hand, an audio oscillator
may be used to drive the amplifier and mixer aad the over-all frequency response
determined for each channmel in turn.

In operation, connect each input channel of the mixer to an appropriate sound
source, i.c., one or two microphones for spoken commentary and sound-effects and
two phono pickups for “canned” sound-effects or musical backgrounds {or bhoth!).
I possible arrange to have the microphones placed in rooms away from that used
for the mixer panel. This latter is to provide an opportunity to use a loud-speaker
to “monitor” the mixing results and adjust each separate channel to its proper
level. Failing this, a pair of headphones may be connected into the circuit.

Nothing, in the writer’s opinion, can give any person any greater satisfaction
than to achieve fine results with apparatus built by his own hands. 1f those results
are a well-planned soundtrack for a home movie film or a well-recorded sound-drama.
a person has an artistic achievement as well as a scientific one to “point to with
pride”.

Some books are to be tasted, others to be swallowed, and some few to be
chewed and digested. Francis Bacon
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WHITHER TELEVISION?

Reprinted from Television

By Dr. Alfred N. Goldsmith

FRTAIN recently disclosed engineering methods and equipment. developed

during the war period, strengthen the viewpoint expressed relative to television-
broadcasting-allocations in an earlier discussion in these columns. They reinforce
the conviction that present-day commercial and practical television should cifect-
ively he concentrated below 300 megacveles, and that the highly evolved television
of the future should bhe centered above 3000 megacveles. Other considerations
additionally reinforce the opinion that the number of channels presentiv assigned
to commercial television broadeusting should speedily be increased 1o enable a
healthy and normal expansion of that art.

It is well known that standard broadeasting is conducted commerciaily on 105
channels between 350 and 1500 kilocveles, though nol all of these channels are
available for use in the United States. Frequency-modulation hroadcasting will
enjov eighty channels helween 88 and 104 megacycles, and most of these will he
available for use in this country. In sharp contrast, conumercial television hroad-
casting is crowded into thirteen chaunels scallered in zroups hetween 44 and 216
megacvcles a channel arrangement which ohviously is not preferred from the
engineering or operating viewpoint. And even experimental television broadeasting,
hetween 480 and 920 megacycles would (with 10-megacycle channels and some sub-
tractions from the available band) offer about forty television channels. It is sig-
nificant that the Radio Technical Planning Board proposed lhetween twenty-fiv
and thirty channels as a compromise minimum or about twice as manv as have
actually been assigned 1o commercial television.

For convenience of reference tliree tvpes of television will be described and
compared. They are as follows:

TYPE A TELEVISION

This type ol television would occupy some thirty channels, each 6 mega-
cveles wide located between 44 and 300 megacycles and, as nearly as possible, in
laree and adjacenl Dblocks of channels. These channels would therefore occupy
180 megacycles oul of the available 256 megacycles between 44 and 300 mega-
cveles, leaving nearly 80 megacycles to he assigned to other services if necessary.
ft would seem that 150 million people in the United States might well he entitled
to such a frequency assignment for their entertainment and instruction by the
grealest medium ol mass communication so [ar discovered.

Type A ltelevision would produce black-and-white piclures of entirelv adequate
fidelity, and of thoroughly salisfactorv entertainment value. It is a type of tele-
vision which is here. It can give immediate emplovment to tens of thousands; it
can stimulale the employment of millions; and it can bring enjoyment into the
liotnes of tens of millions. It may fairly be called “practical present-day television.”
It will provide sufficienl channels to enable some degree of competition and to fur-
nish service over the major portion of the United States.

Copvright 1945, Frederick Kugel Couipany, 600 Madison Awvenuwe, N. Y. C.
(Television, October 1913)
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It must be pointed out that the antennas ware ahout ten feet long and that, when
directional as required, are hulky. [Further, this ivpe of autenna will present prob-
fems in multiple-apartmeni dwellings and mav compel the use of centralized-tele-
vision service by the landlord on a vental basis. But there are no outstanding
technical problems in all this.

In summary, Tvpe A lelevision deserves vigorous encouragement by the public
the government, and the radio industry. Tt offers great opportunitiex for public
entertainment and instruction {or large-scale employment vilal factors under ex-
isting conditions.

TYPE B TELEVISION

This sort of television, at present on an experimental hasis, is located between
480 and 920 megacveles. 1t can offer aboul 40 10-megacycle channels or only
about 20 20-megacycle channels). 1f the 10-megacycle channels are used in order
to get a [lairly adequate number of channels under present-day conditions, Type B
television would offer color pictures of aboul the same detail as the black-and-white
pictures of existing Type A tclevision.

In offering radio engineers the opportunity to study experimentally the 480
920 inegacvele hand in ils television capabilitics, the Commission is furthering
a clear understanding of the capabilities of this band. By such experimentation,
engineers will learn more ahout the circuits, equipment, operaling procedures,
and necessary standards for any possible television in the 480-920-megacycle fre-
(uerncies.

It is interesting, however, Lo consider whether this band of frequencies can
ever be truly desirable for future commercial television operation, and particularly
in the field ol high-fidelity color television a field toward which the television art
should progressively advance over the vears.

Equipment in the 480-920-megacycle domain has not been developed. Large-
scale production of commercial color-television transmitters and receivers is clearly
a long way off, for standards must he set, field tests carried out, and all defects
of operation ironed out hefore commercial operation can be considered in any
band. Network facilities are not yet availuble for 10-megucycle channel trans-
mission.

So [ar as antenna structurves are concerned, these will still be fairly bulky
in the 480-920-megacycle hand, being several feel in size. [t would accordingly
be impraclicable, so far as we now know, lor each tenant in a multiple-apariment
dwelling 1o have an antenna which was directional for each of several stations. This
might even be the case for persons living in their own homes.

Counsidering picture [idelity, antenna convenience, number of available high-
quality channels, and a number ol other factors, it would seem that Type B tele-
vision is not free from the disadvantages ol Type A television. Further, il cannot
offer the advantages of immediate and dependable commercial operation such as
can be obtained with Type A television.

In briel, Type B television is properlv a long-lerm experimental project in-
sofar as it has interest to enginears. For smooth commercial operation, on a large
scale, and on an economic basis, it would appear that years of additional develop-
ment will be needed followed v a prolonged period of experimental lests and
standardization.

TYPE C TELEVISION

This reasoning naturallv leads to what is regarded as the logical step to take
al some time in the future. This is, if afler a number of vears of acceptable Type
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A television, a new Type C television hecomes commercially available, it will he
logical to change over to that vastly improved system.

To be more specific, Type C television might he operated, for example, hetween
5000 and 9000 megacyeles, occupying about 100 channels each some 40 megacycles
wide. This is an adequale number of channels for a nationwide competitive service.
And the color pictures produced by such a syvstemr would be of high fidelity (say
700-800 lines}. Such a television system might fairly be termed the “television
of the future.”

Type C television has many major advantages. The antenna problem is at
once greatly simplified, since the antenna structures will be metal reflectors or
horns which can readily be held in the hand. Such antennas can be mounted on
swivel joints and fastened, in an appropriate orientation in each case, an an ordi-
nary pole on the roof. Five or ten of them can readily he mounted on such a pole,
and their oulputs can be carried by appropriate transmission lines or wave guides
to the individual receiver. The need for landlord-sponsored central installations
thus disappears, and a vast simplification of installation and maintenance resulis.

Relay systems will similarly operate in a practically static-free series of chan-
nels. And it mav he possible, if necessary, to utilize frequency-modulation trans-
mission methods.

The highly directional antennas which can conveniently be used for type C
television would minimize ghost images and improve service. The channels as-
signed to Type C television would he resonably likely to he usable for many years
without change.

Broadlv considered, Type C television above 5000 megacvcles should prove,
after development, to be the individual citizen’s “free television system.” It should
be capable of serving the entire country and of fostering healthy competition be-
lween lelevision broadcasters.

SUMMING IT UP

To summarize, it is the opinion of the writer that Tvpe A television is here
and should be commercially authorized; that Type B television need not be consid-
ered for adoption even as an interim syslem; and that Type C television should
he a subject for experimental development over a period of years with the thought
that it will constitute the next great step forward in lelevision after its development
is succesfully completed, thereby superseding Tvpe A television. These opinions are
believed to be shared in considerable measure hy eminent engineers active in di-
verse television broadcasting directions. It is not known whether theyv represent the
viewpoint of any organization or engineering body. It is however, urged that they
be seriouslv considered at this time hefore steps which may be prejudicial 1o the
future development of broadcasting in the United States shall have been taken. A
position ol leadership in television is offered to our country; let us act wisely
belore our greal opportunities are lost,

Misspending a man’s time is a kind of self-homicide. SR GEDRGE SAVILE
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FREQUENCY AND PHASE MODULATION

Reprinted from FM and Television
Bv Ralph S. Hawkins™

Explaining Similarities and Differences Between Amplitude, Frequency.
and Phase Modulation

In this article, Ralph Hawkins has cleared up a point which has
caused much conlusion, sometimes {urther confounded by the nse of
“PM” to identify equipment which might better be described by whal
has hecome the generic term: “IFM.”

The explanation here shows that both [requency and phase modu-
lation are present in any “FM” transmitter, and that which ever is
used as the cause, the other is the effect.

Incidentally, it should be pointed out thai Major Armstrong did
not intend that his invention should be called “I'N.” But that name
stuck in the beginning, and is now too firmly established to change il
NOW.

N THIS discussion of fundamental relations between f[requency odulation

and phase modulation, it will he assumed that the modulating audio Irequen-
cies and the modulated radio frequencies are sine waves, in order to avoid unneces-
sary complications.

[t is fundamental thal frequency wmodulation produces an equivalent phase
modulation, and that phase modulation produces an equivalent frequency modn-
lation. This should be kept in mind so as to understand that either may be the
cause, and ihe other is always the effect. Furthernwre, the deviation cycle of 1he
equivalent nodulation is also sinusoidal, but 907 out of phase with the deviation
cycle of the direct modulation.

A clearer picture of the situation is given by showing how a phase modulator
can be emploved in place of a frequency modulator, by making use of the equiva-
lent frequencv modulation produced by the phase modulator. I a phase modu-
lator is to be used as a frequency modulator, it is ohvious that the equivalent
frequency modulation deviation must be directly proporticnal to the amplitude of
the modulating wave and independent of its frequency, as is required for frequency
modulation. However, in a phase modulator, the phase deviation is directly pro-
portional to the modulating wave amplitude and the equivalent frequency deviation
is related (o the phase deviation as follows:

AF = fae

This equation indicates that the above requirement is not {ulfilled in (hat the
equivalent frequency deviation depends directlv on the modulating frequency. This
situation can he remedied by passing the audio modulating wave through a de-
emphasis circuit before application to the phase modulator so that the amplitude
of the wave actuallv applied 1o the modulator is inversely proportional 10 frequency.

* Engineering Department, National Company, Tnc, Malden, Mass.

Copyright 1945, I°. M. Company. 311 Fifth Avenue, N. V. C.
(Fr and Television, September 1945)

wWWw americanradiohistorv com



18 Tk Ranio FNGINEERS' IiGEST NovEMRBER

This combination still produces a phase-modulated wave, but the amplitude of de-
viation ol the equivalent frequency modulation is independent of the modulating
frequency, and directly dependent on the modulating wave amplitude, as is required
for frequency modulation. Also, lor these conditions, the amplitude ol the phase
deviation produced is inverselv proportional to the modultting [requency and directly
proportional to modulating wave amplitude, which is characteristic of the equivalent
phase modulabion of a frequency modulator. These statements are hased on the
relation between maximum phase or [requency deviation and the equivalent fre-
quency or phase deviation which for sinusoidal modulating and inodulated waves,
is:

alF
AO—= —[ ~or AF = {10

It should not he forgotten, however, that the modulator in this example is
fundamentally a phase modulator and, therelore, the cvele of phase deviation is in
phase wilh veltage applied to modulator. and that the cycle of frequency deviation
is nol in phase with the voltage applied to the modulator, as would he the case
if a frequencv modulator were actually used. This phase dillerence is, of course,
90°. Il a particular modulating wave shape can be represented by a sinusoidal wave
and its harmonics then, for the fundamental and each of the harmonics the same
90° (relative to the frequencv of the harmonic involved) vhase difference between
the [requency and phase devialion cveles exists. And jf in the de-emphasis circuit
the phase shift caused in the modulating wave is directly proportional to [requency,
then the shape of the deviation cycle of the equivalent frequency modulation pro-
duced by the phase modulator with de-emphasis is therefore exactlv the same as
the shape of a cycle of the particular modulating wave involved.

The phase modulator with de-emphasis is. therefore, abie to produce a [re-
quencv-modulaled wave which. even for a complex modulating wave, is the same
as would he produced by a frequency modulator except for the phase shift due to
both the de-emphasis circuit and the 90° phase difference hetween the direct and
equivalent modulation. ‘

In a similar manner a frequency modulation discriminator can be used as a
phase modulation etector hecause the discriminator will respond to the equivalent
frequency modulation of the phase-modulated wave. The amplitude of the equiva-
fent frequency modulation deviation cyele is given by the expression:

AF = fae

Thus the amplitude of the equivalent frequency deviation depends directly
on the modulating frequency us well as the amplitude of the modulating wave.
This laet indicates that the amplitude ol the recovered audio wave will also depend
directly on the modulating frequency us well as the amplitude of the modulated
wave. This situation can be corrected bv a de-emphasis circuit in which the response
is inversely proportional to frequencv, and the phase shilt is directly proportional
to frequency. The amplitude of the audio wave, recovered [rom the discriminator
and de-emphasis circuit combination, will be independent of the modulating fre-
quency and will depend directly on the modulating wave amplitude. Such an ar-
rangement is, therefore, capable of demodulating a phase-modulated wave, even
when a complex modulating wave is emploved. [t should be remembered that the
recovered audio will not he in phase with the audio frequency modulating wave
due to both the 90° relation hetween direct and equivalent modulation and due
to the phase shift in the de-emphasis circuit.

In the preceding discussion, it was ol course assumed that the linear operation
capabilities of the modulator or discriminator were nol exceeded.

In circuits linking the modulator and demodulator, the carrier and side hands,
which must he considered, are exactly the same for either {requency or phase mod-
ulation. The number of side bands and their amplitude and the carrier amplitude
depend only on the value of modulation index 8. The [requency of the side bands
for either tvpe of modulation related to the carrier frequency is the same and de-
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pends only on the modulating frequency. The resultant sum of the carrier wave
and all the side hands is. of course, equal 1o the frequencv- or phase-modulated
wave, as the case may be. The phase deviation cvele of this resultant wave for
phase modulation and the frequency deviation cycle of the resultant wave is in
pliase with modulating wave for frequency modulation.

Fig. 1. Pair of AM side bands at three successive instants during angular rotation

In reviewing the fundamental relations for amplitude modulation with sinus-
oidal modulating and modulated waves, it will be remembered that the amplitude-
modulated wave can be considered as composed of a sinusoidal carrier wave and a
pair of sinusoidal side bands. The carrier wave is of conslanl [requency and ampli-
tude. The side bands are of equal amplitude, and the amplitude is directly propor-
tional to the amplitude of the inodnlating wave. It will also he remembered that
for amplitude nodulation the frequency of the higher-lrequency side band is equal
to the carrier {requency plus the modulating frequency. and that the frequencv of
the lower-frequency side hand is equal to the carrier [requency minus the modu-
lating frequency.

Inasmuch as somewhal similar relations also hold true for frequency and phase
modulation, some of the features of AM, FM. and PM are readily illusirated bv
means of vector diagrams when sinusoidal waves are involved. In the cases to he
considered, the maximnm amplitude of the radio-irequency waves considered will
be of a greater interest than the instantaneous amplitude, which makes it expedient
o use veclor diagrams in which the carrier wave is represented bv a stationary (i.e.
not rolaling) vector.

The reader can, if he chooses, think of the paper on which the vectors are drawn
as rotating in a clockwise direction with an angular velocity in radians per second
of 27 times the carrier {requency in cveles per second. In this type of diagram,
therefore, the higher-frequency side hand is represented by a vector which rotales
in a counter clockwise direction with an angular velocity of 2 thmes the modula-
ting frequency, which corresponds to the difference in frequency hetween the side
band and carrier frequency. Similarly the lower-frequency side hand is vepre-
sented by a vector which rotates in a clockwise direction with an angular velocilv
equal lo 27 times the modulating frequency.

For ease of reference to the vector diagrams to be considered, the lollowing
notation will be emploved:

Ec = Vector representing the carrier
Ex = Vector representing the higher-frequency band
E,, Vector representing the lower-frequency side band
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Ls = Vector representing the sum of the higher- and lower-frequency side band pair
E Vector representing the amplitude-, or frequency-, or phase-modulaled wave

as the case may be, which in any case is equal 1o the sum of the carrier and
all of the side hand pairs invoived.

The vectors shown in Fig. 1 represent a pair of AM side bands and their suni
al three successive instants during their cycle of angular rotation.

These vector diagrams indicate that the sum of the side band waves Ly and
k. is a wave, ls, which is of constant {requencv, equal to the carrier frequency
involved, as the vector Eg does not rotate. It should be noted, however, that the
maximum amplitude of Es changes and that each time the maximum amplitude
passes lhrough zero, the relative phase changes by = radians (i.e. 180 degrees).
These vector diagrams also illustrate the well-known fact that, for AM, the max-
imum amplitude of Fy varies in a sinusoidal manner. It is also true for AM that
the instantaneous maximum amplitude and relative phase of Ex depends directly on
the instantaneous amplitude and polarity of the modulating wave. These facts are
not, however, shown directly by the vector diagram.

,/EH n E\

Ec Ec Ec

Fig. 2. Here an AM carrier plus the side band sum is represented by "E”

The vector diagrams shown in I'ig. 2 illustrate the carrier and side hand rela-
tions for AM if a carrier represented hy a vector k. is added to the side band sum
Ex with a relative phase such that Eg either adds directly 1o or subtracts directly
from L depending on the relative phase of ks These conditions are illustrated in
Fig. 2 which also shows the resultant amplitude-modulated wave E, which is the
sum of the carrier and side bands.

In Fig. 2 it should be noted that the frequency and relative phase ol the result-
ant amplitude-modulated wave L are constant as the vector K does not rotate, and
also that the maximum amplitude of the amplitude-modulated wave I varies in a
sinusoidal manner relative to the maximum amplitude of the carrier Eg.

If the carrier Eg has been added to the side band sum Ly so that Eg is at
right angles to Lg then the vector diagrams would illustrate a combination of ampli-
tude and phase modulation. Fig. 3 illustrates these conditions.
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It should be noted that both the maximum amplitude and relative phase of
the resultant wave I change. which indicates that hoth amplitude and phase modu-
iation respectively occur in this case.

For AM to be eliminaled, the amplitude of the resultant wave I should not
change. That is, the tip of the vector L should follow the circuinference of a circle
(shown dotted in Fig 3) with radius equal in this case to L. Also, for purc phase
modulation to be obtained, the relative phase angle © hetween 1 and E. must be
directly proportional to the inustantaneous amplitude and polarity of the modulating
wave. From Fig. 3 it can be observed that the relative phase angle © hetween E
and Eq 1s dependent on the maximum amplitude and relative phase of Ey which, in
turn, is directly proportional to the instantaneous amplitude and polarity of the
modulating wave, because the side hands heing considered are produced by an am-
plitude modulator. [t can be obscrved also that the change in maximum amplitude
of I is dependent on Eg.

Fig. 3. Diagrams showing a combination of amplitude and phase modulation

If the ratio of Egx to E¢ is restricted 1o values of 0.2 or less, the amplitude
modulation is essentially eliminated. Also essentially pure phase modulation is
obtained for these restricted conditions, because the phase angle in radians hetween
E and Eg, which is the phase deviation, is equal to the tangent of the angle ©
which, in turn, depends directly on the instantaneous maximum amplitude and rel-
ative phase of [x, and this, in turn, depends directly on the instantaneous, amplitude
and polarity of the modulating wave.

This basic method for the production of a phase-modulated wave has heen
used in practical transmitters. The relatively small phase deviations produced
under these conditions can, of course, be increased by the use of [requency multi-
pliers. The phase modulator can be used as a frequency modulator by making use
of the equivalent frequency modulation as previously described.

When modulation index g is equal to .2 or less, only one important side band
pair is produced, and this agrees with the foregoing discussion. If, however, a
phase modulator is emploved which is capable of producing phase deviations of
greater than 0.2 radian without distortion, then other side band pairs becomne in-
volved. The wave which is the sum of the second side band pair produced
also has a Irequency equal to the carrier frequency and a relalive phase such
that the wave either adds directly to or subtracts directly from the carrier, .
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As the deviation is increased, more and wniore side band pairs are produced
and the wave which is the sum of any side hand pair has a frequency equal to the
carrier [requency, and the relative phase is such that the suin of each pair adds
to the carrier alternately at right angles and directly as in the cases of the first
and second side band pairs. Also for pure phase moduiation, the maximum am-
plitude and relative phase of the side band pairs and even of the carrier are depend-
ent on the maximum deviation. The sum of the carrier and all the side band pairs
must, of course, add togeiher in such a manner as to resull in the phase-modulated
wave. It has been shown by well-known investigalors in the field that the amplitude
of the carrier and also of the side bands can be calculated hy means of Bessel
functions? from a knowledge of the maximum deviation.

The relations hetween the carrier and side hands involved for phase modu-
lation are readily seen hv means ol vector diagrams which show the sum of each
important side band pair added to the carrier, and also the resultant phase-modu-
tated wave. The veclor diagram in Fig. 4 show this addition for a phase-modulated

Es2 s k-
Es2
P

E

Ec
Ec = .7652 Ec = .7652
Esp= .2298 Egi= 440
E =1 Esz= .1149
Es3= .0392

Ec = .7652 E a3 Ec = 7652
Esy = 8802 Esy =-.4401
Es2= 2298 © Esz= .1149
E55" Eg3:-.0392
3 E =1,
AUDIO CYCLE 90° AUDIO CYCLE 210°OR 330°

Fig. 4. Relative phase for a phase- or frequency-modulated wave

1 See “I'M Broadcast and Communications Handhook’ Chapter 1, FM anp TELEVISION
February, rg4s.
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wave of unit amplitude at 09, 307, 90°, 150°, 1807, 210° and 330° during a sinws
oidal audio modulating cycle. Vectors gy, Es. and Essy represent respectively the
sum of the first, second and third side band pairs. A maximum phase deviation
of I radian was chosen as this deviation results essentially in only three important
side band pairs. The magnitudes of the carrier and side band sums were calcu-
fated Ly means of Bessel functions.

In Fig. 4 it should he noted that at 0°, 180", and also at 360" during the sinus-
oidal audio modulating cvele, the amplitudes of Eyg and Egy are equal to zero.
[t should also be noted that at similar deviations throughout the andio cycle the
same veclor diagrams apply, as might he expected.

For example, at 30° and 150° during the audio cyele the same phase deviation
is obtained and the same diagram applies, as the Sin of 30° and also of 150° is
equal lo 5

0.5. The deviation 1s equal to .5 times the maximum deviation or 0.5
x 27.3 = 28.05°. Also for 30" and 210° the same deviation is obtained except for
the sign, as the Sin of 307 is -+ 0.5 and the Sin of 210° is 0.5. Vectors By, and
ta for 2107 are both drawn m the opposite direction from g, and Eoy for 307,
thereby producing a negative deviation of — 5 x 57.3° or — 28.65".

The type of diagram shown in Fig. 4 illustrates dirvectly the relative phase
al any instanl for a phase- or frequency-modulated wave, but does not show di-
rectly the frequencies at corresponding instants. This limitation does not detract
Irom the uselulness of the diagram if it is remembered that a sinusoidal direct
phase modulation causes an equivalent [requency modulation which is also sinusoidal
but 90 degrees or =/2 radians out of phase with the phase deviation cycle. To he
more speciflic concerning this 90-degree phase difference, it should be noted that
sinusotdal direct phase modulation causes cosinusotdal equivalent frequency modu-
lation and similarly cosinusoidal direct frequency modulation causes sinusoidal
equivalent phase modulation.

The diagrams shown in Fig. 4, thevefore, also illustrate a particular case of
{frequency modulation. Inasinuch as Fig. 4 shows the position of the vector repre-
senting a phase-modulated wave at 07, 307, 207, 1507, 180°, 210°, 330° and 3060°
during the cycle for a sinusoidal modutating wave, it also shows the position of the
veclor representing a frequency-modulated wave at 0°, 30°, 90°, 150°, 180°, 2107,
3307 and 360" during the cvele for a cosinusoidal modulating wave. The modu-
lation index g for the {requency modulation case illustrated in Fig. 4 is also equal
to 1, as for the phase modulation case.

These relations clearly indicate the similarity of phase and frequency modu-
lation which results from the physical fact that in order to change the relative
phase of a wave the frequency must be changed also. More specifically, fov either
phase or frequency modulation the phase deviation cycle lags the frequency deviation
cycle by 90 degrees.

It may seein to the reader at [irst glance that it is somewhat round about o
compare amplitude and frequencv modulation by comparing each to phase modu-
lation, but a closer view of the situation will show that this method actually gives
a clear picture of the relations involved. With the relations shown in Fig. 4 in mind.
a better understanding of some of the preceeding paragraphs can he obtained.

POUND OF WIRK: 62 MILES
Wire of cobweb consistency, only a third as thick as human hair, is used in
instruments that measure elecironic circuits. A pound of the wire streiches 62 miles.
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FM-TELE STANDARDS

Reprinted from Electronic Industries

FCC engineering proposals, largely approved by industry, provide
for 4 classes of tele stations — See FM soon displacing AM

OUR classes ol television stations will he established in the United States under

proposed engineering standards adopted hy a joint FCC. Because FCC relies
almost unequivocallv upon its engineering staff for technical recommencations, it
is practically certain to approve them. Proposed engineering standards for M,
embracing allocations, topographical data and transmitler focation, operaling prac-
tices, anlenna systems were also sanctioned by a group of approximately 100 FCC-
industry engineers with one feature decision that the ratio of desired to undesired
signals of 10 1o 1 for stations operating on the same charmel and 2 to 1 ratio for
stations in adjacent channels, 200 ke removed, were adopted. The allocations for
television had not yet at our press dead line been definitely decided by the FCC,
bul every indication was thal the Corimission would apurove the allocations plan
proposed by the Television Broadcasters Association.

400 MAJOR TELE CHANNELS

The television plan calls for assignment of channels for 400 stations in Class
A, B and C in 125 of the 140 metropolitan districts of the United States and several
hundred Class D stations will be availuble to scrve the remaining metropolitan dis-
tricts and other areas.

The three-day hearings hefore the Commission en hane on the economic and
social prospects for FM at which the executive heards ol the three networks and
over a score of other leaders in broadcasting, including Major k. H. Armstrong,
FM inventor, and former Commissioner T. A. M. Craven who is now execulive
vice-president of the Cowles Broadcasting Co., testified, developed the consensus
that in the postwar era standard (AM) bmad(usllnv will be replaced entirely by
FM except for a few scallered clear channel stations serving remote riral areas.

The broadcasters” spokesmen in general supported the single market plan of
horizontal competition in FM which was advanced bv CBS. The networks indicated
that they do nol plan to charge for service to the FM stations until this new florm
of Dbroadcasting is fully established. There was general opposition to FCC’s pro-
posal of requiring two hours of unduplicated programs for FM hecause of the ex-
pense during the AM-FM transition period, hut the FCC asked all networks to sub-
mit schedules of programs capable of high Tidelity transmission and reception. One
network president, Mark Woods of American Broadcasting Svstem, predicled that
there would he 4,000 FM stations within five years alter the war and that it would
take three years for M to break even financially

Under the TBA plan, each of the 13 television channels is designated for
certain metropolitan districts except Channel No. 1 (44-50 mec.} which will he re-
served for low-powered stations serving small communities. Class A stations which
may use Channels 2-13 inclusive would be assigned to melropolitan districls with
large populations with limited geographical separations in the northwestern region of
the nation; Class B stations go 1o cities with simaller populations; Class C stations will

Copyright 1945, Caldewll-Clewvents Inc., 480 Lexington Awenuwe, N. ¥. C.
(Electronic Indusiries, Seplember 1943)
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have minimum separation of 170 miles an co-channel basis and 85 miles on adjacent
channels lrom Class A and other C stations and mav bhe assigned Channels 2-13;
and Class D stations will serve cities not having adequate service from other classes
of outlets.

Under the proposed TBA allocation plan, New York and Chicago each will
gel seven channels for Class A stations — Channels 2, 4, 5, 7,9, 11, 13. Los Angeles
will get Lthe same channels for seven Class C stations and San Francisco will secure
six Class C stations using channels 2 4, 5, 7. 9. 11. Philadelphia is to obtain
four Class A slations using Channels 3, 6, 8 10 and Detroit will get the same
channels plus Channel 12 for Class A slalions.

In the proposed engineering standards, the rules for television transmitters
and associated equipment follow very much along the lines of the suggestions of
the Radio Technical Planning Board in ils reporis to the Commission. The tele-
vision inlerlerence standards are virtually the same as existed under the old I'CC rules,
while the standards on the service area ol stations were only refined and clari-
fied from the previous rules. 'I'he flield intensity measurement standards, which
had not been delinitelv specified in the present rules. were spelled out in definite
detail in the proposed slandards to conform with the methods proposed for I"M.

In the case of I'M, two phases of the standards have been leflt lor further
decision by FCC. These included the question of hooster or satellite stations and
horizontal polarization. In the case ol use of a limiting or compression amplifier,
the provision of not more than 3 decibels being employed is to be changed as come
felt there should be a lower limitation than 3 deciliels. The consensus was that
there should be a final determination in favor of horizontal polarization in the
interests of uniformitv, although the discussion at the conference was that it would be
hetter lo leave it flexible with permission for vertical polarization for further ex-
perimentation. It was also felt that FM profiles up to 10 miles rather than eight
miles should e sanctioned.

TECHNICAL STANDARDS

The most important Engineering Standards for Television, proposed bv the
il ~ o L) . . . ’ I I N
FCC, and agreed to, were those on Transmission standards which follow:

(1)  The width of the television broadecast ¢hannel shall be six megacvcles
per second.

(2)  The visual carrier shall be localed 4.5 me lower in frequency than the
aural carrier.

(3)  The aural carrier shall be tocated 0.25 mc lower than the upper frequency
limit of the channel.

(1) The visual transmission amplitude characteristic shall be as shown in Ap-
pendix TI.

(5) The number of scanning lines per frame period shall he 525, imterlaced
lwo to one.

(6)  The frame frequency shall be 30 per second aund the lield (requency shall
he 60 per second.

(7)  The aspect ratio ol the transmiited television picture shall be 4 units
horizontally to 3 units vertically.

(8)  During active scanning intervals, the scene shall be scanned from left to
right horizontally and from top to bottom vertically, at uniform veloci-
ties.

(9) A carrier shall be modulated within a single television channel for both
picture and svnchronizing signals. the two signals comprising different
modulation ranges in amplitude.

(10) A decrease in intial light intensity shall cause an increase in radiated
power.
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(11)

(12)

(13)

(14)
(15)

(16)*

(17)*

* Black Level The black tevel should be made as nearly eqnal to the

(18)

Tue Ravio Encineers’ Dicest NOVEMBER

The biack level shall he represented by a definite carrier level, independ-
ent of light and shade in the picture.

The pedestal level (normal blank level} shall be transmitted at 75 per
cent {with a tolerance of plus or minus 2.5 per cent) ol the peak car-
rier amplitude.

The maximum white level shall be 15 per cent or less ol the peak car-
rier amplitude.

The signals radiated shall have horizontal polarization,

A radiated carrier power of the aural transmitter not less than 50 per
cent or more than 150 per centl of the peak radiated power of the video
transmitter shail Le employved.

Variation of OQutput The peak-to-peak variation of transmitter outpul
within one frame of video signal due to all causes. including hum, noise
and low-frequency response, measured at hoth svnchronizing peak and
pedestal level, shall not cxceed 5 per cent of the average synchronizing
peak signal amplitude.

pedestal level as the state of the art will permit. If thev are made essentially
equal, satisfactory operation will result and improved technics will later
lead to the establishment of the tolerance if necessary.

Brightness Characteristics — The transmitter output shafl vary in subs-
tantially inverse logarithmic relation 1o the brightness of the subject. No
tolerances are set at this lime.

In the case of FM, the following Flectrical Performance Standards of Trans-
mitters and Associated Equipment have beerr set forth-

(L)

Standard power ratings and operating power range of FM broadcasl
transmitters shall be in accordance with the following table:

Standard Power Operating Pewer
Rating Range
250 watts 250 watts or less
1 kw 250 watts 1 kw
3 kw e 3 kw
10 kw - 10 kw
25 kw 10— - 25 kw
50 kw 10— 50 kw
100 kw 50--100 kw

In case anv manufacturer decides to produce a 100 kw rating or anv
power rating not listed above. he must give notice to the Commission, which
will release by Public Notice the manufacturer’s name and the standard
power rating of the transmitter to he produced at least six moaths prior
to the delivery date or completion of such transmitter.

The operating power of any transmitter not listed ahove shall be from
one-third standard to standard power rating.

Composile lransmitters may be authorized with a power rating different
from the abosve table, provided full data is supplied in the application
concerning the basis emploved in establishing the rating and the need
therefor. The operating range of such transmitters shall also be from
one-third of the power rating to the power rating.

The transmitter shall operate satisfuctorily in the operating power range
with a frequency swing of == 75 kilocycles, which 1s considered as 100
per cenl modulation.

*These items are subject to change but are considercd the hest practice under the
present state of the art. They will not be enforced pending a further determimation

thereof.
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(3)

(4

(5)

(6)

(8)

(9)
(10)

(11)

FM-TrLE STANDARDS 27

The transmitting system shall be capable of transmitting a hand of fre-
quencies from 50 to 15,000 cvcles. Pre-emphasis shall be employed in
accordance with the impedance-frequency characteristic of a series inducl-
ance-resistance network having a time constant of 75 microseconds. The
deviation of the system response from the standard pre-emphasis curve
shall lie between two limits. The upper of these limits shall he uniformn
(no deviation) fron: 50 to 15,000 cycles. The lower limit shall be uniform
from 100 to 7,500 eycles, and three db helow the upper limit; from 100
to 50 cveles the lower limit shall fall from the three db limit at a uni-
form rate of one db per octave (four db at 30 cvcles); from 7,500 to
15.000 cvcles the lower limit shall fall from the three db limit at a uni-
form rate of two db per octave (five dbIv at 15,000 cycles).

At any modulating frequency between 50 and 15,000 cycles and at mod-
ulation percentages of 25 per cent, 50 per cent and 100 per cent, the
combined audio frequency harmonics measured in the output of the system
shall not exceed the root-mean-square values given in the following table:

Modulating Frequency Distortion
50 to 10O cveles 3.5%,
100 to 7,500 cycles 2.5%,
7,500 to 15,000 cycles 3.0%,

Measurements shall he made employing 75 microsecond de-emphasis in
the measuring equipment and 75 microsecond pre-emphasis in the trans-
mitting equipment, and without compression if a compression amplifier
is emploved. Harmonics shall be included 1o 30 ke.

Tt is recommended thal none of the three main divisions of the svslem
(transmitter, studio 10 Iransmitter circuit, and audio facilities) contribute
over one-hall of these percentages since at some frequencies the lotal
distortion may become the arithmetic sum of the distortions of the div-
isions.

The transmitter output noise level (frequency modulation) in the bhand
of 50 to 15,000 cvcles shall be at least 60 decilels helow the audio fre-
quency level representing a frequency swing of = 75 kilocycles.

The transmitter output noise level (amplitude modulation) in the hand
of 50 to 15,000 cvcles shall be at least 50 decibels helow the level repre-
senting 100 percent amplitude modulation.

Automatic means shall be provided in the transmitter to maintain the as-
signed frequency within the allowable tolerance (2,000 cycles).

The transmitier shall be equipped with suitable indicating instruments
for the determination of operating power and with other instruments as
are necessary for proper adjustment, operation, and maintenance of the
equipment,

Adequate provision shall be made for varving the transmitter output
power lo compensate for excessive varialions in line voltage or for other
factors affecting the output power.

Adequate provision shall be provided in all componenl parts to avoid
overheating at the rated maximum output power.

Means should be provided for connection and continuous operation of
approved frequency and modulation monitors.

I a limiting or compression amplifier is emploved, precaution should be
maintained in ils use and connection in the circuit due to the use of pre-
emphasis in the (ransmitter.
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F-M LIMITERS

Reprinted from Service
By [. George Stewart

OR PROPER operation of the discriminator in an f-m receiver, the signal
applied to it must be of constant aniplitude. Nol only must the signai have
constant amplitude, but it must also be ol sote cxact. predelermined value. In
Fig. 1 appears a characteristic curve of a discriminator [or two different values of
input vollage. Curve 4 represenis the voltage characteristic for a given value of
voltage input to the discriminator. Curve B shows the characteristic curve for a

Fig. 1. Typical characteristic curves for an f-m discriminator.
The curves represent the differential audio voltage output
in terms of the frequency swing; curve A represents tie char-
acteristic for a given value of input; B shows the curve for
a smaller value iuput. Note that the output voltage s a
direct function of the input voltage.

smaller value of input voltage. As we can see, the audio response and amplitude
fidelity of the receiver is dependent on an input of constant amplitude to the dis-
criminator, with its exact value determined in the original design.

Copyright 1945, Bryan Duvis Publishing Co., Inc.. 52 Vanderbilt Aveme, N. Y. C.
(Service, Septeniber 1943)
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Since the field strength of the various {-m transmitters will vary, depending on
their location with reference to the receiver, some means must be provided in the
receiver for delivering a uniform input to the discriminator, no matier what the
signal strength is at the antenna. This function is served by the limiter.

Simply stated, a limiter is a device which delivers uniform output for a wide
range of input voltages. In addition, it also helps to reduce the effects of static
crashes and loud local noise signals. In this respect, it is very similar to the peak
noise limiter used in some a-m receivers.

Fig. 2. A typical limiter stage. No bias
is used, and its action is dependent on
the value of plate and screen wvoltages

applied.

TYPICAL LIMITER

A typical limiter is shown in Fig. 2. In some respects it is similar to an il
stage, in others, it closely resembles a grid-leak tvpe detector. lis opevation is
dependent on the proper selection of screen-grid and plate voltages, and the valnes
selected for the grid leak and condenser.

GRID-LEAK CONDENSER ACTION

Th action of the grid deak and coadenser, R: and C, in Fig. 2, is the same as
in the usual detector. On the positive half of the input cycle, the grid draws
current. since there is no cathode bias on the tube. This current develops a bias
voltage across the grid resistor, which reduces the plate curreni. Since there is
no r-I bypass condenser in the plate circuil, the input voltage waveform appears
also in the output. To limit the veltage developed in the plate circuit, low plate
and screen-grid voltages are used. The low plate and screer-grid voltages, usually
on the order of 45 to 75 volts, limit the peak value to which the developed signal
in the plate circuil can rise, since large values of input signal only cause plate sat-
uration. Thus, once the input signal exceeds some giveu value, the output from the
plate circuit remains constant.

Since reduction of static and noise inlerference is also a major consideration
in the design of limiters, the time constant of the associated RC networks is import-
ant. Small time constants reduce static and noise best, but also tend to weaken the
constant-output characteristic of the limiter for high value inputs. Larger time
constants are better for good regulation, but permit static crashes to influence the
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signai. Since both systems cannot be used in the one circuit, some compromise is
necessary where a single limiter is used.

TWO LIMITERS

Where the maximum in both features is desired, two limiters are used, one for
best regulation, the other for best noise limiting. Thus, in Fig. 3 the first limiter
reduces static and interference by the use of a small time constant for R,C;, and the

Fig. 3. A double limiter
stage. One limiter is used
to reduce static and in-
terference, the other ‘o
improve the roltage reg-
wlation characteristic.

100 MMFO

.10
DISCRIMINATOR

Fig. 4. A single limiter
stage as used in the Freed
model 40 f-m receiver. Low
plate and screen wvoltages,
and a small time constant
in the grid CR circuit sup- i _ .05 mFE
ply the necessary regulation

second limiter uses a larger time constant in the R.R.C. network, thereby increasing
the voltage regulation characteristic of the limiter system. In addition, some stage
gain is realized, usuallv about 2 to 6, which increases the effectiveness of the re-
ceiver for weak signals.

Variations of both systems, and typical circuit values are shown in Figs. 4 to 7.

FREED 40

Fig. 4 shows the single limiter used in the Freed model 40 f-in receiver. We
note that the grid leak and condenser are hoth unusually small in value for a small
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time constant, and that the plate and screen-grid voltage dropping resistors permit
only small values of supply voltage. When replacing (lefecllve parts in limiter cir-
cuits, it is best to use values as estahhshed by the manufacturer, since even small
deviations will tend to decrease the efficiency of the receiver, or cause circuit
instability.

! 10
DISCRIMINATOR

3.3 MEGOHMS

Fig. 5. (al.wve) The Emerson FM 460 limiter. This limiter is used in the a-c/d-c
model, which acconnts for the low value plate and screen voltage dropping resistors

Fig. 6. .(below) Cascade limiter used in the G.E. model 40. Resistance coupling
is used interstage to reduce the hazard of feedback. Both limiters have almost the
same time constant, since limiter 1 has already limited the range of input to limiter 2

TO SCREEN GRID

VOLTAGE SUPPLY
FOP 1-F

EMERSON FM 460

In Fig. 5 we have the limiter used in Fmerson’s a-c/d-¢c FM 460. The low
values of plate and screen-grid bleeder resistors are due to the low initial plate
voltage. Here. the developed bias in the grid leak circuit is used for ave. Most
{m limiters use high gain tubes such as the TH7 to improve the limiter action.
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G. E. 40

Fig. 6 shows a cascade type limiter used by .. L. in their model 40. Resistance
coupling is used for interstage coupling to reduce the huazards of leed-back and
stage oscillation. The time constant of the RC network in the lirst limiter is .0000033
second; in the second limiter it is .0000039 sccond. The time constant for the
second limiter does not need to he verv different from that of the first, since its
task has been greatly reduced by the action of the previous timiter. In other words,
the input to limiter 2 is alreadv limited in range bv the action of limiter 1.

MOTOROLA FM 82

Fig. 7 illustrates the limiter circuit used in the Motorola M 82. tlere, trans-
former coupling is used between the iwo limiters. The time constant {for the second
limiter is supplied by the 50-munfd capacitor and the :l-megohm resistor in the
erid cireuit for a time constant of 000005 second. This is identical to the time
constant lor the first limiter. A meter jack is also provided for measuring the input
to the second limiler for alignment purposes. A low current ammeter with a 500-
imicroampere movement or better is necessary for this operation. The signal from
an a-m signal generator is fed into the i-[ section, and the slages are aligned for
highest reading on the meter. A quick check for oscillation or feedback in the
i-f section may be made by cutiing out the signal generator and noling if any
reading is obtained on the meter. Any small reading is indicative of oscillation, and
the i-f stage should be checked for fecd-hback until the meter reading is zero.

Fig. 7. Cascade limiter of Motorola FM 82. The time constunts of the RC grid
networks is identical for both limiters. Adequate shielding of components perinits
the use of transformer coupling, with corresponding improved stage gain.

ALIGNMENT METHOD

Still another method used in alignment is to convert the limiter to a grid-
leak type detector. A typical circuil is shown in Fig. 8. Where an i-f transformer
is used in the plate circuit of the limiter, the resistor iz connected in series with
the plate of the tube. and the two components bypass to ground. In aligning the
G. E. 40, Fig. 6, the coil in the plate circuit of the first limiter should be discon-
nected, and a .002-infd bypass capacitor should he connected from plate to ground.
The output is then connected to the audio system through an audio coupling capaci-
tor and the set aligned the same as an a-m receiver with a modulated signal.

www americanradiohicstory com



1945 F-M LivaTERS 33

The signal input from the signal generator must be kept at a level which does
not overioad the comverted limiter stage. If the input signal is 100 high. the con-
verted limiter stage may overload, so thal increases in signal accompanying align-
ment will not be apparent. Incidentally, this limiting action may he checked once
the set is aligned, by increasing the signal input and noting the effectiveness of
the limiter action.

Fig. 8. A method of checking and aligning a limiter stage

with an a-m signal generator. The limiter has heen converied

to a grid-leak type detector. The stage is then aligned for

maximum output and checked for its limiting action by
applying excessive input

When aligning f-m receivers. the limiter should be checked for uniform out-
put. Receivers should deliver uniform output to the discriminator for signal inputs
of 50 microvolts or more. However better performance will result if the limiter
output starts to flatten off at less than 50 microvolts,

To check the limiter characteristic for amplitude modulation, an amplitude-
modulated signal is applied to the input of the receiver at a level which should
saturate the limiter. Verv little of the modulation should appear in the output.
A loud signal in the output is indicative of poor limiter action, and the circuil
should be checked for abnormal voltages or improper grid-teak or grid-condenser
values.

Blessed is he who has found his worlk . let himn ask no olher blessedness.
Tuomas CARLYLE
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WHAT'S BEING READ THIS MONTH

As a regular feature of our nagazine, we lake pleasure in presenting each
month a complete list of the articles which have appeared in the current issues of the
leading trade and professional magazines. The list for this month is as follows:

l 2

COMMUNICATIONS (October 1945)

THE RADIO PROXIMITY FU7Z] e e AP G Peters
A OSPEARNER BATTLE-ANNOUNCING SYSTEM i H.o W Duffield
NoY. NAVY VARD'S QUIET ROOM ..o Witlis M. Rees
ROLE OF THE NEUIRALIZING CAPACITOR IN

TUNED POWER AMPILIFIIERS oo oo Wilsonw Pritchelt
PULSE  AMPIIETER COUPLING oo Siduey Moskowits
T CBC H-I° GLOBAL TRANSMITTING SYSTEM . K. D. Caloon
SOILVING TRANSMISSION LIN[: IPROBLEMNS
(with charts of complex hvperbolic tanh and ¢oth...... Robert C. Paine

CRYSTAL CONTRQILLED RECEIERS FOR A-M, F-3
AND TELLEVISION
(Discussion of crystal oscillator mixers for standard bands
and the new V-H.F, F-M/television channel$..nn Sidney X. Shore
RESISTIVE ATTENUATORS, PANS AND NETHWORKS
(Analysis of their applications in mixer and fadar systems. . .
Part IX) Paui B. Wright

CcQ (November 1945)

AN R-C SUPERUET FOR THE ULTRA-NIGHS . Howard A. Bowman, WOQ1R

R-FUNIT FOR THIE U-H-F's. i, Johu Wonsowicz, WoDUT and

Herbert S. Brier, \WgliGO
WORKSIHOP W RINKIITS oo . Aunderson, VE3ZAAZ
FUNDAMENTALS OFF RADAR........... FPirst Liewt. Robert L. Pilelsien, WaKkVY
TELEVISION PICK-UP TUBLES ..o B . Souihwell, W60O]W
420-430MEGACYCLE TRANSCEI 15K oo e J. D. Poiter, W3IKM

POST-IWAR HAMIESTIVITIES
RADIO AMATEUR'S WORKSHELET, No. 6: I'Y] DISCRIMINATORS

ELECTRONICS (November 1945)

REPORT ON WARTIME ELECTRONIC DIEVELOPAMIEENTS
What ELECTRONICS has published, and will publish, re-
garding military equipment.
THE LORAN SYSTEM — PART | o
Description of the most important long-range pavigation
system to come out of the war
NON-METALLIC MINI: DI-TECTOR
Complete circuit, construction details, and operating theorv
of detector set AN/PRS-oiic s T. E. Stewart
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Electronics (November 1945) (Continued)

THE SCR-384 RADAR — PART J
Specifications, conical scanuing theory, operating princi-

ples, and pulsc transmitting svstem
PROXIMITY FUZE
Description of radio-operated detonator for projectiles
GROUND-CONTROLLED APPROACH FOR AIRCRAFT
Two radars and ground-to-plane radio bring pilots down

safely in zero-zero weather Captain C. W. Watson
RADAR SPECIFICATIONS
Constants of radars declassified bv Signal Corps are tab-

ulated and explained
DIELECTRIC HFEATING FUNDAMIENTALS
Basic theory and application formulas for industrial heat-

ing by an electric field Douglas Venable
PLANE-TO-GROUND RADIO TELIL /1/[‘[‘14/\17\7(
System utilizing radio link permits reading altimeter

from ground ........... David W. Moore, Jr.
CRYSTAL-PICKUP COMPENSATION CIRCUITS
Requirements and types of corrective-coupling circuits for

crystal pickups ; B. B. Bauer
ELECTRONIC IWWATTMETER
Elimination of transformers used in earlier circuit extends

frequency range L. P Malling
INDUSTRIAL X-RAY TURBES
Survey of tubes and techniques used today in plantSe Z. J]. Atlee

SENSITIVITY LIMITS IN RADIO MANUIFACTURING
Procedure for finding economical control limits for re-

ceivers coming off production line... A. 8. Blattermman
IVOOFER-TWEETIER CROSSOVIER NETWORK
Flat response within 2 db from 30 to 10,000 cps, with

cross over at 400 cps Paul W. Klipsch
MANUFACTURE OF SILVERED MICA CAPACITORS
New production lechniques conserve mica stocks and im-

prove quality of finished units Alan T. Chapman
ARTIFICIAL ANTENNA
Network of fixed impedance simulates antenna over spe-

cified frequency bhan Sidney Wald
PERMEABILITY TUNING
Survey of applications and analysis of design factors for

a-m, f-m, and television sets W. I. Polydoroff
RESISTANCE MEASUREMENT AT HIGH IMPUILSE VOLTAGES
A method of measuring the effective resistance of ignition

noise suppressors Scott L. Shive
MULTIPLE MAGNETIC CIRCUITS
Small magnets in parallel give higher field strength than

an equivalent single magnet..... Joseph F. Mamldi
RESISTANCE-CAPACITANCE FILTIER CHART
R and C are given in terms of amount of rejection desired

at a given [requency weerireebir1est - Frank
SINGLE-SIDEBAND GENERATOR
Undesired sideband is balanced out withou! use of filters,

for power-line carrier systems M. A. Honnell
WINDING UNIVERSAIL COILS

Short-cut for obtaining required sell-inductance, mutual

inductance. and accurate center tap A. W. Simon
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ELECTRONIC INDUSTRIES (November 1945)

SILICON CRYSTALS FOR UHIF DIETECHION CIRCUITS
Voltage and loading lactors which govern operating effi-
ciency of modern “diodes” functioning at high frequencies.....E. €. Cornelius
FHICII VACUUM PUMPING
Operating principles and mechanical construction of Eimac
oil diffusion pump for exhausting tubes to extremelv high
viacuums.
RISIEARCH ADIUANCES RECEIVER DESIGN
Military experience in design and production will result in
better components and circuits
RATIO DISCRIMINATOR 1S INSENSITIVE TO AM
By minimizing total discriminator voltage fluctuations, out-
pul is made proportional 10 ratio ol (wo voltages
PAYING THE ENGINEER WHAT HE IS WORTH
Incentive compensation plans based on achievements and
performance. Sales and executive pay as vardstick
RADIO I'REQUINCY CORES O HIGH PERMEABILITY
New soft iron powder of fine grain size and high efficiency
insulator result in values over 50 w........ Dr. Hans Beller and G. O. Altnann
't MODUI.ATION IFOR MUITIPLL TRANSMISSION

Time of occurence of carrier pulses is advanced for positive
and retarded for negative portions ol the signal wave

CATHODY, BIASED AMPLITIERS
Analytical methods for deterinining the operating point
when ecircuit constants and supplv voltages are known....... Paul H. Hunter
NAVY'S ELECTRONIC ORGANIZATION
Intensified research in echo technics and expansion of rel-
alions with industrv projected
PECTOR ANALYSIS
Review of vector mathematics including divergence and curl
for engineers dealing with wave guides and radiation.... H. Gregory Shea
SURI'ACE SEAKC!I RADAR
Technical details of SO type light-weight equipment de-
veloped for use in PT boats — immediate commercial
possibilities

THRU THI: LABORATORY KIYVIIOLYL

MACHINI, TOOL CONT/\‘()L
Form and thread milling machine made fully automatic in
operation through addition of vacuum tube control unitu..... Ray A. Stremel
NAVY PROXIMITY FUSL
Design and construction of VT anti-aireraft and other Naval
shells automatically exploded by self-contained radio unit
INDUSTRIA] TESTING WITH HIGII 1'OLTAGE
Special equipment developed for military inspection pur-
poses, permits insulatien resistance determination at po-
tentials up to 200,000 dc

GROUND WAVE RANGLE CALCULATOR FOR FAl
TUBI'S ON TIHE JOB
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FM AND TELEVISION (October 1945)
WHAT’S NELS THIS MONTH
1-band vs. 2-hand FM sets
LISTENLERS TONAL-RANGE PREFERENCES oo \ilton B. Slceper
LENSES FOR PROJECTION TEILEVISION i i John B. Tavlor
FAM STANDARDS OF ENGINEERING PRACTICE
[ssued by the FCC Sept. 20, 1945
CHART OF IFM BROADCAST CHANNEILS
FCC assignments
SELICTIVE CALLING COMMUNICATIONS oo Gilbert G. Brown
PROCEEDINGS OF THE LR.E. (November 1945)
THI: TLRE. PHILOSOPHY i lLudlowe 8. Hallinan, Ir.
LEWIS MASON CLEMENT — BOARD OF DIRECTORS — 1045
EXPIORATIONS IN ENGINLERING EDUCATION.... Arthur B. Bronwell
RADAR IN THE U. S. ARMY — HISTORY AND EARLY
DEI'ELOPMENT AT THE SIGNAL CORPS LABORA- i
TORIES, FORT MONMOUTH, NI'W JERSE)Y i Roger B. Colton
FREQUENCY-MODULATED MAGNETIC-TAPE TRANSIENT
RECORDER . ..ot eeeae e e e et e e st e et anaene e w...tlarry B. Shuper
GLOSSARY OF DISK-RCCORDING TERMS e Howard A. Chinn

THE SERVO PROBLEM AS 4 TRANSMISSION PROBLIEM...Enoch B. Ferrell

A VERY-UIGH-FREQUENCY AIRCRAFT ANTENNA FOR
THE RECEPTION OF 100-MEGAQYCLE LOCHIIZER

STGNALS oot Bruce E. Montyomery
I PROPOSIE]) STANDARD DUMMY ANTINNA I'OR TESTING

AIRCRAIT-RADIO TRANSMITTERS .. i, Chandler Stewart, Uvr.
SOME CONSIDERATIONS CONCIEERNING THI: INTERNAL

IMPEDANCE OF THE CATIIODI: FOLILOWER. ... Harold Goldbery
NOTI: ON THE FOURIER SERILS FOR SEVERAL

PULSE FORMS c.cooooooioooeeee ettt aoensnssi s [Villiasn J. lattin
ANALYSIS OF CURRENT-STABILIZER CIRCUITS (oo W. R. i, Ir.
DYNAMICS O EILECTRON BEAMS s D. Gabor

THIE PLANE-WALE RESOLUTION OFF GUIDIED
W AV S oot S. S. Mackeown and John W. Miles

NOTE ON THI: MEASURIEMENT O TRANSI'ORMER-
TURNS -RAT IO cciiiriismsaeeiaens s ivisussssionsssmssusssns e 555 s i e sn s s sist e ot P. M. Hounell

DISCUSSION ON “THE THEORY OF TRANSMISSION

LINES” BY EDU AR N. DINGLEY, Jron Fred I. Hecath and
Edward N. Dingley, [r.
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38 Tie Rapto ENGINEERS DIGEsST NOVEMBER

RADIO (October 1945)

PARALLEL TUBFE HIGH FIDELITY AMPIIFIER . Fronk Co Jones
MICROWAVE TRANSMISSION POWER KREQURE-

MENTS oottt st lay . Browder and 17 I. Young
GRAPHICAL DETERMINATION Ol THE HCRIZON ... W, If. Anderson
AUDIO SECTION DESIGN DATA I'OR BATTERY

OPERATID RECEIVIIRS....... Iingineering Dept., Syivania Electric Products, lnc.

CHART — 1.OSS DUFE TO SERIES RESISTANCE INSERTED
BETWEIN MATCHIED SOURCE AND SINK

RIECENT RADIO INVENTIONS

Antenna; Automatic Contral for Locked Oscillator; Voltage
Regulator;  Frequency-Measuring  Syvstem;  Instrument
Landing Guide System; Wave Length Modulation; Mod-
lator; Balanced Frequency Modulation System; Super-
Regenerative Radio Receiver; Device for Maintaining
a Fixed Bias

RADIO DESIGN WORKSIHELT, No. 41: NOTES ON SUPER-
REGENERATION, RADIO NETIVORK PROBI.I'Y

RADIO-CRAFT (November 1945)

“FROZI:N? ELICTRICITY — THE FLECTRET ... Thomus A. Dickenson
BIETATRON — ATOM SMASHER e 0. Toe Olson
RADAR — WEAPON FOR PEACE. . S. R Winters
FLUX VALV AIERO COMPASS it Rayimond  Lews
RADAR INDICATORS ..o RSO POOY Vior Eugenc E. Skinner
THIS RADIO RUNS ON GAS i = o Carl R. Laswrence
LICENSING PROBLEMS AND THI: SERVICEMAN . H. N Schendel
BOAT RADIO INSTALLATIONS i Heury B. O. Davis
TUBLE REPLACEMENTS, PART e ettt I. Queen
CAPACITOR-RESISTORS ........... S e —— Ernst Gulkenhicimer
EXPLORER ALL-WAVI RADIO .ot Boh Vhite
SMALL ELLECTRONIC ORGAN...oooieiiievcieeieeieeiens oo Marion Black
RESULTS OF PIIONO NEEDLE TESTS

A TRULE TONE CONTROL. ..ottt et Geovge Bertsche
AN FM PHONQ PICKUP ..ot e Nathaniel Rhita
DYNAMIC HANDIUL SIGNAL TRACER.......ocieeeerein, Ealpl Bloom
VIBRATOR TESTER oot Harry 1. Burcham

ELECTRONIC VOLTMETER AND SIGNAIL GENERATCOR.. .M. [E. Dizisdell

www americanradiohistory com



Wiuar's Brine Reap Tris Movra 39

RADIO NEWS (November 1945)

HOIW VANY PROSPICTIVE AVATEURS By Tle [iditor
HOME CONSTRUCTI) 112 Mc. RECTIVER ... Tosepl: Gawin, WoYES and
Sol IHevtow, WoEFFAL
INTERNATIONAL SHORT-WAV ... S —— Keuneth K. Boord
112 0o CONVERTER oo oo Rav [Frank, WoJU
A SINPLE CO-AXIAL SIWITCH... e SO T e Edward Burgess
VACUUM TUBE ANALVZER. ..l i Leo 2. Sands
ELECTRONIC VOLT-OUMMIETER i Toward . Arnold
SPOT RADIO NEWS
RADIO TOBS FOR Gl JOI i s . Tony Wayne
RUSINISS RIECORDING EQUIPMENT e Robert Stons
RADAR
PRACTICAL RADAIR o oottt Tordan McQuay
SAGA OF TH!: VACUIIM TUBL i Gerald F. J. Twne

RADIO NEWS—Radio-Electronic Engineering Edition (Nov. 1945)

A GEICER-COUNTER X-RAY SPECTROMETER i Stuart Reiner
RADIO GLIDE PATH FOR AIRCRAFT .o ivnidenyy I Mels
MOTIES FOR TELEITSION i s Selvador DPaireinio
WASHINGTON TO PHILADELPIIIA RELAY NETWORK ... N. F. Smith

SERVICE (October 1945)

COMMUNICATIONS RECEIUERS BiAT FREQUENCY
OSCTLLATORS oot e eeneessa st i Thomas T. Donald

CONNECTIONS FOR UNLABELED AMPILIFIER TERMINALS
(Audiograph, Bogen, Erwood, Magnavox, Operadio, RCA,
Stromherz-Carlson, Webster-Rauland)

C-R OSNSCILLOGRAPHS

{ Applications Servicing — Part 1V . e s | Murced
FM s TUNING [NDICATONS i J. George Stewart
INPUTF CIRCUITS, PART Tl .. E. LCdwards
01D TIMERS CORNLI

PHOTOQELFCTRIC CELLS s o et e TR Willard M aody
POSTINAR RECEIVERS

SER-CUITS e L e s T THenry Ioward
SERTICING HELPS

SUPERHETEROD NE MiIXNERS Vartin W. Llliott
VOLUME AND TONE COVIROL RESISTORS

(Part 8 of a series on receiver COMPONENLS ) e e Alfred A. Ghirardi
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Tae Rapio EnxGiNeERrs’ DIGesT

TELEVISION (November 1945)

DEPARTMENT STORIE AND TELEIISTON i, Mary Gannon
TELEVISION OUTLOOK IN NEIV YORNK . .oii i Frederick 4. Kugel
STATION OPERATION

THIE TBA'" PleAMrrm mmommmm g s 07 e T o8 s iemeessss ooreesst e s o T Wil Baltin
[.ONG SHOTS AND CLOSLE UDPS.oiin ot v . G. Ciristenser
ONE MAN'S REFLECTIONS e TR T Dr. Alfred N. Goldsmith
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The Aristocratic *'SEAFARER"

IN TOUCH...
and in CONTROL with

HUDSON AMERICAN
MARINE RADIO TELEPHONE

Aid in emergencies; swift integration of business and orders;
weather, market and navigation information—ship to ship, ship
to shore, shore to ship—all these reouire contact.

The swiftest contact is radio. The fullest contact is the spoken
word. The most practical contact for coastwise and inland marine
operation is radio-telephone. The finest radio-telephone is Hudson
American.

For detailed information write to

> HUDSON AMERICAN CORPORATION

Subsidiary of Reeves-Ely Laboratories, Inc.
25 WEST 43rd STREET, NEW YORK 18, N.Y.
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MINAT
SEGONDAR

Simplify your rectifier circuit by installing AmerTran “"WS" or
"WSB" filament transformers. These ingenious two-in-one units
incorporate the tube socket in the transformer body and in the
“WSB", the center tap is brought out through the ceramic base.
Thus, they eliminate filament wirmg and save copper, promote
safety, reduce maintenance and cut costs.

Because of their inherent ruggedness, these transformers are
being used in ratings formerly restricted to oil-immersed appa-
ratus. Both AmerTran "WS" ond “WSB" transformers are
moisture-proofed and insulated well above the average. Their
test voltage is two and a half times their rated d.c. operating
voltage.

Primary taps are arranged to permit close control of secondary
voltage. Other features include completely enclosed windings,
compound filled and full electrostatic shields. Send for Bulletin
No. 14-5.

AMERICAN TRANSFORMER COMPANY, 178 Emmet St., Newark 5, N. J.

| e

AMERTRAN PRODUCTS -
MODULATION TRANSFORMERS ~ AUDIO FREQUENCY TRANSFORMERS
: HERMETICALLY SEALED TRANSFORMERS.
TRANSTAT A.C. YOLTAGE REGULATORS
&) HIGH VOLTAGE RECTIFIERS WAVE FILTERS

i

OTHER ELECTRONIC AND INGUSTRIAL TRANSFORMERS

T

Pianeer Manufacturers of Transformers, Reectors ond .-*

Rectifiers for Electronics ond Power Trassm on
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