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"Subject to prlortty like all R~IE equipment.

Because of its specific character­
istics and peak reception, the XC-2
will frequently bring in stations
when general coverage equipment
fails.

By writing us a card, and desig­
nating the frequency at which you
wish to operate your R~IE receiver;'
we will gladly supply you with the
necessary detailed information.

YOU CAN NOW HAn A

FIXED FREQUENCY
RECEIVER WITH X'TAL CONTROL OSC.

plus ALL BA ND OPERATION ~

For fixed frequency operation,
simply plug the XC-2 unit .into the
oscillator tube socket of an RME 43
or 41 receiver. The XC-2 uses the
same oscillator tube as the receiver.
The crystal, which is furnished, is
ground to a frequency either 455
K.C. higher or lower than the fre­
quency of the signal to be received.
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A NEW STAR IN THE ELECTRONIC FIELD

EXCElL EN C E I N PROD U CTI O N

The stage is set for something new in Universal's line of prod.

ucts. Next month will bring the appearance of a new microphone

to meet markets made by present and postwar demands. This

will be the fi rst microphone of its kind offered by Universal since

the \Var. Universal has, since before Pearl Harbor, been man­

ufacturing microphones and electronic voice communication com­

ponents for the U. S. Army Signal Corps.

\ Ve are still pleased to manufacture all the microphones our

fighting men require and we are pleased to make a new micro­

phone to fill their and essential home front needs.

.. Emblems of qua lity Ir. war produdlon

UNIVERSAL MICROPHONE COMPANY
I N G LE W O O D, CA LIFO RN IA

fOI Il ' . DtVtSlOlI, .. CUT steut, SAil ....CiSCO n, UUfOR.I" ~ CA ....DI.. DI VlSIO.: S60 II. ' stem WEn. 10'0 11'0 I. 0.""10. CI..." ....
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143 Me
fMbands

halhrrafters Model 5-36

RADIO
IUY A WAf .OOP TODAY!

lrra tarsiI

EX ACT LY five years ago - in 1940 - Halticrafte rs introduced a
very high frequency communications receiver with a range of

27.8 to 143 Me. This model was dearly five years ahead o f its time in
its anticipa tion of new and exciting possibilities for superior perform­

ance on the higher frequencies. Today Model 54 36 stands by itself as

the only commercially built receiver covering this range. It is out­

standing for sensitiv ity, stability, high fidelity. \X7ith its extraordinary
VH F versarifity it is ready for immediate application in the ever

w idening fields of FM and higher frequency development work.

Engineering imagination at H allicrahers is reaching out beyond the

nex t five yea rs. beyond the presen t known limits o f radio technique
so that Hallicrafters equipment will continue to be always ahead of

its t ime. above and beyond your bese expecta t ions.

THE HAL LIClAfTU S CO., MANUfA CTURERS Of .ADIO AND ELECnON IC EQUIPMENT, CHICAGO 16, U.S. A.

2 e Q

•



The Radio Amateurs' Journal
•

Published by RADIO MAGAZINES, INC.

John H. Polls Editor

Sanford R. Cowan Publisher VOL. 1, No.3 MARCH, 1945

•• CONTENTS

MISCE LLA N EOU S

CO V E R

Interior of PBM (Martin Patrol Bomber) . The radio
operator is shown at the right- U. S. Navy photo.

ART IC L E S

Flight Radio Officer, by Laurence LeKasbman,
Wl21 0P 7

A pOflu I,;lr " pporJlIl1i ly for hams

WIERS at Wlork, by Vincent T. K enny, Wl2BGO 10
How 'be New Y ork war emergency
service is organized , wbat it Jon , and
what (''JII:pme11l is nsed

High-Gain Four-Element 112mc Beam An­
tenna, by Robert Y. Chapman, Wl IQV... ........ 15

How /0 build a really good antenna
for tbis "e'l"enry

QRB? QTE ? by W. H. A nderson .....__ ._.._ .... ..... 17
H ow /0 go about finding true distances

Piezo-Electric Oscillators, by Rirhard E. Nebel,
WI2BDQ·WlLNB .._ __ _ _ _ _ 20

Fundamentals of (fys/al oscillators,
and circuits thaI work

\~·V, by L. W . Lawrenre.... ..__.._.._ 28

Up-to-the-minute information on time
signals

Portable Mast, by Paul AI. K endall _ _.._ 29

Zero Bias (Edilorial) _ .._.._................... 5

Advertising Index _ _ _ _ .. 40

•
Editorial Slall

Business Stall

GREAT BRITAIN REPRESENTATIV E

Radio Society of Great Britain.

New Ruskin House, little Russell St..
l o" don. w.e. 1. England

(Q, Published by RADIO MAGAZINES, INC.

Executive 8< Editorial Ollices

342 MADISON AVENUE
NEW YORK 17, N, Y.

Telephone MUrray Hill 2·1346

Sa nford R. Cowan Sec' y.Treos.

Charlel H. Farre ll A d", . Ma nager

A"" Limbe.g Ad",. Produdio"

Miriam Bir nba um Cirel. Ma nager

J ohn H. POtl l Edito. , P. e , id enf

Zeh 80uc1o. , WSQMR .WLNG, ex .2P I,
ex ·W4PC, ex ·LU 4.&. Anociate Eriilo.

Frank C. J o neJ, W6AJF . Conlribu'inljl Editor

Robert Y. Chapmon, W1QV .Ad"ilo.y Edito.

s...butiol ion 'btn in U.S. Ind Pon . $2.50 ~t

' U t . 2 y';ltS $4. .1 yun $5. All oth,r count..es.
$3.50 D" 'u. in ,aui"I, nl U.S. (11" ' 11( ' . s i",lr
cooin. 25 unh. Sub«. i"' r mUJt . 1Iow .1 wuh for
Idd.,n chl",n. Editor ill matl rr cont. ibuhd Ind
KUDhd will br llI id tor I t cu."nt IpaU ratn . nd
...ill b' Jub jtct 10 I n, tr"lion, or o...in,onl dumrd
r.otdi,nt h th, Editor. Miltrial Jubmithd IIlU, t
contain I nlf· l dd. rurd. 1l.111l0rd. "Iu.n ,rmlo"
Ind th, l ut hOl' mult I,ru hi hold Ih, puillilh.., of
CQ h"IIlI,n frO Ill In, IIIlnn,r of lu,1 01' dl'"19'
Cllilll .nullin, 'ro," th, publiullon tllt. tof I nd/ Clf"
Iny ,lIuJlrationl Iccomplrl,jn~ "Illr. PubliJhrr re­
It,.,,, right to Icc,pt or n j.et In, .dyt.ti, inO
mlth. Jubm ilt,d. CQ . prinhd in U.S.A. Copy.i,ht
1945 by R.dio Mloarin,l , Inc. L ...J

---- - - ------ ---



• ••

HERE'S ALL THE LATEST
DOPE ON RADIO TUBES •..

-7-

De~igned as a handy reference hook

the Sylvania Technical J[anual on Radio

Tubes gives all the latest details, charac­
teristics. operating co ndi tions and circui t

applications for mo re than 400 I)"pe s of

TUllio tubes.

Complete diagrams, charts and tables
make it possible to pick out the tube data
you need . . . 'luick/y anti easily, You'll find

th is firmly-hound, 275 page Tube Manual

a valuahle addition to your shelf of radio

hooks.

Copies are available now through your

Sylvania distributor or direct from Radio

Amateur Department, Sylvania Electric

Products Inc., Emporiu m, Pa.

A~ s o o n U !!I jlos!'\ihle Sylva n ia will

huve trunsmltrl ng tubes for amate urs.

THIS 275 PAGE
VOLUME

LE TRI
SYLVANIA ELECTRIC PRODUCTS INC., EMPORIUM, PA.

Muen of R" io Tulln; Cathode R.,. Tubes.; Electronic D..-kes; n~t lIImpa. F1durea. Ac:eeuories: 1~nde5cetlt umps
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ZERO BIAS

Green Light to Homs by fCC

Printers ink was sti ll moist on last
month's editorial when t he F CC, in an­
nouncing allocation above 25 megacycles,
r eaffirmed its faith in the r adio amateur
by pledging the following post-war hands:

, 28 to 30 megacycles
50 to 54 megacycles

144 t o 148 m egacycles
220 to 225 meg acycles
420 t o 450 meg acycles

1125 to 1225 megacycles
2500 to 2700 mega cycles
5200 to 5750 megacycles

10,000 to 10,500 mega cycles
21,000 to 22,000 megacycles

No allocations for any services have as
yet been indica ted below 25 megacycles.
However, the American ham receives ful­
some praise from t he FCC for his part in
the or iginal development of the shor t
waves and still higher frequencies, for the
amateurs' assistance in national emer ­
gencies and for their current contributions
to the war effort. All this aug urs well fo r
the ham, and it is more than likely that
m ost of the old r igs, after V-E and V-J
Day, will require little in the way of r e­
conversion ot her than a good dusting. Tele­
vision is definitely in the cards.

The F CC's r ecommendations also sub­
stantiate our editorial prophecy that fre­
quencies would be made available for tele­
phonic communication under modified lic­
ense requirements ca lling for neither code
nor technical knowledge. Such licensing
should amount to nothing more than regis­
tration. At the present , a " rest r icted radio­
telephone operator permit" can be secured
without examination in code or theory, for
the operat ion of cer tain police, automatic
marine and similar equipment. However, a
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written examinat ion in basic radio law is
required which can well be as sti ff as a
technical check-up. This last prerequisite
should and probably will be eliminated, or
t he questions greatly simplified, in permit­
ting "free-for-all" operation in the "Cit­
rzens Radio Service" 460 to 470-megacycle
band.

The Ham Angle

The FCC has a somewhat 1110rified vision
of a "walkie-ta lkie" era in which such
equipmen t will become as common as hip .
flas ks in prohibition days, While a ll this
may come to pass, our thoughts concerning
the easing of license requirements in a lim­
ited band remain, as expressed last month,
that such permits will offer a s ugar -coated
in troduction in to amateur r adio. The f act
that the F CC will not be concerned with
interference between such transmitters con­
t r ibutes fur ther to amateur possibilities.
The embryo ham will be permitted to ex­
periment and tinker with his " handie" or
"walkie-talk ie" or reasonable facsimil«
thereof-a concession to the exper imental
urge that finds 50 abundant ex pression in
amateur radio and which is largely reo
sponsible for its ex istence.

The holder of a r estricted radiotelephone
operator license is not permitted to make
any adjustments in his equ ipment- main ly
wi th the consideration tha t inexpert essays
a t servicing might result in non-operation
or interference with other stations in the
same service. Opera tors in the Cit izens
Radio Service will apparently not be r e­
s tr icted in this respect, and the screwdr iver
inquisitiveness of many individuals (plus
the fascina t ion of distant communication
without wires ) s hould often result in more
for mal inves tiga tions concerning what

[ Continuell on page 38]
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You'll find it
in Mt. Carmel, Illinois

Yes, here at l\It. Carmel, t he men a nd women of
Meissner bear the name of "percision-el" proudly.
It is a n honor and responsibili ty - an honor to be
ranked with the most skilled craftsmen in a n
industry tha t is precision itself; a responsibili t y
to uphold the Meissner standards of quali ty,
accuracy a nd dependabil ity.

On t his page you will meet a few of the hun­
dreds of men and women in Meissner 's employ.
Remember that they are your guarantee of per­
formance wh en you use Meissner products, pre­
cision-built by " precision-el."

loulb and Experience - That', one combination that
ena bles ~frill8ner"precision-el"t o produce the quality
electronic equipment for wh ich Alt. Carmel h gainina;
na t ional recoltnit ion , for Ikill in electronics is rapidly
becomi ng a t ra dit ion in t his little city on the bank,
of the w aba h.

" PRECISION·EL"

MANUfACTUR ING COMPAN Y . MT. CARMEl. ILL

JD' :Un'IJ EU"CTRO.lIC REliE/RCII ./.fD .I1U/'F.'CTURE
Export Dit'ision:! 5 Warren St. , NrJJ York;Cable: Simontrice

Ulhl. Airy wor\rooms like Ihls make any job pleasant .
And when it ' , a precislon job In electronics, like t hose
jobs t hese men a nd women of Meissner are doing , no
wond er t hey are able to merit t he name "precision-el "
for thei r pride in an exactinr; job well done.

No part Is tllCl small t o merit the concentratjon and pre-­
cislon workmanship t ha t characterizes Me~ner

precision-built products. Here a member of ~leill8ner 's

"precision-el"' , hows why t he name is 10 well deserved
by t he men a Dd women of M eiSlineT.

·Step Up" Old Receivers!
These l\l eissner Ferrocart I . F.
input and output tra nsformers
a re gett ing top results in step­
ping up performance of o ld
worn receivers. Specia l ~w.
dered iron core permits higher
"Q" with a resulta nt increase
in select ivity anti ga in, now
a vailable for freq uency ra nge
127· 206. Ask for n u rnbe r-s
I f>.5728 input. 1~5730 out­
put . List $2.20 each .

--~,--
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42· to" Boeing C lipper which two Flight Radio Officers amon9 its twel.,. man crew. (Photo PM)

FLIGHT RADIO OFFICER
A POST-WAR OPPORTUNITY FOR HAMS

L. LeKA5HMAN. W210P

t

THE radio amateur who found, in the
a rmed services, that his hobby gave him

a special advantage over a newly trained
radioman, will probably be wondering if the
reverse will hold true for post-war jobs In

the radio field. The answer is an emphatic
yes! The idea of earning a living at radio,
for many pre-war hams, is a result of their
further training in military service. While
the war isn't over, no one can doubt the
wisdom of looking ahea d. One occupation
that is not widely discussed because of the
relatively few men engaged in performing
it until the war, is that of Flight Radio
Officer.

If ever a natural opportunit y awaited
the man who likes to combine a t echnical
"know-how" with operating, ample re­
sponsibility. a chance for personal initia­
tive, and a good living ... this is it! The

March, 1945

•
Combine two of the most fascinating fi elds in
the world, flying and radio, throw in a dash
of travel with a sprinkling of foreign la nds and
you ha.... some ingred ients of a profession
offered in the post·war expa nsion of air com­
merce. Whi le rad io operators, apart from
pilots holding restricted lice nsese . have bee n
e mployed on planes from the e arly Pan
Am.rican days, our we r-es peeded tra nsport
system has emphasized a hundr.d.fold the
importance of th is full.time radio job. And
the duties of tha FRO a re considerably more
than mer. operating.

post-war airlines will be expanding. Let's
get acquaint ed with the communica tions
experts in the multi-engine aircraft that
have opened the new flying age.
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Specialized Crew

There is at lea st one Flight Ra dio Officer
011 the crew of every commercial flight
overseas. The complex duties of flying
have been departmentalized to a considera­
bit degree. The operation and responsibility
have been delegated to specialiats in flying,
navigation, radio, and engineering. The man
handling radio is more than an operator.
The title FRO is given, not in an a t tempt
to put on a "front," but because there is a
definite line of demarcation between his
duties and those of a flight radio operator.
AlI the radio and electronic devices, plus
radio navigation , are under the supervision
of the Flight Radio Officer. Actual com­
rnunications is only a nominal part of his
work. There is seldom an idle minute in
flight. On the ground, t raining programs,
detailed reports, and advanced checkouts
effec tively fiII time not scheduled off.

High Qualifications

The airline requirements are rigid be.
cause only the finest type of man can meet
the exacting requirements of the position,
Besides the technical excellency , there is
the important consideration of passenger
relations . Crew members are constantly
coming in contact with passengers. On
some of the larger aircraft of the future
this may not be quite so true as it is today.
Nevertheless the most priceless asset of
any airline is its personnel. Every man
must be considered as an investment;
which is one reason why it is tough to get
in, but o nce you are, the job offers security.
Physical condition is important, but men
qnalified for military service will have lit­
tle trouble on that point.

Remuneration is at a point where it is
difficult to discuss wage scales with any
sort of authority. The biggest object ion to
the work has been that the pay was inade­
quate. Both the airlines and men have
had the question under discussion for some
time. A number of agreements have been
signed which have greatly improved condi­
tions. Among existing contracts, available
for public inspection, the top salary indi­
cated is $475 a month. An average, be­
tween the starting wage of $250 a nd the
top is approximately 325 per month. Since
no bonuses are paid, as in the merchant
marine. these figures are tinal. By war-time

8

standards they are not too high, but in
normal days the compensation is adequate
and far above the average American in­
come. It is to be expected that increased
duties on new planes will contribute addi­
tional pay increases.

The appearance of labor organizations
has resulted in written contracts for the
first time, which have established definite
standards for the profession. Up until the
war the small size of the airlines permitted
labor relations to be on a personal basis.
This is impossible today. In all these deal­
ings, relations between the companies ~nrl

unions have indicated an understandmg
and unanimity of purpose insuring that
high standards in the profession will be
maintained.

Operational Periods

Of course, like all good things, there are
some points on the unfavorable side of the
ledger. The home life of tho Flight Radio
Officer is far from ideal. His hours are
irregular and the length of fl ights varies
from a few days to several weeks. But
aside from these extended absences from
home and the unpredictable hours there is
little complaint. When a man retires from
active flying because of age or health, he
will, at the present wage set-up, suffer a
cut in salary. But as the industry becomes
more stable the longevity of the job be­
comes greater. Likewise, more benefits are
being negotiated for, to ease the transition
from flying to a less active life. Because of
the large communications departments of
a irlines it is doubtful if qualified flight men
will ever have any concern about employ­
ment.

Flight hours average about one thousand
a year. A certain length of time off is given
after each trip, based on the number of
hours accumulated. This varies with air­
lines, b ut is seldom less than a day off for
every 10 hours in the air. In addition,
annual leave of 30 days is the customary
vacation for flight personnel. All Iiving ex­
penses are paid while o n flight outside of
the home base, which practically amounts
to higher wages. The CAA has established
definite regulations concerning the number
of hours a crew may fly before resting.
This, combined with the airlines consta nt
care in protecting the health of crewmen,
assures adequate rest periods.

CQ



License Requirements

Before a man is qualified to take flight
radio training he must hold a n FCC license.
The commercial second class telegraph
ticket will not be difficult for the experi­
enced ham. While the knowledge of radio
theory a nd code proficiency goes beyond
the amateur requirements, the fundamen­
tals haven't cha nged. Holding the radio­
telephone first class license will eliminate
the necessity of obtaining it later, while
serving as an additional recommendation.

After obtaining the licenses and being
hired by a n air line, the real work begins.
Flight communications is a far cry from
turning on a transmitter and a utomatically
getting proper results. The selection of fre­
quencies, ability to stay in contact under
adverse atmospheric conditions, a nd, if nee­
essary the repair of airborne equipment.
is req~ired of a fully qua lified FRO. Pas­
senger a nd crew safety is the primary
consideration in maintaining regular com­
munications with a base control station.
The exchange of nothing more than a n
identification signal at fixed intervals, indi ­
cates the aproximate position of a plane if
a proper flight watch is kept. If a n aircraft
is not heard f rom for some pre-determined
number of these intervals, an emergency
plan is set into operation.

During normal flights there are weather
a mendments, t erminal and alternate
weather conditions, and the transmission
by the aircraft of the latest spot -weat her
to various bases to facilitate accurate
flight forecasts. Position reports a re trans­
mitted to assist the flight watch in plotting
the progress of the plant. In addit ion there
are routine requests for passenger service :
also, for maximum efficiency in aircraft
operation, maintenance problems in so far
as practical should be fully anticipated and
transmitted before a r rivals, allowing the
ground organization to prepa re in advance.

FRO Training

Most a ir lines have a n extensive training
program-since even a well trained radio­
man must be thoroughly acquainted with
the special requirements of aviation radio.
During the a pprentice period, training is
given in flight equipment , radio navigation,
first aid, routes flown and in a multitude of
details which, while seemingly unimportant,
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add up to efficient a nd safe flying. The
a ldice lamp for visual communications,
emergency drills, life saving, meteorology,
passenger relations, codes, customs, and
regulat ions, a re a ll on the training agenda.
The CAA has a nnounced plans to license
Flight Radio Officers a fter the war. This
will mean it may be necessary to hold cer­
tificates from both the FCC and CAA to
qua lify as a n FRO. In the event that the
Civil Aeronautics Administration certifica­
tion actually goes into effect immediately
upon resumption of full-scale commercial
flying, it is certain that the airlines will
train their men to meet the requirements
of the new license. In formulating the
qualifications, the CAA is consulting every­
one in the flight radio field, with the result
that the examination will be largely practi­
ca l knowledge which ca n only be gained
with exper ience and highly specialized
schooling.

Navigation

Radio navigation is a pnmary duty oi
the F light Radio Officer, which is con­
stantly growing in importance as new in­
ventions in the field are released. Today,
exper ienced celes tial navigators rely
heavily upon radio as an aid. On many
operational a nd passenger flights, radio has
been able to replace the sextant and tables.

On long overseas flights, or in localities
where t raffic does not warrant the erection
of ranges and markers. ot her facilities a re
now a vailable. Operation of the radio loop
for bearings and ground DF stat ion utiliza­
tion a re part of the FRO's work. Fixes,
track a nd speed bearings, a nd lines of posi­
tion may be taken with a high degree of
accuracy with a n a ircraft loop. AU of these
aids combined, point the way to a new era
in air navigation. Secret devices, such as
radar, will of course a lter the complexion
of things, but it is certain that the Flight
Radio Officer will be in charge of them.
The eventual outcome of t he new a nd
secret radio naviga tion facilit ies may be
multiple-crew planes car rying a radio-navi­
gator , who will also be checked out in
celestial na vigation. Thus, radio will be­
come the primary navigation tool a nd celes­
tial the a id.

Proba bly the most difficu lt thing for the
new radioman to grasp is the ability to

[Continued on pa ge 32]
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~POLICE C'TY CCNTROl j FIRE
HEADOUARTERS WNYJ -1 50 HEADOUARTERSH2,250 xc.

eho""e' -A' Channel -A-

BOROUGH Of BOROUGHOf BOROUGH Of BOROUGH OF' BOROUGH OF
BRONX MANHATTAN RICHMOND QUEENS BROOKLYN

CONTROL CONTROL CCNTROL CONTROL CONTROL
H2,550 KC. 11Z.850 KC. 113,150 KC. ff3,450 KG. 113,750 KC.

------ ------------- ------------- ------------- -- -------- --- ------

BRONX MANHATTAN RICHMOND QU EENS BROOKLYN
PRECINCT PRECINCT PRECINCT PRECINCT PRECI NCT

CONTROLS CONTROLS CONTROLS CCNTROLS CONTROLS

tho:""" -S-
I. •

Chonnel 8

MOBILE PACK MOBILE PACK MOBILE PACK MOBILE PACK MOBILE §UNITS UNITS UNITS UNITS UNITS UNITS UNITS UNITS UNITS UNITS

115,BOO KC. 114,600 KC. 115,000 KC. H 5,400 KC. 114,200 KC.

Fig. I. War Eme rge ncy Radio Service lWERS) set-up for Greater New Yor. City

at work

••• with no let·down omong the 300 units of this wor emergency orgonization

VINCENT T. KENNEY, W2BGO·

A MATE UR radio operators who formed
t he nucleus of the \Var Emergency

Radio Service know what an importa nt
part communications plays in virtually
every disaster . Therefore, with t his under­
standing, the hams are working ha rder,
rat her than letting down. The WERS has
by no means suffered as a result of the
apparent relaxation of civilian defense
a ctivities. More and more individual sta­
tions are being added to original lists , such

• R adio A ide tor the City 0/ N ew Y ork . ARRL
R egioal Co-ordinator N ew Y ork City.

10

as in New York City. In September, 1942,
33 units and 38 operators were licensed.
February 1945, two and a half yea rs la ter,
adds up to 323 unit s and 592 operators!

Typical of hams, a rig that operates well
is not good enough. Improvements a r e
constantly being made, which not only con­
t ributes enhanced efficiency to the service
rendered, but keeps the ham satisfied with
the knowledge that progress has been
achieved. Constant cha nges in equipment
are a good indication of the interest in t his
civilian defense a ctivity.

Civilian Defense Station WNYJ of the
•
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Fig. 5 (abo.... ). Vi.w of City C ontrol, W NYJ. ISO, showing th e main transmitt.r at th e left ;

the main receiv er, an AM·FM superhet, in front of the Radio Aide spea king into t he mike ;

WNYJ·280 is in front of Chi. f Electrician E. Lu ni er. A t hi rd rece i... er is on " thi rd table to the

left of W NYJ. ISO (not in photo ). Below, sche matic of transmitter.receiver

SI SHOWN IN TRANSMIT POSITION ~
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•
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Fig. 3 (top). WYNJ-300 viewed from the floor of the
car from the driver's side of the front seet.

Fig. 2 (midd le) . WNYJ-300, hstened to the under
side of the roof of the car, looking at the transmitt.r
and receiver from th e rear of the car. Th . r.ar-view
mirror is see n under the transmitter.

Fig , .. (bottom ). WNYJ.58 , one of more than 100
mobile units in New York City's W ERS. This is typical
of most mobil. units.

City of New York is undoubtedly the only
WERS system of its kind in the count ry.
The area covered by this license is 320
square miles in which 7,500,000 people reo
s ide in five separate boroughs or counties.
This population increases and decreases
continuously. peaks being noted during
business hours, with 30 to 40 percent
increases. Like Manhattan, the business
center of the city, the population of the
other four boroughs changes hourly.

In the territory covered by WNYJ, the
WERS system must of necessity parallel
normal police, fire, and medical communica,
tions lines. Units are installed in almost
all police stations, fire alarm headquarters
in each borough, and in many of the city's
hospitals. As these vital services operate
more or less independently in each bor­
ough, a WERS net with it s own control
unit operates as one net of the whole city
system, there being six separate nets. The
sixth comprises the City Control unit, one
at the District Warning Center, one at a
city-wide control point, where operation of
all protective forces is coordin ated, and the
five borough control units.

The plan of operation of WNYJ remains
the same today as originally conceived.
Each of the borough control units is crystal
cont rolled, and a glance at Fig. 1 shows
300 kilocycles separation between stations.
For convenience sake, a control unit's fre­
quency is known as Channel A in each
borough net. This not only minimizes in­
terference. but a llows neighboring WERS
nets to operate on frequencies between
WNYJ controls a nd be in the clear .

The same plan is in use for borough
nets, except that this work is not confined
to crystal control operation. As borough
nets are in the upper half of the 112·116
megacycle band where f requency stability
requirements are Jess rigid than in the
lower half, all types of equipment are
used.
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Varied Equipment

Equipment in use is of three types, fixed ,
mobile, a nd pack, with approximately 100
of each type. The units operat ing in any
given borough operate on a spot frequency.
These borough frequencies, beginning at
114.2 megacycles and separated by 400
kilocycles , pennit five channels, as outlined
in F ig. 1, each known as Channel B in its
respect ive borough.

At each borough control unit location,
a second t ransmit ter is installed, tuned to
the borough frequency. or Channel B , and
used. fo r the purpose of calling any unit in
its net. It is used only fo r calling a station.
Once contact has been established, the
net control ins t ructs the unit called to lis­
ten on Channel A . where Borough Control
is transmitting. Thus , approximately 50 per­
cent of what would require continuous time
with two uni ts communicating with each
other on one frequency is saved in cross­
band operation.

Borough nets a re broken down into sub­
divisions of precincts, each precinct having
a cont rol station. Pack (walkie-talkie and
handie-talkie ) a nd mobile units are assigned
to precincts and report to the precinct con­
trol. Thus a borough cont rol station is
always Informed as to the location of mo­
bile and pack sets within its borough.

Two receivers at each borough cont rol
location do all that is necessary, one being
tuned to the City Control frequency and
the other to the channel on which the units
in its borough operate. At City Control a
somewhat different arrangement is neces­
sary, since six channels must be monitored.
Three super-het receivers a re employed
with as many operators in a t tendance. One
receiver monitors units in the City N et and
Bronx Control ; a second tunes to Man­
hattan a nd Richmond Control channels, a nd
a third watches Controls of Queens and
Brooklyn.

Mobile Units
One of the mobile units included under

WNYJ's license is WNYJ-300. ( Figs. 2
and " ) . This transmitter -receiver is
mounted to t he right over the dr iver -op­
erator's head and is attached to the under
side of the car roof. Wit hin easy reach of
the operator 's hand at all times , it is wen
protected from the weather and in such a
position that it will not be easily bumped
against. This a rrangement minimizes the

•
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Transmitter-receiver chassis

length of feeders, for the antenna is only a
few inches from the t ransmitter. A push­
to-talk arrangement in the microphone con­
trols the a ntenna relay. The power supply
is mounted between the car heater and
the broadcast receiver under the dash.

WNYJ-58 is an MRT-3 of pre-war days.
To the right of the steering column ( Fig. 4)
is a unit including a master switch and
plate milliampere meter. Below can be seen
the receiver, with the power supply di­
rectly beneat h. The transmitter is to the

Sid. vi. .. of tra nsmitter· re ceiver

13
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Top view of tr. nlmitter-reeeiver eholluil.

•

lef t of the s teering column out of sight.
The antenna can be seen through the wind­
shield and is a half wave arrangement fed
by coaxial cable. A push-to-talk micro­
phone is also used in this unit.

Rear view of chau il .

14

City Contra' Station

The City Control station, WNYJ-150
( Fig. 5), located high in one of New York
City's tallest buildings, can contact direct
almost any unit in the entire city, includ­
ing several pack sets. WNYJ-280 is a dupli ­
cate of WNYJ-150, installed alongside of
the lat ter. Two switches puts 280 on the air
within a few seconds of a breakdown of
the city control transmitter. Power for
these units, as well as for the three re­
ceivers, is obtained from a Lkilowatt
motor-generator, the original source of d-e
current being generated in the building.

A unique mobile station is WNYJ-181,
constructed in such a manner that the unit,
including transmitter, receiver, power sup­
ply, storage bat tery, battery charger, and
antenna are mounted on an improvised
two-wheel truck. This unit is operated in
or out of a car and where AC current is
available is not dependent upon its bat­
tery. Push-to-talk operation is another
feature of WNYJ-181. Similarly, several
pack sets are a lso designed for battery
or a-c operation.

Some handle-talkies with strong signals
are energized by small storage batteries of
the motorcycle type. These batteries will
give from three to eight hours continuous
service, depending upon the drain. Oper­
ators of these units have equipped them
with two such batteries to insure a fully­
cha rged battery on hand at all times.

When an "aler-t" is sounded, operators
assigned to locations of fixed stations pro­
ceed to their posts, put their units in
operation, and sign into their borough net
announcing the unit ready for operation.
Mobil e a nd pack set operators take their
posts at pre-arranged points within their
precincts (as close to their home as possi­
ble) a nd report into the precinct neta,
whereupon they are instructed to stand by.

During practice alerts and blackouts in
the past, the only signals here were ata ­
tions reporting into their nets. Once this
is completed, a matter of 15 to 20 minutes
after the first blast of the sirens, all oper­
ators intently listen for instructions from
their control units . Immediately upon re­
ceipt of the "all clear" signal, roll is called,
after which each borough control unit
transmits a full report of units in operation
and the number of operators participating
to the City Control. This procedure is fol­
lowed in any emergency.

CQ
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High Gain
I

112-MC BEAM ANTENNA

ROBERT Y. CHAPMAN, W1QY

Economy ond Simplicity of Construction

Are Feotures of This Directiono l Radiator
•

THE t ype of beam described and illus-
trated is probably the most popular used

by the "dx" boys on the 112-mega cycle
band. It offers many advantages-electricaJ
and mechanical. As will be observed from
the sketches, F ig. 1, 2 and 3, it can r eadily
be adapted for permanent installation or
portable operat ion. Dressed 2 x 4 lumber is
generally used when the antenna is going
to stay put, while lighter material is em­
ployed by the boys who tote it around.
In the portable job, the holes in the main
arm are drilled just slightly larger than
necessary to pass the 72 · inch copper-tube
element s, Small holes (a bout y"-inch ) are
drilled in t he elements, just above the
ha lf- length mar k, and wooden pegs in­
ser ted to prevent the elements f rom slip­
ping through the holes in the support.
Clips a re used t o a t tach the feed line to
the off-center position on the radiator ele­
ment. This a nten na system can be erected
in a very few minutes o n any convenient
base, such as a fence post, and will be
found far more effective t han a car a n­
t enna . The t ime a nd effort a re well worth
while.

This four.element beam an te nna is read ily
ada pted to ? ortable use, and is rotata ble
with in a reasona ble arc. W hile the dimensions
ca n be followed euctly, some elperimenta .
tion may be d esira b le in permanent installa­
tions, pa rt icu larly wh en the an tenna is mounted
in the prol imity of • met.l roof.

Constructional Notes

About the only care that must be ob­
served in the const r uct ion and operat ion of
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Figs. I and 2. Mol in construction al details. The ele­
menh a re of one ·half inch copper tubing. Element A
is 5 ' " long. 8 "9", a nd C and D ..6" long. Leads to
feeders connect to ele ment 8 6" each side of center.
You can use "d rened 2 by ' "s." On a portable jo b
drill holes for ele menh slightly larger than tubing.
Wooden pegs in tubing . just above center, keep

e leme nts from slipping through

I
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Fiq_ 4. A general ide. of th e sharpn." of th e beam. This is not, of coarse, e
tru e fi e ld stren9th pattern. Both concentration and cut-off .ne very pronounced

inches, provide a good match to the
a ntenna.
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COUPLING

"­
''-ANT ENNA

ROD

Fi9' 3. Deta ils of feeder arrangement. The space
betwe en the 2.inch feeder spreaders should not be

more than 24 inch es

this type a ntenna is the space between the
radiator and the first bend in the feeders.
This must be a minimum of 20 inches
which ca n be readily obtained by attaching
a light arm or stay to the main antenna
support. The feed line should be carefully
spaced, with spreaders not more than two
feet apart. Number 12 Wires, spaced two

Results

We have worked over seventy miles with
this antenna, and when comparison was
made with the usual vertical installation,
the difference was so great that the single
vertical pole was discarded on the spot!
The map of the State of Connecticut (Fig.
5) will give a rough idea of the effective­
ness of this beam. This pattern is drawn
from actual transmission and reception
tests over a period of three years, and
represent the concensus of the boys who
are using the antenna day and night in
WERS work.

Excellent bearings can be taken on local
a nd distant stat tor,s. Our objectives, high
gain, runs a bout 6 db, a nd in operation
the results a re impressive. The writer has
experimented with a dditional directors and
reflectors, but has a lways returned to this
number of element s. Cons idering ham re­
quirements, it is probably better not to
make the beam too narrow for general
communications .

Last but not least, this antenna is for
vertical polarization, and hence should be
mounted vertically.

16 C9
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W. H. ANDERSON, VE3AAZ

Trans-Canad ian Airlines. Moncton. N. B.

Radio Distance and Direction May Not Be What They Seem
On the Map •• • This Article Tells How to Find True Bearings

T HE questions of distance and direction
are uppermost in the considerations of

DX-minded hams. Unfortunately, the great­
circle maps, distance tables, etc. on the
market do not provide all the answers. One
pr erequis ite to a proper understanding of
t hese problems is to have a good-sized
g lobe on hand. When we t ry to find the
direction and distance from point A t o
point B on a g lobe by stretching a st ring
between the points, we find the path of
the s t r ing to be a ltogether different from
what we had expected after drawing a
straight line between these same points
on a conventional map. For instance, a n
ordinary map shows Tokyo to be 6500 miles
due wes t of San Francisco. Actually the
distance is only 4800 miles , and if you
were beaming a n antenna from the Golden
Gate, the direction would be approximately
northwes t ! While radio s ignals do not a l­
ways follow the shortest route-frequency
and time of year are often governing fac­
tors-it is obviously important tha t we
know our great-circle distances and direc­
t ions.

Great·Clrc'e Distances

The string aligns itself along the great­
circle route between the points. A great
circle is defined as any circle on the surface
of a sphere, whose center is the "inner"
center of the sphere. For instance, the equa,
tor and meridians of longitude are all great
circles. An observer stationed at the center
of the earth looking out at the two points
in question would actually be at t he center
of the great circle through the points. The
portion of the arc lying between the two

March, 1945

points would appear to hi m~ as a straight
line, while a ll other non-great-circle pat hs
would appear as bent lines , a nd the
straight line would na turally represent the
shortest route.

Fur ther observation of the globe will re­
veal tha t it is im possi ble to represent its
surface accurately on one plane, such as a
sheet of paper. A compromise is the best
we can do, such as the Mercator projection
generally used in schools, atlases, etc. This
is one of the oldes t fonn of maps, but is
quite unsuited to great-circle purposes. The
reason for this may be seen by noting the
meridians of longitude. Mercator has them
parallel, whereas on the globe they con.
verge at the poles! This results in ext reme
distortion of areas a nd distances in the
upper latitudes.

Then there a re the great-circle maps
centered on a certain point, These maps
are visualized from the center of the globe,
but here a practical obstacle intervenes. In
order to record wha t is "observed," some
point will have t o be chosen for a basis of
calculations. This is because a ma p to be

POLARIS . - ..... *

Fig. I. Posit ion of Polaris with respect to Big Dipper.
While Polaris - the North Ste r, stays "put," the Dip­

per r.....ol.....s around it
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useful to the average person is laid out so
that the top of the map is north, left is
wes t , and so forth. So the observer at the
center must "look" outward and place the
meridian of longitude in a due vertical posi­
tion on the map, t hrough the base point.
Consequently the other meridians will be
neither straight lines nor vertical. Tha t is
the rea son a "great circle" map centered
on New Yor k is of no value for Los Angeles
and vice versa, unless you measure all the
angles from the curved meridians t hem­
selves.

Angle of Departure

The simplest method of obtaining the
great-circle direction is to line up the de­
sired points on the globe with a taut string.
Note some point on this path that is not
over a few hundred miles from the original
point. then refer to a conventional map to
establish the d irection of this point on the
line from the starting point. This will give,
wit h fairly close accuracy. the desired
"angle of departure," as ordinary maps
give reasonably true directions over short
distances.

The distance may be calculated by trans­
ferring the length of string between the
points on the globe, to a position along the
equator a nd multiplying the number of
degrees covered by 480/ 7. For example,
should the distance be equal to 55 degrees
along t he equator, the distance between our
points is 55 x 60 x 8/7 = 3771 statute
miles, (This follows as one degree on a
great circle equals 60 nautical miles and
a nautical mile equals 1 1/7 statute miles. )

Which Way Is Horth ?

However , presuming it is known that the
great-c ircle route lies so many degrees east
or north or west of south, or whatever
it may be , from a great-ci rcle map or other
computations, th is information is of little
value in aiming a directional antenna if
true north cannot be established!

Three methods are readily available,
Nearly everyone has observed the Big Dip­
per in the northern skies. Using this con­
stellation (Ursa Ma jor ) as a guide, the
North Star ( Polaris) may be identified
( Fig. 1), and true north ascertained by
s ight ing up objects or stakes on Polaris.

A time-honored method of determining
north is to employ a compass. One impor t­
ant point must be remembered in this re-

18

gard. "True" north refers to the direc tion
of the north pole, but a compass points to
the "magnetic" north pole. Unfortunately
the poles do not coincide, and the d iscrep­
ancy so occasioned is t ermed "magnet ic
variation," Fig. 2 shows various values of
variation encountered. The importance of
the factor of varia tion may be appreciated
by noting that it is twenty degrees easter ly
in Washington Sta te and about thirty-five
degrees westerly in Maine. By t his it is
mea nt that in the State of Washing ton the
compass needle points about twenty de­
grees east of true north, and in Maine it
points thirty-five degrees wes t of t rue
north. So in Washington State in order to
have the zero on the compass card point­
ing to true north, (and all other bear ings
correct), the needle will be over 20' (0 '
plus 20' variation) . On the other hand, in
Maine, true north will be a t zero on the
compass card when the needle is over 325 0

(360 ' minus 35' variation). By following
the rule of bringing the needle over 360 0

minus westerly variation or O ~ plus easterly
variation, according to F ig, 2 tor the point
in question, true north will be indicated by
zero on the card,

The Shadow Knows

The most int riguing method of determ­
ing t rue north involves the sun. The old
principle that at noon the s un is d irectly
south (in the more northern latitudes ) is
in need of considerable adjustment in these
days of Standard and Daylight-Saving
Times. Obviously if the time when the sun
was due south could be determined, a
shadow cast at that moment would indica te
true north. Inasmuch as the earth makes
one fuJI journey around the sun every
twenty-four hours, it may be said tha t the
sun covers 360/24 or 15 degrees of the
earth's circumference per hour. Greenwich
time is calculated on the basis that the sun
appears directly south of Greenwich, Eng.
at 1200 Greenwich time (with certain cor ­
rections). Greenwich is at longitude zero
degrees, Therefore the time at which the
sun will be directly south of any point will
be before or after Greenwich noon by a
number of hours equal to the Longitude
of the point divided by 15. For ins tance, at
Longitude 82 0 west the sun wiU be directly
south 82/ 15 or 5 7/15 hours (5 hours and
28 minutes ) a fter Greenwich noon-that is
at 17 :28 Greenwich time. Standard time,

C9



M9 . 2. Your compan doe,n't alway, point north I
m e, e are line , of ma9n etic decl inatio n ,howing vari­
at ions from "true" north (which isn't the ma9netic

north, anyway I
From lVeetna u Aerial Navigaati01l," courtesy
McGra w -1IilJ P ublishing Company.

as observed before the war was fo ur hours
behind Greenwich time (GCT or Greenwich
Civil Time as it is correctly termed) in
the Atlantic Zone, five hours behind GCT
in the Eastern Zone, six in Central, seven
in Mountain and eight hours in the Pacific
Zone. However. with the almost universal
advancement of clocks one hour, present
Atlantic time is only three hours behind
GCT, Eastern four hours behind, and so
forth. Returning to the example which is in
the E astern Zone, 17 :28 GCT is 12 :28 E ast­
ern Standard Time or 13 :28 Eastern Day­
light or War Time. In other words , the sun
crosses the 82 W. meridia n at 13 :28 East­
ern War Time, and at that moment casta
a direct north-south shadow.

The Earth Wabbles
A few minutes error, however is intro­

duced by rigid adherence to t hese rulea (by
the E arth "wobbling"), and the following
table will correct this fo r all practical pur­
poses. After time has been calculated from
the foregoing, during the month of

March, 1945
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January, add 9 minutes ;
February, add 14 minutes ;
March, add 9 minutes;
April. no correction;
May, subtract 3 minutes ;
June, no correction;
July, add 5 minutes;
August. add 4 minutes ;
September, subtract 5 minutes;
October, subtract 14 minutes ;
November, subtract 14 minutes ;
December, subtract 5 minutes.

For those interested in the refinements of
this procedure, reference should be made
to the Nautica l or Air Almanacs (obtain­
able from the Supt. of Documents, Wash­
ington, D. C.) for t he exact date of t he
observation. At the moment when the
Greenwich Hour Angle (GHA) of the sun
is equal to the Longi tude of the point, the
sun will be directly sout h of tha t point.
This follows as the GHA is act ually the
angle between the sun and the meridian
through Greenwich. (

A small transparent compass "rose,"
which may be inexpensively obtained at
most stationery stores, "will greatly facil­
itate the work of determining directions on
maps , also in the field after true north has
been established.

19
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PIEZQ-ELECTRIC

The fundamentals of crystal-controlled radio­
frequency circuits. with practical sU9gestions
re9ardin9 the use of crystal oscillator circuits

•
•

•

•

I

T HE application of the piezo-electnc qual-
ities found in certain minerals to

circuits oscillating at radio frequencies
introduced a means of frequency stability
that has not since been improved upon,
except to the extent of improving the
crystals themselves and the circuits in
which they arc used. Before the adv ent of
piezo-electr'ie oscillators other means were
employed, making use of mechanical vibra­
tions. But these systems were confined to
frequen cies in the audio and low super­
sonic ranges and were of no use in high­
frequency transmission. Such devices as the
elect rically-driven tuning fork were mainly
used as frequency standards.

When using mechanical vibrations it be­
comes necessary to provide a means of
coupling whereby the mechanical vibrations
are transformed into elect rical oscillations.
In the case of the tuning fork the transfor­
mation is accomplished magnetically. This
t ype of coupling is satisfactory at frequen­
cies up to about ten kilocycles. At higher
frequencies the physical s ize of the vibrator
necessarily becomes so small that coupling
is impractica l. Other reasons also prevent
such a system from being used at radio
frequencies . After extensive research, P ro­
fessor Cady of \Ves leyan University dis­
covered that the piezo-electric quality
found in certain natural crystals could be
used to supply the s tabilizing a nd coupling
mechanism at high f requencies .

20

Presen t.day crysta ls are a far cry from th e X

and Y cuts old t imers will recall in the early

days of crystal control. The war has also

stepped up and improved methods of pre­

duction whil e increasing our ~nowledge of

pieto.electric phenomena. Crystals should be

considerably cheaper in the post.war era, and

the e.c.c, may be on its way out.

Piela-Electric Effect

At this point it might be well to define
the t erm "plezo-electrtc quality." "P iezo"
is taken from the Greek, meaning "pres­
sure." The t erm refers to the inherent
property of some minerals by which elec­
t ric charges a re generated on certain

Fig. I. Raw " mothe r crysta'"
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OSCILLATORS

RICHARD E. NEBEL, W2DBCjl.WLNB

surfaces when the crystal is mechanically
stressed. This property also works in re­
verse, in that the crystal will change its ',
dimensions when a n electrical field is ap- :
plied to these same surfaces' through metal,
elect rodes.

A large number of naturally occur ring
minerals display the piezo-electric effect ,
but only two find practical application as
frequency-controlling element s in radio
circuits- t hese are quartz a nd tourmaline
Tourmaline is not' employed to any great
extent at present. It was a pplied mainly to
very-high-frequency crystals up to 30
megacycles, but developments of recent
years have made possible the use of
quartz a t such frequencies . Quartz has
taken over, as t ourmaline, a semi-precious
mineral , is relatively ex pensive.

Rochelle Salt crystals were used in the
ear ly a pplication of piezo-electricity to

c ,

Fig. 2. Equivalent e lectrica l circuit of e q,uartz cry'"
tal . C , represents shunt capacity d ue to th a cryste l
elachodes, L the mass (inductance). C the ccmpli-

ance (capacity). and R th e fr ictional resistance

March , 1945

Fig . 3. Fixed air.gap pressure type electrode

oscillating circuits. These crystals, while
oscillat ing satisfactori ly (even more ac­
tively than quar tz) , were too porous and
unstable in physical make-up t o be pra cti­
cleo However , because of its high piezo­
electric act ivity, Rochelle Salt has not been
forgotten and research is now in progress
with the hope of devising a means whereby
this substance may be applied to frequency
control. Many ot her substances have piezo­
electr ic qualit ies in varying degrees . Ordl­
na ry cane sugar has marked elect rical
properties as indicated by the flashes re­
sult ing when two lumps are st ruck together
in a darkened room.

Out of the group of minerals which are
act ive enough to be used as frequency
controlling circuit elements, quartz has
proved to be the best, from physical , elec-
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Fi9. 4. Fil ed or variable air-9ap type crystal
holder for precision applications

type of cut and the mode of oscillation
employed. The application of an elect! ic
field to the cr ystal elect rodes will distort
the crystal and when this field is removed
or the polarity reversed, the crystal will
tend to return to its original shape and,
due to the momentum gained in doing so
will go through its static dimensions and
change shape in the opposite direction to
that of its first distortion. This motion is
due to the inherent elast icity of quartz
and will continue for a few cycles, the
amplitude of each cycle becoming familiar
until the crystal is again at rest. The crys­
tal action can be compared with that of a
clock pendulum which has been discon­
nected from the works. If moved from its
"at rest" position and released, it will
swing back a nd forth, the distance of ea ch
swing becoming smaller until the pendulum
is again at rest. But what if the clock
mechanism is connected? At exactly the
right moment during each swing the pen­
dulum is given a little push and it COil'

tlnuee to swing or "oscillate," the distance
or "amplitude" o f each swing r emainmg
the same. The time required for each oseil ­
lation is determined by the characteris t ics
of the pendulum, and this action can again
be likened to that of the crystal. If the
polarity of the vol tage a pplied to the elec­
trodes is changed periodically , the crystal
will oscillate or vibrate, prodded the fre­
quency of the \'oJta~e reversa l corresponds
to the natural frequency of the quartz

•

Raw quartz is mined mainly in Brazil,
a lthough there are deposits in the United
States and a fe w other countries. It is
found in crystals of varying size Which,
in their ideal form, are hexagonal in
shape, each end consisting of a hexagonal
pyramid. In the fo rm t o which we are
accustomed. ( F ig. 1.) , only one pryamidal
shaped end remains, the other having
been broken off in mining. The tremendous
wartime demand has made necessary the
use of crystals that were not considered
useable during peacetime, such as small
fragments (as little as 100 grams in
weight) a nd irregularly shar ed pieces hav­
ing in evidence none of the natural faces
usuall y employed as references in deter­
mining the several axes . All measurements
and angle determinations as well as inspec­
tion for various types of flaws are made to
unbelievably close tol erance by means of
optical methods without regard to natural
faces. These amazing wartime develop.
ments have made possible the use of
quartz, that, before the war was consid-. ,
ered scrap, and may well result in post-war
ham xtals at much reduced prices.

The term "crystal ," being applied to both
the quartz in its natural form and to the
finish ed oscillator may appear confusing.
Actually, the quartz in its raw statc should
be referred to as the "crystal" or "mother
crys tal" a nd the finished product as a
"quartz oscillator plate," However, as ithas
become customary to apply the name
" crystal" to bot h the term will he used
interchangeably in this paper, the accom­
panying text making clear the intent.

In order to clarify the manner in which
a crystal oscillates, it is essential to possess
a basic understanding of the oscillating
circuit, which theoretical knowledge is here
ta ken for granted. Resorting to mechanical
a nalogy, the crystal ma y be compared WIth
t he pendulum of a clock. When oscillati ng,
a crystal is continually changing its dimen­
sions, becoming thinner and longer or
twisting torsionally , depending upon the

trical and economic standpoints. Quartz is
ext remely hard (7 in Moh's sca le of rela­
tive hardness ) and therefore cannot be
scratched by the metal holder elect rodes .
Of equal importance is the chemical stabil­
ity of quartz. It will not oxidize because it
already is silicon dioxide (810,) .

Hew Opflcal Mefhads

I •
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plate, which is determined by it s dimen­
sions. Thus the circuit will oscillate a t a
frequency set by t he crystal and the crystal
is said to cont rol the frequency. Oscillation
of the circuit is due to the crystal in turn
supplying a lternating excitation voltage at
radio frequency t o t he grid circuit of the
oscillator stage.

The equivalent circuit of a quartz crystal
is shown in Fig. 2. By equivalent is meant
the circuit components that can be substi ­
tuted in place of the crystal and st ill per­
mit the circuit to oscillate. However. we
would then have a self-excited oscillator
with none of the a dvantages of the crystal
oscillator, particularly the extremely high
frequency stability which is its feature.

Crystal Cuts

Almost any substance will change its di­
mensions when the tempera ture of the
medium in which it exists is varied. This
change will be of varying degree, depend­
ing upon the material , a nd it may be posi­
tive or negative ; t hat is, ~t may expand or
cont ract with a rise in temperat ure. This
basic law of course applies to quartz a nd
as the frequency of a crystal is dependent
upon its dimensions it is quite obvious that
if the temperature is varied, the frequency
will change. Most materials ha ve a fixed
coefficient of expansion and t his fact might
lead to the belief that the frequency of a
quartz crystal will vary directly as t he
coefficient of expansion of quartz. This does
not a lways hold as will be shown. We have
said that the frequency of a crystal is
dependent upon its dimensions. This is
t rue but only to a certain extent. The
frequency is dependent upon the dimensions
but not three dimensions as a whole. The
length, width a nd thickness a ffect the fre­
quency individually to a degree depending
upon the angles at which the plate was cut
from the mother crystal. Two dimensions
may have a positive t emperature effect
while the other has a negative effect a nd
vice versa . The overall frequency drift
with a change in temperature is the result
of the a lgebraic a ddition of these several
influences. This unusual phenomenon is
due to the complex atomic st ruct ure of
quartz, the study is a science in itself, hav­
ing to do with Young 's modulus, the basis
of elasticity, etc.

From the foregoing it is clear that if a
crystal could be cut at a certain a ngle from
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Fig. 5 Preutlre type crysta l holder for genera l use

the mother crystal whereby the positive
effects could be made to equal exactly t he
negative effects, we would have a crystal
the frequency of which would not vary
when subject t o a change in temperat ure.
This is exactly wh at has been accomplished
during recent years a nd as a result we
have what are called "low-drift" crystals
such as the AT, BT, AC, V, E and GT
cuts. This nomenclature refers to the
a ngles at which the plate is cut from the
mother crystal with respect to t he several
natural axes. The reason for their being
more than one low-drift cut is that some
are more suitable for one purpose than
anot her . For instance, the AT is better
suited t o lower frequencies as it is thinner
for a given frequency than the BT cut.
The latter, being thicker and therefore less
fragile, is used mainly on frequencies a bove
4000 kilocycles . The CT cut is employed as
a harmonic type plate. Tha t is , it will oscil­
late readily at its third harmonic when
properly ground. This make is possible t o
obtain a higher frequency output from an
oscillator stage. For example, if a CT cut
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Temperature Control

For minimum frequency drift it is neces­
sary that the crystal be temperature con­
trolled, that is, located in a compartment
where the temperature is raised well above
that to which the crystal would rise due to
normal influences. The temperature of this
compartment must be held to its designated
value wi thin a fraction of a degree--this
being accomplished t hermostatically. The
frequency of the crystal must of course be
measured at the higher temperature as
this will be its operating frequency. The
temperature at which the crys ta l was cali­
brated will be found marked on most crys­
tal holders, the frequency at that t emper-

+

specified but the drift coefficient is. such
as in amateur type crystals, the temper­
at ure range is taken to be that normally
encountered in operation in the average
amateur station. This range can only be
an approximation as there are other in­
fiuences beside the ambient (room) t emp­
erature which cause temperature variation
of the crysta l. The crystal iteslf, which is
vibrating mechanically, will generate heat,
depending upon the type of oscillator cir ­
cuit, the efficiency with which it operates.
the plate voltage used on the oscillator
tube, the activity of the crystal (which is
a measure of the amplitude of vibration
and thus the amount of friction causing
heat ) , etc. The crystal may be located
where it is subject to heat from tubes , re­
sistors and other circuit components. The
design of the crystal holder and the elec­
trodes also have a bearing on the temper­
ature variation of the crystal.

Fi9 . 8. Pentode cry,ta l o,cill.tor circuit

+-

---

,

Fiq . 7. Triod. eryst. l oscillato, circuit

Temperature Effects

Reference has been made to a crystal
the frequency of which will not vary when
it is subjected to a change in temperature.
Due to the nature of quartz t his is possihle
over only a limited variation of temper­
ature. To produce a "zero drift" crystal is
theoretically possible but, in practice, a
loss of activity would be sutTered and the
temperature still could not be varied over
a very wide limit if the drift were to re­
main zero. We therefore must specify the
drift coefficient of a crystal in terms of
the average drift over the temperature
range to which it is to be subjected. Thus
we never see a drift coefficient specified
as "zero." It will usually appear as a nu­
merical coefficient with the temperature
range indicated such as "4 cy. r e./Me.,
·25· C. t o + 50' C." This means that the
crystal will have an average drift of four
cycles per megacycle per degree centigrade
change in temperature within the temper­
ature limits indicated. For example, we
have a crystal tha t is marked "2 cy./,C.
I Mc., 0 to 50· Co" The frequency is meas­
used when the crystal is at room temper­
s t ure a nd found to be exactly 7000 kilo­
cycles . If the temperature is then raised
10· C., the frequency will drift approxi­
mately 2 x 7 x 10 = 140 cycles. In almost
a ll low-drift cuts the drift is positive so
the frequency will now be 7000.14 kilo­
cycles . \Vhen the temperature range is not

is properly ground to 7000 kilocycles
(f undamental), output is obtained a t 21"
000 kilocycles, by exciting its third har­
monic,

24 CQ



- +

------

=•

•
•

adjustable, the frequency of oscillation
varying in accordance with the size of the
air -gap. As the a ir -gap is increased the
frequency of the cryst al a lso increases but
the activity falls off so there is a very def­
inite limit to the size of the a ir -gap. The
crys tal is not in contact with the movable
electrode-and therefore must be anchored
so it cannot move around in the holder.
This is accomplished by means of a re­
tainer plate conta ining a hole just the size
of the crystal in which the crysta l rests
without lateral movement. This type of
holder is advantageous where ext remely
precise adjustments of frequency must be
made such as in broadcast work. It is not
suitable, however, for very-high-frequency
crystals .

In some instances the electrodes consis t
of thin coatings of metal on the crystal,
usually s ilver, which is deposited chemi­
cally or by a sputtering process. Connect­
ing wires are soldered to each face. In the
small communications frequency crystal of
this type the wires are stiff and form a
means of suppor ting the crystal in free
space. The assembly is of course enclosed
in a holder. Before the present war develop­
ments, the use of the plated crystal was
usually confined to low frequencies as a
standard. The crystal is clamped between
knife edges of insulating material along a
nodal axis, t his axis being a point (usually
along a line across the exact center) at
which there is no motion of oscillation.
This permits the crys tal to be clamped very
r igidly with no loss of activity. Contact is
made to the plated surfaces by means of
smalI metal fingers.

Fig. 10. Tri.tet crysta l oscillato r circuit

+
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ature also being indicated. Most amateur
crystals are calibrated at room tempera­
ature, unless otherwise specified.

A most important adjunct to the per­
formance of a quartz crystal is its holder
or, more precisely, the metal electrodes be­
tween which it is mounted. The elect rodes
accomplish two purposes in most types of
holders. Primarily, they serve as a means
of applying the electric field to the crystal
and, in most cases , they clamp the crystal
firmly so that It will not change its position
with relation to the electrodes, which
change might shift the frequency s lightly.
Early crys tals such as the X and Y cuts
(now practically obsolete due to high drift
coefficient) made use of perfectly lIat plates
in intimate contact with the crystal and
held in place by light spring pressure. The
pressure could not be very great as the
oscillations would then be damped with
loss of activity. Because of the necessarily
light pressure the crystal unit was not very
stable mechanically, minor shocks or jar­
ring resulting in a slight change in fre­
quency. Frequency shift is caused by a
change in the damping of the crystal,
brought about by the variation in pressure
on the electrodes, and also by variation in
capacity across the crys tal as the electrodes
change position and distance in relation to
each other. This slight frequency change is
used to adva ntage in the variable a ir -gap
nolder, One of the electrodes is attached
to a shaft having a micrometer thread,
the end of which is slotted and accessible
from outs ide the holder where it may be
screwed in or out by use of a screwdr iver .
The air space (or a ir -gap) between the
crys tal and the movable electrode is thus

Fig. 9. Pierce crysta l oscillator circuit
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Fig. 6. Dual t ype (two crystals) crystal holder
for marine and aircraft use

Anotber t ype is the hollow-ground elec­
trode. This employs t he same principal aa
the pressure air -gap design but instead of
the center being turned out t o an even
depth it is ground concave, with the crystal
clamped by the four cor ner s.

Fixed air-gap mounting is used in some
cases , particularly where maximum activity
is required as in low-frequency filters used
in receivers. In this case fla t electrodes are
employed and insulating spacers, one or
two thousandths of an inch thicker than
t he crystal are placed on each side of the
crystal, These s pacers permit the crystal
to float freely with no damping of oscil­
lations. The material of which the spacers
a re made must be chosen so as to ha ve a
coefficient of expansion as close to t hat of

J

Crystal Circuits

So far we have considered quartz cr ys ta ls
in light of their r elative merits as fre­
quency cont r o1ling elements. In order to
perform their basic function they must of
course be connected in the proper type of
circuit so as to uti lize their ability as oscil­
lators. It follows that the associated circuit
componen ts and their operating conditions
will directly influence the performance of
the crys tal. This influence can be good or
bad. An understanding of the basic re­
quirements for sta ble opera tion of the
crystal and the various types of circu its
suitable for use as crystal controlled oscil­
la tors will enable the user to obtain the
utmost in frequency sta bili ty in keeping
with the present state of the a rt.

It should be borne in mind that in pract­
ically ever y case, particularly so with
transmitters, it is frequency stability that
is sought, power output being a secondary
consider a t ion. If more power is required
than can be delivered by a crystal-con­
trolled osciHator, power amplifiers may be
used t o r each the desired level. The cr ys ta l
oscillator itself is capable of producing an
appreciable amount of power but if a cer ­
tain limit (depending on the t ype of cir­
cuit and its operating condit ions) is ex­
ceeded frequency stabilit y will suffer, due
to the crystal warming up,

quar tz as possible in order to minimize
frequency drift due to variation of the air­
gap. The material generally used is Pyrex
g lass,

There are many types, sha pes and s izes
of crystal holders in genera l use. The war
has made necessary the design a nd develop­
ment of many new types suited specifically
to the peculiar needs of military communi­
cation equipmen t. It will be found, how­
ever , that no matter what the external ap­
pearance, the crystal will be mounted by
means of one of the aforementioned
methods. In some cases, where a crystal ia
used as a standard of frequency, or where­
ever the utmost is desired in making it im­
pervious t o ex ter nal influences such as
humidity, atmospher ic pressure, etc., a
metal tube envelope is used, first evacua t­
ing it and then admit t ing a n inert gas such
as argon. A few representative types of
crystal units are shown in Figs. i , 5 a nd 6.

•
The most widely used t ype of elect rode

for communications frequency crystals to­
day is the pressure a ir-gap t ype. This is
illustrated in F ig. 3. The black portion rep­
resents the corners which come in contact
with the crystal. These corners are from
a few ten-thousandths to one or two thou­
sandths of an inch higher than the center
(white portion), the center having been
turned on a lathe, ground out, or etched
with acid. When placed between two of
these elect r odes the crystal will be sup­
ported by its four corners, the center being
free. A good deal of pressure may be used,
making the assembly very solid mechan­
ically. The AT and BT cut plates used with
this t ype of mounting have nodal points a t
the corners and therefore the amplitude
of oscillation will not be damped by pres­
su re.

Communications Types
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The most commonly used circuit in past
years has been the tr iode oscillator shown
in F ig. 7. The tr iode oscillator performs
very well with crystals at a ll frequencies.
P late-grid feedback, necessary for oscilJa­
tion, is provided by the internal g r id-plate
capacity of the tube. For low frequency
crystals it is desi rable to use gr idleak
bias . On frequencies above approximately
1700 kilocycles cathode bias is preferable.
For most stable oscillation a low L / C tank
ratio should be used. This will reduce the
crystal r. f. cu rrent (with heating dect)
and thus minimize frequency drift. The
plate volta ge di rectly influen ces the sta­
bility of t he circuit and should be kept as
low as possible, t he value depending upon
other conditions of operat ion-tank L / C
ratio, bias and amplification factor of t he
tube. The voltage may be anywhere be­
tween 100 a nd 350 volts. In amateur ap­
pli cations power out puts up to 5 watts are
customary.

The pentode oscilla tor is shown in F ig. 8.
This type of circ uit has been employed
most extensively in very recent years by
the amateur r-anks. The following descrip­
t ion a lso a pplies to the t etrode oscillator,
the fundamental difference being in t ube
s t r ucture. For amateur communication fre­
quencies a combination of gridleak and
cathode bias proves most advantageous.
The value of screen voltage is most im­
portant due to the fact that it has more in,
fluence on the crystal current than the
plate potential. Higher plate potentials
may be used with t he pentode or tetrode
oscillator than with the tr iode due to the
act ion of the screen gr id which limits
crysta l cur rent by means of r educed gr id­
plate capacity and thus reduced feedback.
Higher plate volta ges mean more output
without exceeding the safe limit of r-f
crystal cur rent . With pentodes a nd tet­
rodes designed for use at r adio frequencies
outputs as high as 15 watts may be ob­
ta ined.

The Pierce or untuned oscillator may ern­
ploy either t riode, pentode or tet rode tubes.
in the circuit of Figure 9, a triode is illus ­
tra ted. This type of circuit is well suited
to equipment where compactness is a neces­
s ity due to the fact that the tuning cap­
acitor and associated coil are eliminated.
A small r. f. choke coil of suitable value is
used in the plate circuit. In order to os-
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cillate, t he plate circuit should be char ­
acter ized by a nega tive or capacitative re­
actance. This means that the plate choke
must have a natural resonant frequency
lower than that of t he crystal. Feedback is
controlled by the grid-cathode capacitor .
It is im portant that the value of this con­
densor.is not t oo high as excessive feed­
back can damage t he crystal. The main ad­
vantage of the Pierce oscillator is its sim­
plicity and convenience of operaton. It is
limited t o low power out puts in compari­
son with the previously described circuits.

The Tri·fef

There are a number of other ar ra nge­
ments in general use whereby frequency
multiplying is accomplished within the os­
cillator stage. A circuit of this t ype, very
popular among a mateurs, is the Tri-tet il­
lustrated in F ig. 10, in which t he oscillator
is a triode consis ting of the cat hode, gr id
with the screen-grid serving as the plate.
As t he tank is in the cat hode circuit, the
screen grid may be grounded with respec t
to r .f. The tank in the output or pla te
circuit is tuned to a harmonic of the crystal
frequency a nd usable output may be of a
fairly hi gh order, usually limited in amateur
application to the fo urth harmonic. Regen­
eration is present, a iding in harmonic pro­
duction, in t hat the cathode tank carries
bot h t he fund amental a nd harmonic fre­
quency cur rents. Circuits of this type re­
quire very careful design and adjus tment in
order to prevent excessve crystal current.
Slight misadjustrnents can cause such high
r .I, currents t hrough the crystal as to frac­
t ure it. Select ion of tubes specifically de­
signed for r.f is necessary in order to in­
sure adequate shielding.

As will probably be the case when sur ­
plus materials become available to the
public a fter present hostilities cease, radio
amateurs may be able to obtain crystal
units manufactured for the Army and
Navy. Too much fai t h mus t not be pla ced
in the accuracy of the frequency marked
on the holder as t his frequency applies only
in the equipment for which t he crystal was
made. In a ll cases it will be best to have
t he frequency of the crystal rechecked in
a n accepted standard oscillator circuit, es­
pecially if the frequency happens t o be
near the edge of a n amateur band.
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STANDARD

FREQUENCY
•

BROADCAST

SERVICE

T HE standar d-f requency broadcast service
of the National Bureau of Standards

comprises the broadcasting of standard free
quencies and standard time intervals from
the Bureau's radio station \VWV near
Washington, D. C. It is continuous day
a nd night, from 10-kilwot t radio trans­
mitters, except on 2500 kilocycles where 1
kilowa t t is used. The services include : (1)
standard radio frequencies, (2) standard
time intervals accurately synchronized
with basic time signals, (3 ) standard audio
frequencies, ( 4) standard musical pitch,
440 cycles per second, corresponding to A
above middle C.

This broadcast services makes available
s tandard. frequencies internationally which
are of value in scientific and other Mease
urements requiring an accurate frequency.
Any desired frequency may be measured
in terms of anyone of the standards , either
audio or radio, by means of harmonies and
beats, with one or more auxiliary oscil­
lators.
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The radio frequencies are: _
2.5 megacycles (= 2500 kilocycles = 2,­

500,000 cycles per second ) , broadcast
from 7.00 P. M. to 9:00 A. M.,
E. W. T. (2300 to 1300 G. M. T. )

5 megacycles ( = 5000 kilocycles . 5.­
000,000 cycles per second), broadcast
continuously day and night.

10 megacycles (= 10,000 kilocycles =
10,000,000 cycles per second ), broad­
.cast continuously day and night.

15 megacycles (= 15,000 kilocycles =
15,000,000 cycles per second) , broad­
cast from 7:00 A. M. to 7 :00 P. M.,
E. W. T. (1100 to 2300 G. M. T.)

At least three radio carrier frequencies
are on the air at all times , to insure reli ­
able coverage of the United States and
other parta of the world. Two standard
audio frequencies , 440 cycles and 4000
cycles per second modulate the radio car­
rier frequencies. Both are broadcast con­
tinuous iy on 10 and 15 megacycles, and on

[Continued on page 39J
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PAUL M. KENDALL

Plymold Corp.

MAST

•

path through the atmosphere. Both FM
and television falling into this category,
the wide application of a mast of this type
becomes evident.

Masts are furnished with accessories so
that they will be suitable for use either as
an end support for horizontal antennas,
or as the complete support for UHF an­
tennas. For horizontal antennas, masts
have been designed and tested for a maxi­
mum antenna pull of 0,000 pounds, which
is suitable for long, three element rhombic
arrays. For UHF antennas, masts have
been designed and tested to support a load
of 300 pounds at the head, which far ex­
ceeds the load imposed by a UHF array.
By the use of a special fitting at the head
of the mast, the array ca n be made rota­
t able in azimuth, and if required, in eleva­
tion. Anyone who has been faced with the
problems of UHF reception from trans­
mitters located in different directions can
readily appreciate the marked advantages
of a readily revolvable antenna array.

The method of erection of these an­
tenna masts is unique, inasmuch as one
man can erect masts up to 55' in height,
and only two men are necessary for
masts up to 90'. No special experience is
required, the instructions supplied with
each mast being sufficiently self-explana­
tory for the layman to erect the mast in
a few hours. Once erected, the mast may

Fig. 3

PORTABLE

\

The development of a portable, t elescop­
ic, extra-light, tubular plywood antenna
mast has recently been announced by the
Plymold Corporation of Lawrence, Mass.
The mast is being manufactured in a vari­
et y of models to meet the requirements of
antennas and antenna ar rays in all fre­
quency bands. Heights up to 90' are avail­
able on order, with standard heights of 50',
55', and 75' carried in stock for immediate
shipment. All masts are designed in sec­
tions not exceeding 12' in length. In ship.
ment, these sections nest into one another
fonning one or two package of small di­
mensions. Fittings, stays, and er ection
equipment a re packed in a reusable case.
II necessary. the mast complete with ac­
cessories may be band carried to location,
making it ideal for erection at sites to
which roads are not available. Should it
become necessary to move the mast from
one site to a nother , every member is com­
pletely reusable, and cha nge of location is
accomplished with a maximum of ease.

The advantages of directive antenna
arrays for both radio transmission and
reception have long been evident , but with
the development of equipment designed to
operate on ultra-high frequencies, their
importance has increased many times. Al­
so, at these UHF frequencies, the height
of the radiating elements becomes critical
in ground to ground communications, in­
asmuch as there is no reflection of the
waves by the ionesphere, and the only ef­
fective waves are those which have a clear

I
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be lowered and raised in a few minutes,
making frequent antenna cha nges possible
when necessary. Masts are designed and
t ested to withstand wind velocities of 125
miles per hour. In the recent hurricane
wh en wind velocities of 95 MPH were re­
corded in areas where these masts are
erec ted, not one case of mast failure oc­
curred.

Fig. 1 illustrates a 75' mast, a nd F ig. 2
a 55' mast with cross-arm. F ig. 3 shows
how mast and accessories are packed for
s h ipment in packages where weight and
volume a re exceedingly small. For exam­
ple, the 55' mast illustrated in Fig. 3, has
a shipping weight of approximately 200
pounds, a nd occupies a volume of less than
10 cubic feet. F ig. 4 illustrates the method
of erect ion whereby the mast is a ssembled
horizontally on the ground and t hen rais­
ed by means of a boom and tackle. As
shown, one man can raise the 55' mast,
while on taller masts two men are de­
sirable.

•
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Fig. 2 [e bcve ], 55·foot
mest with cross-.um

Fig. <I (right) . Method
of erection. M~st is as­
sembled hor ilontlllly on
g round , the n raised by
means of boom and

tackle.
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REMEMBER NATIONAL UNION
SERVICE DEALER ADVERTISING?

1

NATIONAL UNION
RADIO AND ELECTRONIC TUBES

OF COURSE, you remember the coopera­
tive advenising plans that National Union
offered you before the war. Radio service
dealers all over the country built up their
business at minimum cost, using this
powerful N. U. plan. They obtained free
electros, mats and copy for telephone
book and newspaper adverrisemenrs-e-a
handsome four-color metal highway dis­
play at very low rental-a generous adver­
tising allowance. National Union gave

radio service dealers all this in addiliQlI
[Q the plan that equipped their shops with
60,000 pieces of fine test equipment free!

After Victory, look for more and better
N. U. cooperative advertising to back you
up. Count on N. U. to bring you more busi­
ness-more profits-MORE than before.

•

NATI ONAL UNIO N R AD i O
CO RPORATION. NEWARK 2. N. J.
FI6€IMi~$.· N~Il·.rIt."J 1Il.plfll'OOJ.
N. } .; Lz"uI./~ ."J Robe_Ut, Plio
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PR ICED AS fO LLOWS :
QuanHtlN : I · :s •••.•••• .•..••.. .•• ..••.... $3.SO each

OFFICER

work through serious interference and
noise. On an aircraft this problem is in­
tensified by engine ignition a nd vibration.
The radio ham who did any operating on
crowded ama teur bands is more than a
match for this condition. No amount of
class room study and lecturing can give
the man experience necessary to achieve
this "know how."

Code speed doesn't have to be much over
25 words per minute to start. but accuracy
must be 100%. Likewise, no class room
lecture can adequately train a crewman to
meet a ll the technical problems which can .
arise while in flight. The inherent curiosity
of the amateur makes him better ahle t o
cope with unusual s ituations.

The Flight Radio Officer is an extremely
attractive position. By far the majority of
men now engaged in this work a re ama­
~.eurs. To be a ham is in itself a n excellent
recommendation. But this . a lone will not
be any guarantee of a job. Those who ha ve
any idea of entering the field should set
their course now a nd make every available
effort t o hecome fully acquainted with the
requirements of the profe ssion. It wiJI be
a 'big scramble after the war ... hut the
amateur with a service record is a lready
across some of the toughest obstacles!

" Handie Talkie" a nd " W alkie Talkie"

There has been some confusion existing
about the difference between the Motorola
"Handie Talkie" and the "Walkie Talkie"
and this, it is hoped, will help to clarify
your ideas about both.

These two units are radio transmitters
and receivers, but while they form a com­
plete 2-way radio communication system,
still they do not even look alike. This
means that each one is a separate receiver
a nd a separate transmitter complete within
a portable housing. Both unita are hattery
operated. Each unit has its own antenna
which is used for both receiving and send.
ing messages. From there on, here are the
main differences:

The "Handle Talkie" is about the size of
a narrow cracker box, 3 x 3 x 12 inches '

[Conti nu ed on pag e 36)

[Continued f rom page 9J

356 BROADWAY, ALBANY 7, N. Y.

Phones: 3-2109 - 3-2100

•• 8·1I .. ..•.•..•.••. ... ...•...... 3.oo N.dl
.. 12_2L ...... . .•. ..........•...•. 2.SO e.eh
•• 25·49 .....• . . .....•............. 2.25 each
.. SO-., .......... ..•.• .. . ......••. 2.IO each
.. 100 or morP ••••••..••••.••••• •• • • 2.00 eaeb

HE - r O·l:wl )Uc:roam~ D .C. . .. _ ::'\tt $9.15 ea.
Trlplf'U 3n or S%1A 0 -1 11. H .C. . . •. . ~ x er $.17 ...
T riplett an or S!7A a .nCt'll 0 ,1 0 -

() · :!5 - 0 · 50 - 0 ·100 _ 0 -%00 -
O-J OO _ 0 -400 - 0 -500 !lfa I) .C... X~t 4.17'"

TriplO"lt :ast 01' U 7A O - ISO ,"g Ilt A . ('~ .. xer 5.11 eL

TrIplf'U 331 or ISlA O-J OO " olt. A.C. . . :Sei. ' .17 ea.
WMton ) 1001.'1 Ttl 0 ·1 )la D.C• . • .. . . . . " let 15.n It&.

W. on Jllode! Ttl 0 -50 ,"olt. D.C. . ... . x ee 15.00 N.
We.ton JoI(Kh·) Ttl 0 ·100 " ol a H .C. .. _. x et 15.15 '"
W " UlD l.l odd Ttl 0 -200 YolU. D .C. . . • ::'\ r t .' .20 e•.
W ton l lodel In 0 -25 ) 1. D.C " "C 1$.00 ea.
WNton }(odf'l $06 0 -1.5 lola I).C x et $.63",

Ali ebeve evelleble for immed iate delivery on
pro perly rate d orders. Also many other styles,
t ypes and rUgel. Ad vise us of you r require.
ment. All inq uiries an s....ered within 24 hours.

WARREN TELECHRON SYNCHRONOUS
MOTORS

Model 412M 1025 - Available in
two voltage rang es :

100(125 VOLT 60 CYCLES
200(250 VOLT 60 CYCLES
One Revolution Per Minu te
Armature Is O il Immersed

Muufactured for the G e neral Electric C o.

rusms sro x s . I.....oeth SIAl" , III1.dth 1"", thlckD_ 1" ".
~ motors ani equipped III1.th dual ,ur. Tbe larrer
h., lnc 80 ~th. the amallt'r 18 te@th. The amall Far
II dlrectl1 attached. to lare e OIIe. The 200/2.50 1'Ol t unlta
haft two colli tn ...rlM, by p&tall~lIo&" no a1&o be ~
on l00/a~ ' olt. JUlt th e lhl.. tor thllla, d"lcea.
,.." I, la, dl lll'a )'...t o.

O f course a ll of our energy is still 100%
behind tne war effort. When "V" Day
comes we will be back at our old stand
taking care of the amateur with our
usual prompt service. Here are just a
few items from our vast stock:

(For 22 years operators of
" UNCLE DAVE'S RADIO SHACK")

F R EE L.rq_ buylnq q uidc (worth $3.50). PI_ale
Wind requelt on firm Itationery. AI$O

a,k for current bull.tin of hard·tOogri It.ml, w ch
&1 m.terl, t..t equipment. wit •• t ub.., etc.

FT.ORANGE RADIO DISTRIBUTING CO.

1/
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is a la rge section where B liley
acid etched" crysta ls receive
their pedigree. H ere each crys­
tal gets " t he works ". I t s ac­
t iv ity a nd freq uency a re proved
under tough laboratory cre­
a ted service cond itions of a lt i­
tude, hum id ity. temperature,
immersion, shock a nd vibra­
t ion.

But licking tough assign­
m ents is a tradit ion wit h Bliley
e ngineers a nd craftsmen . T his
backgrou nd of research a nd
skill has been responsible fo r
t he dist ingu ished r e cord of
Bliley Crysta ls in e very field
of r adi o co m m u n ica t io n .
W hatever your crystal prob­
lem ma y be - specify Bliley.

• A cid etch ing quartz crystals to Ire­
ouencv i6 a patented BUley process,
United SlaW6 Patent No. 2,364,501

-l-

fly with Pan American
Bliley acid etched- cryst a ls per­
s ist en tly show up wherever
t here is a n im portan t com m u­
nica tions job to be d one. such
as t he com bina t ion two-way
t elepho ne a nd t e legraph a nd
ra nge fi nd er systems of P an
America n World Airways. In
peace a nd in war Bliley crys­
tals ha ve flown millions of
world-wid e miles with their
famous Clippers.

B liley crystals a re pre-con ­
ditioned for just such rugged
ass ign ments. In t h e Bl iley
Electric Company plant there

III / / /
III / / /

III /~~/ BULEY CRYSTALS, of course,

Do m ore rhon b. fo r• • • •

buy e xtr a War Bonds

•

BLiLEY ELECTRIC COMPANY. U NION STA TI O N BU ILDING · ERIE • PENNS YLVANr~
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At twenty, thirty seems ancient .
At thirty, forty is distant middle age.
At forty, well, it'll be a long time before

you're fifty.
The point is that ten years ahead alwaya

SCCms like a long time.Yet, actually it passes
"before you know it" ... and you find your­
self face to face with problems, opportuni­
ties, needs, that once seemed very far in the
future. .

This is a good thing to remember today,
when you buy War Bonda to speed the win­
'ling of the war.

In ten years- only ten yeara-tbose bonds
will bring you back $4 for every $3 you put
into them today.

Think of what that money may mean to
you in 1955. An education for your children
. . . a home .. . may be even retirement to the
place and the life of your heart's desire.

AIl this your War Bonds can mean to you
.... if you buy all you can today and hold
them to maturity.

It won't be long till 1955. Not half as long
as you think.

•

"0h, she's OLD/

• I

CQ
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Secure YOUR Monthly Copy

of CQ by Subscribing NOW

Due to paper restrictions, CQ will
not be sold on newsstands for the
duration. A selected list of Ham Dis­
t ributors will have a limited number
of copies on sale at 25c each.

12 issues $2.50
24 issues 4.00
36 issues 5.00
'll U. S. ..t. & ' )OIu e u io n&
Eiliewhere $3 .50 per r e ar

I----------TEAR OUT-MAIL TODAY- - - - - - - - - - - I
I CQ.RADIO MAGAZINES, INC. C. IL ............................................. I
I 342 MADISON AVE.. NEW YORK 17, N. Y. I
I Sin : Her. is my 0 ch.ck (or 0 money order for $ S.nd me iuue, of CQ. I
I 12 iuue' $2 .~24 issue' $4.-36 iUlIe, $5. C a nadia n and foreign subscriptions ar. $3 .50 an nua lly. I
I I
I Subscribe,'s Name (print c.r.fully) ............................................................................................................................ I
I II Add".. .......................................................................................................................................................................... I
I C ity Stat• ..................................... ........................ Zon. .................................. I
I II What i, your occupation or "rof.uion7 ................................................ .................................................................... I
I I
~---------------------------------
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RESCo TALKIES
[Con tinued from page .!! ]

DISTRIBUTORS

8]1 W. Jachon 8lyd., Oapt. 56-C-S, Chicago 7, II I.

Relia ble Redio and Electronic

Supplie s a nd Equipment

long, The " Walkie Talkie" is about 17
inches high, twelve inches wide and about
seven inches thick. The smaller "Handle
Talkie" weighs a little over five pounds,
a nd t he larger " Walkie Talkie" about
thirty-five pounds. The "Handie Talkie" is
carried in the hand, t he " Walkie Talkie"
on the back. Both are developments of t he
Galvin Mfg. Corporation, Chicago.

The mouth and ear piece are attached to'
the "Handle Talkie" while the " walkie
Talkie" has connections into which a re
plugged the hand set (s imila r to a cradle
type telephone set) and an earphone head
set can also be attached. The range of the
"Handie Talkie" is less than that of the
more powerful "Walkie Talkie."

Both are 2-way radio communication sets
which means that one person can broadcast
and also listen to another who is broad­
cas t ing. When using, one person talks and
the other listens. When through, the other
person may talk while the first one listens.
The reason for this is that the sets are
tuned to the same wa ve length and if both
were broadcasting at the same time, the
waves would be jammed.

On the battle field, the "Handie Ta lkie"
and the "Walkie Talkie" are assigned dif­
ferent wave lengths.. Each pair or more of

Type SC R.53b Hendie-Telkle

Allied ca rr ies the largest
and most complete stocks
ot par ts and equipment
unde r one roof, ready
(or quick shipment. . .
tor production. radio
training, r esearch and
maint enance.

*As BOOn 8 8 available for
civ ilia n u ee , Allied be­
cornea a cent ral sou rce
(or Hall tcrarter a, Ne­
Uonal, Hammarlund. and
other well -known com ­
munication r e c eivers .
The se r ece ivers are now
Available on proper pri ­
ority.

ONE CENTRAL SOURCE FOR

Radio Communications
Parts & Equipment

Everything in Radio and 8ecfronics

ALLIED RADIO
CORPORATION

Pho~ . " ·9200

04b Ch an dler Street Worcester 2, Mau .

M 1l1l1l/1It"'U';1I1l Fu('Ui';PIl

Ir,. nlllk,. fO r,.r,. effort ,,, secu re "mw
1I,.fIlIJ.TO.(;,.:T i'f'nu

• • •
Jr,. u O pr malp,;,,1 11f'(,r;,,~ "U~ 'IOmf"A 0 /

""":1.1. KI"OIVIV manu/aclur,."

• • •

RADIO ElEGTRONIG SALES GO.

• • •
S,."" y o u r IIf' .T' orllf'r 10 -

• • •
,r,. are makin;: a mud Ji; nN>rt> pOor'
to render prun'lJl ,I"lil'p"y «erriee (III

,·I L l .. urtl,.rll

-----,
I BUYING I
I GUIDE I

l A vailable on .
r equ e.!t. I

l ~rit~01' .i~ . I=== = = - -_ ._- .

,
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Can Qualify YOU for a

BEnER RADIO JOB

SUN RADIO
& ELECTRONICS CO.
212 Fulton Stnet. New York 7. N. Y.

•••

R A D I 0
INS T IT UTE

CAP ITOL
ENGINEERING

Shows how CREI

FREE BOOK

• CIU:I can h,.lp y o u p re p are by pro­
"iding yUll wilh B prun..d program of
home ludy Ir n in in g thai will Increase
yo u r technical nhHily nnd equip "ou 10
a d va n ce to the bertee-paylng radlo-elec­
IroniC8 joh that offer Iioecurity and op­
purlunity. The (acl..- about CIlE I and
-.IIBI it ra n do (or you are pelnted in an
il1l("r("!"lin~, n ew, 36-IUI/Ze IHHJklet. II i!J
",·e 11 worth yo u r rending. Sen d for it IOOn,-.
'W R IT E t ODA Y I It JOn ant a prof-mnal or amateur
radiom-.n and wan l to make !DO", fD()Ile7 - let U:I pnt't'e
to J'OU .." hu.. IIDIII..Wnc J'OU need to quaUf)" for the
tHoltf'r Job OI'POrWnUi_ (b"t N n be J'OUft. T. .." I,I U'
I"telll,u", a ......er yell r 1"'IIIt)' _ ,SeaM Itat" brieft)'
)'Ollr "lleall.", radl" Ullttrl... .... ,,--..1 ,.altl"• •

FAST
DELIVERY

1--­
rlW<eIZka .~

MOST COMPLETE

S""~U ~ S«f:P4

*OVER JO,OOO ITEMS AT
YOUR FINGERTIPSI

RADIO PARTS • RADIO TUBES
INDUSTRIAL ELECTRONIC EQUIPMENT

AMPLIFIERS and SOUND SYSTEMS
COMMUNICATIONS APPARATUS

PURCHASING AGENTS! ENGINEERS !
Wrrte on rour comp.nr letter-hud for FR( £ copr of our

800 p. ce ul.log. Address 1Wp1. NY.

....- ....•

( Continued on page "8J

the sets also have their own wa ve lengths
assigned for certsin sections of the battle
front so that the sets used by different
companies o r divisions will not inter fere
with each other . Wa ve lengths are changed
frequently t o avoid detection by the enemy.

Both sets are known as "fighting" radio
sets because they a re carried by soldiers
into close proximity of the enemy. The
easy portability of t he "Ha ndle Ta lkie"
permits the carrier to use his hands for
other purposes when required so that it is
frequently carried by the first line of ad­
vancing infa nt ry. The " Walkie Ta lkie" is
a lso portable a nd is used more for front
line command post communications than
for actual front line activity though there
have been cases recorded when t he " Walkie
Ta lkies" were used in advance of our front
lines. It is also used frequently in landing
operations. Hence t heir appropriate nick .
names. "The Fightingest Radios in the
\Var. "

Other 2-way radios mounted in trucks,
jeeps, automobiles, tanks, etc., are also
used by the United States Signal Corps
but these heavier units usualIy follow up
the infantry advance a nd have far longer
ranges than those of the "Handle Talkie"
and "Walkie Talkie."

The Federal Communications Commission
has proposed a Citizens ' Radio-communi­
cation Service in the 460 to 470 megacycle
band of the spect rum. According t o a re­
cent FCC press release, "Small portable
radios may be used , for example. to estab-

I

Dept .. c.J, UH 16th St. N.W... W.,hinqton 10, D. C .

Typ. SCR-300 Walkie T. lki. •••••••••••••••••••
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[ Continued f rom page 5]

ZERO BIAS

makes radio transmitters tick-and event­
ually to amateur licenses.

The FCC does not recognize the Citizens
Radio Service allocation as an amateur
band. But in d\fferentiating between com­
mercial and non-commercial services, the
e RS falls into the amateur category, and
for those who want to employ it as such,
it provides another set of frequencies in
the ham spectra.

Equipping the Citizens Radio Service
opens new manufacturing and conversion
fields. Home-made equipment can be con­
structed only by experts, Le., already lic­
ensed amateurs who may want to usc this
band. No walkie-talkie apparatus now
being supplied to the armed forces, and
which might become available through sur­
plus distribution following the wa r , oper­
ates wi thin the 460-470 megacycle alloca­
tion. However , these r igs could probably be
conver ted (perhaps a lucrative service job)
by the advanced ham.

•
The " Handle Talkie" and 4<Walkie Talkie"

have played a vital role of communications
in the invasion and t he success of the in­
vasion was enhanced by the fact that
General Eisenhower 's United Nat ions
forces had welded together communications
equipment and facili ties of the most mod­
ern type which are unrivaled in the history
of warfare.

The amphibious landing forces in the
first assault waves established radio com­
munications as SOOn as possible to link up
the various beachhead units. As the troops
hit the beaches of northern F rance, they
fanned out quickly to seek cover and the
Signal Corps units of each shore party
carried "Handle Talkie" and "Walkie
TaJike" radio sets. The shock troops who
landed on the French beachheads after the
Naval bombardment and Air Force bomb­
ing a lso carried "Handie Talkie" and
"Walkie Talkie" sets to keep in contact
with each other and with the divisional
headquarters aboard the key ship of their
Naval force.

[Continu ed from page .t7J

lish a physicians' calling service, for corn­
munication to and from trucks and tractors
ope rating in and around large plants, on
farms and ranches, on board harbor and
river craft , in mountain and swamp areas.
Sportsmen and explorers can use them to
maintain contact with camps. Department
stores, dairies, laundries and other business
organizations can use the service to corn­
municate with their delivery vehicles."

However, there are many problems which'
must be overcome despite this liberal ruling
of the FCC. "Handie Talkies" and "Walkie
Talkies" a re powered by batteries inasmuch
as they are portahie sets. Using such low
power in such an ultra-high frequency will
not permit communication over a very
grea t distance-and long distances plus low
cost is what is usually wanted by anyone
using radio communication. Some day
"Handie Talkies" and " \Valkie ' Talkies"
will be utilized for t he Citizens' Radio­
communica t ions Service. At first dry bat­
tery operated portable sets will not be
used. Power will have to come from central
stations or 6-volt wet batteries, but later
on, when new tubes and stronger, longer ­
life batteries a re developed, then t here will
be common use of "Handle Talkies" a nd
" Wa lkie Talkies. "

•

Address Changes-
Subscr ibers to CQ shoul d not ify our'
C irculati on Dep 't. a t le ast 3 weeks
in ad ....nee rega rdi ng any change in
address. Th e Post Office Dep tt. does
not forwa rd magazines sent to a
wrong eddreu unless you pa y addi4
t iona I postage. W. cannot duplic.ate
copies of CO sent to your old address.

CO Ci rculation De p't.

RADIO MAGAZINES, INC.
342 Madison Ave., New York 11, N. Y.

SEATTLE RADIO SUPPLY, INC.
2117 Second Avenue Seattle I. Wa,h.

Phone : Se nec.. 23<45

* w. ar. proud of th Iplendid showinq our .m~
teur friends and o ld cUlt om. " .... makinq todoy.

w••ill b4 r...dy to _'Ie you oqain a. loon ,n
' 01,1 ar. throuQh with your lob and .e are fhrou'il h
t."ln9 ur. of military requiremenh. May . e h.....
.. happy reunion soon.

•

•

I~
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WHOLESALE

Hartford, Conn.

]

•

Tubes lind Equipment

Hadi..-Elect ....nic Parts,

R. G. SCELI & CO.

Phone, Wire or Write

227 Asylum St.

Telephone 2·1144

accurately the hour and the successive 5·
minute periods.

Of the radio frequencies on the a ir at q

g iven time, the lowest provides service to
shor t distances, and the h ighest to great
distances. In general reliable reception is
possible at all t imes throughout the United
States the North Atla ntic Ocean, and fair
signals a re heard throughout t he world, (in
accordance wi th the usua l day and n ight,
seasonal a nd sunspot variations) .

Information on how to receive a nd utilize
this service is given in the Bureau's Letter
Circular, " Methods of using standard free
quencies broadcast by radio," obtainable
on r equest. The Bureau welcomes reports
of difficulties, methods of use, or special
a pplica t ions of the service. Correspondence
should be addressed National Bureau of
Standards, Wash ington, D. C.

[Continued from page !81

WWy

Code and Voice Announcements

The audio frequencies are interr u pted
precise ly on the hour and each five min­
utes thereafter; after an interval of ex­
actly one minute they are resumed. This
one-minute pause is provided for station
an nouncement and the checking of radio­
frequency measurements free from the
presence of the audio f requencies. The
an nouncement of the sta tion call letters
(WMV ) is in telegraphic code ( e - ­
• - - ••• - twice ) , except at the
hour a nd half hour when a detailed an­
nouncement is given by voice.

The accuracy of all the frequencies, radio
and audio, is better than a part in 10,000,­
000. Propagation effects may result at
times in slight fluctuations in the audio
frequencies. However , the average fre­
quency received is as accurate as that
transmitted. The t ime interva l mar ked by
t he pulse every second is accurate to
0.00001 second. The 1-minute, 4-minute,
a nd 5-minute intervals , synchron ized with
the seconds pulses and marked by t he bee
ginn ing or ending of the periods when the
audio frequencies are off, are accurate to
one part in 10,000,000.

5 megacycles in daytime. But only the 440
2. F. modula tes on 5 megacycles from 7 :00
P. M. to 7 :00 A. M., E . W. T., and the 2.5­
mega cycle f requency. A pulse of 0.005­
second dur a tion occures at inter va ls of
precisely one second on a ll carrier fre­
quencies. The pulse consists of five cycles,
each of O.OOl -second duration, and is heard
as a tick when listening to the broadcast.
It provides a useful standard of time inter­
val, for purposes of physical measure­
ments , a nd may be used as an accurate
t ime s ignal. On the 59th second of every
minute the pulse is omitted.

World Wide Coveroge

The beginnings of the periods when the
audio frequencies are off are so synchron­
ized with the basic time service of t he
U. S. Naval Observatory that t hey mark

In the Rocky l\loull la in R egion
ii's

Radio &Television Supply CD.
808 EUCLID AVE:-iUE. I'UEDLO. COLO.

" II _ J ..n"' ha... I •• _'n ••, If­
o r U ........ ,.., ha." P h D,.. 5 7 2 9 "
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AWED RADIO CORPO RATION
Ham Parts <md Equipment

BULEY ELECTRIC COMPANY _ 33
Q uartz Cryltab

BURSTEIN·APPLEBEE CO. ..
Ham Parts and Equipment

CAPITOL RADIO ENGINEERING INSnTUTE 37
Educational

CRYSTAL PRODUCTS CO.
Crystals

ELECTRONIC LABORATORIES
Commuaication. Equipment

GENERAL ELECTRONICS. INC.
EleclToll.ic Tube.

rr. ORANGE RADIO DIST. CO.
Ham Part. and Equipment

HALLICRAFTERS CO.
Tran.mitter. and Recei...on

HATRY & YOUNG -r-' _

Meter. and Eq uipment
McELRO Y MANUFACTURING CORP.

TeJe9r~pbic Ap paratu.
McG RAW·roLL BOOK CO.

Boob
MEASUREMENTS CORPORATION ~ _

h~.trument. a nd Te lt Eq uip ment
MEISSNER MANUFACTRING CO. _

Electronic Equipment
NATIONAL COMPANY ,__,-__

Rece iver. and Ham Equipment
NATIONAL UNION RADIO CORP. 31

Radio-Electronic Tube.
RADIO AND TELEVISION SUPPLY CO. _ 39

Ham Part. a nd EquipMent
RADIO ELECTRONIC SALES CO. _

Ham Part. a nd Eq uipm ent
RADIO MFG. ENGINEERS. INC.

Communication. Equipment
RADIO TELEViSiON SUPPLY CO. _---- "

Ha m Part. and Eq uip Ment
RADIO WIRE TELEVISION. INC. ~. _

Ha M Part. and EquipMent
RAYTHEON PRODU Cn ON CORP. _

Eleelronic Tube.
SCEU & CO.. R. G. ~---c------- 3.

Ham Part. ODd Equipment
SEATTLE RADIO SUPPLY. INC. 38

Ham Part. aDd Equipm.nt
SOLAR CAPACITOR SALES CORP. _

Capacitor•
STANDARD TRANSFO RMER CORP. _

Transformer.
SUN RADIO & ELECTRONICS CO. _

Ham Parte and Equipmen t
SYLVANIA ELECTRIC PRODUCTS. INC. _

Eleet:on.ic Tube.
UNIVERSAL MICROPHONE CO. _

MicropboD_
WHOLESALE RADIO LABORATORIES

Ham Parte aDd Eq u ipm. nt
WILEY & SONS. INC.. JOHN

Boob

Dear O. M.:

NATION·WIDE
M.AllORDER

DISTRIBUTORS
SINCE 1928

RADIO TELEVISION SUPPLY CO.

170 I S. Grand Ave., Los Angeles 15, Car.

RIl-DIO AND

£L£C1ROA!tc
DEVICES

'?O'l- . ..
TRADE ••• INDUSTRY...
COMMUNICATION •••
PUBLIC UTILITY •••
VOCATIONAL AND
EXPERIMENTAL

APPLICATIONS

CO has g iven U 8 this opportunity to
tell U B 01 B u m of th e q ud thing. that are
coming aft.r V Dayl-But. we've p romin d
our manufacturers that we 'd keep mum.
Ye t the re will be many new thinqs such
:I8 (Rumor has it ) xmtre by Hammerlund.
RC'''fB by Millen. apel reTra b y Nationa l
and 8 0 many n ew items that w e have UJI

to now only d reamed of..-Tha t Ham radio
a s w e knew it will ha ys Yani.hed to b e
replaced by a vasUy improved technique.

Remember. we hay. avaUabl. almost
• • e rythinq in electronics and Ham radio
q ear fer immedia te d elive ry. " N O PRIOR­
ITY REQUIRED", a nd if by Bum accident
iI'. not in stock well g el it fer u,

Cum in fer a rag chew 8om.time•••
1ets g et together.

AN OPEN LETTER!

BURSTEIN-ApPLEBEE CO.
1012·14 McGEE ST.

KANSAS CITY 6, MISSOURI
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