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Arrer Bell Laboratories
engineers have designed a new talk-
ing circuit, they measure its charac-
teristics by oscilloscopes and meters.

But a talker and a listener are part
of every telephone call, and to satisfy
them is the primary Bell System aim.

So, before the circuit is put into

BELL

TELEPHONE

These “sound jurors’ record their preferences as they listen over fest circuits,

The engineer in the foreground talks over the test circuits

which the other engineer sets up on a “circuit simulator.”

operation, a “sound jury” listens in.
An actual performance test is set up
with the trained ears of the jurors to
supplement the meters.

As syllables, words, and sentences
come in over the telephones, pencils
are busy over score sheets, recording
the judgment of the listeners on

www americanradiohistorv com

LABORATORIES /&%
)i

Exploring and inventing, devising and perfecting for continued improvements and economies in telephone service

behalf of vou and millions of other
telephone users,

Targets of the transmission engi.
neer are: your easy understanding of
the talker, the naturalness of his
voice, and your all-around satisfac-
tion. To score high is one of the
feats of Bell System engineering.
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YOU BUILD THIS Radio Cir-
cuit early in Course with Solder-
ing Equipment and Radio Parts

YOU PRACTICE Radio Servic-
ing with this Tester built from
parts 1 send. Also use it to help

YOU PRACTICE °“‘FM" Servic-
ing on this Frequency Modula-
tion (FM Signal Generator,

YOU BUILD THIS Vacuum
Tuhe Power Pack, make changes
which give you,experience, learn

how to locate and correct power
pack troubles.

Af“’ >: i

1 send; practicc mounting, con-
necting, soldering Radio parts.

YOU BUILD THIS A. M. Sig-
nal Generator which provides
amplitude-modulated signals for

many tests and experiments,
gives you practical experience.

KXTRA MONEY fixing
Radios.

built with parts | supply; learn
bv repniring circuit defects.

earn
neighbors’

- o\ <, E
A\l =
A\ |le= _

.»@—:';;;4&//

YOU PRACTICE signal trac-
ing on this complete Super-
heterodyne Circuit you build with
puarts | send you, use it to con-
duct many tests and experiments.

You Get PRACTICAL EXPERIENCE
With This Superheterodyne Receiver

YOU BUILD THIS complete, powerful
Radio Receiver that brings in local and dis-
tant stations. N. R. 1. gives yvou ALL the
Radio parts . speaker, tubes, chassis,
transformer, sockets,
loop antenna, etc.

BY PRACTICING

/N SPARE TIME
WITH BIG KITS OF PARTS | SEND YOU

Business is booming. Trained Radio Tech-
nicians alsoe lind profitable opportunities
in Police, Aviation, Marine HRadio, Brond-
casting, Radio Manufacturing, Public Ad-
dress work. Think of even greater oppor-
tunities as public demand for Television,
FM and Electroni¢ devices continues to
grow ! Send for FREE hooks now!

Find Out What NRI Can Do For You

Mail Coupon for Sample Lesson and my
FREE 64-hage book. liead the details
abvut my Course, letters from men 1
trained ; gee how quickiy, easily you can
get started.  No obligation! Just MAIL
COUI'ON NOW in envelope or pnste oh A
penny poatal. ). E. SMITH. President, Dept. 8FX.

| WiLL
TRAIN YOU
AT HOME

My COURSE
INCLUDES
FREQUENCY
MODULATION,
TELEVIS/ON,
ELECTRONICS

Do you wnnt a good-pay job in the fast-
growing Radio Industry—or your own Ra
dio Shop? Mail the Coupun l‘or a Sample
Lesson and my 64-payge book, *“How to Be
a Success in RndIo—Tg:lev1sion-Electronlcs."
both FREE. See how I will train you at
home—how you get practical Radio expe-
rience building, testing Radio circuits with
BIG KITS OF PARTS 1 send!

Many Beginners Soon Make EXTRA
Money in Spare Time Whiie Learning

Twe day you enroll 1 start sending
EXTRA MONEY manuals that show how
to make EXTRA monei fixing neighbors’
Radios in spnre time while still lenrning!
It's probably easicr to get started now National Radio Institute, Pioneer Home Study
than ever before because the Radio Repair Radio School, Washington 9, D. C.

I TRAINED THESE MEN

Has Own Radio Service
“I have my own Radio and
Television sales and servicing
business. | get enough repair
jobs Lo keep me going right

Good Spare Time Business
I have bcen getting receivers
to repair right along, and with
N. R. I. methods 1 don't have
to spend much time on them."

MR. J. E. SMITH, Pres., Dept. 8FX,

) . .
0 Nationa! Radio Institute, Washington 9, D. C.

GEr Borw e FREE

mﬂ"“e

uccesS
S l\“\“

along.”"-——ALEXANDER KISH, S. N. STRICKLAND, § Mail me FRKE Sample Lesson and 64-pase book about
34 Pershing Avenue, Carteret, 191 Dale Homes, Portsmouth, . how 10 win success in Radio and Television—Electronics.

"
2

New Jersey. Virginia. (No salesman will call. Please write plainly. !
ml“s‘“s “ ‘

' Age LTRONIE 1

VE'E HANS p I “**-F
B Address ket .

- 2 [ ]

: City Zone State ! [ |

¥ou " . L ; Check if Veteran it .

get this training in your own home ==ty ey G Sy S S -d

under G. 1. Bill.

Mail Coupon.

APPROVED FOR TRAINING UNDER GI BILL

No. 9
atte

RALIQ-CHRAFT, June, 1948, Volume XIi) t*'ubfished monthly hy Raderaft P cations. Inc.. 29 Werthington Street,
sp eld 3. M ter or o Ma M 1879

JUNE, 1948
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Capitol Radio Engineering Institute —Pioneer in Radio Engineering Instruction Since 1927

Ak aaak

Here’s how you can figure on a 8[ 7' 7' ER J08 in

RADIO-ELECTRONICS, Broadcasting, Television, Servicing, Manufacturing

Add CREIl Technical Training to Your Preseni
Radio Experience, Then Get That Better Radio Job
—Muake More Monev—Enjoy Increased Seecurity.

You can’t plan your future on a slide rule. But you can take
a measurenent of yvour own capabilities.

Look at the successful radioman. You'll find that he's the
fellow who looked and planned ahead. Today, you have the same
opportunity—at a time when radio’s rechnical progress has gone
bevond the supply of technical Manpower. Never before have so
many men like you had the oppertunity 1o step ahead into hetter-
paving jobs . . . jobs that offer real interest and security in any
one of the many expanding fields that urgently need competently
trained men.

You can’t say, “/ don’t need more training.” Every ambitious
radio technician needs more training. No matter what your experi-

1f you have had professional or amateur radio
experience and want to make more money, let
us prove to you we have the training you nced to
qualify for a better radio job. To help us answer
intelligently your inuuiry—please state briefly your
background of experience, education and present
position.

Capitol Radio
Engineering Institute

An Acceredited Technical Institute

Dept. RC -6, 16th and Park Road, N. W., Washington 10, D. C.

Branch Offices: NewYork {7) 170 Broadway * San Francisco {2) 760 Market 5t.

ence, you must fortify yourself with up-to-date technical knowl-
edge to qualify for the better jobs and to stave off the new com-
petition that war-time activity has bronght into the field.

CREI has a course of training for you. You will find our proved
type of training practical and thorough. Whether your future
lies in broadecasting, television. servicing. manufacturing or any
branch of communications. you will find that you can “go all the
way with CREI” from introductory. basie prineiples to advanced
training. and on 1o specialized fields of radio-electronics.

Send for. and read, our interesting 24-page booklet. It
explains our self-improvement program. courses and what CRE!
can do for you. It will give you a good idea how practical and
easy-to-understand our training is, and why many thousands lLave
enrolled for CREI courses since 1927

VETERANS! CREI TRAINING AVAILABLE UNDER G. I. BILL

MAIL COUPON FOR FREE BOOKLET

CAPITOL RADIO ENGINEERING INSTITUTE
16th & Park Road. M. W., Dept. RC-8, Washington 1D, D. C,

Gentlemen: Please send your free booklet, “CREI training for
Your better job in Radio-Electronics,” together with full details
of your home-study training. [ am attaching a brief resume of
my experience, education and present position.

Checl: field of greatest interest:
[] PRACTICAL RADIO-ELECTRONICS
[) BROADCASTING [) AERONAUTICAL RADIO ENGINEERING

[ RECEIVER SERVICING [} INDUSTRIAL ELECTRONICS

NAME S—
STREET -

CITY ZONE STATE e —
{11 AM ENTITLED TO TRAINING UNDER G. |. BILL.

STIDETE PP PP PP PP P PP T T 19

RADIO-CRAFT for

[] PRACTICAL TELEVISION

www americanradiohistorv com
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You build this fine
modern Superheter-
edyns Receiver and
other units, with the
complete standard
parts we send you.
This valuable equlp-
ment becomes yours
to uso and keep.

Get these B1G BOOKS

1f you are already employed in the

e great Radio industry, you kouw how
1 great the demand is for trained. ex-
porienced servicemen, operators and

. technicians. You know how fast the

field is growing and how important it

is to keep up with new developments in
F.M.. Television and Electronles. The Radlo
industry s atise with opportunity for the
qualified technician whose knowledge 1s up-to-
the-minute. You can be an FM and Television
specialist . . . get into the lucrative Radlo
Service Field . . . own a business of sour
own, If you prefer. Natlonal 8chools of los
Angeles for almoest 50 years 3 practleal resident
and home study trade school. has put Into of-
s fect lts .\‘tlzlw 19148! T(all;inzll‘mzrnm. !"l"?ls

ool ' - rogram, adapted 1o National's Master

HATIOREY . x gle!ghod. llumop Study Course. can auallfy yr;

NOW! New Professional
Multitester Included!

This versatile testing Instrument i3 portable and
complete with test leads and batteries. Simule to
operate, accurate and dependahle. You wlll be
able te qulekly locate trouble and adjust (he most
delicate cirenits. You cun_use the Multltester at
in your spare time as a Kadlo and Television home or on service calls. It is deslined to meas-
technician. For detalls of this Frogram fill ure AC and DC volis. current. reslsiance and
out and mall the coupon below. decibles. You will be proud to own and use this
valuable professional Instrument.

SHOP METHOD HOME TRAINING from a
Technical Trade Resident School

Natlonal Schoola brings its exclustve Shop Method of tralning rlght into your own home. You can lesm
the maost up-to-date approved practlcal tralning projects, systems and modetn clrcults from the very be-
#lnning in Your spare tlme. iiere s sound und bractleal home trilning—the develobment of experienced
instructors working with students right in the shops, NEW Televislon and Breadcast Studlos and
Experimental  Laboratorles of NATIONAL SCHOOLS—one of the most advanced technleal trade
education centers in the world

Take Advantage Now of these Outstanding Features
ol National Schools’ 1948 Training Program

'I National Schools’ 1948 Course ls planned to prepare you for real success In Radlo
* Television and Electronics.
z Experimental equipment supplied with the Course has been completely revised to
* pive you the most up-te-date practlcal experlence with new circuits, new uniis.
etc.. right In your own home,
New Televislon lessons have been expanded to give you trainlng in the latest
* developments In this Important fleld.
4 The 1348 Course includes a Professional Multitester (shown above) for your
* use ln spare or full-time ltadio work.
National Sehools gives you advanced tralning—the
D ey o the Better bostions in - liadio, “Telorlsion BOTH HOMESTUDY
Electronies. AND RESIDENT

Send Coupon
FXPEI;IENCE 18 THEhBliST TEAC"Fi\lIz't YOIT and prove to
earn by experience with the exclusive Nationa B
Shopaethod of Homa. Training. With the appa- ROLUNTILIe 6. [0, re, *m tandecd Experinecial Euglpment GOURSES OFFERED
ratus sent You, you actually build various types of YOU can do modemn Short Wave and Standard Broadeast Super-

standard equipment—a powerful superheterodyne re- A heterodyne Receiver, All eduipment becomes youe

ceiver, a signal generator, an audio oscillator, low in RADIO and personal property. APPROYED
vower Radio transmitter and other units. You make 7. \atlonal Schools’ nearly 50 years of experi-

tests and conduct experiments that show you the why TELEVISION! * cnre In Technical Trade Tralning . . . our Fm‘
and how of Radie. You understand what makes the modern shops and laboratorles hizhly trained

various elements of Electronics oberate because you }!‘f"“”’"’ a f‘“,ﬁk 0'} your time-teted Training YETERANS
actually see them work for you. Net only do you gain angLloraRpriRItergiuture.

splendid experience by this method of learning, but you ! CHECK COUPON
receive valunble equipment you will use on the job in

e Sy NATIONAL SCHOOLS i e
Mail the coupon and learn what this means to you. 74 | fi"‘i:ﬁ

MAIL OPPORTUNITY COUPON FOR QUICK ACTION

MEMBER: NATIONAL COUNCIL MEMBER: NATIONAL HOME
OF TECHNICAL SCHWOOLS STUDY COUNCIL

NATIONAL SCHOOLS, Dept. RC-6 alT | I sianal or

Pasts on penny post card)
4000 South Filogueroa Street, Los Angeles 37, Calfornia

Ezamine the exclusive Natlonal Shop Method of Home Training, !

Sea for youruilr how 5:11 ndl'ilmd nrim:tlc’?‘llu| Ils. Be ]ct)!‘v;vlnceg I

that you ean learn Itadio, Flectromics, elevizslon—aquickly an

easlly in your spure Ume, This trlal is ABSOLUTELY FREE. Mail . Mall me FREE the two books mentioned in your ad, including a sample leasoo of your courme.
tho coupon here for the boeks that teli you the complete story of ' I understand no saleaman wiil cail on me,

National Sehools Master Shop Method of Home Training In Hadio,
Flectronies and Television. l
‘This is the MODIRN SYSTEM OF TRAINING: 1t matehes the rapld 1
progress constantly helng made In Raclo, Television and Electrouies. It s
TIME TESTED, too. Nuatiomal Sehools has been training men for more l
than a third of a century. It is the very sume training that has helned
thoysatnds to more pay and greater opportunity, You owe It to yourself- l
your futuro—to read the hook ““Your Future In Tadlo. Electronles and 1
Television"'—FREE te you when you send in the coupon.

CITY . iiiewarnansomeaims erasrdai i M TONK. ... ¢ ST b oamhg e ‘e

z
-
:
™
W0 W% S o e e,

Check here If Veteran of World War 11 L

JUNE 1948
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TO EASYFM & TV
SERVICING

The big profits in service lie in repairing FM and TV receivers — of which
thousands are already in use. Fast, efficient service demands visual alignment
of sound and video i.f. amplifiers. McMurdo Silver, world-famous builder of
Laboratory Caliber Electronic Test Instruments, gives you the quick, accurate
answers. Use 909 or 911 with any good ’scope, follow the simple, clear pictorial
instructions and you'll master FM and TV alignment in ‘no time flat.”

fe #,, SWer's

FM/TV SWEEP SIGNAL GEN-
9“ ERATOR WITH CRYSTAL \

MARKER OSCILLATORS. Covers ‘
2 thru 226 megacycles in three bands upon accurately
calibrated 3-range dial without band-switching! Qut- \
put variable from zero to !4 volt. One graduated
knob sets lincar clectronic FM sweep to anything
between 40 Kc. and 10 megacycles —low enough
for sharp communication FM to high enough for
the biggest TV sets. Provides saw-tooth horizontal
synchronizing voltage to ‘scope at 2x power line
frequency giving steady. stable mirror-image trace
on your 'scope of i.f. — and r.f. — ampliher selectivity /
curves. Two panel knobs control amiplitude of marker-
frequency “pips” produced by two built-in low-drift
I and 5 mc. crystal oscillators. These marker “pips”
let you determine precisely correct pass-band in TV
i.f. alignment . . . also serve as standard-frequency
signals for checking calibration of afl types of re-
ceivers, signal generators, etc.

FM/TV SWEEP SIGNAL GEN-
90 ERATOR. Already America’s most
popular sweep signal generator. Model
909 is identical to Nodel 911 alove except that it
does not include crystal marker oscillators — uses
your present AM signal generator to provide variable-
frequency marker “pips" when desired. Using any
good ’scope and following the clear, concise pictorial
instructions, Model 909 makes you master of FM
and TV visual alignment . . the only method
guarantecing fast and perfect i.f. alignment. Thou-
sands already in use by smart service technicians
and in the laboratories and factories of FM and TV
set manufacturers prove it to be exactly the instru-
ment you have demanded. Convenient portable size
matches all Silver LCETI —turns your shop into
a modern service laboratory.

“Pricas slightly hither West of Rochine

4
Send for 1948-1949 Catalog of NEW LCETI Test Instruments LABORATORY
OVER 37 YEARS OF RADIO ENGINEERING ACHIEVEMENT Carier
ELecTroNnIC

Y Hloncte Sibver Co:, Foec. Tesr

EXECUTIVE OFFICES: 1240 MAIN ST., HARTFORD 3, CONN. lNSTRUMENTS
FACTORY OFFICE: 1249 MAIN ST., HARTFORD 3, CONN

T T

RADIO-CRAFT for

www americanradiohistorv com
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Get Your ALLIED Catalog

A TYPICAL VALUE!

The New NATIONAL NC-33 Receiver

Packed with Professional Features—A Great Buy!

NOW —enjoy the thrill of owning the Natonal NC-33, the sensa-
tionally brilliant new communications receiver. It's built 10 highest
engineering standards—casy to operate—delivers top-notch reception
on broadcast and short-wave bands, Perfect for SWL's and beginning
Amateurs. Covers 500 ke to 35 mc continuously in 4 bands. Main
wuning dial is calibrated for easy location of all important amateur,
police and foreign bands. Band-spread dial operates over eatire fre-
quency range. Has automatic noise limiter; adjustable pitch BFO,
universal antenna input; buijlt-in 5% PM speaker; headphone jack: com-
fortable, glarcless tuning dials. Self-contained in attractive modern
cabinet, finished in smooth gray. For real enjoyment and dependable
all-around performance at nominal cost, the NC-33 takes top hanors,

Comes complete with tubes. Operates on 105:125 volt, 40-60 cycle
AC, or DC. Stock No. 97-596

NET, FOB ChiCago - ... .....ooo oo 56595

Terms: $13.19 down, $5.08 moathly for 11 momhs
IMMEDIATE DELIVERY ON THESE FAMOUS NATIONAL RECEIVERS

National HRO.7 .$299.36 Notianal NC.2.40D $225.00
National NC.57 89.50 National NC-46 107.40
National NC-173 189.50 NEWI National HFS

Natianal NC-183 269.00 Receiver-Converter 125.00

Net FOB Chicagoe. Prices subject to change without notice.
Attractive Time Payment Terms. Trade-ins Accepted.

< WORLD'S
way ALLIED

RADIO RADIO

supPLY Evernything in Radio
HOUSE — and Electronics

JUNE, 1948

Get More for Your Money in Every Way
Get Everything New in Your Radio...

¢ |t . |
K Py

re 9@4183

Now

Radio’s Leading Buying Guide
172 Pages Packed with Valve

Here's how to get the most for yaur Radio dollori

\ Use ALLIED'S great 1948 Catalog, the Buying Guide
that brings yaou everything in radio and electronics
ot lowest, money-saving prices. ALUED has every.
thing for Servicemen, Soundmen, Engineers,
Amateurs ond Builders. Complete selections of latest
home radio and Television receivers, test equipment,
P. A. Sydems and amplifiers, Amoteur gear, thou-
sonds of parts, tubes, kits, tools, books — ready for
fast shipment. Get the odvontoges of the most fo-
mous service in radio — expert handling, helpful
personcl attention, money-saving veluesl Sead todoy
for your copy of the ALLIED

_du 172-poge Cotolog = the most

complete in Radig.

Everything in Radio
for Everyone in Radio

Send for Radio’s
leading Buying Guide

-
ALLIED RADIO CORP. |
833 W. Jackson Blvd.,, Dept. 2-F-8 ]
Chicago 7, Ulinois :

{0 Send FREE 172-Page ALLIED Catalog. i

[0 Enter arder for National Modet l

O Encloted $ O Funl Payman' l

{J Part Poymant (Balance C.O.D.)

{3 Send ALLIED Easy Payment Plan details ond order blank, ;
|
|

el

Nome

Address

City. Zone State

D - i v Y e GEL W e G mar S . Smm
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CATHODE RAY TUBES
SBP1...%$1.20 =

TUNING
| UNITS

From BBC 191 & RC 375 T &5, 3000 ke to 4500
ke, TU SE-T700 to 10,000 ke, TU 1013-10,000 to
12,500 ke, TU 22 13 350 10 650 ke, TUT 26 li:ﬂﬂ(l

PRICES to 500 ke. Will sunply closest uuit to &

tte
Frequeney at time of shibment. Each....... $2.25

3ABP1—81.25 ,.....c.....o.n SFPT—81.75
BFPT—3$1.20 ... .oovviinnnnen 5JP2—$4.00

TRANSFORMERS MICROWAYVE TUBES
All Primaries—117 V 60 cycles DYNAMOTORS (Magnetrons)

5102: @ 55 ma . 6. Frea. Range Pk. Pwr. Out, Prl‘c;
Z 51021080 vet @ 55 ma. 6.3 v. & 1.2 amb, 0F 2820- 286 255 Kw $15.00
2 bhl10: _ll(lu v, @ TU ma, |hh(‘d @ 550 v 9; 50 Kw $25.00
with H. W, rect.). ... .. T . 3_}, 2.,.:, kw St15.00
FILAMENT TRAI\SFORMERS fonsaunid i)
ot 2 3 2965- 2992 me 275 Kw $15.00
= vet @ 0 amp. \rl aMp. ..., .$2.15% 299 860 I 285 $15.0
= 7vu||-.ﬁbuﬂ d $2. - c ] .00
= __—, i 2780-2820 me 285 Kw $15.00
$! PKG, 3249-3263 me 7 Kw $25.00
PKG 9345-9405 mc 50 Rw $25.00
| L 24,60 me 33 Kw $17.50
i V.E. 700-A 680-710 o 100 Kw $30.00
WK, T20-BY 2800 1000 Kw  $25.00
MAGNETS for 2121-A !125 A) 2322, 4726, 2427, ZJil.
N — — 2331, 2432 and 3JD, each. ..o +.$8.00
Ux Gepe: 5V @ BIS AV @ b PE T3 CMULE) Power supply for BUC 3” FIoln:Gslt“r:‘n)qth Dm'l;':fe BF:t‘::en PB'I:mFa?:: Price
POWER CHOKES Input: 28 VIO optpet: 1000 VOC @ 3 w - $8.00
cliivgepinolmsCFITETELERE 58 BE005000 s1.50 | Ma. New .ol 4. 95 1 no 156~ 15" $8.00
H C§ k'“m PR 'i@“l"{Tl“)s“ EEREERRETE] s -z&gg nn ‘gl\“l] l']u(r\w" su{tpl)‘ lolr4 1!(‘,1 19}) ‘I‘I')”Il Adjustihle .
p“_ oRe: 2+ Y Iy H . o pate fuse Jinkg. etc. lmnut v.d.e utpu -
}.“1,;' Chinks 8 ,',‘,; @75 va L1 @ B0 M DT 3080 NG00 v "@ 300 ma. New $8.957 Afu He ﬁ,‘.’;{}g“".‘.‘,‘{!}gqnﬂ () 65
25 h e 65 - 5 ..$1.10 issue, ex. cond. ...... Da0aodaa00050G $5.95 EUSAATIE
'f 101-C Input 13/26 vDC 12.6/6.3 A.
) MODULATION TRAIIN'SFI(_)RME[R§ a0rs tn ] Quiput: i he @ 13. \1.-?800 VD MINE DETECTOR AN/PRS |
I:I:ll;l ull HOT LB o l""h ™ U1 N Ma. 9 VAC @ 1.12 A, new. .$3.49 Will indicate buried metallic & nenmetallic obio(‘fs. such, as

ush il 251°8 @B 1o plade’ of sinkle 211000000 -$1.95% PE 8 N, Input: 28 VDC, Oulnut. 250 waler plpes, sewer pipes, tree rootd, water pockets, elc, 1sts
VD @ 60 ma With flter..........$1,95 ;:llll;)lrl;l:llt’l! Iﬂng‘ n;eler tml‘ nur.n: and visual lmllellurI (l)m’r-lll(-s
DAG 33A_ lnnut; Iﬂ \'DC @ 3.2 A, Out- for (_amt'l‘e changes in radiation resistance. An fdeal gadget
s S pers, geologists . complet 12.75
ARC-5 ACCESSORIES put: 450 VOC @ 60 Ma, .......... $2.45 | ik Diatterles whmmwnm\w"" .‘.‘:....;zl.Zﬁ
CONVERSIDN COILS FOR ARC-5 TRANSMITTERS l)a\l '\MD lnrgn;.nqsn \'\rl)c (il: 7 Ma. (l)]l;(lplrllr
.0. Coi LA, Coi Ant: Freq. Range 540 @ il a. ower lu[]l o
M-0. Ceils F.A. Coils Loaa'i‘nfznszri'ls " ‘R mohdator .. .$3.95 CERAMICON CAPACITORS
$3000ach  S1LOD YR 23535 3.4 M. D 115 A e (Erie, Centralab) $7.50 per 100
78030 79293 z6034 4.5.3 Mc. vho -5 Ma, .. o mmf % 67 ¢
6032 26035 7-9.1 Mc Inbul: 14 YHC, Cuthut v -5- ¢ e g mmf ........ =
CONVERSION KIT, consisting of §-M-O coll. 1- I'A’ to'll‘ @ 90 Ma. 'ower supnly for 1iC $12..82.49 i mmf ‘. mmf .
1-ANTENNA COIL., In any one pariicular frequency s’z"’b"o PE 55 Inpmt: 12 vile @ 25 amp. Ouipui 85mﬂl:lmf.. mmg
ARC Ne. 65338 variable receivinZ ennncuor. 62 mmi/sec. 500 vide w0 100 ma. (slightly uscd)..$4.95 & . mm
3 sections, .03¥ Epacing. 8 rotors. Worm drive e o gn 11 mmf . e mmf
a3:1 . ..$1.75 RIr-ant 93. Input: 28 vde @ 3.25 amp. 15 ¢ 250 f
No. 4990, variahle X 5 mimf. Ootput: 375 vde @ 150 ma. Pioneer. mmf ... ) mm
05~ spacing, 11 rotars. Each 7 SIG%O R O ... $4.95 gg mmtf_ g . 10ooml'nl't o
‘5632 var. Xmig. cabarilor %00 MP 10 G 'ower supply, using 2 dynamo- LLGENACO mmi ....el
AL BT I G L §§Z§§ t@ors.wlmﬂ 203 e, Quibuty 1000 vie 60 mmf .........%37%
Dual miff. racks (revr.) - 400 ma. 2 e @ 100 ma ew, ¢oIn-
\ll:::rkmmnum:kfor A CVRE SNso et wi n-llys. ﬂlleru ele. BEN- SILVER-MICA BUTTON CAPACITORS
DUAL CONTROL. ROXES FOR BULVRS - vvevo--- s B DIX B000Ee0aaaas DOB0006000a006S $40.00 (Erie, Centralab) $9.50 per 100
INSULATORS B-1% power hack {dynamotor). Taput: 12 1§5 mmf ... ee e *2.5mmf
vde @ 9.4 amp. Owtput: 275 wile @ 100 175 mmf ... vee . E2.5mmf
ma. 500 vde @ 50 ma. New. comhlete in 500 mmf e e eeieaaee =104,
_metal case with 2 plugs. filters, ¢ic...$6.85

DM 28-R.

H "%wdc @ 1.25 amp. ANTENNA, AN/122-A. Used in 1-ciement adeock arrays for

Outhul ;. 27 5 w. with high gein_and dircetivity. each dinole element is 12° long,
(-m-lusml_l('rmlnnl imxr ...33.25 lm:ule 1}5 %l.' lrblmi LExcellent for that new 6 or 2-muter
ZA/USN L0315, Input: _|,. @ 4/2 heam. Don’t miss this Ereut value.
amn. thut: 500 v.d.e. A0 m $5.65 cach or 4 for $20.00
pact Square shabPe. slze 774"x1 "'13 83 95 AN':'?NI;I‘A AH/I5M-A. The rluml;u“?,ll.u-h:uul]c antenna, used
ZAJUSA 6. .12 . with the SU'R 522. Tdeal for meblle duarler wave, because
R/I’i/lamu Oﬂ:‘x‘uu'l ‘ng“:.d.c. /@ ll‘;l‘n:‘ﬂ. g of [ta streamline constructlon: or 2 unlts can be used lo
@ 3 amp. Compact Ssquare, size form a dipole for 2 meters or for TV and KM receptlon.
-%»x.;%v,y _____________________ $4.25 Consists of copper sheath 21”7 long moulded about a womlen

support, with 83-1R coax connector. $.75 ea., or 2 for $1.35.

*582 *650 *48{ 3:‘ = ]"P\m‘ S Ou‘ 15.01'.‘.152 53 AN/128-A, For Ligh galn and directivity on 2 meters. Consists
- - i . of 2 vertieal elements working agadast a squ:ne retlector,
#650: Lapp-bowl feed thru. Similar 1o National X8 3. !,’“[ "460 n‘]: aln{.l‘ ,_,(;“]S"“" 5"’/"’30 5‘3‘;‘5 approx. 3'z4’. Impedance is 50 oINS . eveeeureean..s $40.00
- olaz " hole. [ 215/260 ma and 2/8VDC ... ...
SRR T i, Pl 27 ol 40-600 MC DIRECTIONAL ANTENNA
2584 Feed-thin, Made of stea INVEHTEHS 140-3i0 Me cone and 300-600 Mc cone, cach consisting of 2
¥its 1%~ hole. 5 L x 1& end fed half wave conical scetlons with enclosed matehing stub
. $.49 or 4 for $1.50 PE 206-A. Inpuit: 28 v.de @ 38 Amp. for reactance chaages with changing frequeney. New, eom
#582: Antenna feeder support. Holds wlneX line also, 1 L | Quipui: 80 volts @ 500 volt-amp, 800 «¥. § plete with mast. guss, cables. careying chest ......... $49.
"X 114" diam. Hole slze: %n_ Leland  Elcctric. New. complete wlth In-
: h $.17 or 10 for $1.00 struelion book. relays, filters, elc...$12.50 Contrel Unit BC 1073
#181: Sameo as 2581, except it is ||,4..~ T.ong. I'E 218 -Input: 25-28 cile. @ Y2 amp. Consists  of pulse-generator and_waremeter which measures
o ach $.12 or 12 for $t.00 [ Ontput: 115 Im!lsi- l-‘n\ﬂo solt amps. 38(‘!&?83 freauencies fram 150 to 210 me. The nulse generalor makes an
v, M o uality stea- ry. lal Sleetrie. New. ..o Lo ... ., excelient  square-wave genctidor with variable  bulse-widths,
FASC l.l\ll:-‘n::‘l‘lhﬂ:m'::: ll:f::](!lallolii flnlrltg«:l eml:xw .‘\lc:n .ﬁnmel‘;le Usel. “'1 L ...$20.00 The wavemeter cin be mumlitted Into a UINE oscillator, 117
47 Bo X 8" dlam. - oevi i .. Ea, $.25 VAC., G0 ebs oPeration. W/lubes. .. ceeivenrnuernnans $50.00
SONAR SOUND AT aets 10 HEADSETS
DETECTION UNIT GENCY XMTR P s s 2 oo contacgs 33 || Drnamte mike and headset comina-
i 7920-21 Comtactor. SPST, 24-28 vde llon1 i.\ lhif'h llull‘lll{ rlllcl{'ut m'xr
ste soundl i 5 S : Cs Ay used In 1t-1% tan mirs. Mike am
:\::1:1 f::- ﬂt'i:hﬂilllfarn\::::ln(r.\';:“ﬁ-" s(-_;"nll: Tmt,?’mSIgQ pu':nl contacts 400 amps ..... 5006000 s_l.zo photies comblete, new “$2.75
within a 15 milo area. Using a Ro- Lk ';’0 k‘ s ‘;_ 107I8F, Antenna “h“"g““"" bl DTS It-15 headsets: 000 ohms npmlnnm-
chelle sult rn‘slali. l\||||r'l|1 is about Jm:ﬂ :'elncly 0“_;‘5@ en(,‘enn P8 ¥AE teern.eecarans eenean si. r“h[hﬂi ﬂulxh[iom ‘l\mne: ik 8 mrg
times more scnsitive than quartz. 1 . ami plug 1" 55, W teennerans 1.9
ix completely enclosed Ih'a solid rut be manually keyed MINIATURE RELAYS ns 3 hem'[set. ey e
:':fxi:]:r!};:h' 1.11.35'5 l:“"::aﬂ;(:r“.;:i-’h-:\:\;«l'. t?o:;;lpsfm;t ‘:(-ldl' (Approx. size: 1%4"x1"x114") ons out b,’,‘s}""""“" hoiso ‘“_"i_#,l"l‘; _l"[_
Couplid to an_audle amblitier this el N n ormatian. 4PDT, 23-28 vde, # B4 10059-11 S 70 et B LB e B S
he forne] to have many valuable ap- o Batteries re- DI'DT, 22-28 vde, 3 :"d t,glllillerin $ 8%
plications. 1t's the Maodel JIt which quired. Hand SPDT, 24 vde. B A e ISo0n vis SutmS 35
contains T microphone unlts. . . $12.50 cranked ...$25.00 55838 L..iiencreeana- ... $.60 LA LB C

CROSS POINTER
INDICATOR
Two 0-200 microam-

pere movements,

case, many applica-
...$2.50

All merchandise ‘uaranteod. Mail orders promgtly filled. All prices, F.0.B. New York City.
Send Money Order or Check. hipping charges sent €.0.D

COMMUNICATIONS EQUIPMENT CO.

131 C. Liberty St., New York City 7, N.Y. Digby 9-4124| v
RADIO-CRAFT for
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I Put You to Work with Your Hands to LEARN RADIO!
You Build Receivers! You Make Typical Defects Occur
and Make Tests to Prove the Theory!

LEARN RADIO
to MAKE MONEY!

Dozens of Circuits — Simple
and Complex!

YOU DO
F.L.SPRAYBERRY, PRES.

IDENTolthe SPRAYBERRY OVER '75
ACADEMY OF RADIO. This INSTRUCTIVE
is 1h wh i

Fur MR B pears EXPERIMENTS

expecience and Radin
“know how'' assure you of
{he finest in heme Radln

Tealningl /( ,ﬁ:
-

YOU BUILD i
ALLTHESE TESTERS
esesses AND MORE!

I give you a fine,
i’( - moving-coil type

1 Meter  Instrument
on* Jewel Bearings
—~— with pares for a

complete Analyzer
. Circuit Continuity
Tester. You learn

how to check znd

correct Recciver
defects with professional speed and
accuracy.

You'l! get

valuzable ox- .\
perience _:md
peractice
building this
Signal Gen-
eratoer and
multi-
purpose
Testes.
Makes a
breeze out of fixing Radios and you
don't have to spend money on rcadye
made Equipment.

Set has Long and
Short Wave Tuning..
All Sprayberry Equip,
Is yours for KEEPS.

S . A »  Emh
SPRAYBERRY HOME TRAINING is PLANNED to MAKE MONEY for you FAST! ¢

- . » u. ]
. e 3 | * .
I train you with regular professional Radio Equip.  the finest kind of “bench” experience. And you get ‘D, ‘.

ment. I tell you exactly whatto do ... how todo  jc right in your own home. In no time at all, you'll ‘é' @ &

it. You handle Radio P.nr:s. sce thc.m Operate,  he ready for a business of your own oc a good job
learn what they're for. With the fine Kits I supply, in Radio. FM. Television \

you learn how 1o build Radio Circuits, construct Radar, Industrial El &
your own Test Equipment. I'll show you how to Fegrg Fndusigmill klec: *°

cause typical Radio defects so you can watch and  tronics, ctc. Now's ]
sce how they act. You lcnrq the l:ues't methods for  the ume to get ‘a,\ gee a really pracrical slant on Radio
trouble-shooting and repair. All this adds up 10 stwarted! A\ N that leads 10 4 money-making future

- mE NN NS BN RN SE Wy

B

a
@9

=
lga

_(’

Soldering, wiring. connecting Radio
parts . . . building Cir¢uits with your
own hands — you can't beat «chis
method of learning. When you con
struct this Rectifier and Filter, Re-
sistor and Condenser Tester, etc., you

.
VETERANS! s END F o R MY SPRAYBERRY ACADEMY OF RADIO &
‘ F. L. Sprayberry. I'resident
Approved for - 2 Room 2068, Sprayberry Building, Pueblo. Colorado
a_a 7 Please rush my FREE copits of *'How to MAKE MONEY in RADIO. ELEC- .
G.l. Training FR E E Bo o s. . TROWICS and TELEVISION' and “HOW to READ RADIO DIAGHAMS and
Under Public ‘ C Check here if a veteran. i
1 i . A l Name ... S o T e sp—— aan Age
Laws. 6 and 346 “How To Read Radio Diagrams and Symbols" .
Mail CouPon A wonderfully complete new book. which explains in . Address .. ..... S —————— =
for Full simple Engllsh how to read and understand any Radio
rru Set Diagram. Inc¢ludes translation of all Radio sym- city state B
Details E-Olsi |S""‘d for this ;olugm ﬂ} ""‘8”" :‘5.1 fre?;.- \ﬂ:h I ...............................................
h 3 i You another Big _Free Book. describing In )
detall :f;‘ Radio 1Elnt:“rnnic Training M BN B ™ in envetone of pasts on senny posteard) [ N N

JUNE, 1948
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SAVE ON SURPLUS /

ot ¥
5

CATHODE
RAY TUBES

3 CP 1 (Ind. Sereen) 95
3DP1.A (Ind. Screen? .95
3FPT-A 1.35
3 HP 7 1.45

add 25¢ each to cover
postage and handling}

S FP 7 1.75

5CP1 1.95
5 BP 1 2.45
S HP 1 2.45

add 35¢ coch to caver
pastoge and handling)

7 8P 7 2.65
T¢CP 3.25

ladd 40c¢ each %o cover
postage ond handling

9GP 7 _. - 3.50
(Shipped express, charges

ALL |
NEW,

BC 450
CONTROL
BoX

Triple remate control box for Com-
mand Receivers (SCR 274 N Serics).
Equipped with 3 tuning dials, 3 valume
controls, and 6 selcctor switehes, Used,
but in ¢xeellent condition, o steol ot
only 51.50 co. (Add 25¢ to cover pos-
taqc ond handling.!

Ser

couple.

only $1.95

ly $1.95. Add

ling.

PHANTOM
ANTENNA

IS¢

A transmitting
antenno, for use an
approximately 450
MC. Complete with
standaord ¢oax can-
nector. A weather
proof unit, (Add
25¢ to cover hond-
ling ond postage?

STEEL OXYGEN TANK

These tanks are approximote-
ly 44 lonqg by 6 in diemcter.
They will stand up to 400 Ibs.
pressure, and hove an outict an
cither ¢nd threaded with stan-
dard V3" pipe thrcod. A real buy
otonly $1.50. (Shipped Enpress
Chorges Collect,

sele, minimum order $2.00, No
C.0.D. orders occepted. Michi-
gon residents must odd 39, State
sales tox,

Lommand et .

Afntenna,
e :/ay 75/ 25

Antcnne Relay Unit BC.442A ar RE-
2/ARC-5. Originally used on Command
SCR-274). Contains an antenna
change-over relay, o 192 milivolt me-
ter, with an cxternol ¥4 amp. thermo-
The meter scole
current on lincar scale colibrated O to
10. All new. A truly scnsational buy at

ond hondling.)

FORMATION STICK

Criginally wsed in con-
junctian with the Automa-
tic Pilat. Contains innume-
rablc gcors and resistors;
a potentiometer and Cen-
trifugal Gowernor.
a gadgeteers paradise, and
a truly unusual buy ot on-

cover postage and hand-

reads R.F.

add 25¢ to cover postage

500" M)

3 CONDUCTOR
TELEPHONE WIRE

3 conductor Braided
insulated copper & steel
telephone wire. It is
made of copper for con-
ductivity, and steel for
strength. Worth au [east
3¢ per ft. Yet due to an
exceptional buy, we can
now oOffer it at less than
1c a f1.

Shipped Express Collect

N sRAND NEW

Really

40c to

complete lexcept batteries) in original cose.
Each unit contoins an instruction Manuol, Good
for detecting objects under the carth’s surfoce.
Requircs onc 6 volt and threc 4.5 volt batieries.

(Shipped express charges collect)

758

9.[_[_5‘ ené mﬁ’ﬁ

These qenerators ore cx-
cellent for truck or bus use.
They also will moke a tine
power supply for your radio
shack or nice light weider.
Brand new in griginal boxes
os pictured with pullcy,
$9.35 coch or with kcyed
shott less pulley - - $7.95
cach.

(Shipped Express Collect)

Now

12VOLT 50 AP

ALl
NEWS |

Due ta customs regulations which requitec ex-

N 7" cessive paperwork and pockoging complications, we
r connot accept orders for shipment outside the United

States or its possessians.

Recording
UWire # 179

6532 EAST McNICHOLS ROAD DETROIT 1

Aeres of Seupplis S

RADIO-CRAFT for

7 ALY

006 Stainlcss Stecl recording wire. New on o-
tiginol spools as used by Army ond Navy rc-
carders. Each spool contains ot least Va mile of
wire. Con be used on stondard wire recorders.
Add 25¢ to cover hondling and postage.

wwWw americanradiohistorv com
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NOTICE

We need room. That's why we're
slashing our alrcady sensotional prices
an these limited quantity items. Qur
stock is definltely limited, sa rush your
order now, ta be sure not to miss any of
these unusual barqains.

, LQQEEEQZH%ﬁ
Avel ’ 3«9/

B0y

Used primarily on aircraft & Marine ADF
Systems, Loop L
tric motor and selsyn. These loops have
been remored from salvage aircraft, but
are guaranteed to be in excellent working
condition.

P-21.A coantains an elec.

Shipped Express Collect

KADIO COMPAS'S

WORTH
A LOT
MORE

R5/ARNT or 433G,
cither of these Rodio
Compoass  Receivers
complete with tubes.
Ideal for conversion

tor home reception.
9{ Used but good. A reol
buy ot only S TS
(R {Shipped express col-
lect)
PP e g

'd

LIMITED

SuPPLY
AT

LS.1 Squadron Signal Genera-
tor (Navy Type CML.60049)
used for Type ZA Glide path

equipment. Frequency range
90-95 mc. Amplitude modula-
ted - variable frequency; oudio
ascitlator tuned ta 60 cyclcs.

R F level mcasured by self con-
tained VTUM. Contains 0-50
micro-amp meter,

Shipped Exptess Colleet
has o s s n s aias

NO C. 0. D. ORDERS

MICHIGAN
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Pofit Through Training in

Prepare at HOME or in our CHICAGO LAB-

ORATORY to get REAL MONEY, a BETTER!

JOB, or a BUSINESS OF YOUR OWN . . . .

Our business is helping men . . . and young men . . . get into
a well-paying future in the highly profitable fields of RADIO-
ELECTRONICS. During the past sixteen years we have
trained many men who desired better jobs or businesses of
their own. We can effectively provide you with this same
opportunity either in our new, modern Chicago laboratories
or in the privacy of your own home.

TAKE YOUR CHOICE

If you cheose to come to Chicago, we shall find comfortable
living quarters for you. If you train at home, we shall send
you modern, practical equipment. In either of these two
methods, you will have the supervision of some of the finest
instructors in the country. Fill in coupon below and we shall
send you, absolutely FREE, full information about our pro-
gram of building men for better opportunities in RADIO-
ELECTRONICS. DeForest's Training, Inc. also includes in-
struction in FM Radio, Television and Industrial Electronics.

If you prefer to remain at home, you receive eight (8) big
kits of radio parts and assemblies from which you can work
out dozens of fascinating radio circuits to gain practical ex-
perience in your own home. In addition, you receive a 16 mm.
motion picture projector and 12 information-packed reels of
film which help you learn faster . . . easier. You also get mod-
ern looseleaf lessons with handy fold-out diagrams.

EMPLOYMENT SERVICE

When you complete your training our cffective Employment
Service helps you get started toward a real future. Mail cou-
pon below today

do not delay.

DeForest’s Training, Inc.

JUNE, 1948

E. B. De Vry, President
DeForest’s Training, Inc.

VETERANS

Both our (1) Chicago Laberatory and
(2) Home Study training are accepted
under- the “G. I. Law.”” If you qualify. the
Government will pay cost of either training you select.

MAIL THIS OPPORTUNITY COUPON NOW!

a2 a
B M. E.B. De Vry, President 1]
= DeForest's Training, Inc. [ ]
B 2533 N. Ashlond Ave., Depl. RC-E6 |
m Chicage 14, Hlincis =
= Piease show me how | may get started toword a good iob or @ busi- =
B ness of my own in Radio-Electronics. H
= u
= ]
= Name. .......... fo| SRSRSNeYS o). 0 /6%5%% o SIENeToTTe ofele a mpnseseld Fosessse. Ageeiaressnass =
n [
B Address. o oueeonecrensscesnsnssesssessaneensacsnsesnnns Apt .

: -
]

B Cityr supizanmibicradle « opifone PR S Zone...... Stateceseccasanane =
[ ]

[ ] tf under 16, check here if o discharged Veteran of World War Il =
] for speciol information. check here. 1
[ ]

L LI T T [ 1] II

CHICAGO Associated with the DeVRY Corporatjon
ILLINCIS Builders of Movie & Electronic Equipment
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JUNE ¢ 1918 — Special FM Issue

EDITORIAL l l .l.\ I ' . ‘ '

The Rising Tide of FM ... ... .. ... .. ... . ... ool ....by Huge Gernsback 17 | | N
=HA AN B B
COVER FEATURE

Frequency Modulation—1922 and 1948 B by Edwin H. Armstrong 20
Incorporating
FM (P ages 21-61 SHORT WAVE CRAFT* TELEVISION NEWS®
. ) ADIO & TELEVIS
FM Fundamentals i . by John B. Ladbeﬂer 2t *Trademark l‘l‘ﬁTu!:rcd u. s, l':u-l::':)mco
FM Receivers . . 22 P
FM Sweep Generators . . . .. by Bob Stang 25 HUGO GERNSBACK =~ 4
Advantages of FM by Leigh L. Kimball 26 (eI AL eI
FM Tuners .. . 28 FRED SHUNAMAN, lManaging Editor
FM Receiver Servicing Technique by Milton S. Kiver 30
Simplified FM Receiver Uses Crystal Detector by Robert E. Altomare 32 M. HARVEY GERNSBACK.
FM Discriminator Circuits by Douglas H. Carpenter 34 i Consulting Editor
FM Receiving Antennas by H, W. Secor 38
FM Receiver From War Surplus Radio BC-624 . by Robert C. Paine 38 b U Ul wjz"z\:;,(,::,‘m: Editor
Complete FM Station List . . .. o 40 NI YT
; A v
Glossary of FM Terms. .. .. .. . L compiled by John B, Ledbetter 44 Production Manager
Fnreign N(!“'S (Pago 6“ I. QUEEN, W20UX, Editorial Associate
Report From Britain .. o .. by Major Ralph W, Hallows 68 ELMER FULLER, Shortwave Editor
Construetion (Pﬂge 69 G, ALIQUO, Circulation Manager
Modern Crystal Receiver. ... .. . = ... ... ... by W. V. Nutall 6%
JOHN J. LAMSON,
Sorvicing (Pages 71_74-) Advertising Director
Return of the Veteran ... .. ........... by Emmett Brightwell 7| ALFRED STERN, Promotion Manager
Production-Line Technique for Service Shops ... .. ..... e e by Jack King 72
Audio (Pages 75-76) In Our Next Issue
Connecting FM Tuners. . ..... e by Albert Loisch 75 INGENIOUS TEST INSTRUMENT
TELEVISION PO WER SUPPLY
Amateur Pages 77-79) DOUBLE BRIDGE VOLTMETER
A Sailplane Transmitter H 530880906 800060000000ARa G .by Fritz Compton 77

On the Cover:
Test Instruments (pages 80-81)

Economy Voltmeter. .. ...... ... .. i ...... .by Homer L, Davidson 80

Departments

The Radio Month - . ... T .18 |

Technotes R e R . 46

Radio-Electronic Circuits = ... .. o R . . A . b2

New Patents .. . . A 64

Question Box ......... . . 3000 66

Try This One .......... . s . 67

New Devices e . . ... 1o

Communications ........... . S . e . 82

Book Reviews ... ........ . . A 87

“NEW LOOK™ FOR RADIO-CRAFT Major Edwin H. Armstrong,

For the greater convenience of our readers, Ranto-Crarr introduees a new format thix Father of FM, in the shadow
meonth. All articles on the same subjeet are grouped together, “Sign-posts” are placed of one of the latest anten-
on eaclt page. idemifying the sabject. Continuations (except where unnvoidable) will nas used for FM broadcasting.
be eliminated in the next few isswes. We trust you will like the new classified and
systematized Ramo-Crarr. Let us have your reactions! Chromatone by Aiex Schomburg

ABC PAID CIRCULATION & MONTHS TO DEC. 31, 1947—102,688. (Publishers Statement) PRINTED FOR JUNE 1SSUE—I53,000. -

AADCRAFT PUBLICATIONS, INC. Hugo Gernsback, President; M. Harvey Gernsback, Vice President; ©. Aliquo, Secretary
Contents Copyright, 1948, by Radcraft Publications, Inc. Text and illustrations must not be reproduced without permission of Copyright owners.

RADCRAFT PUBLICATIONS INC. ® PUBLICATION OFFICE 29 Worthington Street, Springfield 3, Mass. Address all correspondence to N, Y, office.
EDITORIAL AND ADVERTISING OFFICES 25 West Broadway, New York 7, N, Y. Telephone REctor 2-9490. BRANCH ADVERTISING OFFICES: Chicago: 308
W. Washington Street, Chicago &, Ill. Tel. Randolph 7363. Detroit: Fran Holstein, Manager, Room 402 Lexington Bldg., 2970 West Grand Blvd., Detroit 2,
Mich. Telephone Madison 7026-7. Los Angeles: Ralph W. Harker, Manager, 606 South Hill St.. Los Angeles 14, Calif. Tel. Tucker 1793. San Francisco: Ralph W,
Harker, Manager, 582 Market St., San Francisco 4, Calif. Tel. Garfield 1-2481.

RADIO-CRAET, June, 1948, Volume XIX, No. 9. Pubtished monthly on 25th of month preceding date of issue. Allow one month for change of address.
When ordering & change, please furnish an address stencil impression from a recent wrapper All communications about subscriptions should be addressed to
the Circulation Manager, Radio-Craft, 2¢ Worthington St., Springfield 3, Mass., or 25 West Broadway, New York 7, N. Y.

SUBSCRIPTION RATES: United States and possessions, Mexico, Central and South American countries, $3.50 a year; $6.00 for two years; $8.00 for three years.

Canada, $4.00 a year; $7.00 for two years; $9.50 for three years. All other foreign countries, $4.25 a year, $7.5¢ for two years; $10.25 for three years.

FOREIGN AGENTS: Great Britain: Atlas Publishing and Distributing Co., itd., 18 Bride Lane, Fleet St., London E.C.4. Australia: McGill's Agency, 179 Elizabeth
Street, Melbourne. France: Brentano's, 37 Avenue de |'Opers, Paris Z2e. Holland: Technisch Bureau Van Baerle, Bemelmans & Co., Heemsteedsche, Dreef 124,
Heemstede. Greece: International Book & News Agency, |7 Amerikis Street, Athens. So. Africa: Central News A%ency, Ltd., Cor. Rissik & Commissioner Sts.
Johannesburg: 112 Long Street, Capetown; 349 Smith Street, Durban, Natal. Universal Book Agency, 70 Harrison Street, Johannesburg. Middle East: Steimatzky
Middle East Agency. Jafa Road, Jerusalem. India: Susil Gupta (Distributors} Co., Amrita Bazar Patrika Lt., 14 Ananda Chatteriee Lane, Calcutta.

RADIO-CRAFT for
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PHOTOFACT Publications SEg2 0 Extra gog

Help You to Success!

Have more practical, useful, complete i, | “ =¥
tata than you can get anywhere else.... <

READY NOW!
PHOTOFACT VOLUME 4

Includes First Three TY Course Instaliments!

NOW RUNNING IN CURRENT
PHOTOFACT FOLDER SETS

Latest companion to popular Volumes 1. 2 and 3
brings vour file of post-war recceiver service data

right up to July 1948' Most accurate and com- Here's the fiest practical, successfully proved
plete radio data cver compiled an absolute D P e e et G el
MUST for all Servicemen. Everything you need

to know for [aster. more profitable servicing. in Now — at no extra cost to you you can pre-
handy, unified form. Includes: Exclusive Standard pare for profitable Television servicing without
Notation schematics: photo views keyed to parts taking time off from your business. If you can

lists aud alignment data: complete parts hListings
and proper replacements: abgnment, stage gain, service @ Superheterodyne, the PHOTOFACT

circnit voltage and resistance analvsis: coil resist Course will teach you clearly and simply how to
amm,] d-'.-:l cord stringing ‘dnsassrmblyo' Tsln{’cl;ons. service a Television Receiver. Telegrams, letters
record changer repair instructions rder Volume )

R | and ‘phone calls by the hundred acclaim the

Your Price :OI::“’::’UJ, I:\:N;::c R R R first installment of the $500 Television Course
Each Velume, which appeared in PHOTOFACT Folder Set No.
in Deluxe Binder Vol. 4. Models from Jon. 1, 1948 1o July 1, 1948 JB. If you haven't started the Course (which is run-
Vol. 3. Models from July 1, 1947 to Jon. 1, 1948 ning in current PHOTOFACT Folder issues) be

S 39 Vol. 2. Mmodels from Jon. 1, 1947 10 July 1, 1947 sure to pet PHOTOFACT Sets No. 38, 39 and 40
Vol. 1. All post-wor models up te Jon. 1, 1947 today! Stay ohead of the game with PHOTOFACT!

S :
1947 Automatic Record Changer Manual Don’t Miss a Single Installment!

Nothing like it! Covers more than 40 different post-
wnrl models. Absolutely accurate, complete, author- Dial Cord Siringlng Guide
rtative — based on actual analysis of the equip- i
ment. Shows cxclusive “exploded”” wviews. photos The book that shows you the one right

from all angles. Gives full change cycle data, ad- yr = way to string a dial cord. Here, (or the
first time, in one handy pocket-sized book.

are alt available dial cord diagrems cov.

justment data. service hints and kinks, complete
parts lLists. Shows you how to overcome any kind

Autmatic Record Chasger of changer trouble. PLUS — for the first time ering over 2300 receivers. 1?3? throukgh
Service Manyal complete, accurate data on leading Wire, Ribbon, 1946. Makes dial cord restoinging quick
Tape. and Paper Disce Recorders. 400 pages; 814 7'x and simple. Pays for itsell in time saved
© K s st § o 11”; hard cover: opens fat. Don't be on a single dial cord repair job, A “"must
without this manual. ONLY $4 95 for every scrvice bench and tool sl oo

.

kit. Order today! ONLY
Y Radio Receiver Tube Placement Guide

BOOST YOUR EARNING POWER!

The book that shows you exactly where to replace
cach tube in 5500 radio receiver models. Covers

| reccivers from 1938 to 1947, Each tube Inyout : Mail This Order Form :

is illustrated by a clear, accurate diagram. Soves 1 ;%Iﬁogwa?hi:’guﬁfgﬁ la:ld?a?\.npfarlqi::hﬁ Indiana 1

time — ecliminates fisky hit-and-miss methods. es- 1 |

pecially when the customer has removed tubes from : My (check) (money order) for § -enclosed. :

the set. A handy pocket-sized 192-page  book. | [ Send Photofact Sets 38, 39 40 1

indexed for quick reference. You'll use it profitably ] ) 1. 56 pﬂ_ lSol) |

g [] . |

every single day. Order several copies sl 25 ) Send Photofnct Vo!um:- 4 (including Sets Nos. 31 i

for your bench and outside calls! ONLY 1 through 40} in DeLuxe Binder, 18.39, 1

. vol. 3. [Vol. 2. [lVol. 1 ($18.39 each). :

Automatic Record Changer Manua!, $4.95, :

. P N ube acement uide, .25, |

HOWARD W T Pl Guide, $1.25 1
INDIANAPOLIS 7, INDIANA Dial Cord Stringing Guide, $1.00. 1

Export— Ad. Auriemao—89 Broad St., New York 4, N. Y.—U. S, of Americo [ISend FREE Photofact Cumulative Index. :
Canada—A. C. Simmonds & Sons, 301 King 1., East—Toronte, Ontario !
Nnme —_—— —_—— — [}

[}

PHOTOFACT SERVICE — :
“The Service that pays for itself over and over ogain City State :
= — o - = = o |

JUNE, 19438
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Do not fail to closelv examine this list of bargains. We believe thal every item
listed helow is a sensalional value that soon can never be repeated. AH equip-
ment advertised herein is unconditionally guaraniced to the customer’s satisfac-

tion to this extent:

(A} IGNYTION SWITCH
3" across fate and 2” deep. Has off pesl-
tion or will switch to either or both of twe
circuits $.60

(B) BENDIX SCINTILLA MAGNETO SWITCH

high x 4 wide x 3* deep. Contains one
oﬂ on toggle type switch. two rolary type
switthes each wi(h oft position and two on
positions. $.75

(C) CUTLER- HAMMER SWITCH ASSEMBLY
Consists of four DPST _ bat-handle toggle
switches. each rated at 20 amps (25 wolts.
with connecting straps. Prico per assembly
of four

{D) CIRCUIT BREAKER
30 amps. 2"x2"x3.". Automatic push to re-
set. New .

(E) HEAVY DUTY TOGGLE SWITCH
CH type C-5A DPST 20 A. 125 V.

(F) HEAVY DUTY TOGGLE SwITCH
CH type AN-3023-10 DPDT Momentary
Contact 30 A, 125 V. ..

(G) SOUND POWERED TELEPHONES
Shinping weight about 7 Ibs. aer pair.
Reaulre no batteries or extermal source of
power. Will operate up {0 several miles with
two wire cireuit. or use one wlre and
ground, lightweight. Brand new. Price per
pair .519.50

(H) HEAVY DUTY TOGGLE SwITCH
CH type C:2 DPDT Center off 30 A, 125 ¥ §.50

W HEAVV DUTY _TOGGLE SWITCH
AN-3022-68 SPDT Center off 30 A. 125 v. $.25

(i) HEAVY DUTY TOGGLE SwITCH
CH tyne AN3027-2B DPST 20 A. 125 V. $.25

{K} MICRO-SWITCH
weather-proof. metal clad. t0 A, 125 V.
type YZE.TRQTN SPST normally open. $.35

SN8/APQ-5B

Contains 31 useable tubes consisting of 2—6HG's,
3—G6ACT's, 2—2050's, |—6SA?GT, 2—VRI05's, 10
—GAG7's, 7—6SN7GT's, I—VR75. 2—6SLIGT's:
|—6N7, Other parts such as 17 Shallcross pre-
wire-wound resistors of 30,00 120,000,
250,000, 20,000, 200.000 aml 100,000
value. Relay DPDT, variable condensers,
Amphenol and Cannon connectors. tap swlitches,
networks and transformers make this another in-
valuabls parts item at the advertisad Jow price.
Weight 28 Ibs. Contained in aluminum case
17%°L % 11"W x 7%~
PRICE

LS-3 SPEAKER

6" PM type, housed In
heavy metal case. Con-
talns outeut transformer
to match 4000 ohm [m-
pedance. Used but guar-
anteed okay. Slze about
8”x87x4". Shlpping welpht
approx, 10 Ibs. Has Jack
for plugging In cord to re-

Iver. Ideal f
gcv-earw r:eaiv:rr. $8'50

Return anv item advertised within five days after delivery

for full refund exeept transportation charges (both ways).

TYPE CRZ-43AA AIRCRAFT
RADIO RECEIVER

Another item for the YHF experimenter. Con-
tains ten tubes: &—SH7's, 2—éHé's, and 2—
7193's. Relays, condensers, resistor? Amphenol!
connectors, dyramotor, carbon pile voltage reg-
ulaforzgnlcll) nusrperoué a}herlra’:s Weight ap-
rox. s. Size, 12"W x 11"

%80 $6.95

BC-800A RADAR
TRANSMITTER & RECEIVER

Loaded with tubes and components for the VHF
experimenter, Contains 19 tubes including 1—
955, 3—956's, 1—2C26 1—5U4G, [—2X2, 1—b6SN7
7—8ACT's, 2—6SL7GT's, |—46V6GT, and |

6H4GT/G. Several HF tuned circuits, 7 amphe-
nol chassis fittings, sockets, 24 V., blower and
motor {will operate on 1i0 V. AC), I—4Mf{d.
400 ¥, condensers, and many other resistors and

parts. Weight approx. 40 lbs. In
Peetal case 12v20 x 1;H x 0 $14.95

L.
DYNAMOTOR PE101C
Size about 4” dia. x 14" long. Shipping weight
approx, 15 Ibs. Made to order for BC-445A 420
Mc. Citizens Band transmitter.receiver. lnput
13 or 26 ¥, DC: output 400 and 800 Y. DC and
9 V. AC. Brand new in original $3 95

sealed cartons

e

ARGON INCANDESCENT LAMP
2 watt pear shape with regular AC type
screw base. NEW 35¢ ea.

Sold c¢arton of ten only.

WESTINGHOUSE MERCURY-VAPOR
Battery charger bulbs. Commereial 6A. Style
289416, for screw socket. For 6 or 7 hatteriea
charged at one time—2000 to 3000 hours
;iéh special high resisting glass.

www americanradiohistorv com

BC-1155-A SYNCHRONIZER

Another Invajuable unit for the Television and VHF ex-
perimenter. Contains 19 Mc. IF strip using 5—WEZI7A
tubes. A total of 24 tubes included. consisting of 6—
WE?17A's, 2—6SL7GT's, 2—6ACT s. 5—G6SN7GT's. 2—
6N7GT's, 2—GLB's. 1—6VGGT. 2—6AGT's. 1—6ACT.
and |—BH6GT. Other pafts included are 6 pots, 10
Amphenol 831R thassis connettors and numefous con
densers, resistors. and transformers. Weight $l 7 75
22 |bs. Size 21”L x 1143°W x 74"H, PRICE

PP-51 APQ-9 RECTIFIER-POWER UNIT

400 cycle 115 V. Contalns 4—S5R4GY tubes, 2—4Mfd.
1000 V. DC condensers. 2—1 Mfil. 1500 V. DC cone
densers, 400-2600 cYcie trnnslnrmen powel Fesistors.
etc. Weight 38 1bs. Slzn 2I"L x 5157w x $4 95

7%"H

SN-7C APQ-13

Sensatlonal offer for Television engineers. Centains 19
Mc, IF strip containing 5—WEZI7A tubes,

strips containing 2—5A K5's. G

4—6SN7GT's, 2—6N7's, 2—6L0's.

2—GAGY'S, |—6V6. A total of 26 tubes. Other Darts
such as DPDT relay, 7 pots. 12 Amphenol 83|R chassis
connectors, and numerous crondensers. toggle switches,
RF chokes. variahle condenser nnd 1ranslormers
weight approx. 25 Ibs.

x 735"H. PRICE

PP-2/APQ-5 POWER UNIT
400 cycle, 115 V. Contains 10 tubes as follows: 2—

5U4G's, 1—6X5GT, 4—6Y6G's, I—85L7GT. 2—VRI50-
30°s and numercus condensers, mers and  re-
sistors. Weight 17 Ibs. Size 217 Lx 5'/;'W x $ 75
7Y%"H.

RADIO-CRAFT for

’\
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RECEIVER AND POWER
SUPPLY FOR APN-4

16 tubes I—6SN7. 1=—6SL7, 1—6HB.
R105-30. |—6Si7, 2—2X2, J—
5U4G. 3-—6B4G,

Z65a7. shi
welant 32 fos . TO0A reing $19.50

MARKER-BEACON
RECEIVER

Can be adapted to radio controifed devices. Was

used by pilots to flash a signal lamp on aireraft

Instrument panel when in range ¢f a beacon trans.
from 24 V. DC. Can be
adapted for radio con-
shown below:

BC-357 —contains 12C8
breathing bot- ‘
tles. Non-shat-

(B) Withstands
500 Ilbs pres-

‘ < mitter. Responds to mod.
trol of experimental ap-
o
3 and $25Q7 tubes and
’ sensitive  rel (size
5% 15'.‘ !%2
4 BC-1033 — contains
© g @ 6SH7. 6SL7 and 12SN7
tubes. sensitive relay
— i 4 $3.50
terable, Choice
sure.

ulated signals over a va-
Jt T
paratus opening garage
" x 3V"
of two types.
CHOICE

Contains
4—6SK7, I—V

riable range of 62 to 80
L] }
==
. doors. ete. Circuit dia-
OXYGEN
{A) Withstands

Me. Tube plates and fil
aments operate directly
! gram and parts list in-
cluded on either mode?

z, TANKS

Avm!urs oxygen

2000 |bs. pres-

sure

Beautitully constructed in gray finish sturdy metal
cabinet. Operates on 24 V. input. Complete with
dynamotor. Has |—6V&6 and |—68)7 tube. volume
tontrol. carbon or magnetic microphone input.
gas(er‘lsed to slurdyg’res.slrl‘:nl mounlmql on rubber.
ize 6" x 77 x 9. phing weigh

{4 Ibs. $3 45

£88¢

T-26/APT-2 RADAR TRANSMITTER

Contains tunable YHF circuit using 2—JAN CTL 703's or
J6BAS tubes. Other tubes are: 2—5R4GY's, 1-—2X2, 1—807,
1—6AG?, 2—8AC7's, and |—%3A. Other parts such as
24 V. DC motor and blower, HY. condensers and frans-
formers, terminal strips and Amphenol connectors, knobs,
tx’se holders etc. 4211][(: thsls unit lnvalua:lle for parN alone.
eight appiox. s. Site 21"L x | ‘W ox
7%"?—! inprﬁefal case : $9-75

T-39/APQ-9 RADAR TRANSMITTER

Loaded with YHF parts and tubes such as 2—RCA 8012's

1—931A, 2—807's, 1—8AG7, 2—4ACT's. The RCA 8012's are
rated M 50 W. mpu? to 500 Mc. Contains variable paralletl.
plate usmllafor silver plated, ventilating blower and
motor, ceramic tap switch, pots, z;e{mma smps gears,
:ounters etc. Weight 36 Ibs. Size x 1017w

x 7%"H. PRICE $9.75

SPERRY A-5 AUTO PILOT
AMPLIFIER RACK

Contains 115 Y. AC voltmeter and 350-450 cycle
Frequency meter. A total of 4 amplifier chassis com-
plete with following tubes included in rack: 2—
1631's, 6—1632's, 3—1633's, 3—1634"s, and 2—1644
tubes. Numerous transformers, resistors and con-
deniers make this unit invalual}le for parts. Weight
38 Ibs. Size 12”°L x 14”"W x |0V "H.

PRICE $6.95

SCR-522 TRANSMITTER - RECEIVER

Operates from 100-156 Mc. Easily adaptable to amateur
radio, fire department, taxicab purposes, for mobile or
fixed station installation. A redhot item for the amateur
4-10-11 meter rig. In excellent condition. Complete with

all tubes, dynamotor, and remote control, and

not beat-up. Shlppmq weight 45 Ibs. $Z4-9S
Same as above except not in excellent condi-

tion and not guaranteed condition $I 495
Dynamotor for SCR-522. Size about 13" x 8" x 5 high.
Shipping weight about 35 Ibs. Delivers all necessary pow-
er for the SCR-522 transmitter & receiver.

erated from 28 V. DC or coupled to gas engine
or electric motor mechanicaﬁy $495

130 W.New York St.
Indianapolis 4, Ind.

Can be op- ]

1

BC-314 RECEIVER

Frequency coverage 1501500 Kc. in 4 ranges. Two

RF stzges. Ist detector. two [F stages. second
detector, RF oselllator. CW escillator and audia.
Total, 9 tubes. 14 V. DC at 5.3 amps, input to
dynamotor. Easily converted for 110 V. AC, Use
headphones or speaker or both.

New, with manual Bebeid bl b 5589250
Used e s - Y vee..$69.50

ANTENNA KNIFE SWITCH

Has 2!2° porcelain insulator bakelite base. heavy
blades 4™ long.

Single Pote Double Throw. i heauin.S 75
Double Pole Double Throw. - . L.oo
Trinle Pole Double Throw................. 1.25

INDICATOR SCOPE
ID-41,/APQ-13

About 6” diameter by 15" deep. Contains t—5FP7.
|—6AKS5 tube.5 Grain of wheat 3 V.pilot tights.

magnetic defleetion yoke. condensers.
resistors. potentiometers sockets. $695

WILLARD LEAD ACID CELLS

V. (New)

(Dry charged) $3.00

6 V. (In metal cart¥ing case) (Add electrolyte
spetific gravity {.265)
{Drugstore) o wimsoh b LMo MR B O

DYNAMIC HANDMIKE

High impedance type—with nress-to-talk switch
that shorts microbhone when released and operates
a relay or other circuit when denressed. Designed
for close talking PA and moblle communications
service. Speech is brisk and ¢lear. Made 10 stand
rough handling. Black wrinkle finished. Has 6 ft.
3 conductor shielded rubber covered eable and
standgard amphenol plug. Made by Electro-voice
for the Signal Corps. Comparable mikes $7 95
Iist at $28.00. SPECIAL. EACH

Unless Otherwise Stated, All of
This Equipment Is Sold As Used

CASH REQUIRED
WITH ALL ORDERS

Orders Shipped F.0.B. Collect

19438
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Na. T-1640 xeo. 53005 START STOP PUSH
4 oA TRANSFORMER BUTTON

e STWT s Designed for push starting or
built to Army specs. Hermet- == o Sing of 'hef“;“‘]““m:““'
’c.‘:l!'l"):in;f:lcf(:,r ‘:;1;};' Rufuu 5|;\: n TUBE KITS G Fast (é;:g;ul".;snocl)‘ iq cr,-uli'l

Primary 116 v. Got c(,.c,.ﬂl Com?‘l,l;tes(s:et— n{zTubes - ,smnu:l-,u:-l'”n (i}:-n. Ia;r‘i).fes‘

. et @ ma. Complite Set of Tubes [ '“.'].yoa m.‘,‘.'—

for BC-348 | siona pp $I .25
Weight 10 lbs. COm:'J‘I‘ileB%?lsozi Tubes
Your cost

L
A4 v
4 v

Specify Model Numbers \V“IB\kZX‘TOR POWER SUPPLY
N

tade by Mallory. 12

MODULATION T 4 4 volts input. Dc“v'f‘?rflc:?

volts @ 85 ma.
TRANSFORMER BC-348 Owners for mobilg receivers.
. i atte! cur-
Delfumml for xn 807 final. 8L6 CONVERTER for 8ROADCAST BAND - }—‘gr:(thmglade t:)y rigid
tubes as modulafors, small Convert that BC-348 without any alteratlon in \ i ifications
eompact job to handle med sourficeuit. Our special converier takes BOWSE Army specihiciiions.
erite power. from recelver. Just tuse your set to 450 ke. and .
forget it. Al tuning is done o0 a converted panel
$3 25 covering 550 to 1600 ke.—double conversion means
: ;lilqh Sensihvilvl. Ex:elllenlk Fld:tllly '::nd Hinhe& No. S-4611
electivity—ctomplete basic jt with schematic and | v
Tutl instructions—less enhassis dial and $6 50 HEAVY 8 PM SPEAKER
{uning knobs. Terrific Buy at S

Wil handle Power—
DYNAM'C MlKE £l 7 ‘:1 ‘:\"].nl'::o 5 !,\I.umel.

o A wenderful bu¥
llas push to talk switch ‘Thl‘:“speuker Is designed with

fully reproducing the low fre

quencies.
$3.89

” Only 1 to customer.
Complete with 3 ft. rubber cord and $~| 75 - mvL E -

P1.55 plu
- - No. Ha87 A o wis:  DUAL RELAY
No. M-162 - - " - : “v( con 0:
31/, INCH ”'S” METER 2) ‘,/Nk N oth relis
Used in a Bridee Cireuit, ANTENNA MOUNTING BASE A 4' el double pole. One
es/ /)

i Model 200.EA. 5-ELEMENT 2 METER BEAM
Kl ' l;“"",',’,'\,‘,',ef.' Ly Mol Ied di.pole driven element. All-aluminum
an be used ANYWRETO consiruction. Feed with low [mpedance coaxial
wonderful value Black ¢able. Amateur net price $8.40
Bakelite Frame.

designed for the famous ld ', Ripple Fdeed cone for faltl
=

3 ' ) . : ) single throw. One
will give you aceurate | ilere is a unjt for mounting your mobile ant, on double throw. Ceils
readings on your surplus | the car—made of heavy gauge steel with rubber Q.\b ean be paralleled
receiver or receiver not | housing enables your Ant. to take any kind of or used independ
equipped with meter. Uses | shoek without breaking. Will handle 50 ently
e Nighting meter | Ibs. 16 feet long, 5" diam. ... " $1.89 ’
face. $2.20 each
$4.95 No. M-248

5T 0.1 MIL MOVEMENT |y paon 2 VOLT STORAGE

: ' N . BATTERY
DYNAMOTOR ] E'.T:::.':..m:ﬁu meter-—27 ohms. Basie Wonderful for mobile

! ) used wherever 2 U
Used with the popular BC- mosemient i3 he 1 ., equipment. A rugged plas-
i ;35 tie cuse will allow you

5 -4 P
319 Radio Receiver. 12 volls -, j =.Meter in recelver or basic meter in &'t
input-—235 volts @ 90 ma. b Uil A A steal at ! 1o use this battery with-

test equipment 2 9 iy TY
Qutput complete with filter - | out worrying about break-
mounted in ean. y age 30 amp capacity

- $2.49 DESIGNED FOR THE 522 bl on Shis recharging.
No. C-611 ! 4 3 TRANSMITTER i 5 xS. $3.49

R‘F‘ UN'TS FROM THE BC-B]Z = A Four Band Seiector Unlit No. T-6042
Contain six coils which cover \Vhich replaces the selector mo- Pow ER TRANSFORMER

from 1500 KC to 18 Me. Has ;:l'mﬂ“ﬁ‘:nfgﬁu :’u_::[mluw1 {krl(;guogcy ar

A q i . w fr anel quickly. Can - avy . 1 T,
A ceramic band SV"_'l‘EEE i be incaned o §3 00 each g2 '@]a“'-':’r,o"‘.':.’;. B S
change from any coi. ac 10 minutes & ac @ 50 . 8, R
coil is tuped with an air pad- volt hias tap—po

i i cilloscope supply or any
der. Luild vour own receiver %mmnalo UL O pers

r signal generitor with this | Ne. 5 \tages. Size 5%7 hlkh
g&;sembly. A minr- $1 98 DI HEPTAL SCOPE ;?/;‘:muelsde 5" ?l(-en. Weight
velous Buy at ... . SOCKET 11" Tba.

Sorket 14 pin for the new 10HP1 com $5_45

plete with leads Designed  for hich
&) voltage. A very popular item.

WATERPROOF METAL BOX PR, K $1.49

NAVY FONES

Conmplete with foot
rubber cord.

pedance w004,

”:1‘“ h;lﬂnd

] adjustable
i \ ;himes are very sensi

Here is a Buy—Dual Grinder lvo amd designed for

rugged service.

HEAVY o S $1.75

DUTY -

Using 1,3 horsepower r VIBRATORS n stock

motor—I{ you do any

Kk uround the house oall Tvpe A Standard 6 Prong Base

endless mmr“;‘” 1 ] :, 0 Synchronous 6 volt, Type B.
e -t Same as above but

el for 110 v.
$36.50 twj Either Type $1.09

==cerost NJAGARA RADIO SUPPLY CORP.

Fasily opened. Completely sealed against
moisture when closed. large enourrh to use
for tuning units out ide al beam ut any plce
where waterprooling is neeessary r

Se high, B%" wide. B%” long .. $2.00

UNLESS RATED ALL PRICES
F.

160 GREENWICH STREET 0. B., N.Y.C.

NEW YORK 6, N. Y
RADIO-CRAFT for
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six o Which willYOU hold?

o

WANT YIIR FGC COMMERCIAL LICENSE IN AHIIRRY?

Use Cire Training and Coaching Service—and Get Your “Ticket’’ in a Few Short Weeks!

Thousands of new jobs are opening up—FM, Television, Get your license without delay. Let Cleveland Institute
Mobile Communication Systems. These are only a few of prepare you to pass FCC license examinations, and hold
the radio fields which require licensed radio technicians and the jobs which a license entitles you to, with CIRE stream-
operators. lined post-war methods of coaching and training.

Your FCC Ticket Is Recognized in ALL Radio Fields as Proof of Your Technical Ability

More than ever before an FCC Commercial Operator’s Employers frequently give preference to the license holder,
License is a sure passport to many of the better paying jobs even though a license is not required for the job. Hold an

in this New World of Electronics. FCC “ticket” and the job is yours!
Hundreds of Satisfied, Successful Students
‘I have taken the first class Dhome llcense ex- 1 passed the FCC examlnation in radio I have had my 1st class radio-tele- “After sending in Lesson E-9 I
amination and recelved my first elass tickel last  teledhone 2nd eclass. at lletroit on June bhone licenso since March of this year, took the commerclal operator's
Katur May 31 In closing I must say yours 1 3rd. and 1 want to tlank you for Your and Dlan to contlnue with yonr course license examination for 2nd «la
exrelly 1 L} you ready assistance ag my instnicter on 8 since 1 find reat he sl radliotelenione, amd passed OK
» d ave rer od me."” tlon 1 of Nilson's Master (‘ourse.”’ transmitters 1 received the llcense lasl weck
Rtudent = 2876N12 Student 2 2709N12 Student #2779N12 Student  # 2772N1

I can show YOU
HOW TO PASS
FCC :a5i0 orerarors EXAMS

If you've had any practical radio
experience—amatour, Army. Navy,
radio servicing or other. my time

franal o Skt 2o dot 1 CIRE training
coupon below and mail it. I'l send

you, FREE. the entire story. and coaching
G e
makes it EASY
to get your
FCC ticket
EVEN

WITH

= o
B i X

THE NEW B LT Ty penpppi gy
1 CLEVELAND INSTITUTE OF RADIO ELECTRONICS :
EXAM 1 RC-6 Terminal Tower. Cleveland 13, Ohio '
T want k ] my FUC ticket in a ® s} weeks. Send me vour FREE g
1 I] )y P L
: 1 as a sample FOC-type exam and Catalog A, describing opporiunities | :
1 1
] ]
L P -
1 1
1 ]
1 ADDRESS S BEOE GO0 508 B0Aaa BEABAA0AEEa0 A aA000E0C00a08 BA0HEEA0N0IRCERAGE00 !
] ]
] ]
g CITY D teriiena.ZONE So0aa EIL: S NGB 80000000 0685080 :
: IVeterans check for enrollment under G.1. Bill 1
1 NDO OBLIGATION — NO SALESMEN 1

e L L L T L L L L L L Ty ———

JUNE, 1948
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IN THE

RADIO DATA BOOK

The only Radio Handbook of its kind! . ..
1148 pages, 12 sections, each a complete
coverage of one radio subject,

Together, the 12 sections form the most
complete Radio Handbook you can BUY!
Easy to read . . . A quick reference!

Plan every operation in radio and electronies with
the Radio Data Book. This new radio bible will be
your lifelong tool . . . you will use it every day, on the
board, at the bench, in the field! Use it for engineer-
ing, construction, trouble-shooting and testing. The
RADIO DATA BOOK will be your invaluable aid in
design, experiment and in layout. It will help make
your production better, faster and easier. In any and
every operation in radio and electronics, you will use
the RADIO DATA BOOK!

The RADIO DATA BOOK is a work of complete authority,
prepared by engineers with many years of practical experi-
ence. They have been assisted by the Boland & Boyce staff of
editors skilled in preparing electronics manuals for the U. 8.
Signal Corps for many years. Thes¢ men have worked for
several years gathering material for this book , ., . all the
knowledge of radio principles and operation . . . all the sta-
tistics . . . all the newest developments in electronics . . .
every possible angle and detail. Eighteen months were spent di-
gesting this material into the most concise, the clearest, and
the most readable form. The result is this invaluable manual
« « « The RADIO DATA BOOK. Whether you use this book
for general reference, for scientific instruction. or for edu-
cation, one thing is certain—the practical help, the daily use-
fulness you will derive from it will prove to be worth many,
many times its astonishingly low price!

Here's a description of just ONE section—Section 5, Sound
Systems:

This section covers the planning, selection of components,
and assembly of complete P.A. installations. Every type of
unit and material used in a sound system is described. and
analyzed. Components are classed as to size and type of P.A.
installations in which they should be used. Tables and charts
are given from which to detcrmine power and ratings. Micro-
phone and speaker construction are described and illustrated
in detail . . . placement in auditoriums, etc., for proper
acoustical results is explained and illustrated. Patterns of
the different types of microphones are illustrated as are the
proper methods of wiring up the various units, ete.

The above is just one of the twelve big sections in the RADIO DATA
BOOK. We wish we had Toum here to describe all twelve in detail. but
just look over the list of sectiuns, and you will see why this is the best
radio handbook money can buy. Send in your order for the RADIO DATA
BOOK today!

Coming Soon!

The VIDEO HANDBOOK

Everything in Television in one Complete Textbook.
Over 500 pages completely illustrated.

This new handbook will be invaluable to everyonc concerned with
the technieal aspect of Television. Everything from the basic theory of
television through the design and characteristies of receivers®to final
inatallation, operation, and maintenance is covered. This is a com-
pletely new book that includes all of the latest developments in the
field—the components discussed are of the newest design—the prac-
tical maintenance described is a result of intensive study of the equip-
ment pliced in operation during the past few months.

There are five completely illustrated sections in the VIDEQ HAND-
BOOK, each over a hundred pages lony. Each section completely
covVers.

The VIDEO HANDBOOK will be out October 15th. but we have
received a flood of orders alreadY. To insure your getting a copy in
the first printing—mail vour order now.

The VIDEO HANDROOK is $5.00 alone, or you can order it with
tle RADIO DATA BOUK and get both books at the special price of
$9.00. | ond in the cuupcn todayl

HANDSOMELY
BOUND IN RED & GOLD

12 sections . . . 1148 pages . . . Completely lllustrated

SECTION 1. THE 150 BASIC CIRCUITS IN RADIQ.
SECTION 2. COMPLETE TEST EQUIPMENT DATA.
SECTION 3. TESTING, MEASURING AND ALIGNMENT.
SECTION 4. ALL ABOUT ANTENNAS.

4
SECTION 5. SOUND SYSTEMS.
SECTION 6. RECORDING.

SICTION 7. COMPLETE TURE MANUAL,
SECTION 8. CHARTS, GRAPHS AND CURVES.
SECTION CODES. SYMBOLS AND STANDARDS,

9.
SECTION 10. 50 TESTED CIRCUITS DESIGNED FOR OPTIMUM PER-
FORMANCE.
SECTION 11. DICTIONARY OF RADIO AND ELECTRONIC TERMS.
SECTION 12. RADIO BOOK BIBLIOGRAPHY.
12 complete books in one only 55_00
“---------------------------------------.‘

Less than 42¢ per book!
t Mail this ceupon to vour jobber—or direct to: RC-6 :

1 BOLAND & BOYCE, INC., PUBLISHERS !
1 460 Bloomfield Ave., Montclair, N. J, 1
: Please send me: R :n;‘loge full pay- :
t [] The Radio Data Book at $3.00. ment, H
T O The Video Handhook at $5.00. e e cata 8
! 0 Both Books at the Special price of $9.00. postman on deliv- |
'] ery. 1
| SN N
N D P T TE T TIT !
FADDRESS ...oviiiuiiiiniiineiiniieieiinieei e !
DOITY oo ZONE........ !
1
g STATE . s :
: ’-.'__-_______——______.‘-3 H
1
P . BOLAND & BOYCE INC., PUBLISHERS ) S

‘--...___________________,___.,--"'
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THE RISING TIDE OF FM

IM, in the midst of its boom, still rises rapidly.

N the middle of April, when this was written, there
were in actual operation in the U.S. 463 FM broad-
casting stations. In addition the Federal Communica-
tions Commission has authorized 564 more FM sta-

tions which are as yet not on the air. Besides the above,
88 more applications are pending. As soon as the latter
are in operation. we will therefore have 1,115 FM broad-
cast stations in the U. 8. This does not by any means
represent the saturation point. Con-
ceivably between 3,000 and 4.000
FM stations can operate success-
fully in continental U.S. without
undue overcrowding.

Why so many stations? The rea-
son of course is that the effective
transmitting radius of an FM sta-
tion is its optical horizon—in flat
country from 25 to 35 miles, in
hilly or mountainous regions from
35 to 100 miles. The topography in
the U.S. being preponderantly level,
it follows that over 85% of the
FM stations will have an effective
transmitting 1range of only an
average of 35 miles radius. Hence
many more transmitters are needed
to cover the entire country.

The present trend indicates that
in a foreseeable time the U.S. will
undoubtedly be converted from AM
to FM. The reason is simple: once
a radio set buyer has listened to the

By HUGO GERNSBACK

ent—and one or two high-fidelity regional FM networks.

Instead of strictly independent FM programs, the
present trend is unmistakably toward a solid duplica-
tion of those broadcast by the ADM stations. More and
more do AM broadcast station owners invest in FM
transmitters. And as soon as they do so they now in-
variably duplicate the programs which are broadeast by
their AM transmitters over their FM transmitters as
well, even though this means sac-
rificing high-fidelity transmission

much clearer, practically noiseless
and staticless radio reception of an
FM receiver, he will shy away from
AM. This is indeed what is now
happening all over the U.S. It also
explains the present FM boom, both

in transmitters being erected and
receivers sold.

Ilere are the latest FM receiver
statistics: There are now in use
(up to April 30) 2,022,547 FM receivers, which figure
includes FM tuners (converters) and AM-FM sets.
Radio manufacturers are producing now about 148,000
FM units monthly. These figures are compiled from
RMA and independent sources.

At one time it was thought that FM would be a
completely independent adjunct to radio broadcasting
in America. It was felt then that every FM station
vould disseminate its own programs, or that there
voould be a country-wide high-fidelity FM network which
would actively compete with AM stations and AM net-
works. This did not come about, although there are of
course many independent FM stations which originate
their own programs—mostly phonograph music at pres-
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£ . . £ to ordinary network standards
£ This Special FM Issue S  (100-5,000 cycles).

g_' is Dedicated to 'g;' Mf)reovg', the ex_igencies of eco-
= £ nomics will make it necessary for
g Maior £ the independent small-town FM
| . £ transmitters to take the high-
H Edwm H. Armstrong £ grade. sponsored AM network pro-
g £ grams originating in New York
: Father of FM S and Hollywood. This is but a repeti-
= £ tion of broadcasting history when
£ Raoio-Crarr is happy and proud £  early independent small-city AM
£ to dedicate this special number on = broadcasters found it necessary to
£ FM radio, to Major Edwin H. Arm- 2 00006 affiliated with the big radio
£ strong—scientist, radio engineer and = networks

£ invent xt li 5 = : .-

S fmventor extraordinany. E The reason for such affiliation
£ Few radiomen in U.S, history have is a purelv economic factor: no
£ achieved the towering stature of Arm- = ‘Il p ter ind d t( z .

£ strong. His unprecedented and epoch- S_ma ] %"( ependent FM sta-
£ making hasic discoveries: the super- E tion can possibly afford to_pay for
£ heterodyne. superregeneration, and 3 2 continuous stream of high-class
£ frequency modulation will forever Z programs. Besides, the American
£ make him one of Radio’s Great Im- £ public has been educated to the big-
g mortals. S feature, big-star radio programs.
E Armstrong, who is professor of £  If the FM stations do not broadcast
g !ertrirul engincering at  Columbia £ these features, then FM would be
g University, is now in the prime of g doomed to failure. Clearly this will
£ his eventful and productive life. Let £ ;04 «ome about. and the present
£ ;ls \:’ISII. him a lon{.’.- nn(! healthful z tendency supports this view.

£ fature. in the full knowledge that E Ths h blic’s li . end
£ he will bestow more of his priceless g . at t e public’s listening tlen_
S gifts on radio and all of us. = is unmistakably toward FM. 18
g £ clearly shown by the radio receiver
SO i

= manufacturers. There is first of all

a huge output of pure FM radios.
Next we have an even higher output (at present) of
FM tuners that can be attached to old-style AM re-
ceivers to bring in FM programs. Then, we have coni-
bination AM receivers with FM, to bring in both types
of programs. Finally all the newer and better television
sets are also equipped for FM, making reception much
more pleasurable,

How long will it be till the entire U.S. broadcasting
facilities have been completely converted to FM? From
about 8-10 years might be a conservative estimate for
85% to 30% of our transmitters, But from 109, to 157,
of them may remain AM for much longer—in fact some
of the larger stations may continue to transmit AM in-
definitely.

WWW.americanradiohistorv.com


www.americanradiohistory.com

1s] —The Radio Nonfth

RELIABLE FM RANGES may extend
far beyond the horizon, K. A. Norton of
the Bureau of Standards reported last
month. Experimental research under-
taken by the Bureau has shown that
atmospheric “ducts” and boundary lay-
ers in the lower troposphere both reduce
the attenuation of high-frequency radio
waves with distance at points beyond
the line of sight. These results are ex-
pected to provide a firmer basis for the
prediction of the service and interfer-
ence ranges of FM broadcasting sta-
tions; they should also aid in the solu-
tion of problems that may occur in con-
nection with other uses of the spectrum
above 30 megacycles.

Variations in the density of the at-
nosphere within a few hundred feet of
the ground provide differences of re-
fractive index which can increase the
curvature of a radio wave by an amount
equal to or greater than the curvature
of the earth. Known as dicts, these
characteristic changes in the refractive
index of the air near the surface of the
earth become more and more effective
in bending radio waves as frequency in-
creases.

For the overland propagation paths
which are usually involved in frequency
modulation broadcasting, effective at-
mospherie ducts are to be expected after
the sun sets and the earth begins to cool
the atmosphere. Under favorable cir-
cumstances this cooling may continue
throughout the night with the formation
of a duct of great width. The received
fields would then be expected to reach
their peak values early in the morning
before the sun has had opportunity to
destroy the duct by warming the earth.

This general behavior has been ob-
served for the fields of FM broadcast
station WCOD at Richmond, Virginia,
as received at the National Bureau of
Standards in Washington, D. C. On
August 4, 1947, for example, the station
began broadcasting about 6:25 in the
morning. Throughout the day the fields
gradually increased until a little after
midnight. At this time the received field
increased markedly, and the fading,
which had occurred at a fairly rapid
rate during the day, decreased both in
amplitude and frequency of occurrence.
The calculated field intensity corre-
sponding to propagation in a vacuum
over a flat earth was exceeded for the
half hour just prior to 1 am, when the
station went off the air. Presumably this
favorable propagation condition lasted
throughout the night since the fields

were again very strong on the follow-
ing morning when the station began
broadcasting at 6:25 am. The mechan-
ism responsible for the strength of these
fields and for the comparative absence
of fading is considered to be atmospher-
ic refraction.

From analysis of the field-intensity
data obtained by the Bureau, it appears
that external receiving antennas may be
used with considerable advantage for
reception of FM broadcasts at points far
beyond the horizon of the transmitting
antenna. The FM fields from stations at
large distances may be expected to reach
their maximum levels in the early morn-
ing hours during the summer months;
at these times effective ranges up to sev-
eral hundred miles may be expected.

AUTOMATIC CODING and decod-
ing of confidential information is now
possible with a new magnetic recording

system, the Codit Company of Chatta-.

nooga, Tennessee, announced last month.

Magnetic disc machine codes as it records.

The system consists of a specially
coded plastic tracking disc. The disc is
placed over a paper or plastic record
on a turntable, and the grooves in it
act as a guide for the needle which
controls the movement of the special re-
cording arm. As the arm moves across
the surface of the record, it records the
voice magnetically on the iron- oxide-
coated surface.

The magnetic pattern cannot be un-
derstood or analyzed without the use
of an identical tracking disc during
playback. Since each purchaser receives
a set of identical discs, and no other
discs are made to the same pattern, he
has his own private code which cannot
be deciphered.

FACSIMILE NEWSPAPERS wilt
soon be broadcast in raral areas if a
plan suggested by William G. Finch of
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Finch Telecommunications, Inc., is ap-
proved by the FCC. Mr. Finch is now
negotiating for the construction of six
FM stations in northern New York,
with the idea of using them in a fac-
simile network as well as for FM broad-
casts.

These facsimile papers would furnish
farmers with a permanent record of
livestock prices, weather reports and
farming tips, as well as news flashes
and pictures. Such a service would also
provide a big market for rural adver-
tising.

TWO-WAY RADIO for funerals is
planned by the Catholic archdiocese of
Chicago. An application filed with the
FCC last month to set up a permanent
land station and two mobile field units
at Mt. Carmel cemetery near Chicago.

Radio communication among ceme-
tery workers would eliminate confusion
when several funerals are handled, ac-
cording to the petition submitted by the
Rev. William P. Casey, cemeteries di-
rector.

A PAGING RADIO little bigger than
a package of cigarettes may solve the
problem of reaching doctors or business
men in theaters or city streets, it was
revealed last month.

According to Sherman Amsden, pres-
ident of Telanserphone, Inc., New York,
the little receivers would be tuned to
the frequency of a speeial transmitting
station. Each subscriber would receive
an identifying number (his own private
station call). Telanserphone, which is a
telephone-answering service, would re-
ceive important messages and immedi-
ately start broadcasting the subscrib-
er’s call, The subscriber need switch his
radio on for only a few moments to lis-
ten through the list of calls being
broadcast. If his is among them, he
telephones to the service and receives
his message.

Receiver is practically cigarette-pack size.

With this system, a single set of bat-
teries should last three months, accord-
ing to the designer, Richard Florac of
New York City. No entertainment which
would tempt the user to run the radio
for long periods will be broadeast—only
paging calls, weather reports and
emergency news.

RADIO-CRAFT for
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MACHINES THAT LEARN were re-
ported last month by the Philips Lamp
Works of Eindhoven, Iolland. The ma-
chine in question is an electronic tele-
phene switching apparatus of great
complexity, similur to a computing ma-
chine.

Usual switching equipment goes
through the same blind search until the
dialed number is located and the ecall
put through. But this machine learns
to distinguish frequently-called num-
bers, and when a nuniber is called often,
it can make the connection more rapidty.
It makes “intellizent” short-cuts.

The invention, it is stated, can be ap-
plied to mathematicians’ electronie com-
puters. In a factory where machinery
ts run by control apparatus. it would
speed the most common operations, And
it new jobs were developed, the machine
might learn those, too!

PASTEURIZATION BY RADIO
takes less than cne second, the Radie
Corporation of America reported last
month, In the process, the bhacterial
eount of milk drops from 50,000 to 100,
an unusually low figure. The milk is
homogenized at the same time by the
action of the rapidly fluctuating electric
field on the tiny oil droplets suspended
in the milk.

RADIO-ELECTROCUTION
Readers—especially  radio techni-
cians—will do well to read the item
below with extreme catre. A house-
hold radio can be dangerous! This is
the second report of a double electro-
cution in the bathtulb due to a mid-
get radio. The other one was that of
a mother and three-vear-old child.
The child caught the line cord and
pulled the radio into the tub. It is
the duty of radio servicemen to point
out to customers potential dangers in
(especially) midget a.c-d.e. radios,
If a radio is used in the bathroom,
it must he permanently installed—
holted firmly to a shelf at a distance
from the tub or wash-howl, The same
precautions are necessary  with
kitchen radios. A set near the sink
can he as deadly as one near the
bathtub!

A small radio caused the death by
clectrocution last month of two small
girls in Binghamton, New York. The
girls, Wanda Thompson, 12, and
Marlene Monell, 11, were killed in
the bathtub when the radio to which
they weve listening fell into the tub.
The 117-volt current was sufficient
to cause instant death under the cir-
cumstances, the coroner reported.

Investigators reported that Mar-
lene had often taken the radio into
the bathroom, set it on the tub and
listened to programs during her eve-
ning bath.

Ironically, the father is an electri-
cal-appliance repairman. He was
called out on an emergency refrig-
crator job during the evening and

accident,

was not at home at the time of the {
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—The Radio Month

THEATER TELEVISION using the
delayed technigue was presented for the
first time in a sneak preview at the
Paramount Theater in New York City
last nionth.

The broadeast consisted of two am-
ateur hoxing houts. It was sent by 7.000
megacycle microwave relay from the
arcna to the top of the Daily News
Building and from there again relayed
to the top of the theater building.

At the theater, the teleeast was trans-
posed almost instantancously onto 35-
millimeter film by a special recordor,
and the film was projected through the
standard 35-millimeter projector. Only
66 seeonds elapsed from the time a scene
was telecast to the time it appeared on
the screen. In the strict sense this is
not television, but vather delayed video.

LICENSING for New York City's
radio technicians will remain a dead
issue till next Fall at least, city council-
man Stanley Isaacs promised last month.
This, said the originator of the neasure
to license radio repairmen, is to “give
the industry a chance to clean up its
own problem.”

Reason for the respite is the encour-
aging progress being made hy the As-
sociated Radio Servicemen of New York
(City). The ARSNY has formed griev-
ance comnittees to handle customer
complaints against any radio repairmen,
whether Association members or not, is
now sponsoring a course of technical
lectures, and is planning to co-operate
in organizing for New York City a
Town DMeeting of Radio Technicians
(similar to the Ihiladelphia meeting)
late this summer.

TELEVISION may not reach “a good
share” of the population of this country,
Joseph II. Ream, executive vice-presi-
dent of the Columbia Broadcasting Sys-
tem, declared last month. Rural sections,
he continued, will be beyond the service
range of television stations, and that
“very probably” smaller ecities and
towns may never be able to support sta-
tions.
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CANADIAN FM LICENSES now
number 44, it was stated last month n
reply to a question in the Canadian
Parliament. At least 11 stations are in
active operation. These FM stations are
located in four provinces, from New
Brunswick to British Columbia, and
range in power from 250 to 3,000 watts.

In addition to the stations already
licensed, at least four more applications
have been received.

Of the stations now in active experi-
mental operation, five are under the
Canadian  Broadeasting  Corporation,
The remainder ave privately owned.
While definite frequency assiznments
have not yet been made the stations now
operating  are all working on  fre-
quencies between 93 and 106 me, and it
is expected that the Canadian FM band
will approximate that now authorized
for United States FM broadeasting
stations.

AUTHORIZED DEALERS who arc
discovered reducing list prices on fixed-
price television receivers have been
dropped by the Allen B, DuMont Lah-
oratories, Inc., Victor E. Olson, receiver
sales manager, revealed last month. Ile
also disclosed that the company has dis-
continued franchises of dealers who
have transshipped merchandise to non-
authorized stores,

A shopping agency has been engaged
to watch retailer activities in states
which have fair trade laws,

FM TRANSPORT RADIO has been
installed on 250 Greyhound buses oper-
ating midwest routes, Motorola an-
nounced last month. This system per-
mits bus dispatchers to kecp in constant
communication with all buses and ter-
minals in the network. The transmitters
and receivers are housed in a special
compartment at the rear of the bus (sce
photo below)},

The busses also have a small speaker
built into the headrest of each passen-
ger's seat. An individually operated

switch gives the passenger a choice of
either one of two radio programs.

This bus installation provides communication for the driver and programs for passengers.
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Courteny of Forfune Magazine; photo by Eric Schaal
Armstrong revisits the Yonkers room, scene of his early work.

Rodio Broodcosting—1922— (Looking Bockword)

N the year 1922, when broadeasting was just getting under

way, amplitude modulation was the method employed.

Nobody called it amplitude modulation, because most

people didn’t know there was any other kind. To them it
was simply “modulation,”

Nonetheless, the idea of varying the wave length of the
signal, or its frequency, e¢ould be found in the text hooks
more than fifteen years before broadeasting started. As a
practical reality, however, it was still an idea and all at-
tempts to make use of the mmethod had resulted in failure.

In the nineteen-twenties, the characteristics of the wave
resulting from modulating the frequency were examined by
some very able mathematical phyzieists, The consensug was
summed up in a conclusion appearing in a paper in the
Procecdings of the [nstitiute of Radio Engineers in 1922 in
the words:

“Consequently this method of modulation (fre-
quency modulation) inherently distorts without any
compensating advantages whatsoever.”

So anplitude modulation became enthroned as the accepted
method of doing the job.

Now many of the readers of this article remember the
great amount of effort that was put forth in the nineteen-
twentivs, or earlier, to discover or invent a “static elimina-
tor”. They will also remember that the people who put any
mreat amount of emphasis on, o1 expressed any great amount
of hope in, the possible solution of the problem, were con-
sidered rather visionary—a hit “queer”, in fact.

In 192%, again in the Proceedings of the Institute of Radio
Euwngineers, we find the consenxus of the art at that time in
a mathematical demonstration of the faet that

«, . . static, like the poor, will always be with us/

So it appeared in the early nineteen-twenties that the
brondeasting art was destined to be forever limited by the
vagaries of the forces of nature and the imperfections of the
amplitude modulation system, wherein a “radio” sounds like
a “radio” and not like a musical instrument.

Rodio Broodcosting—1948— (Looking Forword)

But as everyone now knows, those pronouncements turned
out to be false prophecies, Some discoveries were made, and
what were regarded as axioms in the art had to be rewritten.

1

Frequency Modulation-—

1922 and 1948

The system now popularly known as FM operates with less
than one-tenth of the distortion of the best AM systein, and
improvement in this direction is not yet at an end. A new
era of realism in the transmission of music with all its
tones and dynamic range has beeome a practical possibility.
Ax everyone also knows, the problem of static, both natural
and man-made, has ceased to be a preblem. FM reduees noise
to 1/100th of its cnergy on an AM signal on the same fre-
quency, and since the system operates in the very high
frequency ranges, still further immunity from atmospherie
static is obtained.

1t is clear, therefore, that the inventing and engineering
responsibilities of those men who worked to bring about this
new era in broadeasting have been successfully met and
their duties successfully discharged. Their work is donc.

The question now is squarely raised: Will the public get
the benefits of this work to which it is most certainly en-
titled, since in the end it pays the bill? The responsibility
to see that it does no longer rests with the inventors and
those who have engaged in the creative engineering that
brought FM into being. It rests upon the administrative
governmental bodies, upon the broadeaster, and most heavily

(Continued on page 55)

Men working on an arm of the pioneer FM antenna at Alpine, N. J.
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KM Fundamentals

Why FM radio is free from manyg of

By JOHN B. LEDBETTER

REQUENCY modulation is not

new, Since the early days of broad-

casting various attempts have been

made to utilize some form of F'M as
a means of overecoming radio disturb-
ances and other disadvantages of AM
broadcasting. Early attempts were un-
successful  because any advantages
gained by use of FM were lost in the
receiver, and because a frequency-modu-
lated signal produced less than one-
tenth the power of an amplitude-modu-
lated signal. It remained for Major
Fdwin H. Aymstrong, professor of elec-
tronics at Columbia University and in-
ventor of the superheterodyne and su-
perregenerative circuits, to develop and
introduce the sy<tem which is the basis
of present-day 7M.

Advantages of frequency modulation
over amplitude-modulated systems in-
clude 1. immunity to static and man-
made noises, 2. freedom from fading
and interferencc, and 3. high-fidelity
reproduction. Other gains are greater
efficiency and economy of transmitter
operation, increascd service area, and
lower-power requirements.

Noise can generally be classified as
being cither iimpulse or random. Impulse
noise contains bursts or pulses which
occur at separate or infrequent inter-
vals. This type is produced by electric
razors, ignition systems, power lines.
and other electrical cquipment. Random
noise pulses overlap or run together to
form a continuous spund, Examples of
randem noise are thermal agitation and
tube hiss, both disturbances which origi-
nate in the receiver. Atmospheric dis-
turbances and precipitation static are
similar to random noise,

When this noize is received by an
AM receiver, it is detected and ampli-
fied along with the desired signal. Such
noise—or even an interfering AM sta-
tion—can be objectionable even though
its intensity is only 1¢¢ that of the de-
sired signal.

When such noise is picked up by an
FM receiver, it passes through the con-
verter and mixer stages just as in an
AM set. The FM detector, however. is
designed to detect only variations in
frequency of the applied signal, not
changes in amplitude. Two methods are
common, In the Foster-Sceley discrimi-
nator circuit, onc or two lintiter tubes
precede the detector. These are if.
stages which operate at low plate and
usually zero grid voltages, As a result,
their output cannot exceed a certain
amplitude, and, if they receive a rea-
sonably strong signal, the output ampli-
tude is uniform at the maximum of
which the limiter is capable. This uni-
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the drawbacks of A\ M broadeasting

form output carries all the frequency
deviations of the original signal faith-
fully. Applied to the discriminator, these
vaviations produce an audio output
which varies in amplitude.

The ratio detector uses no limiters,
but operates by distinguishing bhetwceen
the ratio of signal strength above and
helow the mean carrier frequency. Since
this ratio varies according to the modu-
lation in the frequency-modulated wave,
but remains constant or nearly so in
noise and amplitude-modulated signals.
only the frequeney modulation affects
the output.
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Fig. |—Wave propagation at FM frequencies.

Thus one of the worst enemies of good
reception is defeated at the start. Cer-
tain types of noise which are actually
frequencey-modulated do get through to
the audio output, but these are rare and
almost negligible.

As pointed out in another article in
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Author checks frequency on built-in scope at WCTS, Cincinnati. Mot

or control is above hand.

this issue, another weakness of present-
day broadcasting is the interference—
complicated by fading-—which ruins re-
ception at night in large sections of the
country,

Fading and interference

Radio waves consist of two compo-
nents, the sky wave and the ground wave
(Fig. 1). The sky wave is emitted sky-
ward from the antenna and reflected
back to earth at distant points by the
ionosphere. The ground wave travels
along the surface of the earth. The
ground wave proper may be subdivided
into two parts, the surfeee wave and
the spaee wave, It is the surface wave
which determines the daytime coverage
of AM broadcast stations. At night
broadeast frequencies may be trans-
mitted long distances by the sky wave
The result is that the AM signal is re-
flected at a number of different angles,
and appears at a number of different
distant points. Many times the interfer
ing station is located thousands of miles
from the point of interference.

FM owes its freedom from fading and
station interference to the fact that at
high- and ultra-high frequencies. the
sky wave is generally not reflected back
to earth by the ionosphere. but continues
out into space in practically a straight

(Continued on page 53)
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|—The coaxial tuner is shown behind the tuning condenser of the Motorala T7XM.
2—This Belmont Model 11AF2l has 11 tubes and uses a quarter-wave indoor FM
antenna. 3—Rear view of the Mational NC-108T. The receptacle is for power to
af. amplifier. 4—Espey-78. This chassis and speaker are available for custom-built
installations. 5—Capacitors tune FM and AM rf. sections in the Farnsworth
GK.084 to GK-087 sets. &—Stewart-Warner A92CR3 to A92DRé. The FM and
AM permeability tuners are ganged. 7—This 11-tube chassis is used in the West-
inghouse Models H-164, H-165 and H-167. 8—The REL 646 is a commercial type
set with field-strength and tuning indicators. $—The r.f. sub-chassis of this Philco
Model 48-472 is shock-mounted with rubber. 10—Umder chassis of the Belmont
Model 11 AF21 shown in the center of top row. | | —Chassis of Westinghouse Models
H-181 and H-168. Note the novel dial arrangement.
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FM receivers, fundamentally alike.
vary in many details and use compo-
nents unknown to older radio sets

M Dbroadcasting has mushroomed

from an entertaining curio into a

full-grown industry in a compara-

tively few months. Set manufac-
turers, spurred by the ever-increasing
nuniber of FM broadcasting stations,
are now breaking records for producing
FM receiving equipment. There are a
few straight FM receivers on the mar-
ket but most manufacturers are produc-
ing sets for receiving hoth FM and AM
broadcast stations.

The prospective purchaser of an FM
set often finds very little technical in-
formation available on any set he may
consider. This article and the data in
the accompanying table may supply
some of the lacking information, as well
as give a brief review of the main fea-
tures of the more common receivers.

The typical FM receiver consists of
a mixer-oscillator (sometimes preceded

by an r.f. stage) one or more i.f. ampli-
fiers, one or more limiters (in some
types of circuits) a discriminator, an
a.f. amplifier and a power supply. All
sets are designed along these lines, but
a number of them have outstanding dif-
ferences due to different engineering
approaches to identical problems.

Differences in discriminators

The ratio and Foster-Seeley discrimi-
nators are the most popular types in use
today. The latter type normally requires
one or two limiters following the i.f,
amplifiers. These add to the size and
over-all cost of the finished product.
The ratio diseriminator does not require
limiters. Cheaper and more compact
sets can therefore be made with this cir-
cuit. (FM detectors are discussed in an-
other article in this issuec.)

The locked-in oseillator discriminator

—] 2

used by Phileo, differs from both com-
mon types. The circuit of this section is
shown in Fig. 1. It is designed around
the FM 1000 tube, the No. 1 and 2
grids of which are connected in a modi-
fied Colpitts oscillator circuit tuned to
the 9.1-me i.f. with L1 and C1-C2. The

The Ware Inductuner, described on page 24,

oscillator circuit is coupled to the plate
through the electron stream. The plate
coil L2 is also tuned to 9.1 me. Its band-
width is increased to about five times
the width of the FM signal by the 5,600-
ohm swamping resistor across it. The
signal from the third i.f. amplifier is fed
into the No. 3 grid. The coupling he-
tween circuits causes the oscillator to
(Continned on following page)

OUTSTANDING CHARACTERISTICS OF THE BEST-KNOWN FM RECEIVERS
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ADMIRAL Fold
7Cs4 FM-AM 8 | 8/7 4 1 FM | Rotio d'ple [ S.E 10°Pm | 5v3 AC Chonger |6587.Y, 6AUS, 8ALS,
{Ch. &B1) 4 1AM toop 63)7, 6V4, (2) 6BAG
ADMIRAL Fold.
7€73 Fm- AM ¢ /7 P 2 Fm!' | Rotio d'ple S-E 12" pm 5Y3 AC. Changer | 65B7-Y, SALS, &v6,
{Ch. 9A1) P 1 Am? Loop 6507, (4) 6BAS
ADMIRAL Fold
9814 ro P 2 FM' | Rotio dple 6587.Y, sALS5, 65Q7.
916 FM-AM 9 | 9/7 c 1 am? Loop S.-£ 127 PM | 5U4G AC. Changer | 6V6, (4) 6BAG
(Ch, 9B1)
AIRLINE Vi -wove &' x 9
{WARDS) FM-AM 9 ?/6 C None | Ratio Mank S-E oval 5v3 AC. Phono 6C4, SATS, &V6,
74BR-1812 < None Loop ED Input SALS, (4) 6BAG .
Vi wave
AIRLINE FM.AM 1] ?/6 C None | Ratio Hank 5 10" ED 5Y3 A.C. Changer 6C4, 6ATE, &V,
74BR-2702 C None Loop GALS, {4) 6BAG,
Chonger, {3) 6BA6, &BES,
AIRLINE FMm.AM? 10 ?/6 [ 1 FM | Ratie Loop S-E 10" ED 5Y3 AC. Tuning 6J6, 6ALS, GATS,
74AWG-2705 C None loop Ind. 6vé, sU5/6GS
Ye-wave
BELMONT FM-AM n /s [ None | Ratio Hank P.p 10" ED | 5Y3 A.C Changer | (4) 4BAS, (2) 6Ca,
11AFI1 < None Loop {2) K&, 6ATS, &ALS
CROSLEY Fr-AME S ] 8/7 [ o4 None F.S None S-E PM or ED| 5Y3 A.C. Chonger | {2) 65G7, 6AC7, 7F8,
38CR C None Lloop 6HE, 6V6, 45Q7
Changer
CROSLEY C 1FM None Tuning {3) 65G7, (2) 65Q7,
148CP, FM.AMS 14 |13/9 C None | F.§ Loop P.P 12" P 5U4 A.C. Ind., (2) 6v6, 65A7, 6Hé,
148CQ PB7 6ACT, 7FB, 6SH7, 4E5
ESPEY Fold. 6BAS, 7F8, 7AM7,
- Chassis FM-AM n 10/7 [+ 1 FM | Rotio d’'ple P.P 10" PM 5y3 A.C. None TSH7, 7A6, 65G7,
78 C None Loop TF7, 7Q7, {2) 7C5
FARNSWORTH
GK-084 FM.AM 8 8/6 < 1 FM Ratio Fold. S.E M 5Y3 A.C. Changer (3} &65K7, 65B7.Y,
to -087 C 1AM d ple GAGS, 458, 6vé
Changer,
Fold. P.p 12 Tuning &H6, 6US, (2) 45A7,
FREED-EISEMAN FM.AM!* | 2 1w/ C 1FM F.S dple woofer |{2) 5U4 AC, Ind, (2) &65K7, 6517, (3) 6)5,
30, a2 C 1AM Loop 3" Fm (2} &L6, {2) 504, (3}
tweeter Squelch | 6AGS, [2) 65G7, (2) &45H7
MOTOROLA
77XM21 to 9 w0
77XM228 FMS.AM 6 6/5 Co-ax None F.$ Hank® S-£ 5" PM | Selen. AC/DC Changer (2) 128A&, 5085, 1978,
77FM21 to o None Loep 12AT7, 12BEG
T7FM123
Changer
PB Tuner'?| (2) 8Vé, TW7, 65Q7,
MOTOROLA FM.Am" 10 8/7 | Ca-ax None | Rotia Leop (4 12" ED 5v3 AC. {motor &65K7, 6AL5, 7Q7,
107531 1AM toop | con- 7F8, 65G7
trolied)
NATIONAL {3) 65G7, 4BAG, SAGS,
NC-108T, + - | FM nn c 1FM | Ratio | MNone | siE 5 PM | sv3 A.C. Tuning | 4Ca, 6HE, 6317, 6Ve,
NC-108R e Ind, 6U5/6G5
(table continued on following page)
JUNE, 1948
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OLYMPIC Fold 1
7-925, -934 FM-AM 10 | 10/8 [« 1 FM | Ratio d'ple P-P 12 ED 5Y3 A.C. Changer [ (3]} 6BAS, 6ALS,
.936 c 1AM toop o (2) 8507, 6BES, (2) 6KS
4 x b
PHILCO FM.AM 7 7/6 C 1 FM | Ratio Hank? S-E oval 1723 AC/DC | 14F8, (2) 14H7,
48-472 C None Loop FM 12AWS, 14X7, 50AS
Changer
PHILCO < 1FM Lt Hank® P.P ED 504 AC. PB Tuner, (2) 6BAG, 6AUS, 7A7,
48-1290 FM-AM' 13 1/9 C None Loop 12.M Scratch 7F8, 7AF7, FM1000,
Elimin. &5Q7, 7E7, 7F7, (2) &6Vé
Changer
PHILCO fold, 4 Avto, PB| 6AUS, 7E5, 787,
48-1274, FM-AM'Y | 16 13/12 C TFM i1 d'ple P-P woofer 5U4-G AC, Tuning, {2} 7H7, 7F8, FMI1000,
48-1276 C 1AM loop 5" Scratch | (3) 615, 7E6, 7F7, FE7,
tweeter | Elimin. (2) 6L
feolid
RCA VICTOR FM.AM 10 /7 C None Ratio d'ple P.P 12" P 5Y3 AC, Changer | (2) 6BEs, 6BAL, 6AUS,
710v2 C None Loop {2) 65Q7, 6ALS, (2} 6Ké
Field
REL Strength (5) 7aG7, {2} 7CS,
646 Frm 12 12 C 1 FMm F-S Naone P-P None 5Us AC. and 'Ilu; (2) 7F8, 7AL, TF7
g In0,
STEWART-
WARNER FM-AM 7 7/5 C 1 FM | Retie Hank S-E 5" PM | Selen. AC/DC (3) 128A6, 12H6, 6AQS,
A72T1 to C None Loop 5085, 128E6
A7274
STEWART-
WARNER FM-AM 9 /7 P ) FM Rotia feld. S-E 10" ED 5v3 A.C. Changer (3) 6BAG, 6ALS,
A92CR3 P 1AM d'ple 65B7-Y, 65Q7,
A92CR6 6517, 6V6
STROMBERG ) [3) 6BAs, 4BES, 6AUS,
CARLSON FM S AM " 11/8 P 1 Fm Rotie None P.-P PM 5v3 A.C. AHG, GATS, 65C7,
1210 P 1AM Loop {2) 6V6
WESTINGHOUSE -
H-1081, FM-AM 8 8/6 C None Rotic fold, 1 [2) 6BAGL, 66, TAL,
H-168 [« None d'ple S-E 8" ED'* | S5AZ4 AC. Chonger | 6L6, 6AT6, 6AUS
{Ch, V-2118) ] Loop -
WESTINGHOUSE
H-164, Fm-am |11t [10/8 [« 1 Fm | Rotie Fold. {21 7FB, 6AUS,
H-166, [ None d'ple P-P 127 ED | Su4 A.C. Changer | (2) 6BAG, (2) SATS, 6H4.
H-1467 loop {2) &v6, 65C7'°
ZENITH
7HB20 FM>. AM 7 7/6 P 1 Fm F-5 Honk® S-E PM Selen, AC/DC {3) 12BAS, 128EE,
[Ch. TEQ) [d 1AM Loop 12AU6, 1978, ISES
FM — BA 1o 108 Mc PB — Push-button 10 — On series 77 FM only
AM — 540 to 1600 ke (opprox.) | — First stage grounded.grid amplifier 11 — Plus 5.6 to 12.2-mc bond X
¢ — Condenser tuning 2 — Conventionel r.f. omplifier 12 — Any <ombination of & AM or.FM stations
P — Permeocbility tuning 3 — Plus the 9 1o 15.5-mc short-wave band 13 — 6U5/6G5 replaced by meter in NC.108R
f.5 — Foster-Seeley discriminatar 4 — Plus the 9.4 to 11.9-mc thort-wave band 14 — Plus 9.3 to 15.5.-mc band
L-I — Locked-in oscillator 5 — Double superheterodyne 15 — Ph{: 44 to 50-mc FM bond
PM — Permonent mognetic dynamic 6 — Plus 2.5 10 6.7 and 6.7 to 18.5:mc bonds 16 — 10" speaker on Model H-168
ED — Eleciro -dynamic 7 — Push-buttons for tone contrel ond BC tuning 17 — Changer on Model H-168 onfy
PP — Push-pull 8 — FM antenno in line-cord 18 — A 6SC7 phono preamptifier is included on Models
;S-E — Single-ended 9 — Series 77Xm only, others straight a.c. H-166 and H-167
19 — Plus 6.2 to 9.9-mc and 12 to 17.5-mc bonds
“lock-in" with the i.f. signal and follow a doubler supplying the heterodyning and both television bands (44 to 216 me).
The General Electric Guillotuner is a

its variations. The current through the
load resistor R1 is linear and inversely
proportional to the frequeney. Thus
frequency variations are converted to
linear a.f. voltage changes. The a.f. sig-
nal is taken from R1 and fed to the a.f.
amplifier through a decoupling network.

Vearious tuning methods

The most noticeable difference in FM
receivers is usually in the r.f. or front
end. The methods of r.f. tuning include:

1. Varying a capacitor across a coil.

2. Varying the permeability of the
coils by movement of an iron or brass
slug through the cores.

3. Using special tuning elements like
the Mallory-Ware Inductuner, the Guil-
lotine or co-axial Tines.

The circuit of the Phileo Models 48-
1274 and 48-1276 is one of the most
interesting of those reviewed. The r.f.
cireuit, using a 6AU6 r.f. pentode, is
standard. The 7F8 oscillator has some
original features. It operates at half the
frequency required to heat with the sig-
nal to produce the i.f. The other half is

signal. This reduces oscillator drift.

The co-axial lines type of tuner is
used in Motorola FM radios. The high
Q of this type of tuning circuit makes it
possible to dispense with r.f. stages to
eliminate images. Indeed, so selective is
the circuit that Motorola uses the low
4.3-me i.f. which was standard in sets
built for the old FM band, thus obtain-
ing certain advantages in stability, gain,
and easc of adjustment inherent in the
lower intermediate frequency.

Some of the Motorola models are in-
teresting also in that they use a Foster-
Seeley discriminator without limiters.
The manufacturers claim that with a
signal tuned in exactly, noise impulses
tend to balance themselves out across
the two diodes of the discriminator.

The Inductuner, one of the simplest
of all tuning circuits, is a set of indue-
tors mounted on a rotatable form. Slid-
ers make contact with each inductor,
the amount of inductance varying as the
form is turned. This type of tuning cir-
cuit has an enormous range, and is used
with success to tune across both the FM

wwWw americanradiohistorv com

modification of the “butterfly” tuning
unit, and combines inductance and ca-
pacity in circuit unit, It, and the other
tuning sy¥stems mentioned above, were

LOCKED-IN 0SC
. FM 1000

-33uuf
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A+225V
Fig. 1—Philco uses this locked-in oscillator.

desceribed at some length in the Decem-
ber, 1047, issue of RADIO-CRAFT.

An electronic squelch cireuit is a fea-
ture of the Freed-Eisemann Models 30
and 32. These sets use separate FM and
AM tuner circuits, The FM tuner uses
10 tubes. The AM tuner uses a standard
4-stage plus tuning eye superheterodyne
covering the standard broadeast band

(Continned on page 52)
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Jackson 641

By BOB STANG

HE radio serviceman who is to con-

tinue to succeed must spend a por-

tion of his time keeping up with

technical developments in his field.
With the advent of I'M, television, auto-
matic frequency control, noise silencers,
and dynamic noeise suppression, not to
mention a number of developments at
present in process, the serviceman is
hard pressed to keep his technical
knowledge at a level high enough to en-
able him to do a satisfactory job. This
need is recognized by the number of new
technical magazines which have sprung
into being concurrent with these de-
velopments, as well as the increased
circulation of the “old reliables,” and
the large number of pertinent books
published. The enterprising technical
man therefore has reams of material at
his disposal.

While technical know-how depends
partly upon how anxious cach service-
man is to obtain it, the problem of
selecting proper test equipment is an-
other matter entirely. The only informa-
tion on the subject generally available
is from manufacturers’ catalogs which,
while very useful, are naturally biased
in their own favor. More information
for evaluating equipment features is
necded so that the prospective buyer can
weigh function against cost, and decide
what is best for his individual needs.

L ———

Hickok 288X

Silver 906

M SWEEP GENERATORS

CROSS INDEX OF POPULAR FM-AM SIGNAL GENERATORS

JACKSON HICKOK SILVER G.E. TRIPLETT RCA
FEATURES 641 288X 906 YGS-3 3433 WR-.53A
- - T -
[Frequency range 100 kc to 100 kcto | 90 kc to 100 kc to 100 kc to
jfundamentals [ 160 mc; I 160 mc; | 170 mc; 150 mc; 170 mc; | 85-110 mw;
8 bands 7 bands 8 bands 7bands | 10 bands | 8.3-10.7 mc
. — - — — — — ] . - — [ — — — - -
FM maximum l 0to Not 0 to 25 ke steps |
dEVlallon rnngc I :h400 ke +450 ke variable +750 kc to 150 ke 4400 ke
|— _— -
FM sweep | Var. from I Var. from ‘
frequencies 100 to 60 or 400 400 cycles 100 to 60 or {
10,000 cyclcs cycles or 400 kc 12,000 cycles| 400 cycles | 60 cycles
lOutput calibration | Calibration | Calibration | ! I
meter; | None, db meter; Magic eye; Meter, not
{ 5 ranges: meter built 5 ranges; no calibra. | Calibrated
0 to 100kmv l in 0 to 100kmv ] tion in mv None
Amplitude | 60, var. 100 | 60, 400 var. | 60, 400 var. | 60
modulation to 10 ke 0to 15 kc 400 100 to 12 ke | 400
i1 cycles
'Scope Only 60 | [
synchronization Yes cycles No Yes Yes Yes
[Phasing control Yes | No No | No No Nao
[Variable amplitude | |
modulmion L5 | 0 to B0 No l 0 to 50¢ 0to 1007, | No
Voltngc regulat:on ch No | ] No Yes No
Accurscy ‘ 1,0f 1€ i
Fixed freq. | |
standards — | Set by beat- Set by beat-
| mo beat adj. | ing against { ing against
[ required int. crystal 1% int. cryslal | 15 | 2
S { — B—
[Type of dial l Glass Glass Plastic Plastic | Rotating | Glass
protected; protected; protected; protected; wire protected;
Knife-edge Fixed Rotating Rotating pointer Fixed
pointer; pointer; dial; dial; over pointer;
Fixed | Rotating Fixed Fixed | etched Rotating
| dial scale pointer pointer panel scale
rviceman's price | $159.50 i $159.06 | $116.50 | $195.00 l $157.50 l $162.50

Today’s most useful piece of test equip-
ment, with the possible exception of the
oscilloscope, is the FM-AM signal gen-

erator. This instrument, if properly de-
signed, can be used in conjunction with
(Continned on page 60)

General Electric YGS-3
1948

JUNE,

Triplett 3433
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ADVANTAGES OF FM

The listener to frequency-modulated programs
hears more stations and better music undam-
aged by interference, natural or man- made.

HE frequencies from 88 to 108

megacycles today embrace the finest

system of aural broadcasting which

has been available to the public
since the beginning of radio history, Yet
not so long ago it was believed that any
frequency above 30 megacycles was lim-
ited strictly to service as far as the hori-
zon and that the generation of large
amounts of power at these shorter wave
lengths was an impossibility. It took
World War II to inspire the miracles of
engineering which have made it pos-
sible to develop kilowatts of power in
the vicinity of 100 megacyeles.

The miracles were not confined solely
to transmitting developments, Receiv-
ing-tube design also advanced. keeping
step with transmitter research. A tre-
mendous amount of research was also
undertaken on high-frequency antennas
and v.h.f. propagation. The accumulated
experience led the Federal Communica-
tions Commission to assign FM broad-
casting to the 88 to 108-megacycle band
which only a few years before had been
considered an absurd assignment f{for
broadcast service.

How greatly 'M has progressed since
its original assignment to this frequency
band is illustrated by the fact that there
are now a number of FM broadeast sta-
trons operating with effective power in
excess of 200 kilowatts. It is estimated
that there are over 1,620,000 FM home

*Chief Enwrincer WASH-FM, Washington, D. C.

UNITED STATES

receivers in use today. They are com-
mon pieces of living room furniture,
whereas ten years ago a superhetero-
dyne receiver operating at 100 inega-
cycles would have been even a labora-
tory curiosity.

Now comes the question—of what use
and what advantage is this new system
of broadcasting to the average person?
The first advantage is the well-known
one of high audio fidelity. The ehart in
Fig. 1 shows the extended audio range
possible with FM, Full frequency re-
sponse to the limits of human hearing is
possible because the 20-megacycle width
of the FM broadcast band accommo-
dates wide-band stations with ease,
whereas the approximately l-megacycle
wide AM broadcast band poses a prob-
lem of frequency conservation. In addi-
tion wide-hand FM is inhevently free
from noise,

The FCC has set up frequency-re-
sponse standards and requires compli-
ance with these standards within + or
— 1 db from 50 to 15.000 cycles. Dis-
tortion requirements are as follows:

Modulating Maximum
Frequeney Permissible
(Cycles) Distortion {(7,)
50 to 100 3.5
100 to 7500 2.5
7500 to 15000 3

Before a license is issued, the larger
FM Stations are required to submit ac-
tual measuvements from microphone
terminals to antenna showing that the

-

ra

o

DA' FIELD INTENSITIES (MV/M) ‘!‘ H]
AT 1000 KC

Wil WiLL BE FREE OF ATWOSPHEMIC
BOISE FOR 30T OF THE YEAR

T e

the map above shows how serious are the effects of static on ordinary AM transmissions. Many
southern areas can have satisfactory radio program service only with static-free FM.
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By LEIGH L. KIMBALL*

over-all system has the required fre-
quency response and meets distortion
specifications,

The advantages of FM are not limited
to high-quality program transmission
only. FM offers real benefits to broad-
cast listeners who live beyond the nor-
mal nighttime service ranges of AM
transmitters,

The degree to which AM broadecasting
deteriorates at night is amazing. Mil-
lions of listeners in this country who
live in rural and semirural areas night-
ly experience a tremendous reduction in
available AM program service. The
number of stations in the country has
more than doubled since the end of the
war. Right now, there are more than
1,970 AM stations on the air or under
construction. As a result. most of them
are operating under increased interfer-
ence conditions at night when sky waves

L3
& "§,r s
Y, 5/
O S ISR ."'43‘_/43 & y
15K & - /-
K
13x

L] IE:PI:U-H —-:I T

i l‘ll:l:4

Al LS

—r

K21000
Fig. 1—FM reproduces the full audio range.

cover tremendous distances compared
to ground-wave coverage in the day-
time. After sundown, these sky waves
may travel halfway or further across
the country, to interfere with any or all
other stations on the same channel. In
the early days of broadcasting, when
there were fewer stations, sky-wave
transmission was a boon—people de-
veloped their first keen interest in radio
by sitting up into the wee small hours
to listen to distant stations. But today,
sky-wave propagation in the form of
interference from other stations on his
channel has become a plague to the
broadecaster.

Of the AM stations now licensed, 851
(more than half) are class IV loecals, all

RADIO-CRAFT for
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of which are crammed into six of the
101 channels available for AM broad-
casting—an average of about 142 sta-
tions per channel. These stations range
from 100 to 250 watts and serve a
radius of anywhere from 20 to 50 miles
in the daytime, depending upon fre-
quency and soil conduetivity in the area.
At night, the interference-free coverage
of a local station in most areas is re-
duced to something less than a 5-mile
radius, due to interference from all the
other stations on the same channel.

FM coverage area is practically con-
stant. The distance signals can cover
at this high frequency is roughly the
same during day or night. Intexrference
from other FM stations is much less
than with AM because the desired FM
signal need be only twice as strong as
the interfering signal on an adjacent
channel to blanket it completely. A de-
sired AM signal must be 100 times
stronger than an interfering AM signal.

Because of these factors, a greater
number of FM stations can be assigned
in a given area, and can give more com-
plete coverage than a smaller number
of AM stations. This is a much more
effective system for all concerned—the
broadcaster, the time-buying advertiser,
and the vast majority of listeners. Be-
cause of the stability of FM coverage,
it was possible for the FCC to set up a
tentative allocation plan to serve as an
allocation guide for FM broadecasting
throughout the country. The plan pro-
vides for two types of FM broadcast
stations. The first is the class A station,
designed to serve small communities and
towns other than the main city of an
area and its surrounding rural area.

These stations are limited to an effec- ==

tive radiated power (effective radiated
power = transmitter output power X
antenna power gain X transmission line
efficiency between transmitter and an-
tenna) of 1 kilowatt and an antenna
height of 250 feet albove the average

terrain, Twenty FM channels have been =

set aside for use by class A stations.

The second type is the class B station,
designed to render service primarily to
a metropolitan district or principal city
and its surrounding rural area.

The allocation plan also divides the
United States into two areas to tailor
the class B stations to the different
needs of the country. Area I includes
southeastern New Hampshire; all of
Massachusetts, Rhode Island, and Con-
necticut; southeastern New York as far

north as Albany-Troy-Schenectady; all |
of New Jersey, Delaware, and the Dis- *

trict of Columbia; Maryland as far
west as Hagerstown; and eastern Penn-
sylvania as far west as Harrisburg.
These are generally the more densely
populated areas which can better sup-
port a larger number of FM stations,
but other sections may be added as re-
quired. The rest of the country is in
Area IIL

Class B stations in Area I are licensed
to operate with not less than 10-kw ef-
fective radiated power with an antenna
height of 300 feet and a maximum of
20-kw effective radiated power with an

JUNE, 1948

antenna height of 500 feet. If the an-
tenna height is greater than 500 feet,
the radiated power must be scaled pro-
portionately but in no case may the
radiated power exceed 20 kilowatts. As
an example, the radiated power must be
reduced to 3 kilowatts for an antenna
height of 1,000 feet. Incidentally, this
illustrates graphically the relatively tre-
mendous effect upon coverage of height
as compared to the effect of power.

The minimum power in Area II is 2
kw and the minimum antenna height
is 350 feet. No limit is placed upon the
power and antenna height of class B
stations in Area II, provided that the
new station does not interfere with ex-
isting stations. Consequently, stations in
this area are able to serve the sprawling
rural area. A considerable number of
construction permits have been issued
for 450-kilowatt stations.

As an example of the way the tenta-
tive allocation plan works, 20 class B
channels have been assigned to serve the
entire metropolitan area of New York
City on a constant day-and-night basis,
In addition to these 20 channels, there
are 13 class A channels available to
serve local interests, making available
a total of 33 FM stations in the New
York area.

The pattern is the same throughout
the country. In general and wherever

A -

channels on a population basis. Smaller
cities capable of supporting relatively
few stations have been assigned rela-
tively few channels, and the larger cities
assigned

have been correspondingly

DISTANCES GIVEN IN MILES

Fig. 3—Approximate ranges of FM stations.

larger numbers of channels. Because of
methodical planning by the FCC, the
most efficient channel usage for FM
broadcasting facilities has been assured.

The map in Fig: 2 illustrates what
coverage may be obtained by FM sta-
tions according to the coverage predic-
tion system set up by the FCC. It com-
pares the predicted coverage area of
one FM station with the coverage ac-

(Continued on page 60)

practical, cities have been assigned
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{—The Edwards Fidelotuner, a long-
lines device, 2—The Brooks FMT-10
uses B tubes plus eye and rectifier. 3—
Espey tuner, an FM-AM receptor. 4—
The Meissner 8BC is a compact and ef-
ficient unit. 5—Collins Audio Products
Deluxe FM-AM tuner uses 11 tubes for
FM including voltage regulator and
rectifier. 6—The Dongene FM-AM
tuner is another large job. 7—The
Browning, one of the pioneer AM-FM
tuners. 8—Approved Electronics tuner,
featuring a special curved long-lines
circuit. 9—The little Pilotuner is one of
the best-known units. 10—The DeWald

is a device which receives an FM sig-

nal and puts out an AM signal in the

manner of a phonograph oscillator.

RAD!IO-CRAFT for
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FM tuners may be almost as satis-

faectory

as complete receivers Ito

listeners with good AM reccivers

radio broadeasting. It has arrived!

There are now more than 500 FM

stations actually on the air, and
1,000 are expected before the end of the
vear. Yet many listeners are still with-
out FM receivers. There are two main
reasons for this lack. Supply of FM
receivers has not been equal to the de-
mand (at least until very recently) and
many owners of good AM receivers have
hesitated to buy a new set just to get
the extra FM band.

FM receivers to suit all tastes and
purses are daily becoming more avail-
able, so the problems of the first group
are rapidly reaching the vanishing
point. For the second group—those with
the fine AM receivers—an FM tuuer
may well be the answer. They are read-
ily available, their cost is lower than
that of a complete receiver (varying
from about $30 to $130 for straight FM
tuners), and they can be attached im-
mediately to any radio which has a
phonograph input. If the radio is not so
equipped, the local serviceman can in-
stall one easily.

For worth-while FM reception, the
original receiver must have an excellent
audio end. If not, quality will be little
better on FM than on AM. Where nat-
ural static or electrical interference
ruins AM receptien, the listener may
find it desirable to get interference-free
reception with an FM tuner, even
though his AM receiver is not a high-

FM is no longer the coming form of

fidelity type as required for best results.

The would-be FM listener has as wide
a cheoice among FM tuners as among
receivers. They vary as widely in char-
acteristics as in price. Small 5-tube jobs
are available for the person who wants
a simple, low-cost tuner. The listener
who lives far from FM stations will
prefer to use a bigger one, with (at
least) two i.f. stages and possibly also
an r.f. stage. The listener in a big city,
with many powerful FM broadcasters,
will be more intevested in the r.f. stage
as an interfercnce eliminator. For the
same reason, he will be attracted by the
double-conversion feature of some of
the cireuits. Other units are equipped
with AM tuners as well, and need only
an excellent amplifier and speaker to
be a high-fidelity receiving system.

Among the most interesting technical
variations are those in the tuning cir-
cuits. Two—the Edwards Fidelotuner
and the Approved—use modified long-
lines circuits. In the Edwards tuner,
these lines are straight, approximately
5% inches long, and % inch apart. One
get tunes the r.f. and the other the oscil-
lator section of the 6J6 converter tube.
The two sets of lines are mounted below
each other in polystyrene end blocks
and are tuned by a pair of shorting
strips, mounted in a polystyrene block
and moved along the lines by the dial
cord. Both sets are loaded with small
coils and are tracked with trimmer con-
densers.

Permeabilty-tuned coils of the Brooks tuner.

Circular long lines

In the Approved Electronic Instru-
ment set, the long lines are ingeniously
bent inte a semicircle. The shorting
blocks thus have a rotary motion and
are attached directly to the tuning
shaft. The lines also have end coils and
trimmer condensers, though tracking
adjustments may be made by moving
the shorting blocks slightly on the
shafts, to which they are attached with
setscrews.

Effect on performance does not ap-

(Continued on page 52)

CHARACTERISTICS OF THE MORE POPULAR FM TUNERS

TUNER AND MODEL | oprkation | Tuses | RF- | MIxer | 1F | ummer | RO5KER | reATURES
| Approved Electronic Inst. .| % 6 | 6AGS | 6J6 | 2:65H7 | esHT | OALS
Brooks. . .. .oonneaneenn S 8 6AKS 6BE6 | 3-6AKS5 | 2-9001 6@_'5-5 6US tuning
Browning RJ-12........... il 8 | 6BAs GBES | 2.7AGT | 265)7 | OHS | sepqiae AM
Browning RV-10....... ... ae 7 6AU6 78 | 26AU6 | 265)7 [ SHS | 6US tuning
Collins Audio Products. .. . e 9 6J6 | ORKS | 3.6AGS | 29001 | 6ALS Lo
R tube,
Colis udoProsuen M | e | o | o | 057 | 13A5 | meoor | oars | aude deniel
De Wald......covneeennn T 5 none | 12AT7 [212BA6 | none | 13AL5S | 1ZRAT
Dongene. .......ccovnn.n. N 8 6BA6 %BCE:' 9.65G7 | 2-65J7 6Fl:|56 A
Edwards Fidelotuner........ °s':'|'e‘i-f- 5 none 6J6 2-6SHT 6SH7 6Fl:|s6 It?::g;t?:.,
Espey 512.....0uevvnennnt Gl 6 6BA6 | CSBEC | 9.65GT | none | OALS |Gl AN tuner
Meissner 8C.......ooun... e 7 none i-%éfs 9.6BA6 | none 6ALS
Meissner 9-1093........... external 9 none | 34255 | 36aG5 | 29001 | ORE° 6US imicaro
separate
Pilotuner. . . «vneveeeeenenn ey 5 6BA6 | G6BE6 | 2-6BAG6 | none | OALS
JUNE, 1948
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M Receiver

By MILTON S. KIVER

HEN an FM rceceiver is
brought in for repair, sev-
eral preliminary tests can he
applied to loealize the trouble
quickly. In many cases these testx save
the =crviceman eonsiderable time.
Many present KM receivers combine
AM and FJ in one unit. It the set is
normal on the AM hands, but completely
inoperative when turned to FJM. then
the trouble must be in some portion of
the recciver which deals exclusively
with the FM signal, The audio amplifier
and the power supply can be eliminated
immediately, Separate i.f. coils are used
for each signal, and an open or short
may exist in the FM coils. Open leads
can be discounted because, in practically
all combination circuits, the i.f. coils are
connected in series. An FJM coil may
have shorted out, but this is not a com-
mon occurrence and may be discounted
at first,
Phonograph attachments can reveal
whether or not the power supply and

Service engineer at Howard W. Sams checks an FM receiver, using visual alignment method,

Servicing Teclmique

The author discusses and solves many

problems meot in FM receivers.
visual alignment methods.

phasizes

audio system ave functioning, when
neither AM nor M signals are reach-
ing the loudspeaker.,

AM and FM receiver differences

Standard broadeast AM and I'M re
ceivers differ basieally in two respects:
frequency of operation and type of de-
tector,

The FJM band is from 88-108 me. At
these {requencies, the usual variable
condenser and coil arrangement is not
too satisfactory. Such tuners are still
found in some reccivers, but most re-
ceivers are tuned by keeping the capaci-
tance tixed and varying the inductance.
Thus, Zenith employs permeability tun-
ing, G-E uses guillotines, and Motorola
resorts to tuned lines.* Replacements in
the r.f. section must be exact duplicates
of defective parts. Connecting leads
should be kept short, and special care

* M. S. River,
Deeember, 1947,

“1'M and Tclevision Design,'”
RADIO-CRAFT,
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He em-

must be taken not to disturb the place
ment of other parts.
The FM detector, in 98 out of every
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Fig. |—The well-known Foster-Seeley circuit.
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100 reccivers, is usually cither one of
two types:

1. The Foster-Seeley discriminator,

2. The ratio detector,

In the Foster-Seeley eireuit (Fig. 1)
the audio output voltage is develuped

across the resistors R1 and R2. This
voltage is passed through a de-em
phasis network to the audio am-

plifier. The network reduces the ampli-
tude of the highev-frequency components
of the audio signal. This is necessary
because the transmitter boosts the am-
plitude of these frequencies to reduce
noise which accompanies the signal.
The frequency characteristic of this
detector is the S-shaped curve in Fig. 2,
Its linear portion is the useful section of
the curve. A certain amplitude of out-
put wvoltage is derived for every fre-
quency variation. If the curve is oif-

center (Fig. 3-a) or the center section
is not linear (Fig. 3-h), distortion re-
sults,
e
S N
10.6M7 )

L

Fig. 2—A good discriminator curve is linear.

The Foster-Seeley discriminator is al-
most always preceded by a limiter stage
whose function is to remove all ampli-
tude variations from the incoming sig-
nal. If the frequeney variations are
accompanied by amplitude variations,
these will be detected by the diode recti-
fier tubes and appear as distortion in
the reproduced audio signal.

The limiter is generally a sharp cut-
off tube operating at low plate and
screen voltages, and with grid-leak bias
(Fig. 4). The bias across Rg varies with
the amplitude of the signal, and tends
to level off all amplitude variations, The
low plate and screen voltages perniit the
tube to saturate easily. As long as the
signal is sufficiently powerful to drive

RADIO-CRAFT for
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the limiter to saturation, reception is
noise-frece. The hiss heard between sta-
tions illustrates what happens when the
limiter is not saturated.

Since the voltage across Rg varies
with signal amplitude, a vacuumn-tube
voltmeter o1 oscilloscope at this peint
indicates how well the r.f. and i.f. am-
plifiers have been aligned.

Fig. 3-a, top and 3-b, bottom—Curves like
these will produce a distorted a.f. signal.
Some receivers have two limiters in

series. In this case, the test point is
shifted from the grid cireuit of the first
limiter to a similar position in the sec-
ond limiter. The lowest readable signal
voltage should be used, when testing,
in order not to saturate the first limiter
stage. If saturation occurs, the meter
will not indicate each change in signal
amplitude.

The ratio detector is shown in Fig. 5.
Changing voltages across Cl1 and C2 pro-
duce an audio voltage across R3 which
passes through a de-emphasis network
to the audio amplifier.

Points for the repairman

The voltage between point A and
ground depends upon the strength of
the incoming carrier. If the incoming
broadecast signal is replaced by voltage
from a signal generator, then the volt-
age at A will be maximum when the i.f.
transformers are aligned.

Since the audio output voltage is devel-
oped across R3, point B is a good spot to
place the oscilloscope when the ratio de-
tector is being adjusted. When the pri-
mary and secondary of T1 are properly
aligned, the audio output is zero when
the incoming signal is precisely at the
i.f. center frequency. Signals with fre-
quencies above and below this point will
produce negative and positive voltages
at R3. Thus, the S-curve of Fig. 2 vepre-
sents the characteristics of a ratio de-
tector, as well as the Foster-Seeley de-
tector. Since the ratio detector does not
respond to amplitude variations, it does
not require a limiter.

A variation of the ratio detector is
shown in Fig. 6. Comparison reveals
that point B in each diagram is actually
at the same point in the circuit. In
place of the r.f.e. of Fig. 5, we now have
L3, which is inductively coupled to L1
and receives its reference voltage from
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it. The r.f. choke (Fig. 5) obtains its
voltage from L1 through C5.

The change from the balanced to the
unbalanced circuit will affect the method
of aligning the detector. To align the
unbalanced detector, first connect two
68,000-ohm resistors in series across R1.
Connect a vacuum-tube voltmeter be-
tween points B and C. Adjust the trim-
mers for zero reading on the meter, with
a signal at the intermediate frequency.
For frequencies above and below this
point, the voltage will be either positive
or negative, to produce the character-
istic S-curve.

In summary, then, FM receivers have
several test points which help the ser-
viceman to localize defects in the eircuit.
For receivers employing the Foster-
Seeley type of discriminator, a test
point exists in the grid circuit of the
preceding limiter or at the output of
the discriminator. In the ratio detector
an indication can be obtained at point A
or across the audio output.

The necessary instruments

1. A swecp signal generator, with fre-
quency ranges from 5-15 me and
86-110 me, a maximum frequency
sweep of 750 ke being desirable on
both ranges;

2. A vacuum-tube voltmeter;

3. An AM signal generator with a
frequeney range from 5-125 me;

4. An oscilloscope.

BSJ7
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Fig. 4—A limiter precedes the discriminator.
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Fig. 5—The original ratic detector circuit,
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Fig. 6-—A variation of the ratic detector.

FM receivers can be repaired with
only a vacuum-tube voltmeter and an
AM signal generator. But time is money
to the serviceman, and all four items are
required if repairs are to be made in the
shortest possible time. A sweep signal
generator produces the full ecircuit re-
sponse in one pattern; an AM signal
generator can provide information con-
cerning only one point at a time.

The general procedure for trouble
shooting an FM receiver by signal trac-
ing is the same as for AM sets. The

WWW.americanradiohistorv.com
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audio amplifier is tested by applying an
a.f. signal to the grids of the audio am-
plifier tubes.

The FM detector is next. Connect the
sweep signal generator to the grid of
the tube preceding the FM detector. Set
it to sweep 300 ke above and below the
i.f. center frequency. Connect an oscil-
loscope across the output terminals of
the detector.

The shape of the S-curve on the oscil-
loscope screen tells the complete story
about the operating condition of the de-
tector. If the coupling network connect-
ing the FM detector to the previous
stage is not properly tuned or centered,
the S-curve appears as shown in either
Fig. 3-a or 3-b. In either case, the sound
output is badly distorted. Adjust the
trimmer condensers (or iron cores) in
the discriminator primary and secon-
dary windings to correct this condition.
The primary controls the linearity of
the center portion of the S-curve, while
the secondary adjustment affects the
centering of the S-curve.

Fig. 7 shows the S-curve when the
band width of the tuning eircuits is too
narrow. The output is distorted when
the Inconming signal is fully modulated,
and the voices appear “hissy” and
“raspy.”’ The solution is to realign the
circuits,

To obtain marker points on the dis-
criminator curve, connect the AM sig-
nal generator in parallel with the leads
of the sweep generator and tune it to
the frequency to be checked. If the fre-
quency is 10.7 me, a wiggle (Fig. 8) will
be visible at the 10.7-mc¢ point on the
S-curve on the oscilloscope screen. Check
the extent of the linear portion of the
S-curve by shifting the frequency of
the AM generator.

When the test must be made with an
AM generator, the process is lengthened
considerably because only one point can
be tested at a time. Here is how to pro-
ceed in such a case.

For the Foster-Seeley diseriminator
(Fig. 1), connect the generator to the
grid of the preceding tube. Next, con-
nect a vacuum-tube voltmeter between
point A and ground (Fig. 1). Set the
signal generator to frequencies 25, 50,
75, and 100 kc above and below the
internmediate frequency. Voltage read-
ings should be the same for frequencies
equally above and below the center fre-
quencey. Equal values indicate a linear
discriminator characteristic. If the ve-
sponse is not linear, then the primary
and secondary discriminator windings

F
10.640MC

10.7MC 10.760MC

Fig. 7—A curve with too narrow band-pass.

must be readjusted.
The method of testing the ratio de-
tector depends upon its form. If it is
(Continued on page 58)
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Simplified FM Receiver
Uses Crystal Detector

By ROBERT E. ALTOMARE

S the result of many previous
experiments, 1 decided to de-
sign an FM tuner that anyone
but the greenest beginner could

casily construct. Simplification was the
chief objective. The tendency toward
instability is minimized by reduced
stage gains and correct physical cireuit
layout. Circuit values are kept well be-
low the critical point, allowing possible
wide variations.

The tuner has four tubes: 6AG5—r.f.
amplifier; 7F8—mixer-oscillator; 6BAG
—first i.f. amplifier; and 6AG5—second
i.f. amplifier. A 1N35 dual germanium
crystal unit is the detector, although a
6AL5 dual-dicde can be substituted with
equal results. A 5Y3-GT rectifier is em-
ployed.

The frequency range of the receiver
was extended to 86.3—109.3 mc because
some constructors, however careful,
might end up with too much capacitance
across the tuned cireuits and a reduced
tuning range. It is better to recognize
this possibility in advance and avoid the
disappointment of a limited tuning
range.

The tuning section

The complete circuit is shown in Fig.
1. The r.f. section is tuned by a three-
gang variable capacitor. Each section
has its individual trimmer. These are
set initially at one turn from maximum-
capacitance positions.

The r.f. amplifier is conventional, but
it is especially useful if the tuner is

Above—Chassis view of
the set. Right—Under-
chassis,

located at considerable distance from
broadcast stations. In addition, it pre-
vents loading of the mixer tank by the
antenna and minimizes oscillator radi-
ation. Cathode bias is supplied by the
220-chm1  resistor connected between
cathode terminal No. 2 and ground. Ter-
minal No. 7 is the return peoint for the
sereen and plate bypass eapacitors. The
plate load inductor L1 has an induct-
ance of 4.25uh, It is available com-
mercially (Electrical Reactance type
165), but a substitute can be wound
with 50 turns of No. 30 enameled wire
on a 100,000-chmn, 5/32-inch diameter
insulated, carbon resistor. The effective
Q will be about 65.

A 15,000-ohm resistor reduces the
plate voltage to approximately 145, and
also acts as a deccoupling resistor., The
screen voltage is 150. The resistor in the
control grid circuit reduces any ten-
dency to oscillate. If the cireuit does not
oscillate, omit the resistor.

The r.f. tuning coil is self-supporting.
It is made of 2% turns of No. 14 tinned
wire, 3%-inch inside diameter. Solder it
between the stator terminal of the tun-
ing condenser and to the same ground
as R1. One and one-half turns of hook-
up wire interwound with the r.f. coil is
suitable for a 300-ohm folded dipole. A
72-ohm antenna will require only a
single loop of wire for coupling.

Mixer and oscillator

The mixer tuning inductor is similar to
the r.f. coil. The coupling condenser is

tapped at 12 turn from the hot end. The
mixer plate eircuit is made inductive by
L2. This coil consists of 15 turns of No.
22 enameled wire wound around a 3/16-
inch diameter, 1,500-ohm resistor. Re-
turn all ground connections in this cir-
cuit to the same point on the chassis,
preferably to the frame of the tuning
capacitor.

The oscillator is a Hartley type and
tunes 10.7 me higher than the incoming
signal frequency. Make the oscillator
coil of 1% turns of No. 14 bare tinned
wire wound on a 3s-inch form. The os-
cillator tap connection is not critical.
Attach it to a point about Y2-turn from
the plate end.

Fig. 2 is a suggested circuit layout for
the oscillator. Wiring is simplified, and
the leads are short.

The oscillator is coupled to the mixer
through a small capacitor, C1, made by
twisting two 1-inch lengths of No. 18
insulated wire together. Solder one wire
to terminal No. 1 and the other to ter-
minal No. 8 of the 7TF8 socket. Capaci-
tance can be reduced by untwisting the
wires. The two r.f. chokes in the TF8
and r.f. 6AG5 filament leads consist of
25 turns of No. 26 enameled wire, wound
on 68,000-ohm, '2-watt insulated ve-
sistors (L4, circled 7 and 8).

The i.f. amplifier section
The tuner
stages,
The 1st i.f. amplifier tube is a type
6BAG; the second, a type 6AGH. Differ-

has two i.f. amplifier

showing coils.

www americanradiohistorv com
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ent tubes were used only to emphasize
that different types are usable.

The i.f. transformers are slug-tuned
to 10.7 mec. Any make ecan be used.

Orient the 6BA6 and 6AG5 sockets
and the transformers to keep the grid
and plate leads comparatively short.

Assemble the components of the sec-
ond i.f. amplifier stage on a terminal
board in their entirety.

The final stage is a modified ratio de-
tector. Audio output is taken from a
tertiary winding on a standard discrim-
inator transformer. Make this winding
of 5 turns of No. 26 sec wire, wound
over the cold end of the primary, and in
the same direction (Fig. 3). Connect the
hot end of this winding to the center tap
of the secondary coil. The other end sup-
plies audio output. This lead also con-
nects to ground through a .004-uf mica
capacitor. It will be necessary to re-
move the coupling capacitor normally
connected between the plate lead and
the center tap of the secondary winding.

The 75,000-ohm resistor and .001-pf
condenser form a 75-microsecond de-
emphasis network to neutralize the pre-
emphasis inserted at the transmitter to
reduce noise. A l-meg volume control
allows control of the output.

Note that the output of a ratio dis-
criminator is half that of a conventional
discriminator for a given signal input.

Automatic volume control ecan be
added easily to this FM tuner. It is pref-
erable to control only the last i.f. stage,
although sometimes it is also desirable
to control the r.f. stage. Fig. 4 shows
the circuit for applying a.v.c. to both.

Physical layout

Take care to align the tuning capaci-
tor with the dial. Place the r.f. tube close
to the r.f. section of the tuning capaci-
tor; the TF8 should side-straddle the
mixer and oscillator sections. See Fig. 2.

Mount all the main components first,
and then wire the power supply and
filament circuits. Keep the 1.f. stage fila-
ment choke at least 2 inches away from
the r.f. coil. Next wire the discriminator
and the i.f. eircuit. Test and align the
i.f. stages with a signal generator at this
point. Hook up the oscillator, mixer, and
r.f. stages, following Fig. 2 closely.

Before trying to “get music” from
the tuner, check all the circuits. The
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d.c. voltages should agree with those
indicated in Fig. 1. Measure the oscil-
lator grid voltage with a vacuum-tube
voltmeter. Lack of oscillator grid volt-

age means an inoperative oscillator.
This might be due to a bad tube, parts
or wiring.

If all voltages are approximately cor-
rect, align and traek the tuner. A signal
generator is practically a necessity.
Connect it between the mixer grid and
ground and adjust the i.f. transformers
and the primary of the diseriminator
transformer for maximum d.c. voltage
across resistor R.

To align the r.f. section, apply the
signal generator to the dipole input
terminals through two 300-0chm carbon
resistors (70-chm resistors for a 72-0hm
dipole). Set the signal generator to
109.3 mc and completely unmesh the
tuning capacitor. Now adjust the oseil-
lator trimmer for maximum voltage
output across R. There will be two
voltage peaks as the trimmer is opened.
The second is the correct one.

Now decrease the frequency of the
signal generator and at the same time
increase the capacitance of the tuning
capacitors, continually following the sig-
nal at the same time, until the tuning
capacitor is entirely meshed. If the sig-
nal generator reads about 86.3 mc, the
oscillator is correctly adjusted.

If the generator frequency is con-
siderably different from 86.3 mc when
the oscillator ecapacitor plates are “all
in,” the oscillator inductance is incor-
rect. For a lower frequeney than 86.3
me, decrease the oscillator inductance by
spreading the turns and repeat the
whole procedure. If the frequency is
greater than 86.3 mc, increase the oscil-
lator inductance by squeezing the coil.
If necessary, wind another coil with an
additional quarter-turn.

To align the r.f. and mixer sections,
set the signal generator to 109.3 me and
again set the capacitor to minimum, tun-
ing in the signal. Adjust the r.f. and
mixer trimmers for maximum output.
Now retune both the signal generator
and tuner to 86.3 mc and check the r.f.
and mixer trimmers. If either of these
must be tightened the corresponding in-
ductance is too low and should be in-
creased by squeezing. But if either must
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be loosened for maximum output, re-
duce inductance by spreading turns.
Now align the discriminator trans-
former. Connect two closely matched
75,000~ to 100,000-0hm resistors across

CHASSIS
MiX.GND LUG

r:l
CONDENSER GANG

—— ey

N

G=05C. GND LUG

Fig. 2—Detail of part of r.f. section. Numerals
on socket indicate pin numbers. Circled ones
refer to points on schematic. Cl is a single
twist of wire between pins | and 8 {gimmick]).

R. Place the common lead of a d.c.
v.t.v.m. at the junction of these resistors
and the hot lead at point X, below the
discriminator transformer in Fig. 1.

Adjust the discriminator transformer
for zero reading on the meter. The dis-
criminator is then correctly aligned.
Now repeat the alignment process. For

REMOVE

B SEC. wINDING

—.

P
NEW WINDING  SECONDARY CENTER TAP

B+LEAD

Fig. 3—The ratio detector winding details.

more detailed information, see the ar-
ticle on page 30 of this issue.

001 6AG(RF)
T2

5-004

Fig. 4—A.v.c. applied to r.f. and last if.

The builder can often persuade a
local serviceman to permit the use of a
signal generator at his shop for align-
ing the tuner. In the event no signal
generator is available, the alignment
process becomes complex and perhaps
impossible. Possibly a station could be
tuned in and the extremities of the
band then approximated, if the if.'s
are aligned with a 10.7-me signal.

GAGS (IF-2)
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tM DISCRIMINATOR CIRCUITS

Most FM circuits parallel their corresponding AM equivalents. The

FM discriminator, or detector, introduces some totally new features.

REQUENCY modulation has today

stepped into the limelight both in its

own right, and as the sound portion

of television transmission. Success-
ful servicing of this equipment requires
a thorough knowledge of circuit opera-
tion. The visual system of alighment
with a cathode-ray oscilloscope and a
sweep generator has been covered in re-
cent articles. This method is the accept-
ed way to do a fast, accurate job. In ad-
dition to possessing the above equipment
the serviceman should have a good
working knowledge of the methods em-
ploved to convert the frequency-modu-
lated radio signal into the final usable
audio, If these circuits are understood,
troubles pointed out by the oscilloscope
may be more readily located.

The r.f. and mixer stages of an FM
recciver do not differ basically from
those of a normal AM set. Referring to
the schematic of the popular Pilotuner
we see that the circuit is similar to that
of 2 normal broadcast receiver right up
to the detector circuit. This particular
unit is a complete, well-designed FM re-
ceiver (lacking only the audio system)
and is representative of the type of cir-
cuit that the serviceman may expect to
encounter.

The r.f. and i.f. sections of the re-
ceiver must pass a 200-ke band width
without too much amplitude variation.
This is no problem for the r.f. ampli-
fier, as it is not very selective in terms
of 200 ke when operating throughout
the high-frequency FM band. Maximum
gain is desirable in this stage, however,
to keep the signal-to-hiss ratio at low
signal levels high.

6BE6 STIF_

GBAG 2NDIF

The i.f. amplifiers nmust pass this
same 200 ke while operating at a much
lower frequency. The Pilotuner for in-
stance has a center i.f. of 10.7 me. It is
necessary to broaden the natural sharp
response of the i.f. parallel resonant cir-
cuits to accommodate this 200 ke band.
These circuits may be shunted by resis-

=

——

The Pilotuner, a typical standard FM tuner.

tors, or coils of low Q may be used to
obtain a more or less flat top response.
Another system uses critically-coupled
dual i.f. transformers. An amplitude
loss of not more than 2:1 at points 75
ke either side of the resonant center fre-
quency is considered satisfactory re-
sponse.

Alignment of these amplifiers requires
an FM sweep generator and a good os-
cilloscope. It is perfectly possible to
align a FM receiver with an AM gen-
erator and output meter only, but it

________

K%

IITVAC
X 600V

VTVM FOR DETECTOR

BI‘; ALIGNMENT ONLY

ANTUNE™ m‘&}'? T “’T"" I AL Conbs 4=

OTHIR 8.3V FILS ) couns 400V UNLESS OTHERWISE SPEQIRED

Circuit of the Pulofunor referred to above. (Condensed from RADIO-CRAFT, September, 1947}
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By DOUGLAS H. CARPENTER

takes too much time to be practical. As
a representative case the Pilotuner was
aligned by a qualified man using the
tedious AM generator-output meter sys-
tem. It took more than half an hour.
A recheck with a sweep generator and a
scope showed slight lack of symmetry of
both the i.f. and detector patterns. The
set was then aligned in five minutes with
the sweep generator and scope.

FM limiter circuits

The limiter-discriminator was the
first popular system of FM demodula-
tion. This type of recciver is not manu-
factured as extensively today as the
ratio detector type. It may be found in
higher-priced receivers, and it requires
a greater number of stages to guaran-
tee immunity from noise.

The limiter makes certain that AM
noise which may be present with the FM
signal is removed bhefore the signal
reaches the discriminator (detector).
This is done by operating a tube or tubes
at low plate and screen voltages so that
they saturate casily (are operated to
full output with a low value of grid sig-
nal drive). Thus the signal which
reaches the discriminator is of constant
amplitude. The two-stage or cascaded
limiter is superior in that it will reach
saturation (allow no further change in
plate current) with lower grid signal
drive. This allows noise-free reception
of weaker signals. Noise variations of
course can be reproduced as audio if the
input signal is too small. The limiter
system would not then funetion proper-
Iy, as it would not be driven hard enough
to saturate. This suggests the use of
sharp cutoff tubes in the limiter cireuits
and high gain in the i.f. system.

The FM discriminator

The discriminator is the detector of
the FM set. It follows the limiters, and
its purpose is to convert a signal which
is varying in frequency into a usable
audio voltage. Fig. 1 is the schematic
of a back-to-back phase-shift discrimi-
nator. If the primary circuit L1-C1 is
tuned to the resonant frequency it looks
like a pure resistance. The voltage fed
to the secondary (L2-L3-C2) is made up
of two parts. The first is the voltage
across the secondary due to inductive
coupling, and the second that which is
fed to the secondary center tap through
Cc. The phase relations of these two
voltages are such that the currents pro-
duced by rectification in the two diodes
flow through the load cireuit (R1-C3-R2-
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C4) from opposite sides, and buck each
other out. The net result is that no volt-
age appears at the audio terminals.

When modulation is applied to the
carricr its frequency shifts above and
below the resonant center frequency. If
the carrier changes from resonance to a
higher frequency the input circuit looks
capacitive, and the induced secondary
current leads the voltage. This shift in
phase causes the current produced by
the inductive coupling to combine with
that fed to the secondary through Ce in
such a way that one diode has more
voltage applied to it than the other. The
rectified current of this diode increases,
while that of the other decreases. The
currvents in the secondary load circuit
are no longer equal, and an audio volt-
age is produced. If the carrier changes
to a frequency lower than resonance the
input circuit looks inductive, and the
current lags the voltage. In this case
the other diode has more voliage applied
to it, and the complete load circuit has
a voltage across it in the opposite direc-
tion to that of the first instance.

The frequency of the audio voltage de-
vends on the rate the carrier is shifted
above and below the resonant frequency,
and the magnitude depends on how far
the carrier is shifted from resonance, as
this determines the amount of current
unbalance in the load circuit.

R

Fig. |—Back-to-back [Foster-Seeley) circuit.

The width of the frequency band that
may be passed without amplitude change
depends upon the Qs of the respective
coils and the degree of coupling between
them. The closer the coupling and the
lower the Q, the wider the linear re-
sponse. The audio voltage difference de-
pends, however, upon the amount of
voltage applied to the diodes, and it is
desirable to keep the Qs as high as pos-
sible, and passing no more than the
frequency excursion required.

Since the discriminator responds not
only to changes in frequeney but also
in magnitude of the applied voliage, it
is sensitive to amplitude variations such
as noise. If a earrier causes the voltage
across the two load resistors to be 410
volts across one, and —10 volts across
the other, no voltage will be developed
across the audio terminals.

If the carrier shifts away from the
resonant frequency a certain number
of kiloeycles the voltage aeross one re-
sistor will increase to +15 volts, while
that across the other will be —5 volts.
The voltage delivered to the audio sys-
tem is then 410 volts. If the carrier re-
ceived were twice as strong the voltages
would be 30 and 10, and the audio sig-
nal would be twice as great. This system
therefore is rarely used without pre-
ceding limiters to wash out undesirable
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amplitude variations that come in with
the reeeived signal.

The ratio detector

The ratio detector is a discriminator
that requires no preceding limiters. It is
therefore not necessary to build up the
input signal to as high a level aus would
be necessary to insure saturation in the
limiter-diseriminator receiver just dis-
cussed. Less i.f. amplification is re-
quired, and no limiter stages are neced-
ed. The production cost of this type of
receiver is much less than the limiter-
discriminater type, and the ratio detec-
tor is used in many lower-priced sets.

The discriminator circuit responds to
a change in the average amplitude of
the carrier. The voltages developed
across the load circuit in the example
just given were proportional to the ap-
plied signal, but note that the ratios of
these voltages were the same. In the
first case the voltages across the two
load resistors were 5 and 15, or a ratio
of 3:1. In the second instance the volt-
ages were 30 and 10, but the ratio was
still 3:1. The ratio detcetor works on
changes of this ratio between the volt-
ages developed across both halves of the
load circuit. Because of this it is insensi-
tive to amplitude change.

The ratio detector (Fig. 2) works on
the principle of separating a fixed d.c.
voltage into two parts. The ratio be-
tween these two voltages is the ratio of
the voltages applied to the separate
diodes. This voltage difference is caused
by the change in carrier {frequency pre-
viously explained.

The capacitors C3 and C4 are of equal
value, and together with R1 and C2
form the diode load circuit, The recti-
fied currents of the two diodes are in
series in this case and ercate a voltage
drop across R1. The voltage developed
across this resistor depends on the av-
erage strength of the applied signal.
Capacitor C2 is large and is an effective
bypass for audio variations. The Pilo-
tuner uses an additional small bypass
shunted across this high-value condenser
to prevent the larger one from acting
like an inductor at higher frequencies.

At resonance the current will flow
around the series circuit and there will
be voltage drop across R1. No voltage
will be fed to the audio system, because
the ratio of the voltages across C3-C4,
is 1:1. If the carrier deviates from res-
onance more voltage will be applied to
one diode than the other, and the ratio
of the voltages across C3-C4 no longer
will be equal. The total voltage across
the load cireuit has not changed, but
simply the ratio of the voltages across
C3-C4. This is realized as uscful audio
output. The total voltage developed
across R1 of course depends on the
average strength of the eavrier applied.
The voltage at the top end of this re-
sistor therefore makes an excellent
source of a.v.c.

The large capacitor that shunts the
load resistor is called the stabilizing
condenser, and serves an additional pur-
pose. A separate variation of the proper
phase and amplitude could heterodyne to
zero the FM signal itself. If this hap-
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pened no voltage would be applied to
the diode input circuit, and conduetion
would be stopped momentarily. The
large stabilizing eondenser has a charge
established across it and has a relatively
long time constant. This tends to hold
the audio output at the last average
level, and the disturbance would not be
noticeable to the listencr. This detector
would not he etfective for interference
of long duration that satistied the above
requirement. Complex voltage of this
type is rare indeed, however.

Summing up the advantages of the
two systems, it may be said that the
limiter-discriminator type of FM set is
slightly superior to the ratio detector
system, but requires a greater number
of stages for the same practical effect.
The ratio detector is found in the ma-
jority of currently produced sets be-
cause of its lower cost. This conforms
with the present pelicy of manufac-
turers to produce large numbers of FM
receivers at a reasonable price.

An entirely different system of FM
detection, employed by Phileo, uses a
weakly oscillating tube., A heplode spe-
cially designed for the work, it has two
grids. One of these is the grid of the
oscillator circuit; the input signal from
the i.f. amplifier is applied to the other.

An oscillator has a well-known ten-
dency to “lock in” with (follow the fre-
quency of ) another oscillator tuned near
its frequency. Oscillating tubes have an-
other tendeney even better known to
amateurs. Their frequency varies with
variations of plate current. This type of

(T TrT
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Fig. 2——Circuit of the common ratio detector.

frequency modulation is a very undesir-
able feature in simple AM transmitters,
and one that the ham dislikes.

These two old and heretofore harmful
features were used to produce a detector
of frequency variations. A circuit (see
Fig. 1, page 24) was devised which
would inercase both these tendencies.
The oscillator is so designed that it locks
in with and follows faithfully the fre-
quency variations of a relatively small
signal applied to its input grid.

The second feature was used in re-
verse. Changes in the oscillator’s fre-
quency are made to produce changes in
the plate current. Thus the detector cir-
cuit receives a frequency-modulated sig-
nal and puts out an amplitude-modu-
lated one.

Other methods have been and are be-
ing used to detect FM signals (such as
slope detection with superregeneration)
but the above are the most important
systems, and practically the only ones
the repairman will meet.
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only with an outside antenna. The
indoor antenna is more liable to

BEST reception on FM is possible
pick up interference from power

~
m— il
T
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A- BENDING OF WAVE, B HIGH ANTENNA, SIGNAL OK, C-LOW
ANTENNA, NO SIGNAL, 08-0BSTRUCTION ; FMX~FM XMITTER

Fig. |—Line-of-sight may be exceeded by FM.

lines and electrical apparatus, and gen-
erally delivers a weaker signal to the
input terminals of the receciver.

The higher the FM antenna can be
erected, the stronger are the signals, in
most cases, If the antenna is low, it may
be impossible to receive all the stations
in the area. FM signals follow the line-
of-sight to a great extent, and the re-
ceiving antenna should therefore be as
high as possible, There is some bending
of the signal due to refraction (Fig. 1).
This accounts for satisfactory reception
of FM programs at distant locations,
even when the receiving antenna is not
as high as theory might demand.*

The receiving antenna should be tried
in several different locations. Sometimes
moving it from one end of a roof to the
opposite end spells the difference be-
tween poor and good reception. Flexible
indoor antennas, when used, can be test-
ed in a number of different positions—
under the carpet, on the wall (hidden
behind a picture), ete. Keep all FM an-
tennas away from metal masses, metal
pipes, and electric wires.

Simplest FM antenna

The simplest FM antenna is the di-
pole (Fig. 2). It is usually cut to reson-
ate at 98 mc, the center of the FM band.
The length of the whole dipole is %
wave length at 98 me, or 56.7 inches.
Each leg of the dipole is one-half this
or 28.3 inches.

For general purposes the half-wave
length in feet is found from the formula

492—6%
L = , where f is the fre-

f

quency in mc. The 6% corrects for
effects due to the capacitance added by
the insulators at the ends of the dipole.

*“Television and FM Antennas,” H. W. Secor,
RaDio-CrAFT, January, 1948,

M Receiving Antennas

gy H. W. SECOR

For a more accurate calculation, use a
correction factor of 7.6% for 98 mc and
%-inch diameter tubes or rods for the
dipole,

The factor varies with the frequency
and the diameter of the antenna ele-
ments.

The ordinary simple dipole does not
have an even response over the 88—108-
mc¢ FM band. A broad-band antenna is
needed for tuning over the wide fre-
quency range. The folded dipole, illus-
trated in Fig. 8, has been widely adopt-
ed for FM because of its broad fre-
quency response.

The frequency response of a simple
dipole can be broadened simply by over-
lapping the inner ends of the two ele-
ments, as shown in Fig. 4. The dipole
elements are made slightly longer than
14 wave length. This extra length
makes the antenna inductive. The in-
ductance is compensated for by intro-
ducing a capacitance, created by over-
lapping the inner ends of the tubes.

StMPLE OIPOLE

FOLDED DIPOLE

fig2 1o ser figd
Figs. 2 and 3—The simple and folded dipole.

Impedance matching

The average simple dipole has ap-
proximately 75 ohms of impedance at
the center, at its resonant frequency.
The impedance of a folded dipole is
about 300 ohms. Since the average FM
receiver has an input impedance of 300
ohms (RMA standard), the folded di-
pole can easily be matched to the re-
ceiver with a 300-ohm transmission line.
A T75-ohm antenna might be coupled to
the receiver (300-ohm input impedance)
through a 75-ohm co-axial cable. An
impedance matching network should be
installed between the end of the co-
axial cable and the receiver. Co-axial
cable has the advantage of being shield-
ed and not subject to interference pick-
up, as is the case with the twin-lead flat
plastic line,
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The plastic twin-lead usually gives
very satisfactory results if it is care-
fully installed and kept away from
metal tanks and pipes. To avoid inter-
ference pickup, the flat line is sometimes
given a twist of about one turn per foot.
Some manufacturers supply antennas
with center impedances as low as 14
ohms. These must be matched to the
{usually) 300-ohm input of the receiver.
A simple matching section may be com-
puted and installed as shown in Fig. 5.

Let us assume these factors for an
example: Frequency to which antenna
is to tune, 98.75 mc; impedance of
transmnission line, 300 ochms; input im-
pedance of receiver, 300 ohms.

The matching section is a short lead
(about % wave length long), inserted
between the antenna and the 300-ohm
transmission line. The impedance of the
matching section is equivalent to the
square root of the product of the two
impedances to be coupled, or

Impedance of matching lead =

V14 X 300 or V4200 = 64.9 ohms.

A choice of three different impedance
lines is available: 75 ohms, 150 ohms,
and 300 ohms. The nearest value in this
case is the 75-ohm line.

To compute the length of 75-ohm line
required for the matching section, we
use the following formula:

11811 x Y
L (inches) = ——MMM—,
f{mnc) x 4

The value of Y is chosen from the
following tabulation: Y for 75-ohm
matching section = 0.69; for 150 ohms,
Y = 0.77; for 300 ohms, Y = 0.82. F is
the antenna frequency in mc. Substitut-

ing 0.69 in the formula gives: L
11811 x 0.69
(inches) = ——— — 20.63.

98.75 x 4

REAR VIEW FROM
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Fig. 4—Overlapping to broaden band.
Fig. 5—A dipole antenna with a reflector.
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Fig. 5 shows how the matching sec-
tion is connected between the 14-ohm an-
tenna and the 300-ohm line to the re-
ceiver. The joints between the 75- and
200-ohms lines must be soldered and
taped well to protect them against the
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Fig. 6—A sensiﬁve nd directional antenna.

The directional characteristic of the
folded dipole can be improved by adding
a reflector. The impedance is somewhat
lower (approximately 250 ohms) when
the reflector is about 14 wave length
from it. It is common to match this com-
bination to a 300-chm transmission line.
The small mismatch does not interfere
with a satisfactory signal pickup. It is
common to space the reflector about 0.15
wave length behind the antenna.

If a director element is added tc a
folded dipole, the directional pattern is
still further sharpened—an aid in cases
where interference is severe. Since these
parasitic elements make the antenna
frequency-sensitive and cause response
over a narrow band, they are not the
best solution of the antenna problem.

A folded dipole with a reflector only

represents a good compromise, since it
has a fairly sharp pattern, with broad
frequency response and easy matching
to a 300-ohm line.

At points remote from the transmit-
ter, where greater signal strength is
required, the antenna height can be in-
creased. Or an antenna made of two or
more dipoles, one above the other, can
be used (Fig. 6). There are several
types of omnidirectional antennas. One
of them, with the elements arranged in
the form of a cross is shown in Fig. 7.
A quarter-wave matching section usu-
ally connects the two dipoles.

Where it is difficult to pick up a suffi-
ciently strong signal from all the de-
sired stations with one antenna, the use
of several antennas may be helpful.
Several dipoles can be erected at dif-
ferent locations or one below the other,
each one facing the desired station. A
simple switch or jack-and-plug arrange-
ment permits the operator to connect
any one to the receiver. An alternative
is to use one antenna which can be
rotated. Sometimes the antenna requires
tilting at an angle because of changes
in the polarization of the high-fre-
quency waves.

Tuning the FM antenna

While FM antenna adjustment is not
too critical, care should be taken when
it is erected.

Mount the dipole broadside to the
transmitting station. Adjust the length
of the dipole elements for maximum
signal strength, and alse the gap be-
tween the inner ends of the elements.
About 1 to 1% inches is a common gap
length. Experiment with the distance
between the reflector and the dipole for
best results—about % wave length is
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suitable for FM. If the length of the
reflector is adjustable, vary it too for
maximum signal.

It is often best to turn the entenna
for the strongest possible signal from
the weakest stations. The strong signals
will take care of themselves. Keep the

Courtesy Ward Products Co.
Fig. 7—An omnidirectional type of anienna.
lead-in cable away from metal tanks
and pipes, and suppert it away from the
building, wall and roof with suitable
high-frequency insulators. Anchor it in
place so it cannot sway in the wind.
Bring the cable into the building
through suitable insulators. One method
is to use a sheet of polystyrene in place
of a glass window pane, passing the
lead-in through a hole drilled in the
center of the polystyrene panel.

Connect a vacuum or other approved
type of lightning arrestor to the lead-in.
Attach the ground wire to the nearest
water pipe or a piece of pipe driven
into moist earth. Some types of anten-
nas do not require separate lightning
arrestors.

DIRECTORY OF FM RECEIVER MANUFACTURERS

ADMIRAL CORPORATION
3800 Cortland St., Chicago 47
AIRADIO, INC.
Melrose Ave. & Barry Place, Stamford, Conn.
AIR KING PRODUCTS CO., INC.
170 Fifty-Third St., Brooklyn 32, N. Y.
ANDREA RADIO CORP. i
27.01 Bridge Plaza North, Long Islard City 1, N. Y.
ANSLEY RADIO CORP
41 St. Joes Ave., Tren on 9, N. J.
APPROYED ELECTRONIC INSTRUMENT CORP.
142 Liberty St., New York &, N. Y.
A.R.F. PRODUCTS, INC.
7627 Lake St., River Forest, I,
AUTOMATIC RADIO MFG. CO., INC.
122 Brookline Ave., Boston 15, Mass.
BELMONT RADIO CORP.
5921 W. Dickens Ave., Chicago 39, 1ll.
BENDIX RADIO
East Jopps Road, Baltimore 4, Md.
BROOKS ELECTRONIC LABORATORIES
621 Main St., Waltham, Mass.
IIROWNING LABORATORIES INC.
.750 Main St., Winchester, Mass.
BRUNSWICK RADIO & TELEVISION
244 Madison Ave., New York 15, N, Y
COLLINS AUDIC PRODUCTS CO.'
. Box 388 Westfield, N. J.
COLONIAL RADIO CORP.
254 Rano St., Buffalo 7, N. Y.
CROSLEY CORP.
1329 Arlington St., Cincinnati 25
DeWALD RADIQ MANUFACTURING conr.
440 Lafayette St., New York 3, N. Y.
DONGENE LABORATORIES INC.
95 Van St., New York
DuMONT LAIORATORIES INC.
2 Main Ave., Passaic,

ELECTRICAL REPRODOCTIONS CO.
a St., Chlcaqo 22, I

ELECTIO-TONE ¢o

221 Hudson 5St., bo J.
mensou umb L PHONOGRAPH CORP.

111 8th New York II,

ESPEY MANUEACTUIING co. mc.

528 E. 72d St., New York 2I, B. Y.

WIUNE, 1948

FADA RADIO & ELECTRIC CO., INC.

30-20 Thomson Ave., Long Island City |,
FARNSWORTH TELEVISIO(I‘«I & RADIO CORP

3700 E. Pontiac St., Fort Wayne |, Ind.

FISHER RADIO COR

41 h St., New York 17, N.
FINCH TFLECOMMUNICATIONS INC

4th & Virginia Sts., Passaic, N. J.
FREED RADIO CORP.

200 Hudson St., New York 13, N. Y,
GAROD RADIO 'CO

70 Washington $t., Brooklyn I, N. Y.
GENERAL ELECTRIC CO.

Electronics Park, Syracuse |, N. Y.
THE HALLICRAFTERS CO

4401 W, Fifth Ave. Chlcaqo 24, 111,
HOFFMAN RADIO CO

3761 S. Hill St., Los Anqeles 7, Calif.
HOUSTON RADIO & TELEVISION CO.

612 N. Main St., Houston 9, Texas

HOWARD RADIO 'CO,

1735 Belmont Ave., Chicage 13, III,
INTERNATIONAL DETROLA CORP

Beard & Chatfield Aves., Detroit 9, Mich.
LEAR, 5

110 lonia Ave Grand Rapids 2, Mich.
LEWYT CO

40 Broadway, Brooklyn 11, N. Y.
THE MAGNAYOX CO.

Ft. Wayne 4, 1.
MAJESTIC RADIO & TEL. CORP.

900 N. State St., Elgin, IN,
JOHN MECK INDUSTRIES, INC.

Liberty St., Plymouth, Ind.
MEISSNER MANUFACTURING DIVISION
MAGUIRE INDUSTRIES, INC.

Bellmont & 7th St. Mf Carmel, 1l
MINERVA CORP. OF AMERICA

238 William St., New York 7, N, Y,
MOTOROLA, INC.

4545 Augusta Blvd Chicago 51, (I,
NATIONAL CO., C

41 Sherman St., Malden 48, Mass.
NOBLITT- SPARI(S INDUSTRIES INC.

{3th St. & Big Four RR, Columbus, Ind.
OLYMPIC RADIO & TELEVISION INC.

3401 38th Ave., Long Island City I, N. Y.
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PHILCO CORP

Tioga & C. Sts., Phlladelphm 34, Po.
PILO RADIO CO

37.06 3bth St., Lonq tsland City 1,
RCA VICTOR DIVISIO

N.

REL RADIO ENGINEERING LABS., INC.

35-54 36th St., Long Island City |, 'N. Y.
RADIO TELEVISION PRODUCTS CORP.

Grass Lake Mic
RAYTHEON MANUFACTURING CoO.

55 Chapel St. New’on 58, Mass.
REMLER COMPANY,

2101 Bryant St., San FranCIsco 10, Calif.
SCOTT RADIO LABS., INC.

4541 N. Ravenswood Ave., Chicago 44,
SENTINEL RADIO CORP.

2100 Dempster St., Evdnsfon, Ml
SONORA RADIO & TEL. CORP.

325 N. Hoyne Ave., Chicage 2, IIl.
THE SPARKS-WITHINGTON CO.

Jackson, Mich.
STEWART-WARNER CORP.

1826 Diversey Parkway, Chlcago 4, .
STROMBERG-CARLSON CO

100 Carlson Rd., Rochester 3, N. Y.
SYMPHONIC RADIO & ELECTRONIC CORP.

292.298 Main St., Cambridge 42, Mass.
TELEYOX, INC.

451 South S5th Ave., Mt. Vernon, N. Y,
TEMPLETONE RADIO MFG. CORP.

100 Garfield Ave., New London, Conn.
VIEWTONE TELEYISION & RADIO CORP.

81 Willoughby St., Brooklyn 1, N, Y,
WARWICK MFG. CORP.

4540 W, Harrison St., Chicago 44,
WATTERSON RADIO MFG. CORP.

P.O. Box B840, 2700 Swiss Ave., Dallas 1, Texas
WELLS-GARDNER & CO.

2701 N. Kildare Ave,, Chicago 39, IIl.
WESTINGHOUSE ELECTRIC CORP.

2519 Wilkens Ave., Baltimore 3, Md.
WILCOX-GAY CORP

Charlotte, Mich.
ZENITH RADIO CORP, .

6001 Dickens Ave., Chicago 39, IlI,

. Y.
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FM Receivér

L 4

Left, a front view of the converted set. Note the construction of the
dial. Below, under-chassis view. R.f. section is on right side.

From War Surplus Radio BC-624

By ROBERT C. PAINE

ket. It is well liked by amateurs
and experimenters who have con-
verted it for receiving AM signals on
the 2-meter band. (Detailed instructions
for converting the BC-624 for 2-meter
reception were given by Mr. L. W. May,
W5AJG, in the September, 1947, issue
of RaDi0-CrAFT. He described the con-
version of the companion transmitter in
the April, 1947, issue.) In this article
we will show how it can be converted
with little effort to a standard wide-
band FM receiver.
This set is available separately or as
a component of the SCR-522—a receiver
and transmitter combination designed

HE BC-624 is still one of the most
popular surplus items on the mar-

Cy

Fig. |—Trimmers and padders adjust tracking.

for use on the 100- to 156-mc band, The
tube line-up is as follows: 9003 (VT-
203) r.f. amplifier; 9003 mixer; 9002
{(VT-202) harmonic amplifier; 12AHY7
(VT-207) crystal oscillator and squelch
relay control tube; three 12SG7 (VT-
209) 12-me i.f. amplifiers; 12C8 (VT-
169) second detector; a.v.c. and first
a.f. amplifier; and a 12J5 (VT-135)
second a.f. amplifier.

There are several versions of the BC-
624, The BC-624-A is one with minor
electrical or mechanical improvements.
The BC-624-AM is the BC-624-A modi-
fied—either in the field or factoryv—to
include an additional tube for delaved
a.v.c. and automatic noise limiter cir-

M reception is possible with several surplus sets.

The author tells how to convert the BC-624 receiver.

cuits. This tube is mounted under the
chassis. The latest model, the BC-624-C,
is a scarce item on the surplus market.
It uses a 12H6 (VT-214) in an elec-
tronic squelch that replaces the mechani-
cal system used in earlier models. Any
of these models can be used in making
this conversion,

Equipment circuit alterations

If your BC-624 is in a rack with the
transmitter, remove it by unscrewing
the red-painted screws visible when the
rack is out of the cabinet. The next step
is to remove the mechanical channel
selector which turns the tuning condens-
ers through cams. These cams are fast-
ened with Bristo screws that can be re-
moved with a No. 8 Bristo wrench after
the cement that prevents their shaking
loose has been removed with carbon
tetrachloride.

Remove the a.f. transformer (295)
and the plate relay in the mechanical
squelch circuit. Take out the crystal
mounting strip, the tuning coils, power
plug, and terminal strips near the 12C8,
12J5, and 12AH7 tubes. The i.f. ampli-
fierr is used as is, with only minor
changes., but the second detector and
audio system are completely rewired.
The 12C8, 12J5, and 12AHT7 are ve-
placed with a 6SN7, 6K6, and 6X5, re-
spectively.

There are two variable condensers:
one has three gangs, and the other has
two. These have split stators and in-
sulated rotors. Each section has a ca-
pacitance of approximately 16 to 50 puuf
which makes them ideal for tuning h.f.
circuits.

Assuming a cireuit capacitance of 4
uuf in parallel with the tuning con-
denser. we have an available capaci-
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tance of 20-54 nuf. This has a possible
tuning range of V54puf/20upuf=1.64/1.
The FM band, 108 mc to 88 mec, requires
a range of 1.23/1. This means that the
condenser, as it stands, has an excessive
tuning range, which results in more
difficult alignment and a more crowded
tuning scale. The capacitance ratio is
changed with trimmers and padders as
shown in Fig. 1, where C is the main
condenser, Cp, the small parallel trim-
mer built in on the main condenser, and
Cs is a 5-35-punf mica trimmer mounted
in series with the c¢oil. Since the entire
tuning range of the condenser is actu-
ally somewhat less than 90 degrees and
the active stations come close together,
a tuning dial with an expanded scale is
desirable. The author used a planetary
type (National) with a long pointer
attached to the dial.

The R.F. circuit

The circuit of a BC-624 converted for
FM operation is shown in Fig, 2. Signal
Corps nomenclature, in parenthesis, and
color codes have been entered on the
diagram to aid in tracing the circuit.
The front end of the set is rewired with
the 9002 in the oscillator circuit tuned
by the center section of the condenser,
Self-supporting coils are used in the an-
tenna, mixer,and oscillator circuits. They
are 3/8 inch in diameter and are wound
with No. 14 wire. L1 is 2 turns placed
about 1/4 inch from the grounded end of
L2. L2 has 6 turns, spaced to 15/16
inch; 1.3 has 6 turns, center tapped and
spaced to 7/8 inch. L4 is identical to L.2.

The original i.f. transformers were
designed for AM circuits, and their
band width is too narrow for FM re-
ception. The band width should be 200

RADIO-.CRAFT for
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Fig. 2—The schematic. Replacing the 35,000-ohm resistor in the detector circuit with 15,000 ohms will improve high-note reproduction.

to 300 ke, The band can be broadened
by using inductive coupling with only
one coil of the i.f. transformer, con-
nected as an inductance loaded with a
low-resistance grid leak, as shown in
Fig. 8. The new parts added are en-
closed by dotted lines. The coils are
stagger-tuned to different frequencies
close to 12 mc to give approximately
even gain over a band of 200-300 kec.

A ratio discriminator transformer, T1,
must be built to take the place of the
4th i.f. transformer (294). For this
purpose the auther rewound a 455-ke,
iron-core i.f. transformer which hap-
pened to be available. The two coils of
the BC-624 i.f. transfermers are wound
on separate, rigidly spaced forms, and
it is impractical to vary their coupling.
The arrangement of the discriminator
coils and the connections for the ratio
detector are shown in Fig. 4. The num-
ber of turns and values of tuning con-
densers C1 and C2 will vary, depending
on the particular coil form used. The
primary and secondary windings should
each be tunable to 12 me. If you follow
the specifications given below, C1 and
C2 will be about 10 upf each.

A Vs-inch form was used for the dis-
criminator transformer. The primary
winding has 19 turns and the tertiary
has 4 turns. The secondary is a bifilar
winding made by doubling a length of
wire and winding 16 turns on the form,
keeping the turns close together and
parallel. The doubled end of the wire is
the center tap, and the open ends are
the ends of the secondary. All coils in
the diseriminator transformer are
wound with No. 30 enameled wire.

The audio system follows convention-
al lines and is easy to construct. It has
a 3-stage circuit. A 6SNT is connected
as a resistance-coupled cascade ampli-
fier working into the 6K¢ pentode power
amplifier. It is shown in the lower right
corner of the complete diagram in Fig.
2. The original output transformer
(296) was not designed to handle power
0 it may be necessary to use a standard
output transformer designed to match
the 6K6 if good quality is expected. The
d.c. output of the detector is connected
to the original a.v.c. lead (identified as

JUNE. '94a8

a white-black-green wire}, since it is de-
sirable to retain this feature of the
original circuit.

The power supply

Since the i.f. tubes have 12-volt fila-
ments, we used an ordinary receiver
transformer with 6.3-volt and 5-volt
filament windings connected in series-
aiding to produce 11.3 volts, which will
suffice for the 12-volt tubes. The 6.3-volt
terminals can still be left available for
the 6.3-volt tubes. A cathode-type recti-
fier, such as the 6X5, can be used for the
B-supply. A choke and condensers of
standard values or components of the
set can be used in the power-supply filter
circuit. The output transformer (296)
has a choke winding between terminals
2 and 8 that can be used with con-
densers (212-A) and (212-B) in the
metal-cased condenser ecan. This can
also contains two 5-uf, low-voltage units
that were used te bypass the cathodes
of the 68N7. You can mount the power
transformer in the space formerly oc-
cupied by parts that were removed.

Aligning the set

The set can be best aligned with an
FM signal generator; however an AM
type will do. To align the diserirminator
transformer, the AM genecrator is con-
nected to the grid of the third if. tube
and a high-resistance or electronic d.c.
voltmeter is connected to the a.v.c. lead
at A (Fig. 2). The primary is then
tuned for maximum output at 12 mec.
The meter is transferred to point B and
the secondary tuned for zero output at
12 me. When the signal is shifted away
frrom 12 me the d.c. reading will inerease
to a maximum value and then drop off,
reversing polarity and going through
zero as the frequency goes from above
to below 12 me. These maximum values
should be equal. There is some inter-
action between these adjustments so it
may be necessary to repeat them.

To align the tuning unit and the i.f.
stages with an AM generator, the ratio
detector is temporarily converted into
an amplitude-modulation detector by
grounding one end of the discriminator
transformer through a small condenser
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and connecting an output meter to the
audio output. The i.f. transformers are
then stagger-tuned to transmit a band
200 to 300 ke wide at 12 me. For the r.f.
unit, C. (see Fig. 1) is varied in the r.f.
and mixer circuits to obtain the desired
range (somewhat greater than 88-108
me). (We adjusted the set so the oscil-
lator frequency is 12 mc lower than the

ot ]
)
atk [ %WoT useo
B+ T .00
Fig. 3—Coupling inductance in plate circuit.
signal frequency). The oscillator is

tracked at the low-frequency end by ad-
justing Cs, and at the high-frequency
end by adjusting Cr. The coil can be
squeezed together or spread apart as re-
quired. Alignment is checked by varying
the inductance of each coil with a tun-
ing wand. The powdered-iron slug low-

Fig. 4—Right, a 3-
winding trans-
former must be
wound. The tertiary
is over the primary.
The secondary s
a bifilar winding.
The transformer
must be connected
as shown below.

e
174" APPROX.,
—_—

48K |
Bty O0F | o, c2-10uu¢

ers the resonant frequency and the cop-
per slug raises it—the condensers or
coils must be adjusted according to the
indication obtained.

The receiver conversion outlined above
results in a reasonably good FM re-
ceiver. It is sufficiently sensitive to bring
in stations to a distance of about 30
miles away, with only a 3- or 4-foot wire
as an antenna.
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WANTED: FM SCOUTS

FM is a new art in Radio. Much of it remains to be learned by engineers. The behavior
of radio waves in the FM band is still understood imperfectly. According to theory,
FM signals should not reach much beyond the horizon. Yet often they do. In some
cases extraordinary DX reception has been reported.

RAp10.CRAFT readers can render the radio art a distinct service in reporting such
phenomena as well as others, to us reqularly. We will publish such information as well
as the "FM Scout's” name in this department. Some excellent reports have already
been received. Address all letters to FM Department, c/o this magazine.

THE EDITORS

ESPONSE to our last month’s call

for FM scouts has been encourag-
ing. Scverul excellent distance reports
have heen received. A number of others
may or may not have been records, but
the reports did not give enough informa-
tion to determine exactly how good the
reception was., Reports have also in
some cases given the reputed distances
(often based on road mileage) to the
stations reported, instead of the air-line
distance.

Best distance was veported by Jack
Wulfmeyer of Valley Park, Missouri,

amplifier, he has received WKIL-FM,
Kankakee, Illinois, and WCSI-FM. Co-
lumbus, Indiana. Both these stations are
in the order of 250 miles from his loca-
tion. His antenna is a Ward television
folded dipole shortened to tune to the
FM band, and he is “atop the highest
point in St. Louis County.”

Thomas Gray of Arlington, Virginia,
reports reception of WCBS-FM and
WGYN, New York City, about 215 miles
away. on a pre-war G-E converted to
the new band. Another long-range re-
port was filed by Lincoln A. Wood of

Complete FA Station List

WGHF of New York City come in al-
most nightly, sometimes with very
strong signals. The distance is approxi-
mately 190 miles. N.Y.C. stations
WCBS-FM, WGYN, WNBC-FM and
WNYC-FM are also heard occasionally,
and WTRI, Troy, and WGFM, Schenee-
tady, are heard practically every night.

To make FM reports really valuable,
scouts should furnish the following in-
forniation:

1. Make and model of receiver(s)
used.

2, Type of aerial and transmission
line and its height above ground.

3. Airline distance to the transmit-
ters whose signals are received.

4. Time of reception and duration of
period in which signals are re-
ceived.

Please get all the above dope into
your next report! Only then can infor-
mation be gathered which will not only
be of real interest, but may also add to

(20 miles southwest of St. Louis). Ayer, Massachusetts. He reports that the world’s knowledge of the behavior
Using a Pilotuner with a Masco 35-watt W2XEA, Alpine, New Jersey, and of very-high frequency radio waves.
STATION LOCATION FREQUENCY || STATION LOCATION FREQUENCY || STATION LOCATION FREQUENCY
{me) me) {mc)
KAGH-FM Pasadena, Calif. 98.3|| KOME Des Moines, lowa 92.3|| WAGE.EM Syracuse, N. Y. 98.5
KAKC-FM Tulsa, Okla. 94.94| KONG Alameda, Calif. 104.9 || WAIR-FM Winston-Salem, N. C. 93.1
KALB-FM Alexandria, La. 96.9|| KONO-FM San Antonio, Texas 92.9 (] wAJL Flint, Mich. 107.1
KALw San Francisco, Calif. 91.7|| KOPP-FM Ogden, Utah 103.9(] waJr Morgantown, W. Va. 99.3
KAMT-FM College Station, Texas 94.5|| KOPY Houston, Texas 98.5|] WAKR-FM Akron, Ohio 97.5
KARM-FM Fresno, Calif. 101.9|| KOZY Kansas City, Mo. 98.1 || WAMS-FM Wilmington, Del. 96.1
KBEE Modesto, Calif. 103.3|] KPDR-FM Alexandria, La 99.7 || WAPO-FM Chattanooga, Tenn. 94.7
KBIX-FM Muskogee, Qkla, 98.5 1| KPEM-FM Portland, Ore, 97.1 || WARM-FM Scranton, Pa, 105.7
MT San Bernardino, Calif. 99.9 || KPNI Palo Alto, Calif. 101.7 || WASH Washington, D. C. 97.1
TR Minneapolis, Minn. 98.5|] KPOR Riverside, Calif. 97.5 || WATG-FM Ashland, Ohic 101.3
KBUR-FM Burlington, lowa 92.9(] KPRA Portland, Ore. 95.5 || WATL-FM Atlanta, Ga. 97.5
KCLI Los Angeles, Calif. 105.1 {{ KPRC-FM Houston, Texas 102.9 [| WAYS-FM Charlotte, N, C. 107.7
KCMC-FM Texarkana, Texas 925|| KQY-FM Pittsburgh, Pa. 98.1 [| WBAB-FM Atlantic City, N, J. 100.7
KCRA-FM Sacramento, Calif. 9.1 || K@QW-FM San Francisco, Calif. 103.7 || WwBAM New York, N. Y, 98.7
KCRK Cedar Rapids, lowa 96.9{| KRBA-FM Lufkin, Texas 95.5(] wBBB-FM Burlington, N. C. 101.1
KCRW Santa Monica, Calif. 89.9 ] KRBC-FM Abilene, Texas 96.9 || WBBM-FM Chicago, Il 97.1
KCYN Stockton, Calif. 91.3|| KRCC Richmond, Calif, 104.5 || WBCA-FM Schenectady, N. Y, 101.1
KDKA-FM Pittsburgh, Pa. 92.9|| KRFM Fresno, Calif. 93.7 (| WwBCM-.FM Bay City, Mich. LT
KDYL-FM Salt Lake City, Utash 98.7 || KRIC-FM Beaumont, Texas 99.5 || WBEN-FM Buffalo, N. Y, 106.5
KECA-FM Los Angeles, Calif. 95.5 RJM Santa Maria, Calif. 103.1 || WBEZ Chicago, Il 9.5
KENO-FM Las Vegas, Neb 103.9|] KRKD-FM Los Anqrefes, Calif. 9.3 [| WBGE-FM Atlanta, Ga, 95 5
KERN-FM Bakersfield, Calif. 94.1 || KRLD-FM Dallas, Texas 2.5 || wBGO Newark, N. J. 91
KFAB-FM Lincoln, Nebr. 97.9|| KROC-FM Rochester, Mirn, 94.7|| walB New Haven, Conn. 100.7
KFAC-FM Los Angeles, Calif. 104.3|| KRON-FM San Francisco, Calif. 96.5|] wBIK Chicago, I, 96.3
KFBK-FM Sacramen~to, Cal'f 96.9|| KRSC-FM Seattle, Wash. 98.1 ] wBKY Lexington, Ky. 913
KFI-FM Los Angeles, Cali‘. 105.9 || KRYM Eugere, Ore. 90.1 || WBML-FM Macon, Ga. 100.7
KFMB-FM San Diego, Cai'f. 101.5]| KSBR San Bruno, Calif. 100.5]] WBNB Beloit, Wis, 107.3
KFEMX Council Bluffs, lowa 96.1 || KSBS K'ansas City, Kars. 105.9 (] wBNU Aurora, Il 1039
KFMY Fort Dodge, lowa 102.7 || KSCJ-FM Sioux City. lowa 94.9 || WBNY-FM Buffalo, N, Y, 92.9
KFOR-FM Lincoln, Nebraska 102.9 || KSEI-FM Pocatello, [daho 9.5|] wBOC-FM Salisbury, Md, 975
KFPW-FM Fort Smith, Ark. 94.9|| KSEO Durant, Okla. 107.3|| WBOE Cleveland, Ohio 90.3
KFSA Fort Smith, Ark. 107.7]] KSFH San Francisco, Calif. 94.9|| WBOW-FM Terre Haute, Ind, 101.
KFSH San Francisco, Calif. 94.9 || KSJO-FM San Jose, Calif. 95.3|] wWBOX-FM Louisville, Ky. 1007
KFUO-FM St. Louis, Mo. 104.1 || KSL-FM Salt Lake City. Utah 100.3{| WBRE-FM Wilkes-Barre, P3. 98 %
KFEXD-FM Nampa, Idsho 10r.9|| KSPI-FM Stillwater, Okla, 93.9 1] WBRL Baton Rouge, La. 98.1
KFXM-FM San Bernardino, Calif. 95.1 || KSTP-FM St. Paul, Mina. 102.1 || WBT-FM Charlotte, N. C. 99.9
KFYO-FM Lubbock, Texas 99.5|| KSUI lowa City, lowa 91.7|{ WBTM-FM Danville, Va. 97.9
KGAR-FM Garden City, Kans. 99.3|| KTFI-FM Twin Falls, ldaho 99.7|| WBUR-FM Burlington, lowa 92.9
KGE8S-FM Harlingen, Texas 95.3}| KTOK-FM Oklahoma Citv, Okla, 104.3 || WBUZ Bradbury Heights, Md, 96.7
KGDOM-FM Stockton, Calif. 92.9 1} KTRH-FM Houston, Texas 10i.1 || WBYS-FM Canton, Il 100.9
KGKB-FM Tyler, Texas 101.5]] KTRN Wichita Falls, Texas 97.3|| WBZ-FM Boston, Mass, 92.9
KGKL-FM San Angelo, Texas 94.5 || KTSJ Topeka, Kans. 99.5|| WBZA-FM Springfield, Mass. 97.1
KGLO-FM Mason City, lowa 101.1 || KTUL-FM Tulsa, Okla. 97.1 || wCAC-FM Anderson, S. C, 101.
KGNC-FM Amarillo, Texas 104.3 || KUGN-FM Eugene, Cre 99.1 || WCAO-FM Baltimore, Md. 102.7
KGO-FM San Francisco, Calif, 106.1 || KUOA-FM Siloam Springs  Ark, 105.7|| WCAP-FM Asbury Park, N. J. 107.1
KGPO Grants Pass, Oregon 96.9 || KURY-FM Edi~burg, Texas 104.9}| WCAU-FM Philadelphia, Pa. 98.1
KGW-FM Portland, Ore. 100.3 || KUSC Los Argeles, Calif. 91.5|| wCBS-FM New York, N, Y 101.1
KHJ-FM Hollywood, Calif. 101.1 || KYCI-FM Chico, Calif. 101.1 {| WCBT-FM Roancke Rapids. N, C. 98.5
KIDO-FM Boise, Idaho 1061 || KYEC-FM San Luis Cbispo, Calif. 99.9 || WCEC-FM Rocky Mount, N. C. 100.7
KIMY Hutchinson, Kans. 105.7 || KYNJ-FM Fargo, N. D. 92.3 || WCFC-FM Becxley, W, Va, 101.3
KING-FM Seattle, Wash. 94.9 || KYWC.FM Vernon, Texas 98.7 |} WCFR Fall River, Mass, 100.9
K155 San Antonio, Texas 99.5 [| KWBR-FM San Francisco, Calif. 973|| wWCHA-FM Chambersburg, Pa, 95.5
KIXL-FM Dallas. Texas 104.5 || KWBW-FM Hutchinson, Kans. 93.1 || WCIL-FM Carbondale, ill. 100.7
KJBS-FM San Francisco, Calif. 98.9 || KWGS-FM Tulsa, Okla. 90.5|| wCJT Louisville, Ky. 9.7
KKLA Los Angeles, Calif. 97.1 || KWIL-FM Albany, Ore. 101.7 || wCLO-FM Janesville, Wis. 99.9
KLCN-FM Blytheville, Ark. %.1 || KWK-FM St. Louit, Mo. 991 || weLT Newark, Ohio 1003
KLOK-FM San Jose. Calif. 98.5 [| KWLK-FM Longview, Wash, 104.3 || WCMW-FM Canton, Chio 94.9
KLZ-FM Denver, Colo. 94.1 [| KXEL-FM Waterloo, lowa 105.7 CNB Connersville, Ind. 100.3
KMBC-FM Kansas City, Mo. 100.5 || KXLW-FM Clayton, Mo. 101.1 || wCOA-FM Pensacola, Fla. 98.9
KMBT San Bernardino, Calif, 99.9 || KXOA-FM Sacramento  Calif, 107.9]| wCOD-FM Richmond, Va, 98.1
KMEM Monroe, La. 104, || KXOK-FM St. Louis, Mo. 93.7 || WCOH-FM Newnan, Ga. 92.3
KMPC-FM Hollywood, Calif. 1003 || KXYZ-FM Houston, Texas 9.5 || WCOL-FM Columbus, Chio 92.3
KMUS Muskogee, Okla. 101.5 || KYFM-FM San Antonio  Texas 101.5 || wCOU-FM Lewiston, Me, 93.9
KMYC-FM Marysville, Calif. 99.9 || KYSM-FM Mankato, Mian. 103.5|] wCsi Columbus, Ind. 93.7
KNBC-FM San Francisco, Calif. 99.7 || KYW-FM Philadelphia, Pa. R.5{ wCTP Greensboro, N. C. 98.7
KNX-FM Hollywood, Calif. 93.1 || w2XEA Alpine, N. J. 92.1|| wCTS Cincinnati, Chio 1019
KOA-FM Denver, Colo. 95.7 || w2XMN Alpine, N. J. 44. || WCTW New Castle, Ind. 103.
KOAD-FM Omahs. Nebr. 92,9 || WAAT-FM Newark, N J. 347 || wCvs-FM Springfield, * 1I). 102.9
KOCS-FM Ontario, Calif. 93.5 || wABF New York, N. Y. 99.5 )| wDAE-FM Tampa, Fla. 105.7
KOCY-FM Oklahoma City, Okla. 94.7 (| WABX-FM Harrisburg, Pa. 100.9 0BQ Dubuque, lowa 103.3
KOKX-FM Keokuk, lowa 102.7 || WACE-FM Chicopee, Mass. 100.3 || WODLB-FM Marshfield, Wis. 193.9
KOMA-EM Cklahoma City, Okla. 105.9 | WAFM-FM Birmingham, Ala. 9.5 {Continued on page 42)

www americanradiohistorv com

RADIO-CRAFT for


www.americanradiohistory.com

11

MONEY BACK GUARANTEE — we believe units offered for sale by mail order should be sold
only on a “Money-Back-1f-Not-Satisfied”” basis. We carefully check the design, calibration and value
of all items advertised by us and unhesitatingly offer all merchandise subject to a return for credit or
refund. You, the customer, are the sole judge as to value of the item or items you have purchased.

The Model 8S-A COMBINATION

SIGNAL GENERATOR

AND

IGNAL TRACER

The ultimate in signal tracing procedure is achieved by the Model
88, for the use of this model, enables you to use either the lroad-
cast signal itself or the signal injected by the SI[..I!I] (,enerllur Tlns
is espeeially use ful of course when servicing “dead” “inlermittent’
receiverz. The Model 88 you will find is the grealesl tlme suver ever
provided for by combining a full range Signal Generator and Slgnnl
Tracer inlo one mmit the set up time for interconueeting, elc., is en
tirely eliminated.

Signal Generator Specifications:

% Frequency Range: 150 l\llncyvles to 50 Megacyeles.

% The R.F. Signal Frequcncv is kept completely constant at all eut-
put levels. This is accomplished by use of a special grid loaded
circuit which provides a constant load on the oseillutory circuit. A
grounded plate oscillator is used for additional frequency stability.

* Modulation is accomplislied by Grid-blocking action which has
proven 10 be equally effective for alignment of amplitude »nd
frequency modulation as well as for television receivers.

% DPositive action altenuater provides eflective output eontrol at
all times,

% R.F.is obtainable separately or modulated by the Audio Frequency.

Signal Tracer Specifications:

Y Uses the new Sylvania 1N34 Germanium erystal Diode which com-
bined with a resistance-capacity network provides a frequency range
of 300 cveles to 50 Megacycles.

% Simple to Operate—Clips directly on to receiver chassis, no tuning
controls.

% Provision is made for insertion of phones of any impedance, a
standard Volt-Ohm Milliommeter or Oscilloscope.

The New Model 606 TUBE & SET TESTER

A COMPLETE TUBE TESTER

® Tests all tubes includine the new bost-war miniature loctals puch s
the 12AT6. 12ZAU6, I5W4. 5085, 11723, ete.

® Tests by the well-established emission method for tube auality. directly

read on the scale of the meter.

Tests shorts and leakazes up to 3 Metolims in all tuhes.

Tﬁslsllrakm:es and shorts of any one element arainst all elements in
all tubes.

Tests both vlates in vectifiers.

Tests individual sections such as diodes. trindes, nentodes. ete.. in multi-
purpose tubes.

A COMPLETE MULTI-METER

® 6 D.C. VOLTAGE RANGE
0 te 7.5/15 75/150/750 t500 Volls

® 6 AC. VOLTAGE RANGES
0 to 15 30/150 30G/1.500 3000 Volts

* 4 D.C. CURRENT RANGES:
0 to 1.5/15 150 Ma. 0 to 1.5 Amps.

LOW RESISTANCE RANGE:
D to 2,000 Ohms (ist divisien is 1/10th of an ohm.Y

2 MEDIUM RESISTANCE RANGES:

| I s . 0 to 20.000/206.000 Ohms

e comes housed in a beautiful hand rubbed HIGH RESISTANCE RANGE:
oak cablnet comiplete with portable cover. test leads, 0 1o 20 Megotims

tube charts. and detailed opecating Instructions— ONLY NET * 3 DECIBEL RANG

=10 to +38 +10 lDEs+3a +30 to +58 D.B.
207, DEPOSIT REQUIRED ON ALL C.0.D. ORDERS

GENERAL ELECTRONIC DISTRIBUTING CO. xcw'orcs N

The Model BB comes
complete with all test
leads and operating
instructions,

e T —

. e
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STATION LOCATION FREQUENCY || STATION LOCATION FREQUENCY STATION LOCATION FREQUENCY
WDLM Chicago, ill. 955 || WHPE-FM High Point, N. C. 95.5 || WMLL Evansville, Ind. 94.5
WDONC-FM Durham, N. C. 105.1 || WHTN-FM Huntington, W. Va. 100.5 LN Mt. Clemens, Mich. 106.3
WDOS-FM Oneonta, N. Y. 9.1 || WHVA Poughkeepsie, N. Y, 104.7 |} WMMW-FM Meriden, Conn. 95.7
WDRC-FM Hartford, Conn. 93.71] WHYN-FM HHolyoke, Mass, 93.1 || WMNE Boston, Mass. 100.5
WDTR Detroit, Mich. 90.9 || WIBA-FM Madison, Wisc. 101.5]| WMOT-FM Pittsburgh, Pa, 94.5
WwDUL Duluth, Minn. 92.3|| WIBG-FM Philadelphia, Pa. 94.1 || WMRC-FM Greeqvi?le, S. C, 4.9
wDXY Spartanburg, S. C. 100.5 |} WiBwW-FM Topeka, Kans. 1025|] wMUN Muntie, Ind. 104.1
WEAW Evanston, I, 96.7 || WIBX Utica, N. Y. 96.9 || WMUR-FM Manchester, N. H, 95.7
WEAU-FM Eau Claire, Wis, 4.1 || WIL-FM St, Louis, Mo, 97.3|] WMUS-FM Muskegon, Mich, 100.5
WEBC-FM Superior, Wis, 92.3|| WINC-FM Winchester, Va. 92.5|| WNAM-FM Neenah, Wisc, 98.5
WEBR-FM Buffale, N. Y. 95691 WINX-FM Washington, D. C. 9.3 || WNAVY-FM Annapolis, Md. 99.1
WEEU-FM Reading, Pa. 92.911 WIOD-FM Miami, Fla. 97.3]| WNBC-FM New York, N. Y. 971
wEEX Easton, Pa. 98.3 || WIP-FM Philadelphia, Pa. 93.3 || WNBE-FM Binghamton, N. Y. 100.5
WEFM Chicago, Il 99.5 || WIS-FM Columbia, §. C. 94.5]| WNDB-FM Daytona Beach, Fla, 9.5
WEHS Chicago, III, 97.91] WISE-FM Asheville, N, C. 102.5 | WNDR-FM Syracuse, N. Y. 102.5
WELD-FM Columbus, Ohio 97.1 || wIST Charlotte, N. C. 104.7[| WNLC-FM New London, Conn. 99.5
WELL-FM Battle Creek, Mich, 102.1 || WITH-FM Baltimore, Md. 104.3 || WNYC-FM New York, N. Y. 93.9
WENR-FM Chica%o, 11, 94.7 || wiuC Urbana, Ill. 91.7]| WOAI-FM San  Antonio, Texas 102.5
WERC-FM Erie. Pa. 99.9 1| WIZZ Wilkes-Barre, Pa. 103.3|| WOHS-FM Shelby, bt
WESB-FM Bradford, Pa. 97.5 || WJAS-FM Pittsburgh, Pa. 99.7 || WwOPI-FM Bristol, Tenn. %9
WEW-FM St. Louis, Mo. 95.1 || wJBC-FM Bloomington, Il 101.5]| WOPT-FM QOswego, N. Y. 104.7
WEWS-FM Cleveland, Ohio 102.1 || WJBK-FM Detroit, Mich. 931 || WOTW-FM Nashua, N. H. 106.3
WEXL-FM Royal Qak, Mich. 104.3 || WJBY-FM Gadsden, Ala. 103.7{| WwOWO.-FM Fort Wayne, Ind. 9.1
WFAA-FM Dallas, Texas 97.9 || WJIEJ-FM Hagerstown, Md. 104.7 || WPAD-FM Paducah, Ky. 9.9
WFAH.FM Alliance, Ohio 101.7 {| WJEM Springfield, Ohio 103.9]|| WPAG-FM Ann Arbor, Mich. 98.7
WFAS-FM White Plains, N. Y. 103.9 || WJHP-FM Jacksonville, Fla. 96.9 || WPAM-FM Pottsville, Pa. 95.5
WFBL-FM Syracuse, N. Y. 930 || wldw Wyandotte, Mich. 103.1]| WPDX-FM Clarksburg, W. Va. 95.1
WFIL-FM Philadelphia, Pa. 102.1 || WJLB-FM Detroit, Mich. 97.91| WPEN-FM Philadelphia, Pa. 102.9
WFJS Freeport, Ill. 102.5 || WJLK-FM Asbury Park, N. J. 94.3]| WPIC-FM Sharon, Pa. 102.9
WFMD-FM Frederic, Md. 101.5 || WJLS-FM Beckley, W. Va. 995 WPLH-FM Huntlng'on, W. Va. 102.5
WEMI Portsmouth, N, H. 107.3 || WIMC-FM Rice Lake, Wis. 9.3 || WPTL Providence, R. L 1.5
WFMJ-FM Youngstown, Ohio 105.1 || WJINO-FM West Palm Beach, Fla. 9B.7|| WQAM-FM Miami, Fia 94.9
WFML Washington, Ind. 1065 ]| WJOB-FM Hammond,  Ind. 92.3 D! Quincy, ill. 105.1
WFMO Jersey City, N. J. 103.1 || WJPF-FM Herrin, LIl. 98.5 || WOXR-FM New York, N, Y. .3
WEMR New Bedford, Mass. 98.1 || WJIPG-FM Green Bay, Wisc. 101.1 || WRAL-FM Raleigh, N. C. 101.5
WEMU Crawfordsville, Ind. 102.9 || WJTN-FM Jamestown, N. Y. 93.3 || WRAK-FM Williamsport, Pa. 100.3
WEMY Greensboro, N. C. 97.3|| WIW-FM Cleveland. QOhio 104.1 || WRBL-FM Columbus, Ga. 9323
WFMZ Allentown, Pa. 95.9 || WKAP-FM Altentown, Pa. 100.7 || WRC-FM Washington, D. C. 9339
WENC-FM Faygﬂevil‘e, N. C. 98.1 || WKAT-FM Miami Beach, Fla. 93.1 || WRCM New Orleans, La. 97.1
WENS-FM Burlington, N. C. 99.9|| WKBH-FM La Crosse, Wisc. 93.1 || WRGA-FM Rome, Ga. 106.5
WFOB Fostoria, Ohio 1055 || WKBN-FM Youngstown, Ohio 98.9 RGK La Grange, 1. 103.1
WFOR-FM Lincoln, Nebr. 102.9 || WKBR-FM Manchester, N. H, 100.1 || WRLD-FM West Point, Ga. 102.9
WFRO-FM Fremont, Chio 99.3 |} WKIL Kankakee, |ll. 100.7 || WRLD-FM Lanett. Ala. 102.9
WEFRS Grand Rapids, Mich. 92.5 || WKJG-FM Fort Wayne, Ind. 106.1 || WRNY-FM Rochester, N. Y, 97.9
WFUY New York, N. Y. 90.7 || WKNB-FM New Britain, Conn. 103.7 || WROL-FM Knoxville, Tenn. 97.3
WGAL-FM Lancaster, Pa. 101.3 || WKNP-FM Corning, Y. 104.1 || WROV-FM Roanoke, Va. 103.7
WGAN-FM Portlard, Me. 101.9 ] WKOK-FM Sunbury, Pa. 94.1 || WRRN-FM Warren, Ohio 107.9
WGAY-FM Silver Springs, Md. 102.31] WKPB Knoxville, Tenn. 93.31| WRUN-FM Rome, N. Y. 105.7
WGBA-FM Columbus, Ga. 95.1 {| WKPT-FM Kingsport, Tenn. 98.5 || WRUC Norfolk, Va. 1025
WGBG-FM Greensboro, N. C. 1003 || WKRG-FM Mobile, Ala. 99.9 ]| WRXW Louisville, Ky. 95.1
WGBR-FM Goldsboro, N. C. 93.3|{ WKRT-FM Cortland, N, Y, 99.9 || WSAL Saginaw, Mich. 98.1
WGFM Schenectady, N. Y. 99.5(] WKWK-FM Wheeling, W. Va, 97.3|| WSAN-FM Allentown, Pa. 99.9
WGH-FM Norfolk, Va. 965 || WKY-FM QOklahoma City, Okla, 98.9 || WSAP-FM Portsmouth, Va. 99.7
WGHF-FM New York, N. Y. 101.9]| WKYC Paducah, Ky. 93.3 || WSAR-FM Fall River, Mass. 103.7
WGNB Chicago, |Il. 98.7 || WLAD-FM Danbury, Conn. 98.3 || WSAY-FM Savannah, Ga. 100.3
WGNC-FM Gastonia, N. C. 101.9]] WLAN-FM Lancaster, Pa. 9.9 || WSBA-FM York, Pa. 103.3
WGOV-FM Valdosta, Ga. 92.5|| WLAY-FM Grand Rapids, Mich. 96.9 || WSBF South Bend, Ind, 10.3
WGPA-FM Bethleher, Pa. 951 || wLAw-FM Lawrence, Mass. 93.7 || WSFA-FM Montgomery, Ala. 103.3
WGST-FM Atlanta, a. 94.1 || WLBR-FM Lebanon, Pa. 100.1 [| WSGN-FM Birmingham, Ala. 93.7
WGTM-FM Wilson, N. C. 106.7|| WLDS-FM Jacksonville, 1l 100.5 ]| WSHS Floral Park, N. Y. 90.3
WGTR Boston, Mass. 99.1 || WLET Toccoa, Ga. 102.9 || WSIC-FM Statesvilie, N. C. 105.7
WGUY-FM Bargor, Me. 93.1 || WLEY Elmwood Park, III. 107.1 ] WSJS-FM Winston-Salem, N. C. 104.1
WGYN-FM New York. N. Y, 97.9 || WLIN-FM Merrill, Wis. 101.7 || WSLS-FM Roanoke, Va, 9.1
WHA-FM Madison, Wis, 9.5|| WLOB-FM Claremont, N. H. 106.1 || WSM-FM Nashville, Tenn. 103.3
WHAD Delafield, Wis. 90.7 || WLOG-FM Logan, W. Va. 103.3 || WSMB-FM New Orleans, La. 102.7
WHAV.FM Haverhill_ Mass 92.5 || WLOS-FM Asheville, N. C. 104.3 || WSNJ-FM Bridgeton, N. J. 98.9
WHBC-FM Canton, Ohio 94.1 || WLPM-FM Suffolk, Va. 97.9 || WSON-FM Henderson, Ky, 99.5
WHBE-FM Rock Island, IIL 98.9|] WLTN Lewiston, Pa. 97.9 || wsSCuU South Orange, N. J, 895
WHBS-FM Huntsville, Ala, 95.1 {{ WLYA-FM Lynchburg, Pa. 97.5 || WSOY-FM Decatur, Il 98.7
WHCU-FM Ithaca, N. Y. 97.3 || WLWA-FM Cincinnati, Chio 101.1 || WSPA-FM Spartansburg, 5. C. 98.9
WHDH-FM Boston, Mass. 94.5 || WMAR-FM Baltimore, Md. 97.9|| WSPD-FM Toledo, Ohio 101.5
WHEF-FM Rochester, N. Y. 96.5 || WMAS-FM Sprinafield, Mass. 94.7 [| WSRK Shelbyville, Ind. 101.3
WHFB-FM Benton Harbor, Mich, 999 || WMAZ-FM Macon, Ga. 99.1 || WSRS-FM Cleveland Heights, Ohio 95.3
WHFM Rochester, N. Y. 98.9 |{ WMBD-FM Peoria, |l. 92.5|| WSTC-FM Stamford, Conn. 96.7
WHIO-FM Dayton, Ohio 99.1 lj WMBH-FM Joplin, Mo. 96,1 || WSTP-FM Salisbury, N. C. 106.5
WHIS.-FM Bluefield, W. va. 104.5 || WMBS-FM Uniontown, Pa. 1057 || WSTV-FM Steubenville, Chio 1035
WHKX Cleveland, Ohio 100.7 || WMCF-FM Memphis, Tenn. 99.7 || WSYA-FM Harrisonburg, Va, 100.7
WHKY-FM Hickory, N. C. 102.9 [| WMCK-FM McKeesport, Pa. 104.9 || WSYR-FM Syracuse, N. Y. 94.5
WHLD-FM Niagara Falls, N. Y, 98.5 || WMCP Baltimore, Md. 94.7 || WTAD-FM Quincy, . 995
WHMA-FM Anniston, Ala. 1005 [| WMFR-FM High Point, N. Y, 595 || WTAG-FM Worcester, Mass. 96,1
WHNY-FM Hempstead, N. Y, 98.3 [| WMGM-FM New York, N. Y. 100.3 || WTAL-FM Tallahassee, Fla. 103.9
WHO-FM Des Moines, lowa 100.3 || WMIN-FM St. Paul, Minn. 99.5 || WTAR-FM Norfolk, Va. 97.3
WHOP-FM Hopkinsville, Ky. 98.7 || WMIT Winston-Salem, N, C. 106.9 || WTICN-FM Minneapolis, Minn, 97.1
WHP. FM Harrisburg, Pa. 97.3 || WMIX-FM Mt. Vernon, III. 94.1 || WIFM-FM Tiffin, Ohio 98.3
WTHT-FM Hartford, Conn. 106,

WTIC-FM Hartford, Conn. 96.5

WTJS-FM Jackson, Tenn. 100.7

WTMA-FM Charleston, 5. C, 5.1

WIMJ-FM Milwaukee, Wis. 93.3

WTOC-FM Savannah, Ga. 97.3

WTPS-FM New Orleans, La, 9%.7

WTRF-FM Bellaire, Chio 95.1

WTRI-FM Troy, N. Y, 102.7

WTRT-FM Toledo, Ohic 9.9

WTSP-FM St. Petersburg, Fla. 102.5

WITH-FM Port Huron, Mich. 99.)

TTR Boston, Mass. 104.1

WVAW.FM Cheviot, Ohio 96.7

WVYUN Chattanooqga, Tenn. 98.1

WWCF Greenfield, Wis. 94.9

WWDC-FM Washington, D. C, 101.1

WWDX-FM Paterson, N. J. 107.

WWHG Horaell, N. Y. 105.3

WWJ-FM Detroit, Mich. 97.1

WWLH New Orleans, La. 100.3

WWNY-FM Watertown, N. Y, 100.5

WWPG-FM Palm Beach, Fla. 97.9

WWST-FM Wooster, Ohio 104.5

WWVYA-FM Wheeling, W, va. 98.7

WXHR-FM Cambridge, Mass. 9.9

WXLW-FM Indianapolis, Ind. 94.9

WXNJ-FM Plainfield N J. 103.9

WXYZ-FM Detroit Mich 1011
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AN ACCURATE
POCKET-SIZE

VOLT-OHM-MILLIAMMETER

(Sensitivity 1000 Ohms per volt)

Specifications:

6 A.C. VOLTAGE RANC(GES:
0—15/30/150,/300/1500/3000 Volts
6 D.C. VOLTAGE RANGES:
0—7%/15,75/150/750/1500 Volts
4 D.C. CURRENT RANGES:
0—1%:/15/150 Ma. 0—1% Amps.
2 RESISTANCE RANGES:
0—500 ohms 0—1 Megohm

THE NEW MODEL 770

THE MODEIL, 770 Comes com-
plete with self-contained hat-
teries, test leads and all operat-
ing instructions.

Features:

% Measures A.C. Volts, D.C. Volts, D.C. Current and
Resistance.

Compact—measures 313” x 5%” x 21",

Uses latest design 29, accurate 1 mil. I)’Arsonval
type meter.

Housed in round-cornered, molded case.

* % %

Beautiful black etched panel. Depressed letters filed
with permanent white, insures long-life even with
constant use.

THE NEW MODEL 247

« TUBE TESTER

Checks octals, loctals, bantam jr. peanuts, television
miniatures, magic eye, hearing aids, thyratrons, the
new type H.F. miniatures, etc.

Features:

# A newly designed element selector switch reduces the possibility of obsclescence to an
absolute minimum.

% When checking Diode, Triode and Pentode sections of multi-purpose tubes, sections
can be tested individually. A special isolating circuit atllows each section to be tested
as if it were in a separate envelope,

% The Model 247 provides a super sensitive method of checking for shorts and leakages
up to 5 Megohms hetween any and ail of the terminals.

% One of the most important improvements, we believe, is the fact that the 4 peosition
fast-action snap switches are all numbered in exact accordance with the standard
R. M. A. numbering system. Thus, if the element terminating in pin No. 7 of a tube
is under test, button No. 7 is used for that test. ONLY

Model 247 comes complete with new speed-read chart. Comes 9
housed in handseme, hand-rubbed oak cabinet sloped for bench $ o

x use, A slip-on portable hinged cover is indicated for outside use. NET
- Size: 10%4” x 834" x 5%".

THE MODEL 650 — AN A.C. OPERATED T

SIGNAL GENERATOR =»

RANGE: 100 KILOCYCLES TO 105 MEGACYCLES

% RF obtainable separately or modulated by the Audio Frequency.

A Audio Modulating Frequency—100 cycles pure sine wiave—less than
29, distortion.

% Attenuation—3-step ladder type of attenuator (T pad).
# Uses a Hartley Excited Oscillator with a Buffer Amplifier.

% Tubes: 6J5 as R.F. Oscillator: 6SA7 as modulated buffer and Mixer;
6SL7 as audio oscillator and rectifier.

Model 650 comes complete with coaxial cable, test Ieads
and instructions, Hounsed in heavy gange grey crystalline $ 95
caliinet with beautiful two tonc etched front punel. Size

9" x 10" x 67 . ............NET PRICE:

o U R P o L | C y ¢ ALL MODELS DESCRIBED ABOVE ARE OFFERED ON MONEY.BACK-IF-NOT-SATISFIED
BASIS. * ALL ITEMS AVAILABLE FOR IMMED IATE SIHHIPMENT FROM STOCK. * ALL MER-
CHANDISE GUARANTEED TO BE EXACTLY AS DESCRIBED — ALL BRAND NEW—NO SURPLUS.
20%, Deposit Required on all C.0.D. Orders

MOSS ELECTRONIC DISTRIBUTING CO.> "G/ oron o'

JUNE, 1948
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Glossary of FM Terms

Compiled by JOHN B. LEDBETTER

amplitude distortion. Result of nonlinear action
in the gnd-cathode or plate-cathode cuLult of an
amplifier, causing frequencies to appear in the
output which were not prescnt at the input.
amplitude modulation (AM). A systeni of broad-
casting in which the amplitude or strength of the
radio wave is varied with modulation.

antennd gain. A measure of antenna strength ;
determined by comparing the power ratio between
the antenna under test and a standard antenna
having a gain of one. Ratio is determined by the
Poynting vector or by measuring radiation re-
sistance,

antenna height (ahove average terrain). Actual
physical height above average or mean height of
terrain to top of antenna.

antenna height, effective. Ratio of the total signal
voltage at the recciving antenna to the strength
of the radiated wave. (In a quarter-wuve vertical

wire antenna, effective height = 2/x x actual
height.)

antinodes. See Nodes.

atmespherics. Static or electrieal disturbances

ci:used by storms.

audio compressor-expander. A limiting type of
audio amplifier designed to compress audio peaks
to a predetermined level, and to increase low-
level pussages to a desired value.

andio peak chopper. An amplifier designed to
keep peak amplitudes from exceeding a desired
value by instantaneous clipping of those peaks.
audio peak limiter. An amplifier in which the
Zain is guickly reduced and then slowly restored
t\'hen instantaneous peaks exceed a predetermined
evel.

audio response. The degree of fidelity inherent in
any part of cquipment transmitting or receiving
audio signals.

automatic frequency control {a.f.c.). A system for
correcting the master oscillator frequeney in FM
transmitters. Modulation is applied in series with
the control grid of a reactance tube, whose trans-
cumdluctance (and reactance ncruss the oscillator
tank) is varied aceordingly. A degencrative feed-
back circuit is used to heterudyne the osecillator
frcuueney to an intermediate l'ruuuemy to mini-
mize frequency drift. (In some receivers, a.f.c.
is used to compensate automatically for incorrect
dial settings.)

blanket effect. Tendeney of an FM siznal to sup.
press completely a weaker signal on the same
channel. This effect is lurgely due to action in
the receiver limiter circuit.

carrier shift (carrier deviation), The amount (in
cycles) by which the center frequency departs
from ita assigned value, Deviation limit set by
FCC is 2,000 c¥ycles.

carrier wave. The unmodulated component of the
wave cmitted from the transmitter.

center frequency. The exact assigned [requeney
of an FM transmitter when no mwlulation is ap-
plied. Also known as resting frequency, idle fre-
quency, carrier frequency, or mean frequency.

channel. A station’s assigned f(requency. Width
of AM channels is 10 ke. FM channels 200 ke
(FM frequencies 88-108 mc correspond to chan-
nels 201-300).

characteristic impedance (or resistance). When
referring to & transmission line, the value of re-
sistance which will match that of the line and
completely absorb the transmitted encrgy. Other
values will result in loss of power through re-
flected energy and standing waves.

class A station. One intended to serve a _com-
munity or town, other than the principal eity in
the area, and surrounding rural area. Minimum
power. 100 watts, maximum, 1 kw, with antenna
250 feet above average terrain. Twenty elass A
channels are provided.

class B station. One serving the metropolitan dis-
triet or principal city and surrounding area, or
a rural nrea removed from large cities, Minimum
power cast of Mississippi, 10 kw with nn an-
tenna height of 300 fect: maximum power, 20
kw with 500.-foot antenna. West of Mississippi
power in exccss of this maximum is granted if
need is shown. Sixty class B channels are bro-
vided.

co-axial line. Transmission line for coupling
transmitter to antenna: composed of une copper
conductor placed within anether of larger diame-
tet and insulated from it by ceramic spaccrs,
Outer conductor is at Zround potential: mner
comductor carries the enerky. Line is madc mr-
tight and filled with low-pressure gas to mini-
mize moisture content.

common channel interference. A possible form of
interference appearing as cross-talk or as a beat

A MODERN HIGH-POWER FM TRANSMITTER

Wllluam H. Flflun, the chief engineer of New York City's Municipal Broadcasting System,
makes an adjustment on Station WNYC-FM's new Western Electric 10-kilowatt transmitter.

www americanradiohistorv com

note. To avoid this type of interference, strength
of the desired station need be only ten times
that of the undesired signal.

conditional grant (CG). Authorization for a new
FM station provided certain terms or conditions
are fulfilled.

construction permit (CP). Authorization to pro-
ceed with construetion of a new station; issued
after previous terms have been met,

cross-modulation. The impression of one station's
modulation on the carrier of another. Modulation
from both stations may appear simultaneously.

de-emphasis network, An arrangement at the re-
ceiver, usually consisting of a 100,000-chm re.
sistor and a .001-uf condenser, for reducing pre-
emphasized frequencies to their original values.

demodulation. Action by which a frequency-modu-
lated signal is converted into audio voltage.
deviation ratio. The frequency swing (75 ke
divided by the highest audio frequeney,

dirole. A directional recciving antenna, composed
of two Y -wave length elements placed end-to-
end and insuluted at the center.

direct frequency modulation. A way of produe-
ing frequency-modulated signals in which the
master oscillator stage is modulated direetly,
usually by a reactance tube (or tubes} connected
across its tank cireuit and the reactance varied
at an audio rate. The small frequency swing thus
obtained is increased by freduency multipliers to
the correct value.

direct wave. The component part of a sbace wave
which travels in a straight line from transmit-
ting antenna to receiving antenna.
ducnmmntur. (lemodulator circuit (correspond-
ing to the second detector in AM receivers). As-
gists the limiter circuit in removing or suppress.
ing amplitude variations in the frequency-modu-
lated signal. Diseriminator cireuits are employed
in some types of direct-FM transmitters to sta-
bilize the earrier frequency.

doublet. A reccivin® antenna whose physical
length is short compared to wave length. Large
end capacitance causes an even distribution of
current throurhout the conductur. Similar other-
wise to the dipole.

dynamic noise suppressor. An amplifier equipped
with electronic gate circuits which effectively
eliminate noise and reeord-seratch frequencies
without apparent effect on music.

dynamic range. Difference in level between loud-
est and softest sounds contained in a broadeast,
i.e.,, symphony and concert offerings.

efiective radiated power (ERP). The product of
transmitter output times antenna iain. A trans-
mitter running 5 kw into an antenna whose gain
is 6 has an etfective radiated power of 30 kw.

elevation, The height of an antenna site above
sea level.

equalization, line. Treatment of a telephone or
network line, in which the freauency response is
extended to suit broadeast purposes.

equalizer. A network desizned to chanze the audio-
freduency response of a circuit. Equalizers may
be inserted to pive a certain cut-off point to
improve noise rejection, or to extend the normal
response characteristies of a line.

field strength. The strength ol a radio wave, ex-
pressed as voltage stress produced in space by
the wave's eleetrie field: usually expressed in
microvolts or millivolts (per meter).

folded doublet. A doublet type of receiving an-
tenna whose elements have been doubled back on
themselves to form an effective loop.

frequency deviation. Frequency swing, or amount
of departure from the resting freyueney with
modulation,

frequency deviation range. 150 ke maximum (73
ke each side of center frequency). The 25-ke por-
tion at each extreme cdie of the rane is usedl
only as a guard frequency.

frequency dividers. Stawes of radio-frequency
amplifiers, used to divide and compare the fre-
quencies of the modulated oscillator and a erys-
tal standard. The difference voltage is apblied to
a motor contro] system to correct for drift.

frequency modulation (FM). A system of radio
broadcasting in which modulation is aceomplished
by varying the carricer freuuoncy width, while the
carrier nmphtude remains constant. Band width
of FM channels is 200 kc: maximum frequency
swing is 756 ke each side of center.

frequency monitor. An electronic instrument em-
ployed at the transmitter to indicate departure,

(Continued on pagec 49)
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NEW. « « Sensational TRANSVISION Development now offers
LARGE-IMAGE DIRECT-VIEW TELEVISION at low cost!

BIGGEST VALUE in TELEVISION!
Madel 10BL TELEVISION KIT with FM Rodio
. . . Feotures Beautiful CABINET with BUILT-IN
LENS . . . Gives LARGE 120 Sq. In. Picture.

Roto-picture effect: DPicture “rotates”, giving the
appearance of heing in foens and clearly visible from E
every angle! U-~es 10”7 Electromagnetic Direct-view
Picture Tube.

Features newdaype cabinet with built-in lens which
magnifies, clarifies and heightens contrast ol the pic.
ture. The lens al<o ereates the effect of apparent rota-
tion of the picture, so that when the observer moves.
the picture still seems to be in focus and elearly
visible from any angle.

ECONOMICAL KIT, EASY TO ASSEMBLE.
In point of valee, this Television Kit provides the
opportonity of arquiring @ LARGEIMAGE diveetview
television set at a VERY LOW PRICE; also very eco-
nomical from a tube replacement angle, This madel is
available in KT FORM, for easy assemblv: no tech.
nical knowledge required. Simple step-by-step instroe-
tions are included. Seves as much as 300 over the cost
of receivers with similar pictare magnitude.
TECHNICAL DATA: Model 10BL uses a 107 Elee-
troamagnetic Directview Picture Tubes; has complete
I.M. Radio which comes completely factoryawired; re.
ceives all channels in any areas: supplied complete with amenna and leadsin wire. The LENS is 137 » 117, giving a picture size
of approx. 10" x 127 or 120 sq. in.; the highly-styled cubinet measures 267 wide x 17" high x 197 deep, available jn Ma-
hogany. Walnut or Blonde finishes.

PRICES: Transvision MODEL 10BI. Television Kit. with FM, 107 tube, cabinet with built-in lens, amenna. 60 1. Jead-in
wire : : : : . e List $359.00

MODEL I2BL. same as 10BL except that it uses 127 tube, giving picture area of 130 s in. L List $389.00

MODEL 10BL

SCOOP! New revolutionory MODEL 7BL Television Kit
with speciolly designed CABINET with BUILT-IN LENS.
* Ures 77 Electrostatie Picture Tube

i ° Gives 50 square inch picture of superior quality
=l 'EATURES: Though it has a 77 tabe. the effect is equivalent to a
10 et Iu-ruufq- the built-in lens magnifies the pictare. Aleo picture
performance i- saperior because the lens elarifies and heightens
coutrist of the image. Picture “rotates” apparently, as the observer
moves, giving the effect of always facing the observer. This is effeetive
to a very wide angle. Prestuned for 5 channels.

PRICE: ineluding cabinet with built-in lens, antenna, 60 fi. of lead-in

Net $189.00

wire

TRANSVISION “'SERVICE NOTES”

The Key to Suceessful Television Servicing

# Transvision's ‘‘Service Notes" is a compilallon of confidential Tele-
vision Notes and Information. the product of experience with over
P 20,000 television receivers. now made available to the nublic.

The *"Service Notes'” Is a most valuable compilation of instructions
and data on Magnetic and Electrostatic Television Receivers, Though
compiled in the course of servicing Transvision Kits. the informa.
tion is applicable to any type of television receiver.

“SERVICE NOTES' is complete with photographs and diagrams.
The information is worth a small fortune. The cost is low. LIST §2.95

All prices 579, higher west of Mississippi; all prices fair traded.

For further informotion see your distributor, or write to:

TRANSVISION INC., oept.re, NEW ROCHELLE, N. Y.

» JUNE., 1948
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War Surplus Bargains

NAYY CRV-46151 AIRCRAFT
RADIO RECEIVER

INCLUDEING
CASE

31950

Four bands  in-
cluding broad

3

six-tube super-

heterodyne with mechanical band change. Pow-

ered from self-contained 24 ¥, DC dynamotor.
The sets are complete with tubes, mounting

rack and remote c¢ontrols. No cables or plugs.

ARC-4 TRANSMITTER & REC.

Operates on any of its 4 predetermined crystal
controlled frequencies in the range of 140 MC.
Complete with tubes, remote control, junction
box, shock mounting base and connecting
plugs. This unit is ideal for amateur UHF or
mobile telephone. Operates from self-con-
tained 24 V. DC dynamotor.

TELRAD 18-A
FREQUENCY STANDARD

Checks signals in the range of 100 Ke. to 45
Mc. with a high degree u? accuracy, Seif.con.
tained power supply is 19, 130, 150, 220, and
250 lV. ZS.MIJ cycle A Com%[eh with tubes
dual crystal, and instruction book

Brand new. Price $24-95

T-17-B Carbon Microphones
Hondmike

HEADPHONE EXTENSION
CORD e e

WILLARD LEAD ACID CELLS

&6 V. (dry ch?d.) $3.00
6 ¥, {in metal carrying case, dry chgd.) $4.00
(OddJ electrolyte, specific gravity .265-drug-
store) .

Art/13 Control
Connecting Plug

Heod With
$2.50

DYNAMOTOR MODULATOR
UNIT

Antenno Reloy Unit s $1.25

INTERPHONE AMPLIFIER
$1.95

All Prices F. 0. B. Indianapolis

TERMS: CASH WITH ORDER

AMERICAN SURPLUS
PRODUCTS (€O,

337 N. CAPITOL AVE
INDIANAPOLIS, IMD.

{....LF. TRANSFORMER REPAIRS

Lf. transformers in some older receiv-
ers have special trimmer assemblies and
are therefore difficult to replace. If a
coil in one of these transformers be-
comes defective, and it is impossible to
obtain a replacement transformer, here
is an easy way to repair the unit,

Measure the space between the two
windings, and cut through the core piece
just below the top coil. Then remove
the bottom ceil of a standard i.f. trans-
former of the same frequency, also by
cutting through the core.

Roll a piece of thin ecardboard and
use it as a dowel to fit the two coils to-
gether. Make sure the spacing between
the coils is the same as before. A little
cenent on the joint conipletes the re-
pair.

ALBERT LoiscH,
Darby, Pa.

. ... TUBE REPLACEMENT
If a 2W3 half-wave rectifier is not

available to replace a defective one, an

0Z4 can be used in its place. Merely

connect the two 074 plate pins together

at the socket and plug in the tube.
PETER CASELLA,
New Ovrleans, La.

«+..CHEVROLET MODEL 985538
A replacement was unobtainable for
the defective antenna coil in this set,
and substitute antenna coils did not give
zood results, 1 finally used a 4-pie, 2.5-
mh r.f. choke with a lead to the 6SA7
grid tapped off between the first and
second pies from one end. The lead from
the upper three pies went to the an-
tenna and the other lead to the a.v.c.
The set then played perfectly with a
66-inch auto antenna.
PAUL STANLEY,
Chatsworth, Ga.

....RECORD CHANGERS
A frequent complaint on several
makes of automatic record changers is
that the turntable slows down after
playing two or three records. This
trouble can be eliminated on most fric-
tion-drive-type changers by applying a
General Cement Resin Stick to the in-
side rim of the turntable.
LyMmaN E. Gray,
Alexandria, La.

. ... AUTOMATIC MODEL 640
In these models a loud hum which is
not caused by defective filter condensers
and which cannot be controlled by the
volume control, is often the fault of an
excessively long volume control ground
lead. If the size of the filter resistor is
changed to 2,000 ohms at 2 watts, hum
will also decrease appreciably with
practically no change in performance.
ARTHUR L, JOHNSON,
Hutchinson, Kansas

....RCA MODEL I1X2

If the set is very weak or is suddenly
reduced in volume, but the tubes test
good, check the a.v.c. filter condenser.
| Replacing this condenser with a new one
usually clears up the trouble.

WiLLIAM PORTER,

I Lafayette, Indiana

www.americanradiohistorv.com

— Technotes

.+ .. PHILCO MODEL 18
The oscillator in this set sometimes
operated intermittently. A complete
check of the oscillator revealed a high-
resistance short across the oscillator
coil. Coil replacement was the cure.
WiLLiaM PORTER,
Lafayette, Indiana

. «.. OVYERHEATED RESISTORS
When a shorted bypass condenser is
replaced, also change the dropping re-
sistor through which the current was
drawn, The resistor has usually been
overheated sufficiently to cause it to
change its value considerably.
HENRY VAN ZUYEN,
Hanford, Calif.

. ... CROSLEY MODEL 86CR
The molded wire-wound filter resistor
between the two filter condensers is fre-
quently found to be open. Substitution
of a good-quality, 10-watt unit cures the
trouble permanently.
WIiLLIAM PORTER,
Lafayette, Indiana

.. .. MAJESTIC MODEL 4560
If the receiver oscillates and squeals
but all the voltages are correct, check
the main filter condensers. In some cases
these condensers may lose enough ca-
pacitance to cause oscillation long be-
fore any hum can be noticed.
WiLLiaM B, THORNE,
St. John, N.B., Canada

+ ... CROSLEY MODEL 145CS
Noise heard when the r.f. tube is
tapped and which is not due to a bad
tube is usually caused by a defective
001-uf screen bypass condenser. Re-
place the condenser with a ceramic-type
condenser, and check the stage for any
possible misalignment which may have
occurred during servicing.
ARTHUR L.. JOHNSON,
Hutchinson, Kansas

. ...STEWART-WARNER MODEL 5iTI46
A frequent contplaint on these sets is

an intermittent drop in over-all sensi-
tivity, resulting in only local stations
being heard. The trouble is due to in-
creased resistance of the soldered ter-
nminals of the secondary of the first i.f.
transformer inside the shield can. Re-
solder the connections or replace the
transformer.

ARTHUR L. JOHNSON,

Hutchinson, Kansas

e.o.PHILCO 38—116 CODE 125
A common complaint on this model is
a broken dial support. The dial is
mounted on its axis by a single strip of
celluloid which often breaks. The dial
will then not turn with the tuning con-
denser. Repair by cementing 4 pieces of
clear celluloid around the rear of the
dial with transparent cement. If care-
fully done, the repair cannot be seen
from the front of the cabinet.
D. L. Fuqua
Fairfield, Iowa
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Most - ()ﬁ"" - Ne
F. M.

am] Telcvisi()

Sericime Eufocmation

F.M. and Television

Use this new giant manual of
factory instructions for tronble-
shooting, repairing, and alizn-
ment of any 1947-1948 ".M. and
Television set. Fvery popular
make, including new F.M._ tuners,
AM-FM c¢ombinations, and all
types of televidian receivers. De-
tail circuit dingrams, ‘theory of
operation, test hints, alignment
data, including both meter and
oscilloscope methods. This is the
materinl you need to fix any
modern F.M. or Television set.
Don’t turn this profitable work
nway for lack of knowledge and
information. Use this newest
Supreme manual to save time

Most - ()ff.m . Nv«)’vd

1948

RADIO
DIAGRAMS

\p Fnfarmati™

and Syreici

New 1948 Manual

lie prepared to repair guickly
all new 1948 receivers. In this big
single vulume you have elearly-
printed, larrze schematics, needed
alignment data, replacement parts
lists, voltage values. and informa-
tion on stage gain, location of
trimmers. and dinl stringing, for
almost all recently released sets.
Makes toughest Jjobs amazingly
asy. 1'ind faults in a  jiffy.
Speed-up all repairs. The time
saved on your next job will pay
the $2 bargain price for the
complete manual—after that you
use it FREE. A worthy com-
panion to the 7 previous volumes
used by over 120,000 shrewd radio

17

Wew 1948 and F.M, Manuals

BIGGEST BARGAIN IN RADIO DIAGRAMS

Make these two new mammoth volumes your money-
saving source for data on all recently released receivers.
Learn about modern circuit developments, be ready to
repair any new radio no matter how complex. You pay
only $2 for each of these large manuals. With these two
volumes on your workbench there is nothing else to
buy. nothing else to pay—a whole year of radio dia-
grams and service data yours for a couple of dollars
total. Again Supreme Publications beuts all competitioi
and gives radio servicemen greatest bargains in service
information. Other volumes for previous years described
below. MNo-risk examination granted to servicemen.

FIND ALL RADIO FAULTS DOUBLE-QUICK

You can speed-up and simplify radio repairs with
SUPREME PUBLICATIONS Manuals. Service all radios
fuster, better, easier, save time and money, use these
most-often-needed diagram manuals to get ahead, earn
more per hour. For the remarkable bargain price (only
$2 for most volumes) you are assured of having in vour
shop and on the job, needed diagrams and other essen-
tial repair data on 4 out of 5 sets you will ever service.

Every popular radio of all makes from old-timers to new
1948 sets, including F.M. and Television, is covered.
Clearly printed circuits, parts lists, alignment data, and
helpful service hints are the facts vou need to improve
your servicing ability. Save hours each day,
every day, begin to earn more by making re-
pairs in minutes instead of hours. Let these
manuals furnish you with diagrams for 80%
of all sets. There is no need to spend large
sums for bulky, space-wasting manuals, or to
buy additional drawings every few weeks; be
wise, use SUPREME Manuals to get the most
in diagrams and service data for the smallest
cost. Act today and be money ahead with
Supreme Publications.

servicemen. New manual covers
models of 42 different manufae-
turers. Giant sgize:

814x11”", 192 pages S 00
index. Manual - style i

bindingz. Price, only. .

aml money on your wvery next
F.M. job. Data presented on 192
iarge pages, 814x11 in
Sturdy, mnmml-styles 00
binding. Just pub- —
lished. Special price. .

Models Made by:

R.C.A., Zenith,
Philco, Sears, Fada,
Emerson, Belmom,
Detrola,  Crusley,
G.E., Westinghouse,
ArvinyMajestie,
Siewart-Warner,
Admiral, Deleo,
Stromberg-Carlson,
Wards. West’n Ao,
Sparton, Motorola,
and many others.

: & o deiti] » AR . . i 4 =
1 H Select Supreme Diagram Mantals and ltecord Changer Hocks You want to exambne.
use coupon to order manuals 'o’ exam'nat‘on Send the convenient no-risk trial coupon. I'z¢ the manunals in ¥our own honie or
Include all popular sets from 1926 to 1948, shop for 10 duys at our risk. Declde for yourself that Supreme Publications are the
greatest values in service data. You must be combletel¥ satlsfled. or return manuals

and recelve yonr money back,

Record Changers Manuals ey L L T L L DL TR T LT
Post-War Models Pre-War Models ' __NO RISK TRIAL ORDER COUPON .

------------------------------------------'
Servico expertly all modern (1935-1948)

Just what you need to repalr quicklyl
record changers. Jus. follow simplitied

pecord “clungers. Just follow atnpliiled | thawsands of prewar (befre [940) o« SUPREME PUBLICATIONS, 8 8. Kedzie Ave., Chicago 12, ILL. H

matle record ehangers., manual unlts. pick-g

istlents abd repalrs. lundreds of photo . wireles llaters. lecorders, f R . L]

i‘r;l)lllgn infl ('KDl'D‘:Igll vl::\l-lre liurxan;‘l]z‘e’: lejx‘),t:ll‘)ln‘;lIm:;.s II‘:lslftilr:dsor%f n:or(‘-,lﬁnr':iml .‘::?l' Ship the follo“_mg njzmuals on trial under your (E)1948 !

8% x 11 inches. 144 fuct-filled pages. | electrieal dlagrams. 128 large pages; sizel Buarantee of satisfaction or money-back. ] 1947 | PRICED »

Price only $1.50, postpald. 8% x 11 inches. Price, only $|.50. [ ]

Y Radi S : {0 New F.M. and Television Manual.. $2.00 | O 1946 | AT ONLY ,

See Your Radio Jobber or Send Coupon > : O Post-War Record Changers........ 1.50 | O 1942 52 :

] Pre-War Record Players & Recorders 1.50 g :::; :

~ P /u . 71t am enclosing $........ , send Posipaid. O 1;}39 EACH :

bupre ’118 u ’Catians Send C.O.D. | am enclosing $....... deposit. | ] 1926-1938 — $2.50 :

- 1

PUBLISHERS OF RADIO BOOKS. MANUALS. AND DIAGRAMS  -NNS .

oL AR 0f B T B BT we b e TS w8 bR $ e et loiote 1ads A T

[

: . el 1 ]

9 South Kediie Ave. L Chicago 12, Hnols 3 Address: o.ooviiiuereniteeees s er et ee e 50000 000RL
JUNE 1948
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HEATHKIT
SIGNAL GENERATOR KIT

Every shop needs a good signal gene.
ratar. The Heathkit fulfils every servicing
need, fundamentals from 150 Kc. ta 30
megacycles with strong harmonics over
100 megacycles covering the new tele-
vision and FM bands. 110 V 60 cycle
transformer operoted power supply.

400 cycle audio avoilable for 30°%
modulation or audio testing. Uses 6SN7
os RF oscillater and audio amplifier.
Complete kit has every part necessary
and detailed blueprints and instrucrions
enable the builder to astemble it in a
few howurs, Large easy to read calibro.
tion. Convenient size 97 x 6" x 43",
Weight 412 pounds.

NOTHING ELSE
TO BUY

HEATHKIT SINE AND SQUARE WAVE
AUDIO GENERATOR KIT

The ideol instrument for checking audio
omplifiers, televisian response, distartion,
etc. Supplies excellent sine wave 20 cycles
to 20,000 c¢ycles and in oddition supplies

square wave over same range. Extremely

low distertion, less thon 1%, large coli-
broted dial, beautiful 2 color panel, 1%
precision colibroting resistors, 110 V &0

cycle power tronsformer, 5 tubes, detailed

$s34.50

NOTHING ELSE .
TO BUY o
weight 15 pounds.

blueprints and instructions. R.C. type cir-

with excellent stability. Shipping

, HEATHKIT SIGNAL TRACER KIT

—

Reduces service time and greatly in.
creases profits of ony service shop.
Uses crystal diode to follow signal from
antenna to speaker. Locates faults im-
mediately. Internal amplifier available
for speaker testing and internal speaker
available for amplifier testing. Connec.
tion for VIVM on panel allows yisuol
tracing and gain measurements. Also
tests phonograph pickups, microphones,
PA systems, etc. Frequency range to 200
Mc. Complete ready to assemble. 110 V
60 ¢y¢le transformer operated. Supplied
with 3 tubes, diode probe, 2 cclor
panel, all ather parts. Easy to assemble,
detailed blueprints and instructions.

Small portable 9 x 6" x 4%, Wi,
& pounds. ldeal for toking on service
colls. Complete your service shop with
this instrument.

NOTHING ELSE \
TO BUY

MEATHKIT HIGH FIDELITY
AMPLIFIER KIT

Build this high fidelity amplifier and
save two-thirds of the cost. Push pull
output using 1819 tubes {military type
614's), twa amplificr stages using o

- dual triode (65N7), ond a phose in-
verter give this amplifier o linear reproduction
s14.95

equal ta amplifiers selling for ten times this
price. Every part supplied; punched and formed
NOTHING ELSE
TO BUY

thossis, transfarmers (including quality autput
to 3-8-15 ochm voice coil), tubes, controls, and
complete instructions. Add postage for 20 Ibs.
12” PM speakers for above. .$6.95

LY

Ideal for Schools, Training Courses,
Laboratories —Service Shops, Hobbyists.

NEW 1948 HEATHKIT 5 INCH

OSCILLOSCOPE KIT

A necestity for the newer servicing technique
in FM and television ot o price you can affard.
The Heathkit is camplete, beautiful twa ¢olar
panel, all metal parts punched, formed, ond
plated and every part supplied. A pleosant
evening’s work and you have the most inter-
esting piece of laboratory equipment available.

Check the features — large $ SBP1 tube,
compensated vertical and horizontal amplifiers
using 4547's, 15 volts to 30 M cycle sweep
generator using 884 gas triode, 110 V 60 cycle
power transformer gives 1100 volts negative
and 350 volts positive.

Convenient size 82" x 13” high 17" deep,
weight only 26 pounds.

All controls on front panel with test voltage
and ext. syn post. Camplete with all tubes ond
detailed instructions. Shipping weight 35 [bs.

Order todoy while surplus tubes make the
price possible, \

he NEW

HEATHKIT VACUUM TUBE
VOLTMETER KIT

The mos! essentiol tool ¢ rodio man ton have, now

within the reoch of his pocketbook. The Heothkit YTVM

is equal in quolity to intstruments selling for $75.00 or

more. Feotures 500 microomp meter, tronsformer

power supply, 19, glass enclosed divider resistors,

ceramit¢ selector switches, 11 megohms input resis-

tonce, linear AC ond DC scale, electronic AC reading }

RMS. Circuit utes 6SN7 in bolonced bridge tircuit, a

6H6 av AC rectifier and 6X5 as tronsformer power \
Included is of colibroting \

supply rectifier. means

without standards. Average assembly tirne less thon
four pleasant hours, ond you have the most useful s i
test instrument you will ever own. Ranges 0-3, 30, 100. ® i

NOTHING ELSE

300, 1000 voits AC or DC. Ohmmeter has ronges of
scale times 1, 100, 1000, 10M and 1 megohm, giving

ronge .1 ohm to 1000 megohms. Complete with | TO BUY
detoiled instructions. Add postoge for 8 ibs. \
\
HEATHKIT \

CONDENSER CHECKER KIT

A condenser checker anyone can afford
to own. Measures capacity and leakage
from .00001 to 100 MFD on calibrated
scales with rest voltage up to 500 volts,
No need for tables or multipliers. heads
resistance 500 ohms ta 2 megohms. 110V
60 cycle transformer operoted complete

$39.50

NOTHING ELSE
TO BUY

with rectifier and magic eye indicator
tubes.

Easy quick assembly with clear detailed
blueprints and instructians. Small con-
venient size 9 x 6" x 43". Weight 4
pounds. This is one of the handiest in<
struments in any service shop.

TO BUY

A WORD ABOUT HEATHKIT INSTRUMENTS

All Heathkit service instruments are supplied complete in every
way — grey crockle cabinets, 2 color colibrated panels, all tubes,
test leads (where required) etc. All are 110 V transformer operated.
Colibrations are complete and exact, 1% precision resistors are
supplied where needed.

Heath engineers are ready to assist and advise.

Heathkits are sold direct to customer, order from this ad. All are
guaranteed.

HEATH COMDPANY

RADIO-CRAFT
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GLOSSARY OF FM TERMS
{Continued from page 44)

A MUST
FOR FM

& TELEVISION
SERVICE
SHOPS!

in cycles, from the assigned center frequency.

{frequency multipliers, Stages of radio-frequency
amplifiers operated as doublers, triplers, etc, to
provide the required order of multiplication. In
I'M transmitters the frequency is multiplied many
times before it reaches the final stage.

frequency shift. The departure of a wave from
its assigned frequency.

full license. Final authority to operate a com-
mercial FM station. Issued after station has
operated satisfactorily on CP (construction per-
mit) and has met all requirements as to field-
atrength measurements, proof-of-performance
tests, program commitments, ete.

ghosts. - Secondary wavé reflections which reach
the receiving antenna out of phase with the
initial wave. Ghosts are the result of reflections
from the ionosphere, or from hills, apartment
buildings, or other structures, and are more
prevalent in low spots or areas of low signal
strength. In FM, the result may be garWled,
distorted reception.

ground wave. The part of a radio wave which de-
pends entirely on conductivity of the earth’s sur-
face, and reflection from it, fer propagation, The
ground wave is composed of a surfoce wave and a
space wave, The space wave is subdivided into a
direct wave and a ground-reflected wave,

ground-reflected wave. The component part of a
space wave which is radiated from the tranamit-
ting antenna and reflected from the carth's sur-
face to the receiving antenna.

grounded-grid amplifier, A radio-frequency am.
plifier (final stage) in which the grid circuit is
at ground potentinl, the input and output reso-
nant circuits being provided by filament and
plate, respectively.

guard band. The 28-kc band width at the extreme
ends of each FM channel. used solely to prevent
interference to adjacent channels.

harmonics. Even or odd multiples of the funda-
mental wave frequency.

high fidelity. The faithful and exact transmis.
sion or reproduction of audio-frequency signals. l

HECTRONC COPP OF AME2IT4

Here's great news for FM and TV Service Shopsl A new, top
quallty sweep signal generator—product of a maonufacturer with
vast resources, advanced engineering ‘know-how’, and war-
time experience In producing test equipment. DIRECT FROM THE
FACTORY-—at a phenomenally low pricel

- GENERAL INFORMATION
image response. Tendency of a receiver to Ppick

up spurious frequencies equal to twice the i.f.
frequeney Plus or minus the radig frequency.

© High frequency insulation

Images are Gt el g“-d‘-’ei;g an r.f. stage or | FRONT PANEL CONTROLS FREQUENCY RANGE TUBE LINEUP throughout
otherwise 1ncreasing selectivity. 5 " 3 !‘ND‘ » Maxi ' '

codi ~ Sweep width 500 KC to Maximum outpy
‘l.:gi::?t frequency modulation. See Phase Modu- | opprex. 10 NC (No band switching « 6CA—Fixed fraquency 500,000 U/Y
interference, ndjacent channel. Cross-modulation | ¢ Phasing control necessory) moduloted oscillotor ® Power required 105-12§

effects produeed when two signals of near-equal
strength are assigned to channeis adiacent to
each other. Effects nre much more pronounced in

® Tuning vernler
1 ratio

controt 10 o

{2 1o 227 Megocycles)

® §(4—Continuously

Yolt 50-60 AC 35 Watis
® Powaer line filter bullt in

Ly 2 .
AM than in FM systems. ® Selecio switch FM—RF—CAL 21T i variable beol fraquancy | e spacial Midline copacity
interim operation. The pe:lnd d;u-ing which st:- * RF Outpul control * 40154 MC oscillotor funing condenser
tion operation is maintain on low power, pend- - = g 3 —
ing installation of the. regular transmitter or | * 40 ¢ycle hoiizontal sweep * 151227 uC o §C4—Mixer—Cothode 8 Pilat light tine indicator
antenna system. outpul * (alibrotion and referencs fll . © Gecerator oulput <an be
ionosphere. (formerly known as the Kennelly- ® Amphenal RF outpul shielded seales) s owerguipuL Iube

Heaviside layer). Ionized layers of gases existing
in the upber parts of the earth’'s atmosphere,
usuaily at heights between 30 and 260 miles.
Radio wavea striking ‘these layers are reflected,
the amount of ‘reflection depending on layer
height, wave frequency, degree of ionization, and
other factors.

ionosphere storms. Distu¥bances in the iono.

tennector

® Dlat scale langth

® SY3—Rectifior tube

RADIATION LOOP AND
ALIGNMENT WAND

FM FRONTEND

Complete with 3 tubes,
inzluding Mogic Eys.

vsed either frequancy
modulated or pure RF

sphere which seriously affect radio transmission Prosides looss coupling. WL

above 500 ke. These disturbances "are closely Chécks  loop - oscillator For uss wiih 10.7 MC
Yinked to the 1ll-year sun-spot cycle; their ap- H‘f""" Increases eof- LF.8. high Q res-
pearance can result in unpredictable behavior, clency of  recelver'd B s

alignment or mistreck-

ing. Enables tha service Heger

on lined and con-

even at FM frequencies. sllser overlsy

A engineer to maks gsin L -
Kennelly-Heaviside layer. See Ioncephere. | a5 U eI tAs o P rafia= ';J'uf.‘l:‘:; }!ngl‘uhl.l';:n
limiter. Last i.f. stage or stages of a receiver; ar- | 0 propo :'110“;",':91"'""'“ and thtoughout I-RF
ranged to overload so that plate current is satur- . s O Ena stage, detector, and

generator. Complete with opersting

instructions. osclllator. Large 7~

sliderule dial. Chassis
fioated. non-microbhonie.

ated and ‘cut off on alternate half-cycles. This
action removes amplitude variations. and leaves
only the frequency-modulated component of the
signal. In phase-modulated FM transmitters, a
limiter is employed to remove residual amplitude
fluctuations.

linearity. The ability of a system (r.f. or a.f.)
to maintain an output voltage or Dercentage in
direct proportion to the input voltage.

line-of-sight, The approximate distance to the
horizon, or about 30 to 50 miles; formerly sup-
posed to be the limiting factor for FM transmis-
sions. Actual range approaches two or more hori-
zons, due to reflection and refraction character-
istics of the earth’s surface.

marker frequencies. Frequencies produced by a
signal generator to identify frequency deviation
limits and to’ measure discriminator response in
receivers. Used in conjun¢tion with an oscillo-
scobe to obtain visual patterns.

modulation, Act of applying audio frequencies to
a radio~frequency wave.

modulation index. The frequency swing (fre-
quency deviation) divided by the audio frequency.
The index varies directly with the audio-frequency
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AM SIGNAL GENERATOR

8 RF bands. Frequency coverage 100KC-75 MC. External modulation from
40 to 30,000 cycles. Intérnal modulation at 440 cycles. Phase shift audio
oscillafor_and interna! modulator. A.C. 105 to 120 volts. 50 to 60 eyeles.
8pectal Hammarlund variable condenser: 3 step RF attenuator Contlnuously
variable RF-AF attenuator contral. Ultra stable two terminal RF ascillator.
Pllot Hght llne indicatar. Cathode follower output tube. Modulator per-
centage continuously variable from front panel. internal or external, g (7
10054, Heavy 16-8ure steel cabinet. Comblete with 4 (xtand-

ard brand) tubes. Amphenal eo-axial conneeting cable, ground s 50
cable, operating instructions and guarantee.

BACKED BY ECA WITH R.M.A. GUARANTEE. FOR PROMPT DELIVERY., RUSH.YOUR ORDER
TODAY TO DEPT. RC-6. 209% DEPOS!T wiTH ORDER REQUIRED. F.0.B. NEW YORK CITY,

ELECTRONIC CORPORATION OF AMERICA

NEW YORK 19 N. Y. ¢« PHONE: CIRCLE 6-1985
WRITE FDR ECA CIRCULAR ON PARTS AND ADDITIDNAL EQUIPMENT.

353 WEST 4Bth STREET
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PROGRESSIVE

ABSOLUTELY NO KNOWLEDGE OF RADIO NECESSARY

THE PROGRESSIVE RADIO KIT Is the ONLY COMPLETE KIT

— | SCOOPS!

FM COIL & CONDENSER
KIT

Designed for operation on 88-
108 MC {new band), contains 2
IF transformers, 1 Limiter
Transformer, 1 Discriminator
Transformer, 1 RF coil, 1
Variable condenser, Schematic
and wiring instructions, Excel-
lent for schools, experimenters
and Radio Hobbyists, $4 95

Priceonly .......... .

50 Paper Tubular Condensers.
Values from .002 mid to .1 mid,
400 V. DC to 600 V. DC.

Only $1.95

RESISTOR KIT
100 Carbon Resistors, 1 Watt.,
RMA color-coded. Values from
120 chms to 2.2 megohms §1.5¢
10-10 MFD, 450 W.V. DC Elec-
trolytic Condensers ...... 6be
20-20 MFD. 150 W.V, DC Elec-
‘trolytiec Condensers cere.. 30c
40-40 MFD. 150 W.V, DC Elec-
trolytie Condensers . ...... d5¢
Antenna and RF Coil Set
(Broadecast Band) ........ 59¢c
6” Alnico Slug Speaker.. $1.69
Selenium Rectifiers ceee.. 19€
Midget Soldering Iron 35 Watts
110/120 volts UL approved 69¢
65 Watt Soldering Iron UL ap-
Proved ................. $1.90
75 Watt Soldering Iron UL ap-
proved ..... ireeveeienn. $2.40
Long Nose Pliers and Cut-
Lers® o - sk psmasd sms wad . $1.45
PROGRESSIVE RADIO
TOOL KIT
contains 75 Watt 110/120 Volt
soldering Iron, long nose pliers
& cutters, serewdriver, insulat-
ed alignment tool ..... $3.25

Pkﬁ/

YOU NEED NO ADDITIONAL PARTS!

Operates on 110-120 volts AC/DC. Contains everything you need. Instruc-
tion Book, Metai Chassis, Tubes, Condensers. Reslstors and all other nec-
essary rudio parts. The 36-paZe Instruction Book written by expért radio
Instructors and engineers teaches you to bulld radlos In & professional man.
per. The first elreult bulit is a simple one-tube detector receiver. Eaeh suc-
ceeding circuit Incorporates new arrangements of detectors. RF and AF
amplifiers. Thls kit is excelient for learning the princlples of receiver,
transioitter and amplifier design. It is used jn many radlo sehools and
colleges. Ail of the commonty-used detectors aré used. including diode, grid
leak, plate and infinite-Impedance. The transmitters are designed with
Hartley and Armstrong oscillators, using screen-grid and control-grid moddu-
latlon. Both vacuum tube and selenlum rectification are employed in these
clreults. The eclrcults are deslgBed ta provide excellent performances. Alto-
Rethier, fifteen cireuits are constructed, including 11 receivers. 1 audio
amplifier, and 3 transmitters. The sets start with eimple clreults of 1 tube
Plus rectifier, gradually grow moro complex. and finish with scveral examples
of radio sets using three tubes plus rectifler,

PROGRESSIVE RADIO KIT..... . ONLY $14.75
SPECIAL FREE OFFER

Electrical and Radlo Tester sent absolutely FREE with each Progressive
Radla KIt, PLUS FREE membership in Progressive Raglo Club. Entitles
You te free expert advice and consultation service with ilcensed radio
technielans, write for further Information or ORDER Your KIT NOWI

222 AMPLIFIER KIT $15%

HIGH FIDELITY, HUMLESS, AMPLIFIER.
SEVEN TUBE PERFORMANCE

Thls- newest Progressive Kit will enable {ou
t0 bulld a newly-designed, high fdelity,
humless ampllifter.

Beautiful aluminum custotn-punched chassis,
etched tone and volume control plates.
Deslgned by former Western Eleotric englneer.
1deal amplifler for television Kit or set, FM tuner, -AM tuner. microphone,
photozraph, wire and instantaneous recorders.

Electrily your musical fnstruments by connecting them teo the Progressive
Ampllfier by means of a contact mike.

Amplifier can be rcadily modified to match the GE reluctance pick-up.
Separate mike and photo input. Regulated power upply malntains conm-
stant voltage supply. NC heater supply, whether amplifier jg used on AC
or DC, provides humless operation by elyminating cathode-heater leakaze
hum. Contzins degeneratise feedback for improved frequency response.
balanced Dhaso Inverslon and push-pull beam power output. Every stage
thoroughly decoup! ic lmprove low-frequency response and to Drevent
motor-boating. Tone and volume controls completely variable,

Seven-tube performance. Uses 2 selenlum rectifiérs, 2 beam power am-
pliflers, 1 high-mu pentode mike amplifier. 1 twin-triode Dhase Inverter,
and 1 soltage regulator tube.

Progressive AMPLIFIER KIT (less Tubes and Speaker).. ... onjy $15.75

TUBES for Progressise Amplifier Kit 1-12SL7, 1-12817, 1-VR75, 2-12A6's.
Complets Set Only $3.00

BUILD A 5 TUBE AMPLIFIER - - only $5.95

Ideal for phonograph, FM tuner or microphone, Has 5 tubes Including rec-
tifler. Kit 1y complete with tubes, chassis, volume control, tone control,
radto parts, hock-up wire, solder and instructions, We can provide a 4-inch
PM, speaker with mounted oulput transformer to At on chassls. priced
at $1.85. Or use this kit with your own speaker. It has 5 watts $
oltput, more than enoazh to drive a 12-inch speaker....... Oniy a

- Automatic volume control,
. Full-range valume control.

1. AC Superhet AM.FM receiver.

2. fFrequency Modulation Circuit.

3. 11 finest Quality tubes, including
rectifier.

4. 4 dual purpose tubes Oive 15
tube pel rmance.

s
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ESPEY CUSTOM.-BUILT AM-FM HIGH FIDELITY RECEIVERS--Model No, 7-BC

Your Price $84.00

7. High.Fidelity AM-FM reception. 12. Loop antenna for AM and Folded

8. ru?l-rnnge combination bass- Dlpole antenna ;or FM ren.-ntl:n
treble tone control, supplied.

9. 13 watt (maximum) Push.Pull g3 Provisions for external antennas.

Audio Gutput. h
10. 10 inch PM speaker with Alnico 34. Wired for phonograph operation.
vV magnet. 15. Licensed under RCA and Hazel:
tine patents.
16. RMA [lsted.

$25.00 deposit required with C.0.D. orders

11, Indirecllyl illuminated
al.

] oglide.
rule' di

¥ PRICES

sni3gionoons: PROGRESSIVE ELECTRONICS CO., Dept.RC-14 2, rosee -

497 UNION AVE. ®

BROOKLYN 11, NEW YORK "1, C.0.0, orders

GLOSSARY OF FM TERMS
{Continued from page 49)

phase ;gl:s have changed during the process of
modulation.

phagse modulation. The indirect method of ob-
taining frequency modulation. Consists of & crys-

voltage (for given frequency),

) | and inversely
with the audio frequeney (for a given audio volt lator. A

tal-controlled oscillator whose cutput is split into
two paths. gne eontaining a 90-degree phase-
shifting network and the other a balanced modu-
gerics of multipliers are used to increase

age). The modulation index is large at low fre-
quencicg and small at high frequencies (i.e., for a
maximum frequency deviation of 76 ke, an audio
frequeney of 15 ke will have an index of b;
[756/15]. 1,500 cycles produces an jndex of 50; 150
cycles = B00, etc.) For the highest audio fre-
quency (15 ke), the modulation index is ealled the
deviation ratio.

nodes, nodal points. The points in an antenna
system or transmission line where amplitude of
a standing wave is zero. Points where the ampli-
tude of a standing wave is at maximum arc
called antinodes or loops. Antinodes appear mid-
way between node points.

peak shift, limiter. A shifting of the resonance
Peak of the limiter input transformer, due to
the loading effect of signals strong enough to
cause grid current flow.

phase distortion. The result of harmonics or
multiples of range frequencies whose relative

both frequency and modulation index to the
proper values. Phase modulation was the method
first employed by Major Armstrong.
polarization, horizontal. Orientation of a trans-
mitted wave so that its lines of foree (electric
field) are parallel to the ground. FM antennas
are horizontally polarized, since this method gives
improved noise rejection.

polarization, vertical” Wave orientation so that
the electric field is Perpendicular to the ground.
(Elliptiea