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“We vibrate, ’em, too, Miss Gadfly.....”

Miss “Tiny” Gadfly, im-
pelled and inspired by the
vision of a svelte, girlish

figure, oscillates in phase

with the vibrations of
»Little Gem.” With like determination, but with a differ-
ent scientific purpose, Hytron tubes are also vibrated

vigorously.

A motor-driven eccentric arm mercilessly
agitates the tube while a sensitive vacuum-
tube voltmeter discloses the slightest va-
riation in the a.c. component developed

across the plate load resistor. An imper-
fect weld—a loose element—a potential
short circuit—these, and other trouble-

makers are instantly detected.

Tubes which pass this standard Hytron
factory test are not likely to fail. When
subjected to the ruthless throbbing of ma-
chines of war by fighting men too intent
on a battle for survival to baby them,

these tubes '‘get the message through.”

BUY ANOTHER WAR BOND

www.americanradiohistorv.com
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OUR /W PLANT

steps up ARHCO production
it il et e

t

:.f P ust opened is the new American Radio
"Hardware factory at Mt. Vernon, New York.

Dedicated to the service of our country, this

new plant, with its substantially increased
productive capacity, makes possible a greater
output of ARHCO components than hereto-
fore. Moreover, we are now able to produce
at an even faster rate and to top our already

good delivery record.

One more thing we assure you. The high
quality and performance of ARHCO_compo-
nents will be maintained. As always, you may
depend upon them for consistent service . . .
for vital war necessities . . . for postwar in-
dustrial and radionic applications..We_invite

your inquiries.

152-4 Mac Queston P’kway South ® Mount Vernon, N.Y.

MANUFACTURERS OF SHORT WAVE - TELEVISION « RADIO « SOUND EQUIPMENT
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LEWIS WINNER, Editor
F. WALEN, Assistant Editor
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e See...

HERE AND ABROAD there’s been keen in-
terest in u-h-f application to broadcast
services in the postwar era. Speaking
before the Wireless Section of the IEE
in London, K. I. Jones and D. A. Bell
pointed out that experience gained in
u-h-f transmission leads the way to the
extension of the broadcasting services,
which will go far towards satisfying
the demand for greater freedom irom
interference, a wider choice of pro-
grams and high fidelity. They also
stressed that an urgent need exists for
a nation-wide television service. Car-
rier frequencies only slightly higher
than prewar, in the range from 49.5 to
64.5 mc, were suggested for video use.
And on these shores, O. B. Hanson
of NBC revealed quite a few pertinent
facts on postwar u-h-f before the Sen-
ate Interstate Commerce Committee
hearings on proposed Communications
Act amendments. He said that we will
see an extended use of the 30 to 150
mc bands, where practical amounts of
power can be generated. He pointed
out that at least 1000 television stations
can be placed in operation during the
next decade, if the present frequency
allocations and technical standards are
not greatly disturbed in the anticipated
frequency shuffling. And under exist-
ing rules and technical standards, he
showed that it is also technically pos-
sible to have 3000 f-m stations.
U-H-F looks ahead!

OUR POSITION IN INTERNATIONAL COM-
MUNICATIONS, which has never been
too sturdy, received a fluent analysis
recently by FCC chairman Fly. He
said that we must now establish post-
war world communications plans and
not idle away as we did at the last
Peace conference. Congress, he
stressed, must act quickly and apply
our technological developments to a
well linked system of international dis-
tribution. We need powerful stations
throughout the world, not merely -on
our shores, he said. America should be
on the front line of action in world
communications, emphasized Mr. Fly !

PAPER 1S A WAR MATERIAL. All kinds
must be saved. = Cooperate with your
local salvage committee. Fight paper
waste [—L. W,
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There are a number of requirements for new transmitter equipment which broadcast
station managers, their engineers and consultants must always bear in mind.

1. The equipment must function in a manner consistent with FCC
performance requirements.

9. The equipment must meet FCC safety requirements for the pro-
° .
tection of operators.

3. The equipment design must include safeguards which effectively
protect it from damage due to overload.

4 The equipment design must include maximum assurance against
* failure during broadcasting.
RCA provides these assurances— ‘hedges’” against trouble.

From microphone to antenna, RCA offers the broadcast station complete equipment of
coordinated design—assuring superior performance, maximum operating economy and
convenience, and definitely fixed responsibility.

RCA Victor Division, RADIO CORPORATION OF AMERICA, Camden, N. J.

RCA BROADCAST EQUIPMENT

% RCA’s line of apparatus includes more of the equipment % RCA is the only broadcast equipment supplier
necessary for the efficient operation of modern broadcasting manufacturing a complete line of measuring and
stations than that of any other manufacturer. test equipment.

www. americanradiohistory.com COMMUNICATIONS FOR DECEMBER 1943 ¢ 3
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|
BY COMPARISON

Thisisapa w Junior Air Inductor
in size compgrison with the 7.5
9Mpere-rated specials of the

$ame general construc-
tion and design.

1.5 AMP. couruuous A'mle

But the only thing “Special” is the size

Actually, these 20" giant B & W Ajr Induc-
tors, wound with #8 solid wire, are simply
grown-up war versions of the famous B & W
Junior “Air Wound” Coils of amateur radio
fame. The only special feature is the size
Plus, of course, the attendant bracing of
triple x bakelite strips and plates for abso-
lute mechanical rigidity. They’re attractive in
appearance, sturdy as you'd ever expect coils
to be, and serve as interesting examples of
B & W'’s unexcelled facilities for the produc-
tion of special units—often with only a

=

f e COMMUNICATIONS FOR DECEMBER 1943

HOW TO TAP small COILS—EASILY

Ever try to tap a tiny coil where the tu
you felt as though

you'were trying to fasten a rope to a middle
tooth of a fine-too

th comb? Then you'll i i i
B & W small coil indent feature. The wimzjxpprec:ate e

the turn you want to tap are indented out of
tapping quick and easy, anywhere on the |

BARKCE & WILLANSON, 235 taRAED AVE, U

minimum of change from standard designs
of unquestioned dependability.

Coils of this type are available through
the entire broadcast frequency range. Adapta-
tions'are available for specific applications on
any frequency. Other B & W coils in both
“Air Wound” and form-construction types
can be supplied for Practically
any inductance requirement.
Details on any type, or quo-
tations to your specifications,
gladly sent.

rns were so close together

Ings on either side of

the way, thus making
nductor,

INDUCT

il
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“ Mee most

IOMPLETE LINE
HF TUBE SOCKETS

yhere is a Johnson socket for nearly
direry transmitter requirement. For
| ore than twenty years, Johnson En-

ineers have been designing -and
anufacturing  transmitter  parts,
lansmitters, .and equipment. They
fre thoroughly familiar with all the
‘roblems of sockets themselves plus
f4n intimate knowledge of the require-
'Ihents and relationship with other
tansmitter components.

'ou cannot buy a better socket than
i>hnson. Finest materials, superior
irorkmanship, exclusive design, pre-
ision manufacturing, skilled engi-
.eenng, and quantity production all
nean the best sockets, and usually
‘he lowest priced on the market.

Most Johnson sockets are Govern-
inent approved as standard. Perhups
rou have noticed how frequently the
Shrase “Johnson or equivalent” ap-
ears as part of Army or Navy speci-
lications. If you are not already do-
ng so, you will find your socket trou-
sles over, if YOU specily “JOHN-
30N.” May we send you information
»r samples?

Aok for b
CATALOG 967E J . | a S 0 N

a éamoa.& name m }Qadw

E. F. JOHNSON COMPANY o WASECA o MINNESOTA

COMMUNICATIONS FOR DECEMBER 1943 o 5
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Quality crystals once formed, may last unchanged for
millions of years — to the day the important ‘‘first
cuts” are taken to make them useful to man. It is in
these first steps of precision fabrication, and in those
that follow, that the skill of James Knights craftsmen
plays its part. Every James Knights Crystal is design-
ed and cut to exacting specifications by America’s
most modern methods. No wonder, with the finest
of raw materials and advanced manvufacturing
techniques, James Knights can produce, in volume,
dependable crystals of every type, cut and frequency.
Why not let James Knights specialists help with your
requirements?

BUY WAR BONDS FOR VICTORY!

The JAMES KNIGHTS Co. [ | -
SANDWICH, ILLINOIS //

Phone 65 ?
PRECISION CUTTERS OF QUARTZ FOR COMMUNICATIONS AND OPTICAL USES

\
6 @ COMMUNICATIONS FOR DECEMBER 1943 . ‘
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ss production of a device that has always been {
hand made in a laboratory is an achievement in *
itself. But when the whole nation gives pause to
recognize outstanding excellence in this mass prodic-
tion the achievement becomes all the more striking.

Such honors have been bestowed upon the Eimac
organizations not once but twice. First to the San
Bruno, California, plant (September 1942) and second,
less than a year later, to a plant in Salt Lake City, Utah,
that is little more than one year old.

Where does the credit go?. .. to the men and wo-
men at the Salt Lake City plant now for their recent
triumph ... and to the men and women of both plants

always for their collective cooperation and hard work.

Follow the leaders to

‘ EITEL-McCULLOUGH, INC, SAN BRUNO, CALIF.

Piants Located at: San Bruno, Calif, Salt Lake City, Utah

Export Agents: FRAZAR & HANSEN, 301 Clay Street,
WWW.arericenradiohistery Geive s I S A4
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A TYPE FOR

IMPORTANT NEEDS _

STYLE “K" RESISTORS : Power Wire Wound Resis-

tors 5, 10, 25, 50, and 120 watts.

Wire lead or lug terminals on styles 5K and 10K,
Lug terminals only on styles 25K, 50K, 120K.
Non-inductive windings available.

Various types of mounting, shown in catalog.

STYLES A,B,C, D, E, F: 120, 90,50, 35, 20,10 watts.

Hermetically sealed pPower wire wound resistors,
Designed to withstand salt water immersion tests.

Ferrule Terminals for fuse clip mounting.

Non-inductive windings available.

STYLEV. D.: 10 waont and 15 watt wire wound.
Resistors designed to make voltage divider sections
when mounted end to end on through bolt,

STYLES MFA, MFB and MFC: precision Meter Multi-

plier Resistors, Hermetically sealed. Salt water immer-
sion proof.

Type MFA—7.5 megohms max.
Type MFB—4 megohms max.
Type MFC—1 megohm max.

STYLE SP: wire wound bobbin type resistors. Style
SP-1, single section. Style SP-2, dval section,

2.5 watts, continvous rating, per section.

250,000 ohms max. per section,

MEGOMAX; High voltage, high temperature, composi-
tion resistor. Hermetically sealed.

Type 1—3400 ohms to 100 megohms
Type 2—6800 ohms 1o 100 megohms

Voltage and power ratings depend on resistance volve.

SPRAGUE SPECIALTIES (0., Resistor Division, NORTH ADAMS, MASS.

e

{O0LOKHM Rest

REGISTERED TRADEMARK

§ e COMMUNICATIONS FOR DECEMBER 1943
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to the Men of the U. S. Army Signal Corps

For the continued development and
production of Radio C ommumcalwns
and other special Electronic equip-
ment for our Armed Forces, the
Motorola organization has been
awarded two stars for their Army-
Navy "E” Flag. Motorola is proud
of the part it has been privileged to
play in the speedmg of Vnclory

It is no secret that our armed forces have the finest com-
munications equipment in the world. What is even more
important is the fact that this equipment— ‘‘the eyes
and ears’”’ of our fighting men—is in the hands of that
even finer product of American Democracy . . . the men
of the U. S. Army Signal Corps. To them from Motorola
Radio—a speedy Victory and a quick safe return!

AFTER THE WAR . ., For the Signal Corps, Motor-
ola Electronic Engineers pioneered in the development
of the famous Guidon Set, the new Walkie-Talkie and
the highly effective Handie Talkie— portable two-way
communications systems. When Victory signals re-
sumption of Civilian Radio production Motorola
Engineers will add to their impressive list of “Firsts” in
the development and production of Special Electronic
devices and 2-Way F-M Communications Equipment.

Expect Big Things from Motorola—THEY'RE IN THE MAKING!

RADIO

FOR HOME & CAR

GALVIN o e

e e
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Copper
Sulphide

or
Selenium

from Milliwatts to Kilowatts!

]f you have an A.C.-D.C. conversion
problem let our engineers help you. We
have successfully produced many appli-
cations formerly thought impractical.

B-L Metallic Rectifiers have been favor-
ably known to the electrical industry for

many years for their reliability and effici-
ency.

We invite the submission of your
A.C.-D.C. conversion problems. We are
equipped to render q thorough engineer-
ing service—at no obligation.

Write today for Bulletin 76 giving full details about B-L Metallic Rectifiers.

» N

THE BENWOOD LINZE COMPANY - §T.

Designers and manvufacturers of Copper Sulphide and Selenium Rectifiers

Battery Chargers, and D.C. Power Supplies for practically every requirement.

Louls, mo.

e ——
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Today, the research and experience of the North
American Philips Company in electronics are
devoted to the single aim of aiding the United
Nations’ war effort. Tomorrow, thisknowledge will
aid industry in creating a new world for free men.

* * *

For our Armed Forces we make Quartz Oscillator
Plates; Amplifier, Transmitting, Rectifier and
Cathode Ray Tubes for land, sea and air-borne
communicalions equipment.

For our war industries we make Searchray (X-Ray)
apparatus for industrial and research applica-
tions; X-Ray Diffraction Apparatus; Electronic
Temperature Indicators; Direct Reading Fre-
quency Meters; Tungsten and Molybdenum in
powder, rod, wire and sheet form; Tungsten Alloys;
Fine Wire of practically all drawable metals and

www.americanradiohistorv.com

SENTINEL OF WAR TODAY. ..

GUIDE POST TO A NEW WORLD TOMORROW

alloys: bare, plated and enameled; Diamond
Dies; High Frequency Heating Equipment.
And for Victory we sav: Buy More War Bonds.

01'8/6’ 0

ELECTRONIC PRODUCTS by
NORTH AMERICAN PHILIPS COMPANY, INC.

Exccutive Offices: 100 East 4#2nd Street
New York 17, New York
Main factory in Dobbs Ferry, New York; other
{actories at Lewiston, Maine (Elmet Division);

Mount Vernon, N. Y. (Philips Metalix Corp.)

COMMUNICATIONS FOR DECEMBER 1943 o
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“IRYING CONDITIO

=
——

Tropical heat, moisture, vibration, efc, . . .

§ DeJur wire-wound Potentiometers provide maxi-
i mum service and efficiency. Rugged, durable and
- dependable . . . engineered to meet rigid govern-
ment requirements. There’s o type to fill your bill
« « . or we'll build to special resistances. Technical
data sent upon request. Our engineers will gladily

SPECIAL

More Purchases of War Bonds
Will Help Shorten The War

assist you.
e JurAmsco (orporation
Awarded for Excellence in Pro. . . =0 -~ "
duction and Quality of Material SHELTON ’ CONN ECTICUY

NEW YORK PLANT ‘)‘)Huds(mStrcct,Nch()rkCizy . CANADIAN SALES UFFlCE

12 e COMMUNICATIONS FOR DECEMBER 1943
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€) The point to the Bible story of the Tower of Babel was that
progress on the greatest works of men ceased when by an
unfortunate miracle each man was endowed with a different
language and could not comimunicate or receive ideas from
his fellows. ,

By a greater miracle the electrical, and electronic industries
undo the confusion of Babel and foster all progress by ‘perfecting not only the communication of ideas
but the quick transfer and utilization of electronic power.

Formica’s service to these industries includes twenty-five years of research to perfect special grades
of laminated plastic designed to meet requirements of their present production and their future creations
for cloger knit world. These grades stress in varying degree such properties as low dielectric constant,
low coefficient of thermal expansion, light weight, great strength, easy machinability and resistance
to chemical action and water absorption. Some grades of Formica may be the answer to an old or
a future problem of material. '

www.americanradiohistory.com COMMUNICATIONS FOR DECEMBER 1943 o I3
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Serving on all our fighting fronts

... the SUPER—PRO “SERIES . 200"

THE HAMMARLUND MEG. CO., INC., 460 West 34th Strect, New York, N. Y.

¢ e COMMUNICATIONS FOR DECEMBER 1943
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cOMMUNICATIONS

LEWIS WINNER, Editor

F-M STUDIO-TO-TRANSMITTER LINKS

DECEMBER, 1943

This Paper Discusses §-T Service,

Describes The First Commercial F=M

Transmitter and Receiver For S=T

Service In 330.4 to 343.6 MC Band

And Explains The First Application Of

Such Equipment For Commercial Use

by W. R.

DAVID

Electronics Department, General Electric

HE designation S-T (and the

I earlier designation STL) be-
came identified as a particular
service, with " the announcement of
FCC rules for S-T broadcast stations
on March 14, 1941. These rules de-
fine the service as follows: “The term
‘S_T Broadcast Station’ means a sta-
tion used to transmit programs from
the main studio to the transmitter of a

high frequency (f-m) broadcast sta-
tion.”

Previous to these rules, s-t service
had been authorized at lower frequen-
cies for emergency used by a-m
broadcast stations, emergency meaning
that the radio circuit could be used
only in case of wire line failure be-
tween the studio and main transmitter.
A few a-m broadcast stations have

Temporary antenna used
by f-m station WBCA for
studio-to-transmitter oper-
ation. At left, appears a
close-up of the antenna,
which is shown at right,
mounted on top of a 44’
mast. The antenna con-
sists of an elevator; a
dipole with reflector and
director. This antenna is
connected to the s-t trans-

F-M RELAY SYSTEMS

mitter with about 100’ of
7" diameter concentric
tube transmission line.

COMMUNICATIONS FOR DRCEMBER 1943 e IS5
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F-M SYSTEM PERFOR

|
TRANSMITTER
MEASUREMENTS

FCCOVERAL L
REJIMRENENTS

LESS THAN |5 %

RIETIATIGH 30T 9,000 SroL

STudun
MEASUREMENTS

CE REQUIREMENTS

Euden

THAN 68 0B | SHOULD HE GETTER
'L-:|F|m-| THAN 8208

FLLAT CIRCUIT
REQURMENENTS

64AB7/1853

|

GL 1614

LL

FREQUENCY-CONTROL AND AUDIQ UNIT I

—_———— e — .

Figures | (above) and 2 {right)

In Figure 1,

we have the FCC requirements for a f-m station.

that any relay circuit whether it be a wire line or radio link, must have excellent performance
characteristics. Figure 2 is a block diagram of a 25-watt f-m transmitter, with 260 to 350 mc

coverage. Because of

With this method

such emergency equipment.  Some
employ f-m. It should be noted here
that s-t service for f-m broadcasting
is authorized for regular commercial
operation, in contrast to the a-m enier-
gency authorization.

Wide A-F Range Requisites

The need for s-t radio circuits in
regular service for f-m broadcast sta-
tions was due principally to the wide
audio frequency range possible with
f-m and, in fact, required of f-m sta-
tions by the FCC. The Commission
requires an overall response of plus or
minus two decibels of the level at
1,000 cycles for the range of 50 cycles
to 15,000 cycles.! This range is
needed to reproduce faithfully all of
the musical instruments and their
characteristic overtones.

Noise Level and Distortion

Wide frequency response is not the
only requisite for the circuit between
the studio and the transmitter of an
f-m station. The noise level and dis-
tortion must be kept to extremely low
values as shown in the tabulation, Fig-
ure 1. The FCC requirements for an
f-m station are given in the column
FCC Overall Requirements. The next
two columns show Transmitter Meas-
urements and Studio Audio Measure-
ments. The last column shows Relay
Circuit Requirements. It is obvious
from this tabulation that the relay cir-
cuit, whether it is a wire line or s-t
radio circuit, must have excellent per-
formance characteristics.

Line Transmission
~ For conventional a-m broadcasting,

it is common practice to use trans-
continental wire lines having a fre-

-~

quency response range of 100 cycles
to 5,000 cycles. For shorter distances,
better wire lines are available and are
being used. These better lines have a
frequency response of 100 to 8,000

cycles. For very short distances it is .

possible and economical to obtain wire
lines with a frequency response well
within the requirements mentioned in
the tabulation of Figure 1 for the re-
lay circuit. Several f-m stations are
using such lines between their studios
and transmitters. Depending upon
local conditions, these high quality
lines may be uneconomical for even
very short distances of twelve miles or
less.

F-M Transmission Sites

Sometimes it is necessary to locate
the transmitters of f-m stations at high
and comparatively inaccessible sites.
For example, Gordon Gray’s f-m
transmitter for station WMIT is lo-
cated on Clingman’s Peak near Mt.
Mitchell, North Carolina, and the
transmitter for General Electric’s f-m
station WGFM is located on one of
the Helderberg Mountains near Sche-
nectady, New York. These sites were
selected because they command line-of-
sight views over the principal service
area of the stations. WMIT is 110
miles from its studios in Winston-
Salem, and WGFM is 12 miles from
its studios in Schenectady. These dis-
tances are air line and both are line-
of-sight propagation paths, The con-
struction and rental of wire lines were
found uneconomical for both stations.-

Undoubtedly, wire lines would be

In addition the FCC requires that provision
shall be made for preemphasis of the higher
frequencies in accordance with impedance-
frequency characteristics of a serjes inductance
network having a time constant of 100 micro-
seconds. :

16 e COMMUNICATIONS FOR DECEMBER 1943
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difficult to maintain if they were con-
structed. On one occasion, one of the
telephone lines on top of the Helder-
berg Mountains, between our New
York relay station and our main f-m
station, became partially shorted when
snow drifted higher than the sagging
wires between two of the poles. At
another time the line became very
noisy due to unusual local electrical
disturbances in the atmosphere.

Another and more extreme example
of a site excellent for line-to-sight
propagation, but almost inaccessible,
is the Yankee Network’s f-m station
WMTW on Mount Washington in
New Hampshire.

Relay Advantages

It should be noted also that s-t
radio circuits, in addition to requiring
no right-of-way and maintenance be-’
tween the studio and transmitter, are
not subject to fire hazards or possible
sabotage along the right-of-way. Some
broadcasting stations haye been forced
off the air for hours when fires dam-
aged or destroyed the wire line con-
nections between their studios and
transmitter stations.

Anticipating the trend to higher fre-
quencies, early in 1940 we began the
development of a 50-watt f-m trans.
mitter for the 110 to 170-megacycle
band, which at that time included the
experimental s-t assignments. This
design served as a prelude to our 330-
megacycle development. This lower
frequency transmitter wasg placed in
service as the sound channel s-t at
167.75 megacycles for television sta-
tion WRGB and has been in regular
commercial operation for many months.

The 25-Watt Transmitter

When the FCC ruled that s-t ser-
vice for f-m stations should be in the
330.4 to 343.6-megacycle band, we
proceeded to develop an f-m transmit-

" ter of 25 watts rating for the pre-

scribed frequency range. Actually the
transmitter covers the range of 260 to

F-M RELAY SYSTEMS
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350 megacycles which takes in the
lhigher television sound channels. It
|was decided to employ plus or minus
75 kilocycles swing for two principal
lreasons; first, to make it possible to
arelay without demodulation and, sec-
jond, to obtain better receiver design.
|If, for instance, you swing the trans-
|mitter carrier plus or minus 150 kilo-
lcycles, and then take into considera-
{'tion the stability of the transmitter
[(£ 019 required by the FCC—
|actually the transmitter stability 1s
|+ .002%) and the local oscillator of
the receiver, when the variations are
in opposite directions, it would be nec-
|essary to make the receiver circuits
| very broad with comparatively low
|gain.

{ Swing Problem Solution

This decision regarding swing im-
posed a problem in the transmitter
| circuit design; i.e., without employing
| conversion, the swing of the transmit-
ter oscillator would be approximately
1 kilocycle and our experience has
shown that the oscillator swing must
be in the order of 8 or 9 kilocycles to
keep the inherent f-m noise level of

[ ]

Figures 3 (right) and 4 (below).
°

F T T

the transmitter down 70 decibels. This
led to the adoption of the conversion
method shown in the schematic func-
tional diagram, Figure 2. Inciden-
tally, the statements in this paragraph
refer to the General Electric method
of producing frequency modulation.

Other problems in the development
of the transmitter were the electrical
and mechanical design of the higher
frequency amplifier stages, particularly
the final power amplifier. It was nec-
essary to develop a new type of high
frequency tube for the last intermedi-
ate and the final power amplifier
stages. The tube, type GL-8010A-R,
is shown mounted in the i-p-a and p-a
stages in Figure 3. The complete
transmitter is shown in Figure 4.
Those inclined to question the size of
the transmitter in comparison to its
output rating, should remember that
in it must be generated f-m with all of
the fine characteristics and frequency
stability of the basic f-m broadcast
transmitter.

Roof Top Installations

In some cases the s-t transmitter
must be installed on the top floor of a
studio building to avoid excessive

v S SRR a5 o

F:M RELAY SYSTEMS

losses in the radio frequency transmis-
sion line. It would be uneconomical
to maintain a separate operating Crew
for the s-t transmitter for such an
installation, and that problem required
the development of remote control
equipment. This took the form of an
external relay unit at the transmitter,
and a small control panel at the control
point—usually the main control room
of the studio building where the regu-
lar control room operators can operate
the s-t transmitter. Other acces-
sories for the s-t transmitter include
the combination of a high frequency
converter and f-m station monitor,
high fidelity audio monitoring ampli-
fier, and loudspeaker.

Antenna Problems

The FCC rules for s- t service are
very specific in regard to the gain and
directivity of the transmitting antenna.
The antenna, shown schematically in
Figure 5 and mechanically in Figure
6, was developed to meet the require-
ments. This same antenna may be
used at the receiving end if additional
gain is needed for the s-t radio cir-
cuit. It will be noted that this antenna
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is enclosed for protection against ad-
verse weather conditions.

F-M Recelver Problems

The development of an f-m receiver
for s-t service imposed a doubly dii-
ficult job on our receiver engineers.
First, the operation at this frequency
up to that time was chiefly on an ex-
perimental basis, and, second, the per-
formance desired was previously un-
heard of for anything but laboratory
work.  Following are the required
performance specifications:

Audio harmonic distortion .5 per
cent or better at full deviation of
plus or minus 75 kilocycles.

Audio frequency. response with de-
emphasis within plus or minus .5
decibel of the 100 microsecond
curve over the range of 30 to
16,000 cycles.

Adjacent channel attenuation minus
40 decibels.

Sensitivity and noise level—

Full limiting and —40 db noise
level below 0-vu at 20 micro-
volts input.

—60 db noise level below 6-vu at
40 microvolts input,

—70 db noise level below 0-vu at
100 microvolts input.

Rejection ratios—

Image 45 db.

40 megacycle i-f 60 db.

4.3 megacycle i-f 75 db.

The production receivers complied
with these specifications. Below ap-
pears the receiver’s tube complement
and function of each stage.

No. Type

950 acorn pentode
955 acorn triode
6AC7 hi g-m pentode
6AC7 hi g-m pentode
0SK7 pentode
oSH? sharp cutoff
pentode
6H6 double diode
rectifier

Function
1 R-F amplifier
1 First converter
2 40 mc i-f amplifiers
1 d converter
1 4.3 mc i-f amplifier
2 Amplifier limiters

1 Discriminator

1 Audiodriver and car-
rier off noise sup-
pression

Audio output

Oscillator and doubler

6SN7G double triode
6SN7G double triode
6SN7G double triode

Doubler 955 Acorn triode
Doubler 955 Acorn triode
Rectifier 504G

The receiver possesses many fea-

RADIATING ELEMENTS

PHASE - INVERTING
ELEMENTS

- ADJUSTABLE - v{é_

Figure 5

Schematic diagram
of the s-t directional
antenna. This trans-
mitter antenna, which
has been designed
to meet the FCC re-
quirements in regard
to gain and direc-
tivity, may also be
used at the receiver
end, if additional
qain is needed for
the s-t circuit.

—

MAX. RADIATION

tures which enhance jts application to
s-t broadcast service. The local os-
cillator is crystal controlled. It em-
ploys one of the new G-E type G-31
thermocells, which is temperature con-
trolled and hermetically sealed, similar
to the crystal used in the transmitter.
It has separate program and monitor
audio amplifiers, carrier-off noise sup-
pression with threshold adjustable to
suit service requirements, simplified
circuit tuning using built-in meter and
meter selector switch, vernier tuning
of discriminator provided on front
panel with high sensitivity microam-
meter, and vertical panel and chassis
canstruction for rack mounting pro-
viding complete accessibility of parts.
The -receiver with front door open is
shown in Figure 7.

The construction permit covering
the installation of one of the s-t trans-
mitters, with call letters WZ2XEO,
was the first issued by the FCC. It

14 e COMMUNICATIONS FOR DECEMBER 1943

www americanradiohistorv.com

DIRECTION OF

TUNING LOOPS
© ADJUSTABLE -

|
|
A
-

I
.

4L6.- ELEWATOR

1

was issued to the Capitol Broadcasfing
Company, Schenectady, New York,
for use in connection with their f-m
station WBCA, also located in the
Helderberg Mountains. The equip-
ment was placed in operation Febru-
ary 2, 1942, with the s-t transmitter
located in the company’s studio con-
trol room where it can be operated by
their control room licensed operators.
It is connected to the antenna with
about 100 feet of 74” diameter concen-
tric tube transmission line. Laek of
priority made it necessary to use the
temporary antenna shown on page 15,
which comprises an elevator; a dipole
with reflector and director. The an-
tenna was constructed by engineers of
WBCA.

The receiver is installed inside the
main transmitter building and fed in
the original installation by a V-type
antenna, 5 waves on a side, placed on
top of the building. The antenna now
used is a corner reflector type having
the same gain but physically much
smaller. The receiver is in the same
room with the 1-kw transmitter and
the receiving antenna is not over 50
or 60 feet from the main transmitting
antenna. The propagation path be-
tween WBCA’s s-t transmitter and
receiver is shown in F igure 8. Over
this path, the 330-megacycle s-t
equipment provides an excellent signal
at all times, with no trace of noise,

°
Figure &

The mechanical structure of the antenna
shown in Figure §.
°

F-M RBLAY SYSTBMS
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even with the temporary transmitting
antenna.

Among the stations that now use
s-t transmitters and receivers are f-m
station WGFM: CBS, New York
City, as an emergency circuit for their
International short wave station; the
f-m station of the Moody Bible Insti-
tute, Chicago, Ill.; Gordon Gray's f-m
station WMIT ; and the Westinghouse
stations in Boston, Mass., as an emer-
gency circuit for their International
short-wave station.

Appendage

FCC _Rulés—STL Transmitters

(Copied from Federal Register,
March 15, 1941)
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F-M RBLAY SYSTEMS

Title 47—Telecommunication
Chapter |—Federal Communications
Commission

4 — Rules Gowverning Broadcast
Services Other Than Standard
Broadcast

The Commission on March 12, 1941,
cffective immediately, took the following
action:

Adopted the following new rules to
read:

Part

STL Broadcast Stations

Par. 431 Defined. The term “STL®
broadcast station’” means a station used
to transmit programs from the main stu-
dio to the transmitter of a high fre-
quency broadcast station.*

Par. 4.32 Licensing Requirements.
An STL broadcast station will be licensed

°
Figure 7
The f-m receiver for s-t service, with a fre-
quency range of from 270 to 350 mc.

°
only to the licensce of a high frequency
broadcast station. Only one STL broad-
cast station, which shall be at a fixed lo-
cation, will be authorized in connectiot
with each high frequency broadcast sta-
tion.*

Par. 433 Service. The license of an
STL broadcast station authorizes the
transmission of program material, includ-
ing commercial programs, from the main
studio to the transmitter of the high fre-
quency broadcast station in connection
with which it is authorized.*

Par. 4.34 Frequency Assignment ana
Operation. (a) The following frequen-
cies are allocated for assignment to STL
broadcast stations upon an experimental

basis:

KC
333,400 335800 338,200
331,000 334,000 336,400 338,800
331,600 334,600 337,000 339,400
332,200 335,200 337.600 340,000
332,800

330,400 340,600
341,200
341,800
342,400
343,000

343,600

(b) STIL. broadcast stations will be au-
thorized to employ frequency modu-
lation only.

(¢) The maximum frequency swing em
ployed by STL broadcast stations
shall not be in excess of 200 kilo~
cycles.

(d) The licensce of each STL broadcast
station shall install and operate a
directional antenna designed so that
the gain in power toward the receiver
shall be 10 (field gain 3.16) times
the free space field from a doublet
(137.6 mv/m. for 1 kw at one mile).
In all other directions 30° or more
off the line to receiver, the power
gain shall not exceed !4 the free
space field gain from a doublet.
(Sec. 303 (c), 48 Stat. 1082; 47
U. S. C. 303 (o)

Par. 4.35 Power. STL broadcast sta-
tions will be licensed with a power out-
(Continued on page 89)

°
Figure 8

The propagation path between the s-t trans-

mitter of WBCA and receiver. Over this

path the 330-mc equipment provides an
effective signal, at all times, with no trace

of noise.
°

WBCA
Studio B[gi_

S-T Antenna-4 -

Downtown
Schenectady
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Figure |

Complete frequency measuring installation,
showing from top to bottom . . . receiver,
interpolation oscillator and secondary fre-
quency standard. Units below are remote
receiver and transmitter controls, not asso-
ciated with checking equipment.
[ J

r l \HE possibility of operator error
in  arithmetical computations
and the danger of harmonic

error in many methods of frequency
measurement used with secondary
standards, has limited the usefulness
of such methods among those services
operating on several frequencies and
with many transmitters. Harmonic
error prevails in the audio interpola-
tion method, while in both audio and
linear r-f interpolation systems, oper-
ator error is the problem.

Audio interpolation, while admit-
tedly the most accurate, does, in those
cases where such precise measure-
ments are unnecessary, involvé the
needless loss of much time, especially
in the hands of the relatively inexperi-
enced operator. The possibility of
error is largely due to the difficulty of

20 o COMMUNICATIONS FOR DECEMBER 1943

DIRECT READING

by R. J.

MILLER

Technical Assistant to Communications Supervisor -
Eastern Air Lines

distinguishing harmonic and funda-
mental beats. Precise naixing of both
r-f inputs and audio outputs is neces-
sary to obtain beats of sufficient in-
tensity. To the above, from the stand-
point both of time involved and pos-
sible error, must be added the final
mathematical calculations necessary to
determine the frequency of the signal
being observed. It is thus desirable
to employ a system that eliminates or
materially reduces all of the above ele-
ments and at the same time affords a
high degree of accuracy. A system
developed along these lines of thought
is shown in Figure 5.

The system involves nothing new
or radical insofar as equipment is con-
cerned. But the method of application
or procedure has been devised to per-
mit direct reading of deviation in
cycles per second. This, of course,
eliminates all necessity for computa-
tion and the attendant possibility of
error. The harmonic error which is
the weak point in all audio interpola-
tion systems is disposed of by inter-
polating at the intermediate frequency
of the receiver in use. This obviously
represents a compromise between in-
terpolation at the lowest possible fre-
quency, the audio beat, where the high-
est degree of accuracy will be obtained
and interpolation at the highest pos-
sible frequency or direct interpolation

[ J
Figures 2 (left, below) and 3 (right, below)

In Figure 2 we have a front view of the
interpolation oscillator showing the main
calibrated dial in the center with plate on-
off switch at left and 4E5 at right. Figure 3
is a rear view of the oscillator. Receptacle
for power and a-f output plug is at extreme
left. Left hand tube is 4SJ7 and tube at
right is 6SK7. At extreme right upper corner
is the output for i-f of receiver. The a-c
receptacle appears in the lower right hand
corner. Note protective shield covering
tuning adjustments, between tubes.

WwWWW americanradiohistorv.com

between harmonics of the standard,
where the lowest degree of accuracy
will be obtained.

A secondary standard from which
can be obtained harmonics every 100,
12,5 and 10 ke is used. A detailed de-
scription of the secondary standard
will not be attempted here since the
subject has been amply covered in
Numerous texts and periodicals, and
the design and construction of a stand-
ard with multivibrator orders of 8 and
10 can be readily accomplished. Al-
though the particular recejver in use
is a National NC100A with an i-f fre-
quency peaked at 455 k¢, and so
aligned as to permit 12 ke bandwidth,
any good communications type super-
heterodyne receiver could be used,

Interpolation at the i-f frequency of
the receiver can be accomplished basi-
cally by utilization of the bfo of the
receiver. For the accurate measure-
ment of frequency, however, this
method is impractical for several rea-
sons.  Calibration is of course diffi-
cult and close zero-beat adjustment
due to frequency interlock is also a
problem. We must also consider fre-
quency stability. Since the bfo is in-
corporated in the receiver itself, it is
subject to comparatively large thermal
changes and is thus dependent upon
the receiver’s unregulated power sup-
ply for operating voltages.  These
problems can be solved by the use of a
specially designed external oscillator,

The interpolation equipment con-
sists of an oscillator functioning at the
i-f frequency of the receiver and an
r-f amplifier/isolator that prevents
interlocking and permits close zero-
beat adjustment. To stabilize the os-
cillator, zero-temperature coefficient
components were used, where possible.
It was also found necessary to use a
voltage regulated power supply. Lit-
tle drift will be encountered at this
frequency in the short space of time
involved in completing a measurement.

AIRCRAFT COMMUNICATIONS
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NTERPOLATION OSCILLATOR

The long term drift is small and does
not particularly affect the accuracy of
measurement. All measurements are
predicated upon the difference in fre-
quency between the interpolation oscil-
lator and the h-f oscillator in the re-
ceiver as set up when a measurement
is begun. This long term drift
can, of course, be periodically checked
and corrected to insure that the zero
point or center scale is substantially
at the i-f frequency of the receiver.

Adjustments are provided for band-
width, and zero-set of the dial, to se-
cure the proper frequency coverage.
Also included is an iron-core adjust-
ment of the oscillator coil to permit
change of the inductance over a lim.
ited range. Visual zero-beat indica-
tion is provided by a 6E5 tube which,
while mounted in the interpolation
unit, is actually connected across the
audio output of the receiver. Dial ar-
rangements, other than that shown,
are, of course, possible to permit
closer reading. However, the dial
shown, with calibration points every
100 cps, has been found suthciently
accurate for all normal uses since it
can be read to within 25 cps.

For the convenience of the operator
making measurements, the dial has
been marked on either side of zero in
red and green scales. The low fre-
quency side or 449 to 455 kc is red
and high side or 455 to 461 kc is
green. This facilitates the adjustment
of the interpolation oscillator when
preset and reduces the possibility of
errors being made through presetting
on the wrong side of zero. The cali-
bration is carried through 6,000 cps on
either side of zero for greater ease in
measuring unknown irequencies, it

having no particular value past 5,000
°
Figure 5
A block diagram of the direct reading fre-
quency measurement system, which operates
in the following way. Receiver is first
turned on for a short warm.up period and
the interpolation oscillator preset to 'the
difference between nearest harmonic of sec-
ondary standard and known (or assigned)
frequency to be measured. Interpolation
oscillator is next turned on and signal tuned
in to zero beat. Signal is removed and
multivibrator output connected to the re-
ceiver input. Interpolator dial is now
adjusted for zero beat with multivibrator
output. Difference and direction of the
actual frequency from the assigned fre-
quency can now be read directly from dial.
In the system outlined, the h-f oscillator is
on the high side of the signal frequency.
However, it will function equally as well with
the h-f oscillator on the low side but the plus
and minus scales will be reversed. This
could, of course, be considered in the con-
struction of any similar system and the dial
designed accordingly.

AIRCRAFT COMMUNICATIONS

TO HEATERS

®
Figure 4
Circuit diagram of the interpolation oscil-
lator covering the 449 and 461 ke range.
Note the voltage regulated source, indicated
at the plate input to the 65K7.
®

cps when measurements of known fire-
(uencies are made. The output of the
interpolation oscillator is injected into
the i-f channel and the interpolation
oscillator functions as bfo of recetver.

Since comparisons are made and
deviations measured at the frequency
or irequencies which the i-f channel
of the receiver will pass after the sig-
nal and the standard frequency have
heen converted to these frequencies by
the high frequency end of the receiver,
the accuracy of the measurements will
be affected by the precision with which
zero-beats are obtained and the hio
Jdrift of the receiver, as well as by the
deviation of the standard, from an
exact 100 ke. Errors due to hfo drift

in the receiver can be minimized by
reducing the time between the two
necessary zero-beat adjustments to as
short an interval as possible. Al
though it has not been found essential,
errors could be further reduced by sta-
bilization of the hfo and allowing the
receiver a thorough warm-up period
before measurements are begun. Some
trimmer arrangement across the hfo
inductance in the receiver is also de-
sirable to facilitate adjustment of the
receiver to zero-beat with the signal.

The procedure outlined below which
enables direct reading of deviation in
cps, is based upon presetting the dial
of the interpolation oscillator to that
point (depending upon the frequency
being measured) which would, were
the frequency exact, force the final
reading to be at 0 or midscale of the
calibrated dial. Thus, any deviation
of the measured signal from its as-

(Continued on page 87)

ORDER IO
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'
Figure |
A large size the-
atre speaker in
use around 1935,
with a folded
type horn,
°
.
Figure 2

A two-way loud
speaker de-
veloped in 1937,
using a multi-cel-
lular high fre-
quency horn in
conjunction with
a resonated low
frequency baffle.
Note the network
filter next to the
high frequency
horn.

Figure 3
The newest du-
plex speaker with
a six-cell high-
frequency horn
mounted on the
end of a low fre-
quency unit pole
piece. Network
fFilter is also

shown, at right
of speaker.
°

wWww americanradiohistorv.com

T H E

HE practical application of the

hwo - way  multi - cellular loud

Speaker system for theatre use
began in 1935. Since that time we
have had a gradual improvement in
the quality and general performance
of the system. The wide acceptance
of the high performance standard set
by this system indicated that many im-
portant benefits would be gained by
applying the same principles to speak-
ers for recording, monitoring, and
broadcast studio work.

Since the large size of the theatre
system (Figure 1) precluded its use
in monitoring booths, the immediate
requirement was that a substitute be
found for the large folded horn used
for the low frequency band. Reduc-
tion in the size of the low frequency
horn called for a corresponding de-
crease in the size of the high fre-
quency horn in order to make the
whole equipment compact.

The first development to meet these
requirements for a smaller system
made use of a 500-cycle cross-over
network and a high frequency horn
designed to give proper acoustic load-
ing at cross-over.

The folded type horn, much reduced
in size, and using a 15-inch speaker
was retained for the low frequency
end. While this design had adequate
frequency range for most small rooms,
it was still too bulky for the cubby
hole type monitoring room, and the
effect of separate sources for the dif-
ferent frequency bands was annoying
when used in these close quarters.

In 1937, the first twh-way loud
Speakers using the multi-cellular high
frequency horn in conjunction with a
resonated low frequency baffle were
made available (F igure 2). A cross-
over frequency of 800 cycles was used
with a corresponding decrease in the
size of the high frequency horn. These
speakers were far more compact than
those using horns of various configu-
rations for the low frequency band.
Operating efficiency, while not as high
as in the larger Systems, was still high
when consideration was given to the
decrease in size,

Recent Design Work

During 1941, intensive work was
undertaken to find a method of pro-
ducing a loud speaker .of still more
compact form, sti]l retaining the same

*Prepared ' specially for CouMuMuNIicATIONS
from a paper delivered before the Society of
Motion Picture Engineers’ 54th  semi-annual
technical conference in Hollywood.

SOUND ENGINEERING
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DUPLEX LOUD SPEAKER

\performance characteristics of the
llarger systeme, and at the same time
totally eliminating the tendency to
radiate from split sources when used
in close quarters.

The inter-modulation distortion ef-
|fects produced by a single diaphragm,
when operating at a multiplicity of fre-
quencies simultaneously, precluded the
fuse of a single diaphragm for all fre-
|quencies. These effects were con-
| firmed by G. L. Beers and H. Belar in
their SMPE paper on Frequency
| Modulation in Loud Speakers (Vol.
| XL, page 207).

The metal diaphragm was chosen

| for the high frequency reproducing
system. It was designed to operate as

a piston up to frequencies above the

' limits of audibility. Aluminum alloy
was used because of its high mass

stiffness and high velocity of trans-

mission. The resulting light weight

. diaphragm 1is stiff enough to prevent
its breaking up as a piston, which

would introduce the intermodulation

effects so common to the familiar

paper and other fibrous types of dia-

phragms.

Careful consideration was given to
the type of high frequency radiation
system to be used. If the diaphragm
was to radiate directly, and was made
small enough to avoid sharp beam ef-
fects at the high frequency, it became
too small to handle enough power near

?;‘
1

SOUND ENGINEERING

by JAMES B. LANSING

Altec Lansing Corportion

the cross-over region lor practical
purposes.  Accordingly, the nmlti-
cellular type of high frequency horn
was chosen as the radiating medium.

In the final design of the high fre-
quency horn we chose a 2 x 3 con-
figuration of six cells, with a 900-cycle
cut-off, which could be enclosed by
the low frequency cone. The maxi-
mum angle of distribution was held to
approximately 60° in order to prevent
interference from the mounting baffle
at the higher frequencies.

Figure 4 illustrates a cross-sectional
view of the completed speaker, show-
ing the arrangement of the functional
parts. The heavy field coils and their
magnetic circuits provide ample ex-
citation for the magnetic gaps in which
the voice coils operate. The high fre-
quency horn is shown mounted on the
end of the low frequency unit pole
piece, which is bored out to permit
the passage of sound from the high
frequency unit. A fine mesh bronze
screen at the junction of the pole
pieces prevents the entrance of for-
eign particles into the high frequency
sound chamber. Positive alignment of

the bores of the two pole pieces and of
°
Figures 4 (left, below) and 5 (right, below}

In Figure 4 appears a cross-sectional view of
the duplex speaker. In Figure 5 we have the
frequency dividing network of constant im-
pedance used with this new speaker. Note
that the cross-over frequency is 1200 cycles.

the horn mounting Hange, avouds dis
continuities which would cause de
structive interference along the high
frequency sound transmission  path
The high frequency horn is covered
with a sound deadening material, but
is not finished with a smooth surface
which would set up a regular reflec
tion pattern for sounds being gener
ated by the surrounding low frequency
cone. The dJome-shaped high fre
quency diaphragm is shown in place
over its transducer. This effectively
prevents destructive interference from
being set up in the sound chamber.
The high irequency voice coil is wound
with aluminum wire to hold the mass
of the moving system to a minimum.
The low frequency system consists of
a 15-inch paper cone with its actuat-
ing diaphragm and voice coil asse mbly
and surrounding mechanical structure.

A frequency dividing network ot
the constant impedance type s used
with a cross-over frequency of 1,200
cycles (Figure 5). The selection of
the 1,200-cycle cross-over point per
mits the 900-cycle cut-off horn to ade
quately load the high frequency unit
down to a frequency where lttle
power is being transmitted by it. This
eliminates any tendency to produce
the distortion effects which would be
caused if the acoustic loading were to
cut off sharply at cross-over. It also
prevents any damage to the high fre-

(Continued on page 90)

MATCHING
TRANS.

TO LOW
FREQ. UNIT

TO HIGH
FREQ.UNIT

CROSSOVER =1200
Z (in}=12 OHMS
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THE U

-——-—YZ planes
_'__J -.l“I-C‘:' Figures | (top, left) and 2 {left)

Fundamental orientation position of mother
quartz for cutting BT oscillator plate. The
cement is built up around the two lower
prism sides to physically support the quarh
as well as to serve as an adhesive to the
mount. In Figure 2 {a), raw quartz mounted
on prism side showing X-axis direction paral-
lel to mount and two XZ-planes cut from
the two sides of the rock. At (b) appears
the YZ-planes which may also be cut with a
quarfz mounted on any rhomb face. At
(c) we see raw quartz remounted on one
of the YZ-planes with the X-axis perpendicu-
lar to the mount as in the fundamental

orientation position.

Figure 3

View of quartz crystal
showing the orthogonal
X-, Y- and Z-axes, the
YZ-plane and the saw
blade in position to cut
. the quartz in a direction
perpendicular to the YZ-
plane. Depending upon
the angle which the Z-
axis makes with the saw
blade, by rotating the
quartz about the verti-
cal X-axis, we may saw
Y, AT, BT, CT, DT, ET,
FT and GT cuts.

};i'mais (axis of rotation) *

ro-
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by SIDNEY X. SHORE

Project Engineer, Crystal Division, North American Philips
Company, Inc.

SE OF

—

RIENTATION means '1'01I
mounting quartz for sawing
have been developed for grea |

accuracy. The actual procedure to b .

followed in the factory should be as|
foolproof and universal as it can bel
made. '

Perhaps the simplest procedure|
would be to utilize a once-and-for alll
orientation and mounting technique to|
handle all quartz cutting in the same |
way, if such a development were feasi-
ble. If natural quartz crystals were
homogeneous, alike in shape, unflawed
and untwinned, such an ideal might be
practical. But, with regular and ir-
regular, twinned and untwinned, flawed
and unflawed raw quartz of widely
varying weights, the procedure to be
used to gain maximum yield of fin-
ished oscillator plates per pound of
raw quartz must be adapted to the in-
dividual case at hand.

Broadly speaking, raw quartz falls
into regular or faced and irregular or

unfaced categories. Broadly speaking,
there are also two orientation pro-
cedures; first, orientation for direct
wafering from the raw quartz in the
proper direction; and second, orienta-
tion for sawing prior to the wafering
operation. The second requires, at
least, two orientation and sawing steps,
whereas the first requires but one step
of orientation and sawing.

In order to ultimately slice the
quartz crystal into wafers or blanks
with the proper orientation, the entire
series of preparatory measures lead to
mounting the crystal so that an X-axis
is parallel to the plane of the quartz
saw blade, and so that the crystal may
be rotated about this X-axis. The
plane of the quartz saw blade is usually

This is the third of a serles of articles
covering a detailed analysis of crystal
manufacture. In subsequent papers,
Mr. Shore will discuss lopping, and
finishing and testing.
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QUARTZ ORIENTATION
DEVICES a» SAWING EQUIPMENT

i

Netessary To Maintain Accuracy o f

o}

‘O rientation of S awed Wafers

1
o

Figures 4 (left) and 5 {below)

In Figure 4 we see a chain vise set in position in a polarized light
oil bath, showing an unfaced crystal mounted with the Z-axis
approximately vertical or parallel to the direction of propagation of
polarized light. The upper polarizer {analyzer) has been moved out
of position to show more ‘clearly the actual mounting of the quartz
in the chain vise and the support of the chain vise in the oil bath.
Figure 5 shows two types of quartz cutting diamond saw blades.
The blade at the left is the nicked-rim type having diamond dust
rolled into the nicks. Blade at right is the sintered-alloy type.
having the diamonds embedded in the rim during sintering.

vertical. The rotary table on which
the quartz is finally mounted may ro-
tate about a vertical or a liorizontal
axis. In either case, this axis of rota-
.| tion is parallel to an X-axis of the
crystal and, therefore, parallel to the
plane of the saw blade.

The type of quartz saw most com-
monly used has a mounting table which
rotates about a vertical axis and, there-
fore, our orientation for this saw must
set X vertical. Since X, Y, and Z are
orthogonal axes, Z will be set horizon-
tal as will the Y axis. Therefore, we
may say that the YZ-plane, meaning
the plane formed by the Y and Z axis,
will be perpendicular to the saw blade
and parallel to the saw table. If we
can now cut quartz perpendicular to
the YZ-plane, the quartz may be ro-
tated so that the slabs cut will make
any desired angle with Z. Any one of
the common low temperature coeffi-
cient crystals which have their sur-
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faces parallel to an X-axis, may be
cut in this fashion. For the high fre-
quency thickness—shear BT oscillator
plate, the saw table is set so that the
saw makes the angle of 49°3(0/ with
Z and 11°17" with the vertical major
thomb, or other values determined by
the turning point temperature required.

The accuracy of sawing is dependent
mainly upon mechanical considerations
of the quartz saw and mounts, Toler-
ances of =15 or *+30/ in ZZ’ or XX’
angles, respectively, are simple to

Figure 9

Etch pattern of Z-section viewed over a

pin-hole light box. This specimen of quartz

was etched for 48 hours in luke warm am-
monium bifluoride.

26 e COMMUNICATIONS FOR DECEMBER 1943

Figures 6 (upper left),
7 (right) and 8 (left)

At left in Figure 6, ap-
pears the preferred posi-
tion of upper surface of
the quartz crystal with
respect to the saw blade.
At right, note that the
saw blade will have o
tendency to walk in the
direction of slope of the
upper surface, if the
surface is not perpen-
dicular to the saw blade.
Figure 7, the chain
vise and irregular quartz
in place on a quark
saw, showing a sintered
saw blade cutting
through the end of
the quartz approximate-
ly perpendicular to Z.
The other end of the
quartz has already been
cut off and may be seen
lying on the right side
of the chain vise, Figure
8 illustrates o simple
pin-hole light box show-
ing an etched Z-section
in place over the pin
hole.
°

measure in an x-ray machine and to
hold in cutting. And, if the conoscope
and x-ray machine are used in orienta-
tion, the greatest source of error in
cutting  becomes the physical and
mechanical deficiencies inherent in the
procedure. The best precautions are
to align the quartz saw so that it ro-
tates in a vertical plane with a minj-
mum of wobble, to attempt to make the
entering notch in the quartz slowly,
and to have the upper surface of the
quartz as nearly flat, smooth and

www americanradiohistorv.com

horizontal as possible. If the mechani-
cal or physical setup will allow the
saw blade or the mounting table to
shift in any fashion during sawing,
each wafer should be x-rayed before
the next cut is made to determine
whether an angular correction is nec-
essary. In a properly designed saw
and using a properly planned pro-
cedure, the saw cuts will be true rela-
tive to one another within 5§ to 10 min-
utes, but it is advisable to x-ray check
every fourth or fifth wafer cut to save

Figure 10

Etch pattern of etched Z-section viewed over pin-hole light box.
This specimen was etched for twelve hours in luke warm ammonium
bifluoride. The three dots in the
lines show fairly accurately the X-axis directions,

pattern when joined by straight
The small triangle

whose apices are slightly rotated with respect to the dots indicates
the handedness of the quartz. The three short lines midway between
the dots show the Y-axis directions.

CRYSTALLOGRAPHY
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Figures |1 (left) and 12 (right)
Figure 11, a right-handed quartz etched and viewed over a
pin-hole light source with the positive end of the X-axis (on
compression) down. The surface viewed to see this typical
Z pattern is the YZ-plane. Figure 12 shows a specimen of
left-handed quartz viewed under the same conditions. Note
that in this specimen the major rhomb direction is approx-
imated by the irregular cleavage of the upper left-hand
surface of the quartz. The minor rhomb appears at the upper
right-hand surface, approximately parallel to the inclined
portion of the Z-pattern. Halation makes these photographs

slightly fuzzy.
®

additional processing later. The orien-
tation means available are: mechanical
and physical; optical, including the
use of plane polarized light or charac
teristic etch patterns; and the x-ray
machine and its accessories.

As stated before, mechanical orien-
tation by the use of growth lines and
machinist’s squares is primitive and
subject to much human error.

If the best surface examination for
twinning is to be made, the rag quartz
should first be sandblasted and then
etched. This would largely erase the
Jandmarks used in mechanical orien-
tation. Thus the technique should
utilize the conoscope, pin-hole etch pat
tern light box, and the x-ray machine
in any efficient combination.

Faced quartz may be sawed without
the use of swivel or universal joint
mounting fixtures entirely. Knowing
that a prism side of a rhomb face is
parallel to an X-axis, a mother may
be mounted on a glass plate on either
a prism side or a rhomb face. The
YZ-plane may be set approximately
parallel to an edge of the glass with a
stauroscope. Y Z is perpendicular to X
and therefore, also perpendicular to the
surface of the glass. If the glass plate

CRYSTALLOGRAPHY

Figure 13

Right-handed quartz
showing eich pat-
tern of parallelogram

figure.
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Crossed
4= polarizing
analyzer

Figure 14

Simple stauroscope, used in orienting the
Z-axis of a quarhz crystal parallel to an edge
of the glass mounting surface.

1s fastened 1o the horizontal saw table
with ¥V'Z parallel to the blade, a 11.0
nlane may be cut immediately. The
quartz need only be ctched, have the
major rhomb identified over a pin hole
light source, remounted on glass on its
11.0 plane, and then wafered. This
technique resembles the Y-bar method
which will be described later.

In a search for a universal sawing
method, a procedure useful for wafer-
ing faced or unfaced quartz was devel-
oped. In this technique, after the sand-
blast and etch operation on the raw
quartz, if the quartz appears to be fajr-
ly free of twinning, and if the
ning boundaries are not

twin-
apparently

planar but are skew curves, the raw

286 e COMMUNICATIONS FOR DECEMBER 1943

Figure 15

A two-way swivel fixture
for the mounting and ori-
entation of raw quartz,
showing an unfaced crys-
tal cemented to a glass
plate and mounted on
the upper plate of the
fixture. The upper plate
is tilted first in the cono-
scope to adjust Z paral-
lel to the base of the
fixture. Then the lower
plate is tilted in the x-
ray apparatus to adjust
X perpendicular to the
base.

(uartz is inunersed in a vertical cono-
scope with a chain vise attachment.
The vise is fixed so that its hase is
parallel to the direction of propagation
of light. When the quartz is positioned
<0 that the concentric ring pattern ap-
pears centered it is locked in the chain
vise. The vise is then set on the saw
table and two sections of quartz are
cut approximately perpendicular to 7
within 5% to 10°. Extreme accuracy
is not necessarv. The approximate 7
section is etched, After etching, one of
the cut surfaces is placed over the pin-
hole light source and an etch pattern
i~ formed at the npper surface. This
pattern shows us the direction of the
N-axes very closely. .\ marking jig

Figure

www. americanradiohistorv.com

may be used to rule three lines to in-
dicate the X-axes. If the cut surfaces
are now set vertical and the quartz is
rotated about Z while over the pin-
hole light source, the parallelogram
and Z-shaped etch figures illustrated
previously will be visible as the nega-
tive end of X and the positive end of
X-axes come into vertical positions
over the light source. A marking may
be made on the quartz to indicate the
major rhomb  which will be used.
\iter this marking the Z-section is
clamped in a simple lever vise on the
saw table and a surface is cut perpen-
dicular to the N-axis which was used
to locate the major rhomb. This sur-
tace will be the final mounting sur-
lace and may be within 5° to 10° away
i any direction from a true YZ-plane.
[his  approximate YZ-plane is now
glued to a glass plate in such fashion
that the Z-axis is set parallel to a trued

Figure 16 (below) and 17 (left)

16 shows a two-way swivel fixture
conoscope, with the Z-axis being aligned. Figure 17 shows a
two-way swivel fixture mounted on an x-ray machine properly
oriented for the X-axis alignment.

[ ]

in place in the

CRYSTALLOGRAPHY
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THERE'S A JOB FOR

24 BY GUARDIAN

% Wherever the rectifier type of tube is used, generally there's a
job for arelay ... a RELAY by GUARDIAN . .. in secondary
and/or primary circvits where double pole, double throw "on
and off’’ switching is desirable.

Typical of such a relay is the Guardian Type B-100. This dou-
ble pole, double throw relay is equipped with silver contact
points having a capacity up to 1500 watts, 60 cycle non-induc-
tive A C.; and in A.C. primary circuits of any inductive power
supply delivering ~p to and including 1 Kw. Standard coils
operate on 50-60 cycle A.C., 110 volts, consuming approxi-
mately 872 VA. Coils available for other voltages. Write for
Bulletin OF-112 showing standard relay types.

GUARDIAN

1623-P, w. WALNUT STREET

Electronic rectification, long used to convert

A.C. to D.C. power, is now coming into use to
operate variable speed D.C. motors . . . bat-
tery chargers, etc. In such applications, the
type B-100 relay shown above is often vused,

ELECTRIC

CHICAGO 12, ILLINOIS

A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY
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A ﬁf;:i’.:f’..
edge of the glass plate serving as
reference edge. This parallelism align-
ment is made with a simple stauro-
scope and can easily be held within 4
degrees.

The glass plate is mounted on the
upper platform of the two way swivel
fixture immersed in the conoscope oil
bath. The plate is rotated slightly on
the platform until the concentric Z-
axis ring pattern is centered within
the vertical cross hairs. Then the up-
per plate is tilted to account for the
Z error in sawing the YZ-plane, until
the rings are centered on the horizon-
tal cross hair. When it is locked in
place at this point the Z-axis is parallel
to the plane of the base of the mount-
ing fixture and to its reference edge.

The fixture is removed from the
conoscope and set on the x-ray ma-
chine specially built for the purpose of
aligning the X-axis perpendicular to
the plane of the base of the mounting
fixture. The YZ-plane is set parallel
to the base of the fixture by rocking
the lower swivel plate until a maxi.
mum deflection occurs on the 0-1 ma
meter in the Geiger-Muller tube am-
plifier plate circuit. In this position
the lower swivel plate is locked and

the quartz is ready for wafering at the
BT-angle. -

The wafers are usually cut .040” to
.050” thick depending upon the final
frequency desired and the rigidity or
flexibility of the saw blade.

Quartz saw blades are made in sev-
cral ways. The simplest involves the
rolling of some diamond dust into the
cdge of a copper disk, thereby imbed-
ding the dust in its rin. When used
10 cut quartz the copper is abraded by
the hard quartz, leaving the diamonds
exposed, which in turn abrade the
quartz. The sawing rim of the blade
must be thicker than the body of the
disk to provide clearance for the blade
to pass into the saw cut. If the disk is
not relieved, any vibration of the blade
will tend to crack off the .040” thick
slice being cut. Much heat is genera-
ted at the line of abrasion of the quartz
by the saw blade. A coolant and lubri-
cant of deodorized kerosene or light
oil or a mixture of both is in common
use. This may be sprayed directly onto
the blade, into the cut, or fed into a
cup shaped flange on the blade, having
radial holes to eject the lubricant onto
the blade and into the cut by cen-
trifugal force.
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Figure I8

X-ray operator measuring the angle of a cut surface of quartz crystal
with respect to one of the atomic reference planes.

A goniometer,

which consists of a rotating table with a vertical reference surface

against which the quartz wafer rests and a radius attached to the

rotating table which terminates at an arc calibrated in degrees and
minutes, is used as the angle measuring means.

Better saw blades are made of cop-
ver or steel disks having short radial
slots at the edge into which diamond
dust is forced. The slots are peened to
trap the dust later exposed after
the retaining metal is abraded by the
quartz. .An excellent blade is made by
a sintering process, where large pres-
sures and high temperatures are ap-
plied to a powdered alloy to form the
disc. These saws are used for speeds
up to 8000 surface feet per minute and
are manufactured in sizes from 3” to
18” in diameter. Diamond saw blades
have replaced the old type mud saws
for obvious reasons. The mud saw was
a disk of copper or steel which
ploughed through a mixture of rough
abrasive and water or kerosene., The
abrasive, usually carborundum, wzs
picked up by the saw in its circular
travel and ripped into the quartz. Un-
fortunately, the silicon carbide wasn’t
hard enough to slice the quartz before
the quartz wore away a large part of
the saw blade. Cut surfaces were thus
stepped and uneven.

The orientation method described
may be used for faced and unfaced

Figures 19 (left) and 20 (below)
Figure 19 shows a wafered
place, cemented to the glass mounting base. Note that the top
surface of the quartz is parallel to the mounting base and therefore

quartz crystal with the wafers still in

20 shows a wafered Y-bar with painted out twin-section at the right-
section was not wafered because of
the twinning.

CRYSTALLOGRAPHY.
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Figure 21

Crystal oscillator plate testing and cali-
brating position. This equipment is corre-
lated to the standard audio and radio
frequency signals transmitted by WWYV,

quartz alike and yields excellent re-
sults with fairly good raw quartz that
is not too large. Wafering large quartz
directly may be undesirable because the
blade often walks during a large area
of cut, giving a stepped surface or an
off-angle surface.

With large crystals of raw quartz,
the Z-section Y-bar method is often
used. In this method, the quartz is
first cut into sections from 348" to sev-
eral inches thick with faces perpen-
dicular to Z. To cut a Z-section, it is
only necessary to orient the Z-axis
paraliel to the base of a simple swivel
fixture in the conoscope and then saw
perpendicular to Z. The saw cut is a
' 00.3 plane or an XY-plane. If the sec-
| tion is mounted on a glass plate on
| its 00.3 plane, the ¥Z or 11.0 plane
| may be located in the x-ray machine
and set parallel to an edge of the glass
| plate. Then the Z-section may be
sawed parallel to ¥ and Z along the
11.0 plane. Sections whose width ap-
proximates the width of the final oscil-
lator plate may be sawed in this
fashion. These sections are called Y-
bars. If the Z-section were etched, the
twinning would be visible and the most

Figure 22

Mounted Y-bar showing two twin sections which can be cut in

different directions, each to yield good BT-cut wafers. The inverted

check marks and the letters M painted on the upper surface of the

bar show two adjacent sides of the parallelogram etch figure, the

small side indicating the approximate Z-direction and the long side

marked M indicating the approximate major rhomb direction for
each portion of the twinning.

CRYSTALLOGRAPHY

YZ direction could be

productive
chosen for sawing.

The Y-bars should be etched and
the major rhomb located over the pin

hole light box. Then the bars are
ready to be mounted on the YZ-plane
for wafering.

Three mountings on glass and three
sawings are necessary for this tech-
nique. And each sawing requires a
test cut and then an x-ray check of
the angle of cut.

With the two-way swivel fixture
shown, it is possible to cut Y-bars
from unfaced raw quartz more easily.
Z is oriented, as described in the first
method, and the same approximate Z-
section is cut in the chain vise. The
etching is done as usual, but now the
X-axes are marked on the cut ends.
An approximate XZ-plane, 10.0, is cut
for mounting on glass. The glass
mounted quartz is set on the two-way
swivel fixture, then into the conoscope
and finally to the x-ray machine to
align Z and X respectively parallel
to the base of the fixture. Now the
11.0 planes may be cut in the saw and
from here the process follows the one
just described. To save mounting time

the chain vise is used to great advan-
tage.

Faced quartz may be mounted on a
prism side on glass and then in the
two-way swivel fixture and then Y-
barred without further ado since the
prism side is almost a 10.0 plane.

For direct wafering faced quartz,
an approximate YZ-plane may be
either sawed or ground on an abra-
sive wheel. Then the quartz is mounted
and oriented for Z, and Y parallel to
the fixture base, and wafered as in the
first method.

An advantage of bar cutting before
wafering is an economy of quartz
when twinning boundaries are ap-
proximately parallel to Z. Then
each portion of the bar may be sawed
in the proper direction for a minimum
waste and a maximum yield from
twinned volumes.

If an accurate Z-section has been
cut, a rodometer (spot centering jig)
may be used to locate the X-axes in-
stead of the x-ray machine although
the x-ray machine is the more reliable
and convenient tool. The XY-plane of
the Z-section must be lapped in the

(Continued on page 91)
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(Courtesy Electronic Engineering,
| London, England)

Transceiver exhibited at Army show. it is
equipped with headphones and a larynga-
phone that is used by paratroops and in-
fantry platoons. Operated from a dry battery.
The complete unit weighs 13/ pounds. Note
the laryngaphone, which is of a carbon type
construction, on the girl's throat.

Prvrens.

i smecvamy:

(Courtesy Electronic Engtineering,
London, England)

British pack set, No. 18, shown in London

exhibit. This is a 7-tube set for use by in-

fantry battalions, for either code-or 'phone.

The transmitter, receiver and batteries are

mounted: in & single case weighing 35

pounds. It is carried on the back, with a
second man operating it.

®
WAR COMMUNICATIONS

TISH COMMUNICATIONS EXHIBIT

(British Official Photo)

Above appears an over-all view of the communications section of the British Army

equipment exhibition recently held in London. American receivers were also included

in this exhibition. The portable unit being worn by the infantryman in the photograph

is a type 38 pack unit. Bulow appears a close-up of a type 19 tank arrangement that

was on exhibit. This unit is a 15-tube affair for three-way communications—tank to com.

mander, tank to tank, and intercommunication in the tanks. The phones are fitted with
snatch plugs to provide a quick getaway by the crew.

(Courtesy Electronic Engineering, London, England)

COMMUNICATIONS FOR DECEMBER 1943 e 33

www americanradiohistorv.com T ——


www.americanradiohistory.com

Television

System
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Figure |
DuMont station W2XWYV
pattern as it appears in

the original.

Figures 2 (left), 3 (left,
below), and 4 (right,
below)

Figure 2 shows a smear
ghost with vertical
wedged lines lacking
definition, and pattern
generally distorted. In
Figure 3 we have a
typical ghost or fixed
ghost, with a weaker
duplicate pattern dis-
placed to the right of
tha main pattern. Figure

4 illustrates response
data, recorded during
tests.

°

o
W
2
u
O
w
[ 4
g
2

www americanradiohistorv.com

ELEVISION COVERAGE

Highlights of Paper on

“"Television Broadcasif

Coverage”,Presented By,

Allen DuMont And

Dr. T. Goldsmith, Jr.,

|
Before IRE And

Radio Club of America\l

EVERAL months ago, Allen B.

DuMont and Dr. Thomas T. Gold-

smith, Jr., of the Allen B. Du-
Mont Laboratories, began an exhaus-
tive field survey of television signals
being transmitted by stations WNRBT,
WCBW and W2XWV, all of the New
York City area. Receivers permanent-
ly installed in the metropolitan area
and special receiving equipment aboard ‘
the cruiser Hurricane I1 which cruised
around the New York waters, were
used. And to permit a thorough analysis
of the tests, continuous recordings of
field signal strength, and still photo-
graphs and motion pictures of pat-
terns were prepared. The results of
these observation were then recorded
in an extensive report.

This interesting report, entitled
Television Broadcast Coverage was
presented before a joint session of the

(Continued on page 92)
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' WILCOX IS IN SERVICE

.. . Along the Route of The Capital Fleet

7/

Photograph, courtesy PENNSYLVANIA-CENTRAL AIRLINES,
(left) B. J. Vierling, Supt., Maintenance, (right) Earl Raymond, Chief, (Ground Station Maintenance.

' “Installation of Wilcox transmitters, Central Airlines. In addition to in-
| at many of our points, has given our stallations on major airlines through-
' communications the high degree of  out the United States, Wilcox radio
| dependability so necessary for airline equipment is being used now in
| operations,” states Mr. Earl connection with world-wide

' Raymond of Pennsylvania- military aircraft operations.

| WILCOX ELECTRIC
COMPANY

MANUFACTURERS OF RADIO EQUIPMENT ) FOURTEENTH & CHESTNUT, KANSAS CITY, MO.
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NE of the most interesting of
O the aviation fostered develop-

ments of the radio industry, and
one now accepted as an indispensable
circuit element in all radio range
equipment, is the variable coupling in-
ductor ‘known as the goniometer.
Though simple in function, and ap-
parently simple in mechanical con-
struction, today’s version of this de-
vice incorporates subtleties of design
and engineering refinements compar-
able with the most delicate components
of the radio circuit itseli.

Prior to the development of a suit-
able goniometer, the earlier radio
range systems transferred energy
from the transmitter through a key-
ing relay directly to two crossed loop
antennas with the disadvantage that
a change in direction of the courses
could be effected only by physical
rotation of the loop antennas. The
high degree of accuracy attained with
the modern goniometer not only
avoids this disadvantage but also
keeps pace with the many other im-
portant improvements incorporated in
the: present highly stable and reliable
‘radio range facility.

The use of the goniometer in radio
range equipment dates back somewhat
more than a decade. It was not a new
invention at the time, but rather the
adaptation of an early type of radio
device known as the radiogoniometer
used in the receiver of the well known
Bellini-Tosi direction finder. Greatly
refined versions of the radiogoniometer
are still used in many modern direc-
tion finders for general and certain
specialized applications.*

The goniometer is essentially a radio
frequency transformer employed for
the purpose of coupling r-f energy
from a radio transmitter to the an-
tenna array of a radio range system,
in such a manner as to make possible

)
Figure 1

Goniometer In use today.

the geographical rotation of the
courses or beums being broadcast,
thereby avoiding the necessity of
aligning the antenna array for the de-
sired courses. On account of the
power it must handle, it is necessarily
a large component, roughly 20 inches
long by 12 inches diameter, and usually
occupies the major portion of an ac-
cessory piece of station equipment
called the coupling unit, in which are
also  housed the necessary tuning
capacitors, together with a resistor
bank and phase shifting networks used
for other deviations of the range
courses known as course squeezing and
course bending.

In construction the goniometer con-
sists of a cylindrical stator, usually of
bakelite or similar phenolic base mate-
rial, within which a smaller, but
similar cylindrical rotor may be turned
concentrically on the common axis.
Two separate primaries are wound
longitudinally, with winding directions
perpendicular to each other on the sta-
tor, and two separate secondaries,
similarly, on the rotor, in such a man-
ner that either of the secondaries may
be coupled wholly to one or the other
of the primary windings, or partially
to both. Contacts to the secondary
windings on the rotor are made
through two pairs of collector rings
and brushes.

In Figure 1 appears a modern type
of radio range goniometer. On the
stator tube are seen the two equal
halves of one of the primary wind-
ings with their horizontal end conduc-
tors. . The other primary winding has

*CoMuu:{chTlons, Page 33, January, 1943.
The application of the goniometer in radio direc-
tion finding systems is treated at length in a
standard work on_that subject, Wireless Diyec.
tion Finding by R. Keen, published by Iliffe,
London. Treatments of the radio range beacon
system are found in the various electrical and
radio engineering handbooks and in Aeronauti-
cal Radio Engineering by P. C. Sandretto, Mec-
Graw-Hill, 1942.
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THE RADIQ

by WILLIAM W. MACALPINE

Communications Engineer

Federal Telephone & Radio Corporation

vertical end conductors, the plane ‘o
its turns being perpendicular to tha !
of the first primary. The rotor shaft
slip rings and brushes are discernible!
as well as part of the rotor form an?
windings, ‘seen through the large ac
cess holes in the stator tube. On one o
the horizontal tie rods are seen somd?
of the primary terminals, and th!
capacitors feeding a pair of compen|!
sating shield windings assembled with
in the stator tube. The front suppor|
bracket carries a drive knob, a lock |
ing knob, and the hub to which wil
be pinned a large dial calibrated in 36(}
equal divisions around its circumfer-
ence, all these being located on the
front panel of the completed couplingf
unit. A precise reduction gear drive
is assembled on the rear surface of thel
front support bracket. |

From the construction it is apparent|
since the two primary windings are|'
mutually perpendicular, and the twc|
secondary windings likewise, thmr
when the windings on rotor and stato!’
are exactly aligned, one secondary wil |
have maximum coupling to one pri |
mary, and nominally zero coupling t|¢
the other primary. Similarly the othe|d
secondary will have maximum coupling|”
to the other primary and nominall_\Fb'
zero coupling to the first primary. Foi |2
this position the index will be at 0°®
on the dial attached to the rotor. Also |
if the rotor be turned 90°, the wind-*
ings will again be aligned, but the first|
secondary will now be coupled by a
maximum amount to the second pri-|
mary, and the second secondary by a
maximum amount to the first primary
At any position of the rotor other|
than 0°, or a multiple of 90°, both sec
ondaries will be coupled in part to
each of the primaries. The windings|
are so designed that each secondaryl|
will be coupled to each primary byl
an amount substantially proportionall
to the sine or the cosine, as the case|

-~ oA e e
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nay be, of the angular position ot the
otor.

4 For an understanding of the man-
ier in which the goniometer is used
o adjust the orientation of the radio

cheams, it is advisable first to review
he manner in which the radio range
.ignals are broadcast, and the respec-

jyrive courses established.

a-Principles of Radio Range

1 Transmission

The course along which the aircrait
-L-_h)ilot is guided by a radio range sig-
hal source is actually an equi-signal
gizone lying between the two directional
.radiation fields set up by two vertical
jicrossed-loop antennas, or by two pairs
of vertical radiators. The horizontal
Jpattern of each of these directional
fields is in the form of a figurc-of-
eight, the axis of which lies in the
plane of the loop or vertical radiators
emitting it.

The combined pattern of the fields of
the two antenna systems is then a
lsort of cloverleaf with four overlap-
ping lobes at right angles to each
other. The two figure-of-eight fields
are distinguished by broadcasting a
dash-dot or N combination of signals
/in one field, and a dot-dash or 4 com-
" bination in the other. For simplicity
and accuracy in the detection of the
equi-signal zones, the keying of the
two sets of signals is interlocked in
such a manner that the dashes and
dots of one occur during the intervals
between the dots and dashes of the
other. When two such sets of signals
are heard with equal intensity, the re-
sultant sound is a continuous and uni-
form note of the 1020 cycle-per-second

“Irequency at which the radio range
| transmission is modulated. At any
point outside the zone of equal in-
tensity either the A set of signals or

i the N set will predominate.

The keying of the interlocking N
and A signals is controlled by a mo-

MIRCRAFT COMMUNICATIONS

tor driven mechanical keying device,
by means of which also the station
identification letters are sent out, once
in the N tield, then once in the A
field following every twelith N-4
cycle. This occurs at intervals of
about 40 seconds.

In common practice the radio range
station is located a short distance from
the airport to be served, and in line
with the most used runway so that
one course may be aligned with this
runway.

When first developed, radio range
equipment was operated from fixed
loop antennas, but had the disadvan
tage that a change in the direction of
courses could be effected only by phy
sical displacement of the antennas or
mechanical rotation of the crossed
loops. To overcome this difficulty, a
goniometer was introduced into the
system. In recent years the simulta
neous radio range system has taken
precedence over the loop type at all
larger installations. This system em
ploys a carrier channel which is ra-
diated from the center tower, and also
a side band channel tuned 1020 cycles

Figure 2
A simplified schematic
of a goniometer, key,

and loops.

Line From
Transmitter

per second above the carrier channei
and radiated by the four corner tow
ers. Simultaneous operation is iccom
plished by voice modulation of the
carrier channel, up to 70%, and by ad
justment of the output of the side band
channel to "about 30% 01'.the carrier
channel feld strength.

The simultaneons stations employ
four corner towers comprising an Ad-
cock antenna svstem, ancd one center
tower. The four corner towers are
the virtual eqmivalent of the vertical
components of two crossed loops. Since
the vertical components are the only
components effective in  establishing
the horizontal figure-of-eight field pat
terns, this system has all the advan
tages of the loop system, and at the
same time, eliminates the vertical
radiation from the horizontal portions
of the antennas and the consequent sky
wave night effects often encountered
at distances within the etfective range
of the facility. Time phase opposition
of 180° mn opposite towers to cor
respond with that existing in opposite
sides of a loop, is effected by means
of coupling transformers associated

Cross Loop. _
Main Loop,__
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Component
From M' -

Resultant
Intensity

with the tuning equipment located at
the base of each tower.

Goniometer Principles and Radiation
Patterns

A schemu.tic representation of the
goniometer and associated loop an-
tennas is shown in Figure 2. The pri-
mary windings are indicated by a sec-
tion perpendicular to the axis, NN’
representing the conductors of one
primary winding, and A4A’ those of
the other. The output line from the
transmitter is keyed alternately to the
N and the A primaries. The dots and
crosses in the small circles represent
the directions of current flow, the ter-
minals of one primary being at the
front of the goniometer and those of
the other at the rear. Two arrows
MM'" and CC’ represent the two rotor
or secondary windings, the arrows in
this case indicating schematically the
direction of each winding. The dashed
lines show the connections of the rotor
windings to the two mutually perpen-
dicular loop antennas. The angle D
represents the setting of the goniom-
eter dial.

Due to the sinusoidal characteristic
of the couplings in the goniometer, it
will be seen that, with the dial set at
an angle 1)

, . . SI‘“ = I Sin D
for the N signal lIc=1 cos D
(1)
and for the A signal
§Iu =T sin (D + 90°) (2)

1Ic =1 cos (D + 90°)

where Iy and I¢ are the amplitudes of
the currents flowing in the main and
cross loops, respectively, and / is the
maximum amplitude (when the goni-
ometer is at 0°, 90°, etc.). Tt can be
seen from these equations, and by
reference to the diagram of Figure 2,
that for any goniometer rotor dial set-

Figure 3

In (a), figure-of-eight
diagram of radiation in-
tensity distribution in
the horizontal plane
around a pair of equal
vertical radiators carry-
ing currents 180° apart
in time phase. In (b)
appears an a-c vector
diagram of radiation
components received at
a distant point.

@)

ting 1), the signal current will flow in
the main and cross loops in a certain
ratio Iy/le. If the dial be now turned
90° the ratio will be inverted, the
main loop now carrying the same cur-
rent amplitude as originally carried by
the cross loop, and vice versa. Fur-
thermore, the current in one loop will
remain in the same direction or time
phase, while that in the other loop will
be reversed. The effect is.exactly the
same as if the goniometer dial had
remained unchanged but the loops had
been turned bodily through 90° in
space. The radiation field pattern due
to the currents in the loops will thus
be rotated through 90° by the rota-
tion of the goniometer dial. Note also
that reversal of one of the secondary
connections to the loops will cause the
field pattern to move in the reverse
direction with respect to the setting of
the goniometer dial. Reversal of the
N or the A primary winding will in-
vert the phase of the N or 4 field, but
will not affect the patterns, as only one
primary is active at a time.

Inspection of the Figure and the
equations will also show that the A
signal will give a field pattern similar
to the N pattern but displaced 90° in
space. In this connection it is inter-
esting to note that for a dial setting
of exactly 45°, ammeters in the two
loop circuits will show steady and
equal readings as the input is keyed
from the A to the N primary. How-
ever it is easily seen that while the
current in one loop remains in the
same direction or time phase as the
key passes from the A to the N pri-
mary or vice versa, the current in the
other loop is reversed for each passage
of the key. The A4 and N field pat-
terns are thus seen to be displaced 90°
in space, as truly at the 45° position
as at any other dial setting.

We will now consider the figure-of-
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eight pattern as radiated from a paii}
of vertical radiators, M and M’, Fig{
ure 3(a). These represent either the
sum of the vertical components of the
current elements of a loop, or the
equivalent Adcock antenna asts
(For each horizontal current element
of the loop there is an equal and oppo-
sitely directed horizontal current ele.
ment vertically above or below it!
The two elements cancel the radiation
of each other in all horizontal direcd
tions.) The currents in M and M’ arel!
of equal amplitude but are 180° out of
time phase. Also one-half of the spac-||
ing of the radiators is assumed to bel!

1

a small fraction of a wave length.
(Actually, tower spacings are used
which amount to electrical angles u
to 45° for half the spacing distance.)

In Figure 3(a) geographical ma
layout procedure has been applied,
with the radiators M and M’ arbitrar-
ily assumed to be located on an east-|
west axis. The point O is at the cen-
ter of the radiating system and the line
through OP, making an azimuth angle|'
B with the axis through the radiators
M and M’, represents the direction
toward some distant point on the map.
For all practical purposes, the distant
point in question is assumed to be so
far away compared to the physical
separation of M and M’, that lines
drawn from that point to M and M’
would be substantially parallel to the
line through OP. For the same rea-
son the amplitude of the radiation in-
tensity as received at the distant point
from M will be equal to the amplitude
received from M’, but their phases will |
be different,

An a-c vector diagram, Figure
3(b), depicts the relative phase and|
amplitude relationships of the compo- |
nents of radiation received at the dis- |
tant point from M and M’. If a hypo- |
thetical radiator is pictured as being |
located at O, the center point of thef{
radiators of Figure 3(a), the radiator |
M’ is closer to the distant point than |
the radiator at O by distance OR’, the
projection of OM’ on the direction
line OP. The phase of the radiation |
from M’ then leads that from the hy-
pothetical radiator at O by the electri-
cal angle corresponding to the distance
OR’, which is

distance OR’
2% ———— = 2 —— 3) |
wavelength A

This is shown in Figure 3(b) by the |
fact that the vector component M’ is
drawn at a leading angle-with respect ||
to the horizontal line. In the same
manner, it is easily seen that the phase 1
of the component from M will lag that |
of the hypothetical radiator, and by |
the same angle. Furthermore, since |
the currents in M and M’ are 180° out
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In this war of many fronts, half-ton block
busters are lifted by winch and motor into the
; yawning bellies of giant bombers . .. to spread

death and destruction on our axis enemies. But
today’s great bombers, destruction bent, may

seem puny in the light of
tomorrow’s aircraft, pursuing
peacetime missions.

Great loads . . . entire box-
cars in fact, may be the given

The two Cannon baltery connectors Jis2. Qg e AT peace-
above are a part of the complete line as
shown 1n Cannon’s [atest Battery
Connector Bulletin. Write today on

your business letterhead for a copy.

time years. And whether it’s a

BUY U. i
U.S. WAR BONDS AND STAMPS ELECTRIC

FROM BOMES
70 BROCCOLL..

carload of broccoli from California, a boxcar of
bananas from the Tropics or pineapples from
Hawaii . . . the energy expended in loading,
lifting and also in flying will unquestionably
be dependent in part on electrical circuits.
And wherever electrical circuits are involved,
there you will more than likely find Cannon
Connectors. For Cannon Connectors are used
wherever electrical connections must be made
quickly and with absolute certainty .. . in planes,
tanks, communications, motion picture studios

and hundreds of other civilian and military uses.

- = =R £ A B
= y
! L M

CANNON ELECTRI

Cannon Electric Development Company, Los Angeles, California

Canadian Factory and Engineering Office: Cannon Electric Company, Limited, Toronto

REPRESENTATIVES IN PRINCIPAL CITIES — CONSULT YOUR LOCAL TELEPHONE BOOK
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£ of Phase, the general direction of ‘the
component from M’ is opposite to that
of the component from M. The resul-
tant intensity is easily seen to be a
vector perpendicular to the horizontal
line, with its length proportional to
the sine of the angle given in expres-
sion (3). :

Since the separation between the
radiators M and M’ is assumed to be
small, the sine of the angle is practi-
cally equal to the, angle, which in turn
is proportional to the projection 6f the

distance MM’ on the direction line’
OF. The maximum radiation inten-

sity is thus found to be along the line
through the radiators, and may be
represented by lines of equal length
OQ and OQ”. The intensity along

any direction line OP, being proporl-:’
tional to the projection of MM’ on

OP, is also proportional té the projec-
tion of OQ’ or OQ on OP. This may
be expressed by the equation

OP = 0OQ’ cos B (4)
By geometry the locus of the point P
is two circles, which is therefore the
field pattern, one eircle being 180° out
of time phase with the other. Note
that the vector OP is not a rotating
‘a-¢ vector, but a vector in space whose
direction represents the physical di-
rection of the distant point in question
with respect to the radiating system,
and whose length represents the in-
tensity of radiation received at the dis-
tant point relative to that received at
any other point on the horizontal
plane, at the same distance from O as
the point in question.

Figure 4 shows the field patterns
“from the two loops, MM’ the main
loop carrying the N signal and C(’
the cross loop carrying the .4 signal,
the goniometer dial being set at 90°.

Equi- Signal
Course

Equi-Signal™

Course

At

Equi-Signal
Course

~7 Equi-Signal
Course

Since the N and A signals appear al-
ternately, being keyed in interlocked
fashion, the courses of equal signal in-
tensity will be as shown, four mutually
perpendicular courses at 45° to the
axes of the loops.

Consider now what takes place
when tlie goniometer dial is set at any
angle D. Figure 5 shows the field
pattern for the N signal only, and Fig-
ure 6 for the A signal only. For the
N signal the maximum intensity of the
fields from.the“main and cross loops
for; goniometer dial setting D are

Iy = 1Isin D 5)
e Ie =Tcos D (
(The symbols Iy and I are used here
for maximum field intensity, while
previously they had been used for loop
current. As the two are proportional
to each other there should be no am-
biguity.) The main and cross loops
produce circular field patterns, indi-
cated in Figure 5 by the small and
large solid circles, respectively. Since
the currents. in the two loops are in the
same time phase, the resultant radia-
tion intensity Iy along any direction
OP at an azimuth angle B is propor-
tional to the algebraic sum of the in-
tensities from the two loops. Thus
IN = I() COsS B+ IM Sin B

=1 (cos B cos D + sin B sin D)

=cos (B—D) (6)
The field pattern for the N signal is
thus a pair of circles, or figure-of-

Figures 4 {left, below) and 5 (right, below)

Figure 4 illustrates the development of the four equi-signal courses.

compass, which are purely arbitrary, are indicated to

Figure 5 illustrates the figure-of-eight for the N-signal only, with the goniometer rotor
dial set at angle D. .
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eight, with axis displaced through %1
angle equal to the setting of the goni|
ometer dial. Similarly, the feld pagi
tern (Figure 6) for the 4 signal 1|
displaced by the same angle D, from
the position it occupied for djal setting
D = O.

Note that the ability of the goni-
ometer to rotate the field patterns, un-||
changed in shape and with the angular|,
position of the axis of the patterns fol-{!
lowing exactly the angular setting offs
the rotor, is contingent upon the field|!
pattern from each loop being truly cir-|t
cular.  When the semi-distance be-|
tween the vertical legs of the loop, orf
between diagonally opposite towers, is{'
as much as one-eighth wavelength, |
the figure-of-eight patterns are slightly|.
flattened circles. The resultant courses{!
theoretically will then be correct at 0°.It
and at every 45° theredfter on thel!
goniometer dial, but will “display af
small error at intermediate points. |:
This error similarly is present in di-|:
rection finders employing large Ad-|:
cock antenna systems, and is recog- |
nized as octantal error. If the elec-|
trical spacing is increased further, due
to greater physical distance betweer
towers, or due to use of a higher fre-
quency, the octantal error will become |
greater, ’

Radio Dlrgcﬁon Finder

We will now analyze the corre-

s

Directions *of
give added clarity to the diagram.

South
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usponding goniometer principles as ap-
Wplied to radio direction finders.

4.

In receiving applications the opera-
tion of the goniometer is reversed with
trespect to its use with a radio range
bitransmission system. Each ot two
mutually perpendicular loop antennas
lis connected to one of two mutually
i perpendicular primary windings on the
t|goniometer stator. The direction of
tithe loops is fixed and the goniometer
ifmay be at some distance from the an-
itenna array. The voltages induced in
tithe twe loop antennas by a passing
wave are in the ratio of the sine and
rlcosine of the angle of incidence of that
ilwave, being a maximum in either loop
when the plane of that loop is in the
direction of propagation of the wave
¢|/being received, and minimum when
the plane of the loop is perpendicular
to it. The resulting two antenna cur-
rents, in turn, flow through the re-
i|spective goniometer primaries to which
they are connected, and in so doing
{{set up magnetic fields in these two
#|lcoils which are proportional to the
-|currents and hence proportional to the
t{sine and cosine of the angle of the in-
a|cident wave.

The resultant of two such mutually
perpendicular fields is an effective field
in a direction corresponding to the
|angle of incidence of the approaching
wave, and of uniform value, whatever
the direction. Inside the primaries and
| coaxially and centrally located, is a
rotor or search coil. This coil is ro-

i tated to a null, or point of minimum
| signal, which condition is attained
| when the magnetic axis of the rotor
| winding is perpendicular to the re-
| sultant effective field established by
'the two primaries. The angular posi-
| tion of the rotor thus corresponds to
| the direction of the original incident
fwave.

! Refinements of Design

In order to attain the highest degree
of ease of commissioning and operat-
ing a radio range station it is neces-
sary that the input impedance of the
goniometer remain constant within
close limits as the rotor is turned, and
that the variation in coupling between
each rotor secondary winding and
each stator primary winding should
approach as closely as possible to the
ideal sine or cosine relationship. In
order to accomplish these results it is
required that the instrument be care-
fully designed, that the parts such as
winding forms be accurately machined,
and that skill and constant vigilance
be employed in the winding and assem-
bly operations.

In large goniometers capable of han-
dling up to 2 kilowatts of radio fre-
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Figure 6
A figure-of-eight for
an A-signal oply with
the goniometer rotor
dial set at argle D.

quency energy, the voltage and current
handling capacity of the windings is
of importance and exerts considerable
influence on the means which may be
used to approach perfect characteris-
tics. These goniometers are used on
frequencies from 200 kc up to 550 kc
and many of the problems become in-
creasingly difficult toward the high
irequency end. whereas small receiv-
ing type goniometers can be made
which retain excellent characteristics
up to much higher frequencies.

Fundamentally, to produce constant
input impedance for all rotor positions
it is necessary to have all four com-
binations of maximum mutual induc-
tance between one primary and one
secondary of equal value. (The rotor
windings must be accurately the same
diameter and length, and similarly for
the stator windings, and the winding
forms must be machined precisely so
the mean planes of the two windings
on each form are accurately at 90°.
The longitudinal displacement of one
rotor winding with respect to the
other, and that of the stator windings
as shown in the photograph of the
goniometer, have very little effect on
the mutuals, showing that the field is
relatively uniform at the rotor wind-
ings.) Also the variation ot each
mutual inductance must be sinusoidal,
and the two secondaries must be
equally loaded — this latter condition
being external to the goniometer itself.
From this point on, numerous second
order effects appear.

Some of the second order effects
are:

(1)—The distribution and orientation
of windings may be such that the
coupling is not truly sinusoidal.
For instance in addition to the
principal sine coupling, which
may be more or less accurately
attained by proper distribution
of windings, there may be pres-
ent a very small amount of cou-
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pling independent of rotor posi-

tion, and of coupling propor-
tional to the cosine of the posi-
tion, as well as couplings pro
portional to multiples of the an
gular position.  All these fre-
quently produce more noticeable
effects in the reflected resistance
characteristic than thev do in the
stmple sinusoidal characteristic,
producing peaks and dips of in-
put impedance at certain angular
positions of the rotor

(2)—Capacitive  couplings between
the two primary windings and
their associated circuits, and be-
tween the primary and secondary
circuits are most apparent 1n
shifting the angular position ot
the rotor where the secondary
current passes through a mini-
mum value, and in making this
minimum current something
other than zero. These effects
depend, respectively, on the
amount of currents produced by
the capacitive couplings which
are in phase with the normal
secondary currents, and on the
amount which is in quadrature
phase.

(3)—Capacitive and inductive cou
plings exist to some extent be-
tween the two secondary wind-
ings and their associated circuits.
These affect both the minimum
currents in the secondary cir-
cuits and the impedance reflected
into the primary circuits.

In designing a goniometer and its
associated circuits all these undesired
second order effects are reduced as
much as possible at their source. Fur-
ther improvement is then possible by
employing special design features and
by actually introducing small amounts
of such second order couplings in
order to compensate for inherent ef-
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L
LIME FROM
TRANSMITTER

fects which become impractical to re-
duce further by direct methods.

The effect of small amounts of un-
desired coupling may be seen by sub-
stitution in the equation for the input
impedance of the goniometer. With
all primary and secondary circuits
tuned to resonance, the input imped-
ance will be

w® M,?
R = +
R, R.
where M, and R, are the mutual in-
ductance and load resistance respec-
tively for one secondary and M,, R,
for the other. Assume

My =M+ MsinD 4+ M’ cos D
My=M,+ Mcos D+ M’sin D

Here D is the goniometer dial setting
or angular position of the rotor and M
is the principal coupling, assumed to
be the same for both secondaries. M,
is the small undesired fixed coupling,
and M’ the small undesired quadrature
coupling. If R, = R, and M, and M’
are zero, R will be constant, inde-
pendent of D. However, if M, and M’
are say each 19 of 1/, substitution in
the equation and evaluation of R
versus D will reveal peaks and dips in
R instead of a constant value,

An old trick in radio equipment, in-
cluding the goniometer, is to design
the circuits and windings so they are
electrically balanced to ground in
order to reduce stray capacitive cou-
pling effects. In the goniometer the
reactive component of the primary cir-
cuit is balanced to ground by winding
each primary coil in two equal sym-
metrical sections and connecting the
tuning capacitor in series between the *
two sections. This not only reduces
the maximum voltage to ground to
half the value it would have if the ca-
pacitor were on one end, but results in
a condition where the voltage at each

w® M,?

(7)

part of one section of the winding is
balanced by an equal voltage of oppo-
site phase on the corresponding part
of the other section. Since the trans-
mitter energy is keyed to the two pri-
maries on one side only, with the other
side of the primaries common, it is not
possible to balance the resistive com-
ponent which is reflected into the pri-
mary, so certain capacitive couplings
remain due to this unbalance.

Capacitive couplings are further re-
duced and partly compensated by a
shield of special design introduced in-
side the stator form. This shield con-
sists of heavy copper wires stretched
longitudinally nearly the whole length
of the stator form, resembling a squir-
rel cage. Instead of being connected
in parallel to form a Faraday screen,
these wires are connected in series to
form two compensating windings.
These windings are so arranged that
they carry capacitive currents whose
helds oppose the fields of similar cur-
rents carried by the primary windings
as the transmitter output power is
keyed alternately to the two primaries.
In some types of equipment the simple
capacitance between the primary and
the shield is not sufficient to provide
the full degree of compensation re-
quired, so small series capacitors are
used to increase the currents in the
shield.

Among other effects which are
sometimes used, may be mentioned the
mtroduction of a small amount of in-
ductive coupling between the two sec-
ondary circuits, and the introduction
of a minute quadrature, or cosine cou-
pling to the main sinusoidal coupling
of each secondary to the primaries.
The latter is accomplished by suitable
orientation of the leads along the shaft
between the rotor windings and the
slip rings.

The diagram of Figure 7 shows a
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Figure 7

Schematic diagram of goniometer and asso-
ciated primary and secondary circuits.

portion of the schematic diagram of a
radio range coupling unit, including
the goniometer. It shows the two split
primary windings with tuning capaci-
tors connected between the two wind-
ing sections, the compensating shield
windings and auxiliary small capaci-
tors to increase their currents, and the
secondary tuning capacitors and me-
ters. The resistive “pad” in the pri-
mary circuit is for the purpose of re-
ducing the currents in one primary or
the other in order to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>