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From this package
come the finest recordings
in the world

e,

You have heard about
Presto Brown Label
discs. They’re one-side
perfect . . . with a flaw
cn the other side you
probably couldn’t find.
Perfect for one-side re-
cordings, reference re-
cordings and tests,and
atgreatlyreduced cost.

FREE! Presto wilisend you free of
charge a complete bibliography of
all technical and engineering arti-
cles on disc recording published
since 1921. Send us a post card.
Address Depl, A.

RECORDING CORPORATION
242 WEST 55TH STREET
NEW YORK 19, N. Y.




Type AR-16
(Air-Spaced)
Exciter Coils and Forms
These air.spaced coils are sultable

for use in stages where the plate input
doss not exceed 30 watts and ore avail-
able for the 6, 10, 20, 40 ond 80 meter
bands: All have separcte link coupling coils
and all Include the PB-16 plug, which fits the
XB-16 Socket.

AR:16 Colls, End Llink, Center Link or Swinging Link.

Net price. $1.15 (Include PB-16 Plug)
PB-16, Plug in Base Only. Net price....$ .27
XB8:16, Plug-in Sockét Only...................Net price....$ .33

The MRY Is a new plastic tun-
Ing knob with o chrome
plated appearance circle. The
HRT knob fits o V4" diome.

ter shaft and s 2% " in
diamefer. Available in Black
or Gray.

HRT Knob....Net price...$ .75

The HRS Knobs
are a new series of
plostic knobs with a

134" diameter chrome.

plo_!ed skirt. They all fit

Ya' diameter shafts. Three

types are cvalloble in

Black or Gray.

HRS:1 Knob...ON-OFF through 30° rotation.....
HRS-2 Knob....5-0-5 through 180° rotofion.......
MRS-3 Knob....0-10 through 300° rotation..........

Net price.......$ .51
.Net price........ $ .51
..Net price.......% .51

MAKERS OF LIFETIME

RADIO

EST. 1914

THE NATIONAL EMBLEM

oN PARTS 1s YOUR
GUARANTEE OF QUALITY

For over 25 years, hams, engineers and radio tech-
nicians have agreed that National parts were thor-
oughly reliable in manufacture and performance.

That reputation is your guarantee of quality when
ordering National parts for new equipment.

If you need parts that will fit as they're supposed
to, that will give you long hard service, then
National’s your best bet — as any radio veteran
can tell you.

Send today for your copy of the new 1947
National catalog, containing over 600 parts.

MNMational

Company, Inc.
Malden, Mass.

Please write to Department 14

National Company, for further information

XR-50 coil forms may be wound
as desired to provide o permea-
bility tuned coil. The form wind-
ing length is 11 /16" and the form
winding diometer is Y2". The

The AR-2 and AR.5 coils are
high Q permeability tuned
RF coils. The AR-2 coil tunes
from 75 mc to 220 mc and
the AR-5 coil tunes from 37

me to 110 mc with suitable iron slug .is %" diameter by
capacitors. V2" long.
AR-2 High Frequency Coil............ ..Net price.

AR-5 High Frequency Coil. ...Net price.
XR-50.0 e iciiicninssiinnsisieeissisninaosaiiniesses Net price.

EQUIPMENT

December 1947 — formerly FM, and FM Rapio-ELECTRONICS




Front view shows arrangement of
controls for tuning driver and am-
plifier. Center lift-off panel has
been removed to show accessi-
bility of power supply.

J42 « RAYTHEON
Redponsilility
Backed by Raytheon’s complete man-
ufacturing and service facilities
when you specify Raytheon not only
for FM or AM transmitters but for
speech input and station equipment —
you are teaming up with Raytheon’s
huge organization devoted to research
and manufacture for the Broadcast
Industry.

Look ahead with RAYTHEON

Raytheon’s Integrated Design Policy lets your station
grow with the industry. Start as low as 250 watts . ..
step it up with the new 3KW-FM Amplifier and Trans-
mitter . . . use it later as a driver for a 10 KW unit.
You're set for the future with no fear of obsolescence.

Write today for complete information and

technical details

Rear view showing accessibility of
chassis, terminal boards, etc.

Asl WLAW -FM clout

RAYTHEON SERVICE

Marked “OK for shipment” at Raytheon,
Waltham, on Thursday, equipment for
WLAW'’s new FM transmitter began feeding
programs into their antenna at Burlington,
Mass., on Saturday. That’s evidence of
Reytheon super service made possible by de-
pendable, easy-to-install Raytheon quality
equipment.

@M'ﬂ libe ils LOOKS

It’s clean as a whistle, modern,_streamlined —
a handsome addition to any up-to-the-minute
station. It’s true, but hard to believe, that the
new Raytheon 3KW-FM Transmitter is the

lowest cost reliably made equipment of its
class that you can buy.

You'll lihe its PERFORMANCE

It’s easy and quick to tune — requires a min-
imum of special testing equipment ... de-
livers a high quality, stable, hi-fidelity signat
. operates at an inherently lower noise level.
Features Raytheon direct crystal control and
simplified Cascade Phase Shift Modulation.

z/au'l[&éedd
EASE OF MAINTENANCE

Simple, conservatively rated circuits . . . easy
accessibility . . . the use of standard, readily
obtained, easily replaced parts — make
this Raytheon 3KW-FM Transmitter the
easiest, most economical equipment to service
and operate.

Excellernce in Eleclronics

RAYTHEON MANUFACTURING COMPANY
COMMERCIAL PRODUCTS DIVISION

WALTHAM 54, MASSACHUSETTS

Industrial and Commercial Electronic Equipment, Broadcast Equipment,

Tubes and Accessories

Sales offices: Boston, Chattanooga, Chicago,

Dallas, Los Angeles, New York, Seattle
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THIS MONTH'S COVER

This month’s cover presents
the only photograph taken on the
memorable occasion, November
13, when Walter S. Gifford, presi-
dent of AT & T, put in the first
official call over the New York-
Boston FM relay. With him in
this picture are Frank P. Law-
rence, left, vice president in
charge of long lines, and Carl
Whitmore, president of the New
York Telephone Company. Cam-
eraman is Robert S. Daniels.

Performance of the relay sys-
tem was so perfect that television
images originating in New York
were transmitted to Boston, back
to New York, to Boston, and to
New York again without loss of

R4 T 1 AT
A TP PR s . : ] :

al LN LI picture quality. This was equiva-
lent to transmission over 900
miles, through 31 relays.

“Y?Ea for
high quality
plus efficient performance

The new RMC Hyper-Mag Speaker represents
an outstanding advance in the art of Speaker
design and development. The center dome
with its parabolic projector, and the special
magnet design provides a high quality, effi-
cient unit for FM and wired music installations.
The result of many years’ research and skillful
engineering, the RMC Hyper-Mag Speaker
offers a linearity of response from 98 to
beyond 8500 cycles and an extremely low
distortion. Naturally, RMC quality and fine
workmanship are plus advantages.

°
Write for Speaker Bulletin HS 1
°

Sold through local jobber

Export: Rocke International Corporation’
13 East 40th Street, New York 16, New York

RADIO-MUSIC
CORPORATION

PORT CHESTER . NEW YORK

Entered as second-class matter, 'Augusl 22, 1945, at the Post Office, Great Barrington, Mass., under the Act of March 3,
1879. Additional entry at the Post Office, Concord, N. H. Printed in the U. S. A.

MEMBER,
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Meter instantly indicates changes

in antenna adjustments

The ANDREW Type 40-C Phase
Monitor is a modern, new instru-
ment, designed to facilitate adjust-
ment and maintenance of broadcast
directional antenna arrays. Ac-
curately measuring both angle of
phase difference and ratio of, an-
tenna current amplitude, it provides
a quick, direct check on antenna
system adjustment.

An exclusive Andrew feature per-
mits measurement of current ratios
and phase angles in degrees on a
single meter. This affords im-
mediate observation of the effects of
small antenna circuit adjustments.

Sensitivity is high — better than
one volt from 550 to 1600 KC,

Six individual input circuits ac-
commodate directional systems
utilizing as many as six towers.

Write for Bulletin 47 for full
details. Prompt placement of your
order will assure delivery when

needed.

r———-———————————-—q

Many stations already have purchased this 1
new Phase Monitor; among them are: l
cJcA KJAY WBOC  WKBZ ]
CKCH KLOU WBTM wkow |
KCBC KOGT WDEV wkvm |
KCRG KoLO WGAD WRGA |
KDSH KSBW WGIO WROW |
KFSA KSEL WGTM  WRWR |
KGFM KVGB WHHT WSAV |
KGHI KVOH WHIS WIMC |
KGIL KvvC WINZ WVIS 1
KGNC KXOA WILS WWOK |
KGO WAGF  WIMS wwxL |
KITO WBBC WIRD 1
1

i

i

S 13,503 TV TABLE
10,181 TV CONSOLES & PHONO. COMB.

656 FM CONSOLE
49,319 FM TABLE "]
100,714 FM PHONO. ]

SEPT. TOTAL 1947 TOTAL
TV- 23.693 TV- 125,081
FM~- 151,244 FM-  830.016
AM- 1,827,366 AM-13409,121

1,509,000
1,320,000
1,303.000
1,639,000
1,223,000
1,125,000
1,074,000
1,181,536
1,233,706
1,827,366

QZowprc LI PIMC

AM SETS

32,719
,693

151,244

cils

437
T 16,243
6,639
7,886
8,690
11,484
10,007
12,283
23

<

AMJJASOND
«————TVSETS

FM, AM, AND TELEVISION PRODUCTION
BAROMETER, BASED ON RMA REPORTS

1. 44- 0 50-Mc. HEARING
2. NORTON-ALLEN PAYOFF

The FCC hearing on the reallocation!

8 of services in the 44- to 50-mnc. band,
November 17 to 21, was attended in full
force by representatives of the communi-
cations groups and FM and television
broadcasters.

There is no question but what addi-
tional channels must be found for the
various mobile communications services.
New systems are being installed at an
astonishing rate. The exact extent of this
expansion will be shown next month in
our Communications Directory.

Opinions from industry representatives,
expressed at the hearing, can be summa-
rized in this manner: ,

TeLEvision: While television broad-
casters are reluctant to give up 44 to 50
mc., now assigned as channel No. 1, they
agree that they will be better off to give it
up in exchange for eliminating the sharing
of channels with communications services.

CommunicaTioNs: These services are
in dire need of additional channels. They
agree that the assignment of 44 to 50 me.
will be only a stop-gap measure, since it

1For table of proposed allocations, see FM & TV,
Oct. 1947, pg. 18.

(CONTINUED ON PAGE 12)
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Test-tube

This giant “test-tube” is actually an
echoless sound room at Bell Telephone
Laboratories. Here engineers seek new
facts about sound which will help them
make telephone service still better and
more dependable.

Bell scientists know a great deal
about what happens to sound in elec-
trical systems. This new room will give
them a powerful tool to find out more
about what happens to sound in the air.

In an ordinary living room, most of
the sound addressed to you comes by
way of reflections. At 10 feet less than
10% reaches you directly.
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A telephone listens to a loud speaker in the new '‘free
field'* acoustic test room at Bell Telephone Laboratories.
The sound-transparent 'floor' is built of steel cables.

Sound that bounces at you from
walls, ceilings, furniture, and your body
is all right for hearing—but it poses
questions for scientists who would study
it uncontaminated by reflections.

The Bell “test-tube”
gives telephone people the chance to
produce pure sound and analyze it re-
liably with respect to intensity, pitch,
and direction. The entire room is lined
with glass wool, contained in wire-mesh

Laboratories

cases, wedge-shaped to give maximum
absorbing area. Sound bounces along
the sloping surfaces, sifts into the soft
glass wool, and is gradually stifled.

for Sound

This is one more example of Bell
Laboratories’ constant work to learn
more about everything which can ex-
tend and improve telephone service.

BELL TELEPHONE
LABORATORIES

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

PIONEERS IN THE RESEARCH OF FM RADIO AND TELEVISION, AND ACTIVE IN DEVELOPING IMPROVEMENTS IN BOTH FIELDS TODAY
December 1947 — formerly FM, and FM Rapio-ELECTRONICS
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Al Kinds of
OPPORTUNITY

Vlow!

The availabili .

1e availability of precision production-
made facsimile recorders at a low cost
by Alden opens all kinds of opportuni-
ties, 'These opportunities are in home
broadcasting, emergency  fields, com-
munications, impulse recording  and
experimentation,

The Alden Products Company engineers
are receiving unusual praise from all
quarters for the simplicity, interchange-
ability, and precision qualities of the
Alden “four.” Fhis recorder is produc-
ing the most beautiful pictures in black
and in the pleasantly toned Sepia paper
manufactured for Alden by A“!ux Paper
and Engineering Company.

The low frequency requirements of the Alden
“four” simplifies the problem of operation
over ordinary telephone lines and with
existing communication sels, making the
recorder capable of universal adoption,

In the home recording field, I'M stations are
ordering this equipment as a promotional
means Lo inercase their listening andience
and call attention to their FAT stations.
That this publicity can be effective and
accomplished with a small number of
machines, programs are planned for the
use of recorders located in semi-public
places. A portion of the programs are to
be over wire cirenits and in addition to
the small recorder, the same program is
transmitted to the master size recorders.
On the Master Bulletin type recorder the
program appears four times enlarged with
four feev of the program visible for casy
reading,

In  the communication and emergency
ficld it is being found that the Alden
“four” is well-suited to work with existing
cquipment,

In the impulse recording field its simplicity
and high speed of recording are catehing
the imagination of engineers who find
they have an inexpensive way of record-
ing phenomena not readily found in the

previous types of conventional recording |

cquipment.

We have literally thousands on our
mailing list, some of whose interest is
speculative and casual; but who tell us
they enjoy our mail releases. If you are
in this category and wish 1o be added to
the list, please mail a dollar so that you
may receive all mailings automatically,
including the immediate mailing of
“Questions and  Answers Regarding
Facsimile.”

PRODUCTS COMPANY

Brockton 64FM, Massachusetts

Opportunity: It’s still easier to get a televi-

sion transmitter than to find capable men |

to operate it.

Philadelphia Conventions: Set manufacturers,
under the chairmanship of WFIL’s Roger
Clipp, have agreed to install receivers in
the Commercial Museum next June and
July to permit 15,000 to view the Repub-
lican and Democratic Conventions.

Lew-Priced Set: Motorola is producing a
7-in. television table model, witl FM and
AM tuning, priced at $179.95. Switch se-
lects any 8 channels. Also coming is a
10-in. console model.

New York: Daily News has placed orders
with RCA for its television transmitter,
and with G, E. for studio equipment.

TV Survey: DuMlont survey of 64 New York
dealers indicates that 63% of the televi-
sion sets bought in 1948 will be table
models, 379, consoles. Of these, 57% will
have television only, 219, will have FM
and AM tuning also, and 229 will have
FNM, AM, and record players. Also, survey
shows that 619, of the customers will do
their buying after 7:00 p.a1,

CBS Net: Columbia’s WABC-TYV is now ex-
changing programs via coaxial cable with
WNMAR Baltimore and WMALZTV Wash-
ington. Later, WPEN-TV will be added.
According to Leonard lHole, the CBS
net will be extended to Boston and on
south of Washington when facilities are
available.

Philadelphia: Third station, WPEN-TY,
should be in operation on channel No.
10 by the end of December.,

WRGB: Went commercial on December 1,
Rate is $210 per hour. One-minute fea-
tures will be accepted as participations
in variety programs only, at the 5-minute
rate of $53. Until April, 1948, a 509 dis-
count will be allowed on all time pur-
chased from this station.

Transmitters: RCA has delivered 5-kw. tele- |

vision transmitters to 10 stations. These
arec WBNW and WMAL Washington,
Ksb  St. Louis, WFIL Philadelphia,
WITMJ Milwaukee, WLW Cincinnati,
WBZ Boston, KOB Albuquerque, WBEN
Buffalo, and WMAR Baltimore. Ship-
ments are now being made at the rate of
three a month.

Pittshurgh: Westinghouse Radio Stations
has filed an application with the FCC for
channel No. 6.

TELENOTES W
D~
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OAN SAVE YU NONEY

without sacrificing Quality!

DRAKE Lighting Assemblies are
specially designed for your re-
quirements, Check up particulacly
on ow oew, low cosi,. compact
LLE approved | 9v Light Socker.
You've probably (over seen one
like it, Your cugineers will he
thankful for its development.

The units iliusteated show varied
styles of Sockets. Send your prings
for specific Mounting Brackers,
and electrical characerisiics.

MINIATURE SOCKETS

3 1‘,'1-]
= A S
A S
117H 217H

CANDELABRA SOCKETS

I

409AH 632U-A1
(SINGLE CONTACT)

DECORATIVE AND ILLUMINATING
LIGHTING — 110 Volt

A9506 Complete with Lamp (Double Contact)

JEWELS AND JEWELED
™ PILOT LIGHTS

Gﬁ@ Plus

L every-
thing |

No. 5—6 volt No. 975—110 volt

Delay may be costly. Write us
about your needs, today! Ask for
our latest Catalog, too.

Socket and Jewel
LIGHT ASSEMBLIES

MANUFACTURING CO.

1713 |W' HUBBARD ST, CHICAGD 22

FM anp TELEVISION



Western Eleciric

BE(AUSE its exclusive feature, the RF Power

and Impedance Monitor, gives you an accurate,
direct measurement in kilowatts of the actual RF
power fed to the antenna system and also provides
a method of measuring standing wave ratio under
full power output.

BECAUSE its exclusive feature, the Are-Back

Indicator, spots faulty mercury vapor rectifier
tubes surcly—instantly—enabling you to get hack
on the air in a fraction of the usual time.

BECAUSE its exclusive feature, the Frequency

Watchinan, keeps it on {requency at all times.

OFFICE

December 1947 — formerly FM, and FM Raplo-ELEcTRONICS

s IN 75 PRINCIPAL CITIES
e ———

BECAUSE its exclusive Bell Taloratories’ de-

sign holds inter-modulation and harmonic distor-
tion down to a new low.

BE(AUSE its exclusive feature, TRANSVIEW

design, gives you striking appearance coupled with
maximum visibility and accessibility.

Only in 10 KW FM by Western Electric do you get
all these outstanding features. For full details, call
your local Graybar Broadcast Representative, or
write to Graybar Electrie Company, 420 Lexington

Avenue, New York 17, N. Y.

— QUALITY COUNTS -
7



So many new instruments, components, and
materials are being brought out that space
does not permit us to publish illustrated
descriptions of them all. Accordingly, rather
than selecting o few each month, we have
established this new department of Products
& Literature so that a great number of brief
descriptions can be published. From these,
you can select items which interest you, and
send for catalogs or bulletins. We'll appre-
ciate it if you will mention FM and TELE-
VISION in your requests.

Relays in a wide range of types and charac-
teristics for AC and DC operation. Long
telephone types, intermediate sizes, and
miniature designs are illustrated in a new
folder. — American Relay and Controls,
Tue., 2555 Diversey Ave., Chicago 47.

Catalog Supplement: A\ 32-page supplement
devoted to new FM, television, and high-
fidelity sound equipment.—Catalog K10,
Radio Wire Television, Inc., 100 Sixth
Ave., New York.

Microphone Stands: 'I'wo new floor stands for
studio use, with noiseless cluteh action to
adjust height up to 72 ins. Either 8-legged
or round base.—DBulletin 112, Universal
Microphone Co., Inglewood, Calif.

Midget Ratio Detector Coils: Extremely small
size achieved by the use of a new design
with iron-core tuning. Polystyrene bases
and mica condensers are used for high @
and stability. Unit measures 34 by 34 by
34 in.—Bulletin 19, Stanwyck Winding
Co., Newburgh, N. Y,

Polar Recorder: For plotting aircraft antenna
radiation patterns. Permanent ink record,
rapid writing speed, low pen overshoot,
and precise angular position are features
of the design.—Bulletin MB, Airborne
Instruments  Lab., Inc., Old Country
Road, Mineola, N. Y.

De-Reeling Tension: Mounting a spool of
magnet wire, this device reduces wire
breakage by maintaining smooth, even
tension. Can be mounted on any single or
multiple winding machines. There are two
types, one for 44 to 38 and one for 40 to
20 AWG wire.—Bulletin 14, Paper Ma-
chinery & Resecarch, Ine., 1014 Oak St.,
Roselle, N. J.

FM-TV Signal Generator: T'o align ¥M and
television RF, IF, and video amplifiers.
FM sweep is adjustable from 40 ke. to

9 me., with an output from 0 to .5 volt.
Center-frequency range is 2 to 226 me.
Synchronization of associated oscilloscope
is at power line frequency or at a selected
multiple or sub-multiple. Price $48.50—
Bulletin FG, McMurdo Silver, Inc., 1240
Main St., Hartford, Conn.

Oscilloscope: New model for research ap-
plications has a variety of sweep lengths,
highly accurate delay circuits, crystal-
controlled markers, variable internal
trigger generator, and wide band video
amplifier.—Model 256-D, Bulletin 11F,
DuMont Labs., Inc., Passaie, N. J.

Television Transmitter: Video output 5 kw.,
audio output 2.5 kw. on any low-band
channel from No. 1 to 13. The two trans-
mitters are housed in three adjacent
cabinets, with a total length of 16 ft. by 8
ft. deep and 7 ft. high.—Technical Speci-
fications P, General Electrice Co., Elec-
tronies Dept., Syracuse, N. Y.

Knobs: Of all types and sizes for radio
cquipment are listed in a new catalog
which also eontains information on reduc-
ing tool costs and on deep-relief branding.
—Bulletin 214, Rogan Bros., 2500 W.
Irving Park Blvd., Chicago 18.

400-Watt Tetrode: Small, rugged design is
radiation cooled with reduced air flow
volume. Two tubes operated conserva-
tively will give 1 kw. at 4,000 plate volts
on 88 to 108 me.—Type 4-400.\, Bulletin
92, Eitel-McCullough, Ine., San Bruno,
Calif.

Dial Cord Guide: Contains 552 dial cord
stringing diagrams of receiving sets built
from 1938 to 1947. Reference index lists
approximately 2,300 different receiver
models. Price 75¢—Howard W. Sams &
Co., Inc., 2924 E. Washington St., In-
dianapolis, Ind.

Feed-through Terminals: Turret-lug design,
insulated for voltages up to 8,000 at 60
cycles. Two lengths are available, with
bushings for 14- and 34-in. holes.—
Bulletin = MF, Cambridge Thermionic
Corp., Dept. 11, 445 Concord Ave.,
Cambridge 38, Mass.

Wheatstone Bridge: I’ortable type for labora-
tory or production use, complete with
batteries or with Murray and Varley
loops. Galvanometer has 15 1-millimeter
divisions cach side of zero, with a sensitiv-
ity of 1 microampere per division. The
instrument can be used also as a resist-
ance decade.—Bulletin RS, Industrial
Instruments, Inc., 17 Pollock Ave., Jersey

City 5, N. J.

Co-Spiral Speaker: Designed for reproduction
from 40 to 14,000 cycles, 15 watts, with
8- or 16-ohm voice coil. Diffuser is rated
at approximately 100% spherical pattern
over 90°, EKither 12- or 15-in. diameter,

with 215-1b. Alnico V magnet.—Bulletin
109-X, Stephens Mfg. Corp., 10416 Na-
tional Blvd., Los Angeles 34.

FM Tuner: Comprises parallel tuning lines
and sliding shorting loops for the FM
band from 88 to 108 mec. Unit includes
scale, pointer, and tuning knob.—Bulletin
H, Edwards FM Radio Corp., 168 Wash-
ington St., New York 6.

Pickup: Variable reluctance type, rated
velocity-responsive to 15,000 cycles. High-
impedance cartridge has 60 millivolts
output at 1,000 cycles with .001-in. lateral
displacement.—Bulletin 382G, Clarkstan
Corp., 11927 W. Pico Blvd., Los Angeles
34,

Casting Resin: NBS resin, developed by the
Bureau of Standards, for potting radio
components and assemblies. Has low
power factor and dielectric constant,
small shrinkage and moisture absorption,
high impact strength and dimensional
stability. Used during the war for proxim-
ity fuses.—Bulletin WAM, Mathieson
Alkali Wks.,, Ine., 60 E. 42 St., New York.

Foreign Plugs: New circular lists a complete
line of male plugs to fit European and
South American types of electrical re-
ceptacles. For use on line cords supplied
with export radio sets.—Bulletin XF,
Bardon Mfg. Co., 1415 Augustine Blvd.,
Far Rockaway, N. Y,

Diamond Reproducer: For home record-play-
ers similar to types used at broadcast
stations. Sold under life-time guarantee.—
Bulletin EP, General Electric Co., Elec-
tronics Dept., Syracuse, N. Y.

Automatic Welder: Bench-type machine for
welding tube parts or attaching leads to
components. Accessories and attachments
can be furnished to perform special opera-
tions.—Bulletin 9, Tweezer-Weld Corp.,
1060 Broad St., Newark, N. J.

Pulse Generator: Output consists of rectan-
gular voltage pulses from 14 to 1,000
cycles, with pulse duration of 25 to 950
microseconds. Ranges of 1, 5, and 50
volts output into a 10,000-ohm load are
provided. Operates from 115 volts, 60
cycles. Price $432.50—Bulletin EC, Elec-
trodyne Co., 899 Boylston St., Boston.

Adjustable Dipole: Folded type, with tele-
scoping loops which can be locked at any
length for tuning to 85 to 150 mc. Hori-
zontal mounting plate is insulated for
receiving or low-power transmitting use.
—Bulletin 750, Heintz & Kaufman, Ltd.,
50 Drum St., San Francisco.

Photo Cell: Self-generating barrier-layer
type, 114 ins. square, produces several
hundred microamperes in strong light.—
Bulletin RD2, American Scientific Co.,
187 Marcy Place, New York 52.
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‘Write today on your business letterhead for
your free copy of the new D-1 catalog.
Amphenol will serve you well as a depend-
able source of supply. Catalog D-1 is to-
day’s guide for the engineer and purchasing
agent in the selection of highest quality
cables and connectors.

Amphenol radio frequency cables, connectors and
cable assemblies assure lasting. low-loss continuity
on highly critical circuits.

Available—from stock—to makers of electronic equip-
ment and to amateurs, they are produced in several
types. Each is designed to meet the requirements in a
specific field of application.

To simplify your selection, the new Amphenol D-1
Catalog of radio frequency cables, connectors and
cable assemblies includes decibel loss and power
rating data of all cables. Functional illustrations and
tabular matter quickly show which connector is
needed for each cable. Installation dimensions are
shown, as are instructions for the proper assembly of
cables to connectors. Included is a cross-index of
army-navy and Amphenol type designation numbers.

AMERICAN PHENOLIC CORPORATION

1830 South 54th Avenue, Chicogo 50, lllinois

COAXJAL CABLES AND CONNECTORS * INDUSTRIAL CONNECTORS, FITTINGS AND
CONDUIT » ANTENNAS © RADIO COMPONENTS » PLASTICS FOR ELECTRONICS

l

l

|

|
l
|

\.CAS DISTINCTIVE

AS YOUR

Surprenant’s improved
SPIRALON is just that! SPIRALON
is a thinwall plastics insulated wire
with one, two or even three spirally inlaid solid color
stripes. These, in turn, provide a total of up to four
colors per wire . ..or a maximum of 1120 distinc-
tively coded combinations to make wire identification
easy — even in the most complex installations.

Non-inflammable, non-corrosive, flexible and
tough, SPIRALON is obtainable with or without a
thin jacket of transparent Dupont nylon to further
preserve every electrical property and resist oils, dilute
acids, alkalies, abrasion and fungus attack. SPIRALON
is approved under specification JAN-C-76 type WL

. . it will not fray, crack or rot — and offers a higher
rupture point than braid or lacquers. These superior
features are available at no extra cost in all standard
wire types and sizes — or to your most exacting speci-
fications. Write today for samples and technical data.

SPIRALON
(without nylon jacket)

SPIRALON Q"
(with nylon jacket)

""Pioneers in
Plastics Extrusions'

199 Washington St. Boston 7, Mass.

© 1947 s. MFG. CO.
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‘ Uneady chosen . ...,

Deliveries of RCA’s 5-kw ““All Channel””
television transmitter now being
made to 26 top stations

Here’s the transmitter that is putting television on the map {
now . .. in many of the nation’s key cities. !

Announced only ten months ago, 26 leading broadcasters
have already recognized its design advantages with orders. |
Sixteen transmitters have already been shipped . . . and it is ex-
pected that others will be shipped this year. The combined
radiated power of these stations will blanket approximately
75,000 square miles . . . bring clear, high-definition television
pictures within reach of 42,486,000 people.

Stage-by-stage, this transmitter has everything you might
want for your new station. Here are the highlights:

FINGER-TIP CONTROL for all operating and moni'o.ring fundior!s.
Monitoring facilities permit observation of the picture and its
waveform. New RCA console handles both sound and picture sig-
nals—simplifies getting transmitter on the air and keeping it there.
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television to 42,000,000 people

« Covers all 12 metropolitan channels and assures a full s e
5-kw signal on each channel ¢ Divides into eight relatively )
small, lightweight units (25 by 36 by 80 inches) for easy
handling and installation and flexible station layout * Facili-
tates inspection and servicing with its “walk-in” type con-
struction * Simplifies transmitter operation due to similarity
in design between the sound and picture transmitters * Elim-
inates complicated tuning adjustments — a high-level modula-
tion system permits the use of meter-tuned, narrow-band
drivers . . . only one modulated stage to adjust *+ No neutral-
ization of modulated PA stage * Employs radically new tubes
in the output stages — RCA 8D21 twin tetrodes — permitting SIMPLIFIED TUBE CHANGING—When a PA tube

. . . _ change is necessary, the tube and special mounting
unusually small r-f drivers * Requires fewer spare tubes e ¥ oy ad, o o uBif o Share assembly

only 15 types. slid into place and connected in a matter of minutes.

From every standpoint, the RCA TT-5A is comparable in
convenience, performance, and operating ¢conomy with to-
day’s finest AM transmitters.

Be sure to see the transmitter in the RCA exhibit. Ask a
representative to describe its many advantages to the station
engineer, manager, owner, and audience. Write Dept. 35-L.

WALL-MOUNTED UNITS afford easy access to all

tubes and wiring. Rear doors further increase ease

of reaching all components. lllustration above shows
portion of the aural transmitter’s r-f driver unit.

Uses only four r-f tubes; does not involve phase mul-
tiplication. Inherently capable of lower noise and
distortion than any exciter yet developed.

TELEVISION BROADCAST FQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN.N.J.

In Canada: RCA VICTOR Company Limited, Montreal
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AN ORGANIZATION OF
Qualified Radio Fngineers
DEDICATED TO THE
SERVICIE OF BROADCASTING

National Press Bldg., Washington, D. C.
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ANDREW CO.

Consulting Radio Engineers
363 EAST 75th STREET, CHICAGO 19
Triangle 4400

o TELEPHONE BRIDGEPORT 5-2055 e

GARO W. RAY

Consulting Radio Engineers
991 Broad Street, Suite 9-11
Bridgeport 3, Conn.

LABORATORY: Hilltop Drive
Stratford, Conn. — Phone 7-2465
Isstruments oand Measurements

RATES FOR

PROFESSIONAL CARDS
IN THIS DIRECTORY

$10 Per Month for This Standard
Space. Orders Are Accepted
for 12 Insertions Only

= |

DALE POLLACK
FREQUENCY MODULATION

development and research
transmitters, receivers
communications systems

352 Pequot Avenue New London, Conn.
New London, 2-4824

THE WORKSHOP
ASSOCIATES

INCORPORATED
Specialists in
High-Frequency Antennas

66 Needham St., Newton Highlandse, Mass.
Bigelow 3330
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WHAT'S NEW THIS MONTH
(CONTINUED FROM PAGE 4)
would only meet their immediate needs.
They would prefer a wider band in the
vieity of 152 to 162 me. There is a strong
feeling that the Government should re-
lease some of the frequencies it has re-
served, but is using to a limited extent.

Furthermore, it was suggested, and
quite logically, that if Government fre-
quencies are released now for commereial
use, equipment will be developed which
could be modified readily for military
communications.

FM Broaveasting: Under the original
plan worked out by the pioneer FM broad-
casters, high-power, mountain-top sta-
tions were to furnish wide rural coverage,
and, serving as relay points, supply pro-
grams to local and regional stations. As
the result of the FCC’s acceptance of the
Norton testimony at the original alloca-
tions hearing, that plan was broken down,
and allocations were based on assigning
low power in the 88- to 108-me. band.

Now FM broadecasters, on the basis of
operating experience on hoth FM bands,
want to keep 44 to 50 me. for network
operations and wide-range, rural coverage.

Major Armstrong, at the concluston of
his testimony, summed up the situation
in this way: ““As near as 1 can see, the only
people who really want the 44- to 50-me.
band are the FM people. The police, emer-
geney serviees, and so on say, ‘Well,” in
effect, ‘we’ll take it if we have to, but we
would much prefer to be up around 150
lll(,'.,

“Now, we had a situation like this in
Chairman Fly’s time, following the March,
1940 hearing. It was resolved to give FM
the low band, making an arrangement
with TRAC to give television a space
further up in the spectrum., If such an ar-
rangement could be worked out this time,
I am sure everybody would be very happy
about it.”

Then Mr. Meclntosh asked: ““Under
that situation, Mr. Armstrong, would FM
broadcasting still require the band 88 to
108 me.?”

Mr. Armmstrong: “Yes, I am not sug-
gesting that the FM band be moved down.
It is too late for that. I suggest that be
continued and supplemented with 44 to 50
as an area rebroadcast service. That is
the suggestion I make.”

The Chairman: “Confined to recarry a
broadcast servicer”

Mr. Armstrong: “Yes, I think so, Mr.
Chairman. What will come out of it in
territory where you need wider coverage
will develop from experiment and prog-
ress, but at the present time the great
need is to get some push behind FM and
some competition with the AM networks
to get this thing rolling. I think that is the
best way to do it.”

2 What the outcome of this hearing
1 will be, no one seems prepared to
(CONTINUED ON PAGE 13)
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RAYMOND M. WILMOTTE, Inc.

Consulting Engineers
Radio and Electronics

PAUL A. DEMARS, Associate

1469 Church St., N. W., Washington 5,D.C.
Decatur 1234

RUSSELL P. MAY
CONSULTING RADIO ENGINEERS
x k%

1422 F Street, N. W. Wash. 4, D.C.

Kellogg Building Republic 3984

OUR | Herbert L. Wilson
Y]E9:|‘2 Consulting
Radio Engineers

1025 Conn. Ave., N.W. NA. 7161
Washington 6, D. C.
L]
1000 No. Seward St. HO. 6321

Hollywood 38, Calif.

CONSULTING
RADIO ENGINEERS

DIXIE B. MCKEY
&
ASSOCIATES

1730 CONNECTICUT AVE. N.W,

WASHINGTON ¢, D.C. ADAMS 3711

AMN ATHAN
WILLIAMS

Consulting Engineer

20 Algoma Blvd.

Phone: Bl khawk 22 OShkosh, Wis.

i FREQUENCY MEASURING |
E SERVICE ]
E Exact Measurements - af any time E
f RCA COMMUNICATIONS, INC. é

64 Broad Street, New Vorl.( -4: ll..Y..-"j
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T RANK IT.
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Consulting Radio Engineers
710 14th St. N.W., Wash. 5, D. C.
MEtropolitan 4477

Preliminary sur-
veys,management
and operational
consulting service
based on practi-
cal experience
with AM, FM and
Facsimile,

Nz
“all ljg_'.{

Phone: EXecutive 3929

RADIO CONSULTANTS, Inc.
1010 VERMONT AVE., WASHINGTON 5, D. C.

ANDERSON &
MERRYMAN

ConsultingRadio Engineers

715 American Bank Bldg. Tel. RAymond 0111
New Orleans 12, Lovisiana
Suite 1726-28, 33 W. 42nd St. Tel. Wis. 7-9391-2
New York City

Radio Engineering Consultants,

Frequency Monitoring

Commercial Radio Equip. Co.

W ashington, D. C.
Kansas City, Mo.

Internationa! Building °
L 603 Porter Building .

Cudlom-/)?ui/l

SPEECH INPUT EQUIPMENT
U.S. Recording Co.

1121 Vermont Avenue
Washington 5, D. C.
District 1640

WINFIELD SCOTT MCCACHREN

AND ASSOCIATES

Consulting Radio Engineers
TELEVISION SPECIALISTS

PHILADELPHIA:
809B Windemere Ave.
Drexel Hill, Pa.
Sunset 2537-W

410 BOND BUILDING
W ashington, D. C.
District 6923

WHAT'S NEW THIS MONTH

(CONTINUED FROM PAGE 12)

hazard a guess. It seems likely that the
Commission will be reluctant to take an
arbitrary stand against Major Arm-
strong’s recommendation in view of the
bomb shell he exploded on the final day
of the hearing.

It had been expected that Major Arm-
strong would again challenge the Norton
testimony on high-band vs. low-band
transmission. The opportunity came while
Kenneth Norton was on the stand during

the final day. Under cross-examination, |

Mr. Norton knocked the props from under
the Commission when, upon being asked,
“But you were wrong?” he answered non-
chalantly: ““Oh, certainly.”

Following is the official transcript of the
cross-examination:

Mgi. ArRMSTRONG: < Mr. Norton, in your
first appearance in the allocations hearings
on October 28, 1944, on page 3767, you
made this statement:

“If high-power VHF transmitters had
been operating in South America or in
Australia at or near 80 mec. during the
maximum of the last sun spot cycle, then
it seems to me quite likely that they

| would have been intercepted for many

hours with intensities sufficiently strong

| to cause serious interference to an FM or

television broadcast service.”

We are now in the peak of the highest
sun spot cycle that we know of, and I
would like to ask you if that prediction
has been borne out.

Mgi. Nortoxn: “Well, I haven't heard

| whether signals have been heard from

Australia, but it is my understanding, al-
though I do not have direct knowledge of
it, that signals have been received from
South America.”

Q. On 80 me.?

.1. No, Not on 80 mc., no.

Q. Well, 1 will read the statement

| again, if you would like to have me do so.

1. I have the statement here. And as
regards to that, why, certainly not.
Q. Now, some of us questioned that,

Dr. Beverage, Dr. Burroughs, Dr. Pick- |

ard, Dr. Stetson. and we filed a memoran-

| dum. At the oral argument in the early

part of 1943, vou declined cross examina-
tion on the ground that it was a classified
matter, and suggested that a secret hear-
ing be held under the auspices of the
military.

Mr. Demny, who was then general
counsel of the Commission said, after
arrangements had been made to hold this
hearing, or agreement had been entered
into to hold the secret hearing:

T would like to ask one question. I do
not know whether you would want to go
this far on the record. I want to ask a
question; but if there is any doubt about
it, do not answer it. It has been suggested
in the course of these hearings when you
presented your Exhibit 380 that the curves

(CONCLUDED ON PAGE 44)
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You get all these features ONLY in the

Western Electric 54 Monitor

for FM Broadcasting

CENTER FREQUENCY MONITOR:

Accuracy—better than = 500 cycles, ( = 200
cycles if occasionally adjusted to agree with
a primary standard)

Meter Range— = 3,000 cycles

Terminals for connecting remote meter

PROGRAM MONITORING CIRCUIT:

Output suitable for either aural program monitoring or
FM noise and distortion measurements

Frequency Response— = 0.25 db, 30 to 30,000 cycles, with-
out de-emphasis; with de-emphasis, response is within
= 0.5db of the standard 75 microsecond de-emphasis curve

Audio Output Power—outpnt level adjustable up to + 12
dbm—permits direct switching of program monitor from
transmitter input to 5A Monitor output

Harmonic Distortion—less than 1/4 of 1% from 30 to
15,000 cps

OutputNoise—atleast 75 db belowsignal at 1009 modulation

o
e

POWER SUPPLY: Newly designed 20C Rectifier (furnished
as a part of the 5A Monitor) provides electronically regulated
d-c with less than I millivolt ripple from 105-125 volts a-¢ 60
cycles. May be remotely located if desired.

Western Electric

Distributors: In the U. S. A.— Graybar
Electric Company.

In Canada and Newfoundland—Northern
Electric Company, Ltd. .

—QUALITY COUNTS —

MODULATION
PEAK INDICATOR:

Indication Tamp — flashes
when a selected level of
modulation is exceeded

Peak Limit Range —contin-
uously adjustablebetween
40% and 110% modulation

%
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A
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L cines

MODULATION PERCENTAGE MONITOR:

Accuracy—better than 5% for all readings
Modulation Range Capability—up 10 133% (= 100 kc)
Terminals for connecting remote meter

,\/

QUALITY DESIGN
AND

MANUFACTURE:

Designed by Bell Tele.
phone Laboratories.
Built by Western Elec-
tric,toWestern Electric
standards of quality.

AM NOISE DETECTOR:

An exclusive feature in the 5A
Monitor. The output of this
detector—which may be read
directly on an electronic volt-
meter or noise meter — is
automatically referred to
100% amplitude modulation,
thus simplifying measure-
ment of transmitter AM noise.

,\/

The 5A Monitor includes numerous other valuable
features such as: dual thermostats and dual heaters for
each crystal—means for checking the inherent noise level
of the monitor from its input to output terminals—requires
only a low RF input level (1 watt) which can vary from
0.3 t0 3.0 watts; i. e., a 10 to 1 variation without affecting
the performance of the monitor. To get the complete story
on this outstanding monitor value, call your Graybar
Broadcast Representative or mail the coupon below.

FMT
Graybar Electric Company
420 Lexington Avenue, New York 17, N. Y.

Please send me Bulletin T-2437, including curves,
schematics and block diagram of the 54 Monitor.

NAME

STATION.
ADDRESS
CITY STATE

FM anp TELEVISION




LEFT: TERMINAL MONITORING POSITION. CENTER: CUT-AWAY VIEW OF RELAY. RIGHT: LENS ANTENNAS FOR TERMINAL AT N. Y.

FM RELAY OUT-PERFORMS COAX FOR TELEVISION

AT & T Boston-New York Relay Amazes Audience at First Demonstrafion
BY MILTON B. SLEEPER

REQUENCY Modulation made an-

other outstanding contribution to radio
communications and specifically to the
expansion of television broadcasting when,
on November 13, the American Telephone
& Telegraph Company opened its Boston-
New York relay system by carrying video
and audio signals between those two
points.

Taking part in this event, witnessed by
broadcast executives and engineers and
press representatives, were AT & T' presi-
dent Walter S. Gifford, vice president
Frank P. Lawrence in charge of long lines,
N. Y. Telephone Company president Carl
Whitmore, Bell Telephone Laboratories
president Dr. Oliver E. Buckley, and Dr.
Ralph Bown, director of research at Bell
Laboratories.

The demonstration was staged at 32
‘Avenue of the Americas, New York.
Cameras were set up to televise the par-
ticipants, and a number of standard com-
mercial receivers were provided for the
audience, numbering about 200.

Radio vs. Coaxial Cahle * After an introduc-
tion by Mr. Lawrence, Mr. Gifford called
Joe E. Harnell, president of the New Eng-
land Telephone & Telegraph Company,
in Boston, and we saw and heard Mr.
Harnell’s answer. The picture quality,
according to present standards, was per-

fect. In fact, it was better than anything
we have seen coming directly from a
broadcast station,

That part of the program included out-
of-the-window views of Boston, and a
televised talk about early telephone in-
struments in the State Street museum.

Then the scene shifted to Washington,
D. C., with the signals coming over the
coaxial cable. We saw and heard H. Ran-
dolph Maddon, president of the Chesa-
peake & Potomac Telephone Company,
and acting FCC Chairman Paul A.
Walker.

Since signals by radio relay and coaxial
cable were received on the same sets, with
similar cameras at both ends, we could
get a direct comparison of results with the
two methods of transmission. The FM
radio relay, as might be expected. was
definitely superior. Checking with other
observers, there was agreement that while
reception from Boston was virtually per-
fect, images from Washington were dis-
torted, and lacked brightness and con-
trast. Knowing Mr. Walker, we could see
very considerable distortion when the
camera was turned on him.

Television Network * This demonstration pro-
gram, which also included a story of the
relay told by Tom Shirley in person and
by movies, was carried by what was prob-

December 1947 — formerly FM, and FM Rap1o-ELECTRONICS

ably the largest number of stations cever
joined in a network. They were WABD.
WCBS, and WNBT New York: WFIL-
TV and WPTZ Philadelphia; WMAR-TV
Baltimore: WMAL-TV, WNBW, and
WTTG Washington; and WRBG Sche-
nectady.

If there had been television stations in
Boston and at such intermediate points as
New Haven. Hartford, Springfield, and
Worcester, they, too, could have taken
the program from the relay. This may be-
come a reality in 1948. In fact, it is quite
possible that the Westinghouse station in
Boston will be in operation when the
Republican and Democratic conventions
are held in Philadelphia,

Operation of the Relay * The combined coaxial
cable and relay circuits totaled 500 miles.
of which the relay covered 220 miles. New
York terminal of the relay is at 32 Avenue
of the Americas. One of the accompanying
photographs shows the receiving and
transmitting antennas there. Similar an-
tennas are mounted on the Bowdoin
Square Building in Boston. Intermediate
relays are located at:

Jackie Jones Mt., Near Haverstraw, N. Y.
Birch Hill, near Pawling, N. Y.

Spindle Hill, near Waterbury, Conn.

John Tom Hill, Glastonbury, Conn.

Bald Hill, near Stafford Springs, Conn.

15
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Mt Asnebumskit, near Worcester, Mass.
Bear Hill, Waltham, Mass.

These jumps range from 11 to 35 miles,
a 27.5 miles average.

Detailed photographs shiow the exterior
appearance and interior equipment, with
a cut-away drawing of a typical building.
Two lens-type antennas, one for transmil -
ting and one for receiving, face in each

divection. Eacli antenna, 10 1. square, is
faced with reinforced glass cloth to keep
out birds, mscets, and snow.

The two cirenits, N. Y.-Boston and
Bostou-N. Y., operate in the band from
3.700 1o 4,200 me. Dr. Bown did not give
details ol the system of transimnission and
reception, but he said that “we think this
gives room enough for at least 6 two-w ay

ABOVE, LEFT: AFC UNIT OF MICROWAVE RELAY IN INSULATED CASE. RIGHT:

WAVE-GUIDE INPUT, BRANCHING FILTERS, CONVERTERS, AND PREAMPLIFIERS

FOR 2 CHANNELS. BELOW, LEFT: REPEATER AT JACKIE JONES. RIGHT: CHANNEL-
COMBINING TRANSMITTER FILTERS BELOW, RECEIVER FILTERS ABOVE

broad-band channels on a route. Kach of
these can be made wide enough for color
television if required.”

The ground floor of the relay stations
contains heating and ventilating equip-
ment to maintain constant temperature
underall conditions. In addition, there are
cinergency storage batteries and an emer-
geney gasoline-driven generator, for use




ABOVE, LEFT: TOOL BOX RECESSED INTO EQUIPMENT RACKS. RIGHT: OUTPUT

CAVITY OF MICROWAVE AMPLIFIER. BELOW, LEFT: CHECKING THE OPERATION

OF THE MICROWAVE REPEATERS. RIGHT: INSTALLATION OF REPEATER RACKS.
CANNISTER MAINTAINS NITROGEN UNDER PRESSURE IN WAVE GUIDES

in case of power line failure. Above are the
FM repeaters, comprising regular and
spare circuits in each direction. These and
the associated equipment are shown in
the accompanying iHlustrations.

Dr. Buckely said of this system: “Now
we are going to use radio as an entirely
new type ol communication facility to
carry a great volume of communications

between any major eities. Such a
svstem actually becomes a work-horse, if
you will, a means of providing communica-
tions circuits in great numbers — hun-
dreds, eventually thousands of telephone
circuits and, if necessary, dozens of tele-
vision channels. Eventually, we may have
numerous radio relay routes binding cities
together to any extent necessary. Even as

Y

S

\
N

S

=

5
N

we open the system between New York
and Boston today, work is well advanced
on a second system between New York
and Chicago.” It is expected that this
route. via Philadelphia, will be in service
m 1949,

900 Miles by Relay « At the conclusion of the
(CONCLUDED ON PAGE 35)
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FM MONITOR HAS PULSE-COUNTER DISCRIMINATOR

General Radio FM Monitor for FM Broadcast and Television Sound Transmitters

FIG. 1. FRONT PANEL OF THE MONITOR

HE General Radio Company has pro-

vided monitoring instruments for AM
broadcast transmitters for many ycars.
Their outstanding characteristics are ease
of installation, reliability in operation.
and stability of indication. These features
were also the objectives for the new
General Radio 1170-A FM monitor to be
deseribed here.

In thisdesign, Figs. 1.2, and 11, continu-

* Lngineer, General Radio Company, Cambridge 39,
Muass,

BY CHARLES A. CADY*

ous indications of center- frequency devia-
tion, modulation percentage, and over-
modulation peaks are available at all
times, without the need of calibration
adjustments during the operating day.

able with characteristics as uniform as
those of vacuum tubes, for tests on both
tvpes of diodes showed that only with
vacuum tubes could the desired stability
be achieved in this application,
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FIG. 3. THIS BLOCK DIAGRAM SHOWS THE

When remote indicators are used, the
operator need not leave his position at the
transmitter desk for the purpose of mak-
ing any adjustments or calibrations.
Without this feature, remote indicators
are nearly useless,

Input power requirements are very
low; onlv I volt into a high-impedance
circuit is needed. This greatly simplifies
the coupling problem and facilitates
installation. The assembly is designed to

dissipate the heat generated by the tubes

and to make aH parts ace essible, as can be
seen in Fig. 2. All circuits have undergone
tests to prove their reliability and suita-
bility for long-period service.

With exception,  vacuum-tube
diodes are used rather than erystal recti-
fiers. Our  experience indicates  that
crystals are not yet commercially avail-

one

RF INPUT

RF INPUT ATTENUATOR

4 £ 3KC £ 100KC

_TO LIM. AMP,

5OKC + 3KC

D 4100 KC

6AKS

+

MONIT.
METER,
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INPUT
LEVEL

MIXER BUFFER

B+ B+ B+

FIG. 4. SCHEMATIC DIAGRAM OF THE CRYSTAL OSCILLATOR AND THE RF SECTION
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CIRCUIT ELEMENTS OF THE FM MONITOR

Design  Considerations » T'he problems of
flexibility were considered in the initial
design stage of the new FM Monitor. It
was planned for television audio service
as well as FM broadcasting, and as a
measuring device for the laboratories of
transmitter manufacturers. These services
require a high degree of adaptability to
suit the many changing requirements. For
example to shift the operating frequency
with a minimum of effort, the tuning
ad]ustments have been made readily
accessible, and they cover a wide range
without the necessity of removing com-
ponents. Further, as the same calibration
for the modulation swing is not employed
in all FM services, a single adJustment is
provided to permit rapid changes in this
setting.

The RF sensitivity of the monitor is
high enough to permit remote monitoring
over short distances. Most transmitters
are provided with a direct connection to
the monitor, but the high impedance RF
input and the 1-volt RF sensitivity of this
instrument indicate that, with tuned RF
amplifiers, remote installations are pos-
sible.

Two of the most important features of
any monitor are the accuracy and stabil-
ity of the center frequency indication.
The first of these can be readily obtained
through the use of crystal oscillators and
precision metering circuits. However, the
overall stability of an FM monitor is very
closely dependent on the characteristics
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of the discriminator employed. Early
attempts to design a suitable tuned-
circuit type of diseriminator involved a
frequency of several megacycles in order
to obtain a linear characteristic. Opera-
tions at these frequencies resulted in a
relatively unstable diseriminator and
required the use of a second, or calibrator
crystal, in ‘order to provide the required
overall accuracy. While this arrangement
might simplify the design, the result
would be more of a measuring device than
a true monitor, since continuous calibra-
tion checks would be necessary.

By employing a pulse-counter type of
discriminator, it was found possible to

components are simple, and the freedom
from critical adjustments justifies a larger

instrument. The second factor to be

overcome was noise produced m the

square-wave amplifier and diseriminator.
Extrancous signals resulting from heats
between the crystal oscillator and har-
monics of the square-wave intermediate-
frequency are eliminated through judicious
selection of the crystal operating fre-
quencies. High-frequency noise, resulting
from the pulse-type waveform of the
discriminator output, is removed by
low-pass filters. A\ high signal-to-noise
ratio is achieved by operating the dis-
criminator at a high input level.

150KC 1 3KC % 100KC

i

',

I T

|14
|

| B+ 3 +

[ B L,

FIG. 5. MIXER OUTPUT SIGNAL GOES TO DIODE CLIPPERS AND LIMITING AMPLIFIERS

operate at the relatively low frequency of
150 ke. This resulted in a considerable
improvement in the ratio of desired fre-
quency stability to discriminator center-
frequency. In the case of the tuned-circuit
diseriminator operating at 10.7 nc.,
with the required stability of the center-
frequency indicator arbitrarily chosen as
100 cycles, the ratio is 100/10,700,000 or
0019, while in the case of the pulse-
counter discriminator the ratio is 100/
150,000 or .066% for the same stability.

In order that the center frequency of
the discriminator remain within 100
cycles of its nominal value for long
periods, and thus eliminate auxiliary
crystal calibrators, the choice was de-
cidedly in favor of the low-frequency
discriminator operation. With standard
circuit components, a stability of .0669;
in center frequency of the discriminator
can be far more readily obtained than the
.0019 figure.

Pulse counters are inherently linear
devices, with circuit simplicity a direct
result. Distortion measurements ade
with this type of discriminator do not
depend upon critical adjustments, which
may exhibit serious ageing effects or drift
with changes in climatic conditions.

The pulse-counter type of discriminator
is not without limitations, but these are
more readily overcome than their coun-
terparts of the tuned-circuit type. The
inherent lack of sensitivity of the pulse-
counter discriminator made additional
amplification necessary. This increased
the size of the monitor, but the added

Operating Circuits » Iig. 3 shows the opera-
tion of the monitor in simple block form.
A cryvstal oscillator 1s used to drive a series
of simple tuned-circuit amplifiers to pro-
duce a signal at the mixer which differs
from the transmitter channel frequency
by 1530 ke. This 130-ke. signal is the
center frequency of the IF system. .\
series of diode limiters and limiting
amplifiers convert the signal into a
high-level square wave that operates
the pulse-counter discriminator. The DC
ontput of the discriminator actuates a
meter that indicates shift in the center
frequency of the transmitter from the
assigned frequency. The AC output of the
diseriminator is de-emphasized and passed

noise meter, and 3) a thied amplifier
system includes a standard pre-emphasis
characteristic to restore the flat frequency
response  for the modulation  metering
circuits. These provide for indicating
positive and negative modulation peaks
simultancousty. or cither one alone as
seleeted on a panel switeh. Also, an over-

FIG. 2. REAR OF THE MONITOR CHASSIS

modulation lamp flashes whenever the
dial setting has been exeeeded.

Auxiliary  cirenits are  provided  for
checking monitor operation, These in-
clude:

1. An indication of ervstal oscillator out
put level,
2. An indication of the REF input level.
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FIG. 6. THIS DRAWING SHOWS THE PRINCIPLE OF THE PULSE COUNTER DISCRIMINATOR

through filters to remove unwanted high-
frequency components. At this point, the
audio signal divides into three systems: 1)
a simple amplifier provides an outpnt for
local aural monitoring, 2) a second am-
plifier, with adjustable gain, provides a
signal to operate an external distortion and

December 1947 — formerly FM, and FM Rapio-ELECTRONICS

3. A monitoring signal lamp to indicate
normal transmitter input,

4. .\ heat-cyele pilot lamp to show the

action of the ervstal oven thermostat,

A panel switeh to check the electrical

zero-setting of the center frequency

indicator, and

T
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6. Conneetions for external meters and
an external over-modulation lamp.

Crystal Oscillator & RF Section  The crystal
oscillator is one developed at General
Radio specifically for frequency monitor-
ing. There are no tuning inductances, and
the erystal operates very close to its true
resonant frequeney. High stability is ob-
tained without eritical eirenit adjust-
ments. Crystals can be interchanged with
case. The oscillator cireuit is shown at the
left of Iig. 4.

Circuit capacitance can be changed by
as much as 49 before the frequencey will
change by 1 part per million. The erystal
has a temperature coefficient of less than
2 parts per million per degree Centigrade,
and is cnclosed within a temperature-
controlled oven operated at 60° & 0.15° C.
For maximum stability, low-frequency
crystals are used, with fundamentals
between 1.4 and 2.2 me, Awplitude of the
crystal oscillator output is indicated on a
panel meter when a panel switeh is de-
pressed.

The erystal oscillator is followed by an
aperiodic buffer amplifier and 8 harmonie
multiplicr stages. Fig. 4 shows the circuit
arrangement.

The crystal frequency is chosen so as to
result, after passing through the mul-
tipliers, in a 150-ke. offset from the as-
signed transmitter frequency. The multi-
pliers are operated at high levels to
minimize phase-shift effects which would
appear in the monitor output signal as
residual FM noise. Because these stages
are individually tunable over a considera-
ble range, it is a relatively simple matter
to change the operating channel frequency
of the monitor. It is merely necessary to
insert the new erystal and make three
simple tuning adjustments of the multi-
plier stages.

It is possible to extend the RF range of
the monitor down to 80 me. by replacing
one or more of the fixed inductances in the
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FIG. 11. VIEW OF THE REAR PANEL

multiplier system. The high-frequency
operation can be extended above 162 me.
by replacing a removable section of the
multiplier assembly with a VHF unit.
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FIG. 8. THE AUDIO SYSTEM IS DIVIDED INTO 3 SEPARATE CIRCUITS, AS SHOWN HERE
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RF input from the transmitter is fed to
the mixer stage through an adjustable
capacitive attenuator. This is a high-
impedance circuit, operating with a
nominal signal level of 1 volt. No appre-
ciable power is taken from the transmitter,
and there are no loading resistances sub-
ject to burnout. The RF input level is
continuously indicated by a small meter
at the rear of the monitor. This meter is
operated by the IF signal, which is pro-
portional to the RF input over the normal
operating range. The amplifier saturates
at higher levels, making it .impossible to
burn out the meter through overloading.
Since the RF level is not critical, this

meter is normally used only during the-

initial installation procedure. A panel
pilot lamp provides a continuous indica-
tion of the required minimum transmitter
signal level.

Limiter-Amplifier + The mixer output signal
is amplified and passed through a series
of diode clippers and limiting amplifiers
to convert it into a square wave. These
are shown in Fig. 5. To operate the
limiters, a minimum input voltage level is
required. A control tube keeps the final
amplifiers inoperative until the output of
the mixer is sufficient to provide a satura-
tion signal to the limiters. Erratic be-
havior at low RF input levels is thus
avoided, since the monitor automatically
ceases operation when the signal level
falls below a critical value. .

The pulse-counter type of discriminator
depends for its operation upon a uniform
charge and discharge of a condenser
through a series resistance during each
half-cycle. For this reason, those charac-
teristics of the square wave which in-
fluence the condenser charges must be
rigorously controlled. Anode and limiter-
bias potentials in the clipper-limiter sec-
tions are closely regulated. A power tube,
operating as a limiter, is used to drive the
discriminator at a high level.

Discriminator Operation x Fig. ¢ illustrates
the principle of the pulse counter dis-
criminator. The .series condenser is al-
ternately charged through the left diode,
and discharged through the right diode.
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OPERATING RANGE OF COMPLETE MONITOR
FOR FM NOISE & DISTORTION MEASUREMENTS
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FIG. 9. OPERATING RANGE FOR MAKING FM DISTORTION-NOISE MEASUREMENTS

Thus a series of short, uni-directional
current pulses flow through the resistance
at the rate of 1 per IF cycle. When the
transmitter is unmodulated, these pulses
occur at a uniform rate. When modulation
is applied, the pulses occur at a varying
instantaneous rate, dependent upon the
modulation signal. A DC potential is
developed across the resistance which is
proportional to the average rate of the
pulses. This is used to operate a balanced
DC vacuum-tube voltmeter, calibrated
to read average center-frequency-shift
from the assigned transmitter channel
frequency.

To minimize the effects of minor varia-
tions in the amplitude of the discriminator
input signal, a compensating circuit is
used. This consists of a peak-response
diode voltmeter, whose output is applied
to one side of the balanced DC vacuum-
tube voltmeter. Amplitude changes affect

age appearing across the discriminator
resistance contain the modulation signal,
the fundamental pulse repetition fre-
quency, and a series of harmonics. The
high frequencies are above the upper
limit of the audio measurement band
(i.e., 30 ke.), and a high-pass filter is used
to separate the desired modulation signal.

Audio System * The entire audio system is
coupled to the discriminator by a stand-
ard 75-microsecond de-emphasis network.
This reduces the reactance load across the
discriminator to improve the linearity,
and is an effective low-pass filter which
attenuates the pulse repetition frequency
and its harmonics. This is followed by an
impedance-transforming amplifier and a
low-pass filter section which provides a
uniform frequency-response up to 30 ke.
At this point, the audio system divides
into three separate circuits, as in Fig. 8.

input gain control. This is intended for
fidelity mecasurcments, and has been
designed for very low residual noise and
distortion. It has a low-pass filter section
on the output to reduce further the noise
resulting from IF and RF interference.
The residual distortion level is less than
19, with a noise level of approximately
—80 db, and is intended for use with
an external distortion aud noise meter
such as the GR 1932-A. Inpul gain con-
trol permits the output of the amplifier to
be set for a constanl level of 1.2 volt
with transmitter modulation swings rang-
ing from =£100 ke. to £6 ke, In the
standard FM broadcast band, this cor-
responds to a range of 1337, to 8%,
modulation. For television anral trans-
mitters, the range is 1339, to 249, modu-
lation. Due to the de-emphasis charac-
teristic, the available signal level for a
given modulation swing deereases at the
higher audio frequencies. This limits the
minimuni modnlation swing, or percent-
age modulation, at which measurements
can be made when the audio frequency
approaches its upper limit. Fig. 9 shows
the operating range for these measure-
ments.

The third audio circuit comprises the
modulation measuring system. An am-
plifier with a standard pre-emphasis
characteristic 1s used to restore a flat
frequency-response, since the modulation
swing must be measured without de-
emphasis. Following this is an amplifier
with continuously adjustable gain. To
change the calibration of the entire
modulation system it is only necessary to
reset this one control. It has a range
slightly in excess of 3 to 1. Hence the
instrument can be shifted readily from a
calibration level of 1009 modulation for
+75-ke. swing to a value of 1009, modu-
lation for +23 ke. swing, as required for
mounitoring television aural transmitters.

The output of this amplifier feeds two
modulation indicating circuits. One of
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FIG. 10. PERCENTAGE OF INITIAL DEFLECTION AND STEADY STATE DEFLECTION ARE IN ACCORDANCE WITH FCC REQUIREMENTS

both circuits equally, and hence do not
affect the meter indication. Frequency
changes are detected only by the dis-
criminator, and hence appear as deflec-
tions on the meter. The metering circuit
is shown in Fig. 7.

The AC components of the pulse volt-

A cathode-coupled amplifier provides
an audio signal for direct connection to
aural monitoring lines at a level of 0 dbm
for a modulation swing of +75 kc. The
image impedance is 600 ohms, and has
one side grounded.

A second amplifier is provided with an

December 1947 — formerly FM, and FM Rapro-ELECTRONICS

these consists of an over-modulation peak
indicator, which flashes a panel lamp
whenever the instantaneous modulation
peaks exceed a given setting of a dial
indicator. A thyratron tube is employed
to flash a lamp connected in its anode
(CONCLUDED ON PAGE 36)
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SPOT NEWS NOTES

Trade-ins: Following the Federal Trade
Commission’s crack-down on prizes for
retail salesmen, the Better Business Bn-
reau has called for an end to advertised
trade-in allowances which are allowed
even though there’s no set to trade in.
This is a good time to straighten out that
situation because, before long, smart
dealers will find it profitable to take in
expensive FM and TV sets as a means of
selling newer models. The trade-ins can
then be sold to people of moderate means
who could not otherwise own such sets,

Chicago Parts Show: Will be held at Hotel
Stevens during the week of May 9. In-
formation about the Show ean be obtained
from S. I. Nemman, 1 N, LaSalle Street,
Chicago.

Railroad Radio: [ nion Switch & Signal Com-
pany is handling Sperry railroad radio
equipment. General Railway Signal Com-
pany has a similar arrangement with
General Electrie.

New FMA Members: Are WLW.A, Crosley
Broadcasting Corp., Cincinnati; WSIX,
Nashville, Tenn.; WLOB, Claremont,
N. I.; Charleston Gazette, Charleston,
W. Va.; KMUS, Muskogee Broadcasting
Co., Muskogee, Okla.; WHFB-FM, Palla-
dium Publishing Co., Wyandotte, Mich.

TV Stations: As of December 1, FCC records
show that there were 6 licensed stations,
and 11 others operating under temporary
authority. These are: Hollywood 1,
Washington 3, Chicago 2, Baltimore 1,
Detroit 1, St. Louis 1, New York City 3,
Schenectady 1, Cleveland 1, Philadelphia
2, and Milwaukee 1.

Another FM Net: An all-relay net, using no
wire lines, 1s operating in North Carolina.
The 18 stations are: WBBB-FM Burling-
ton, WGTM-FM Wilson, WGBR-FM
Goldsboro, WRAL-FM Raleigh, WMFR-
FM 1ligh Point, WHPE-FM High Point,
WSTP-FM Salisbury, WAYS-FM Char-
lotte, WAIR-FM Winston-Salem, WMI'T
Mi. Mitchell, WGNC-FM  Gastonia,
WSIC-FM Statesville, and WGBG-FM

Greensboro,

General Roger B. Colton: After a brilliant 36-
vear career in the Army, nearly half of
which was devoted to the Signal Corps,
Major General Colton, now retired, has
been elected a vice president of Federal
Telephone and Radio Corporation.

Corrections: In our October directory of FM
broadcast stations, WAFM Birmingham
was listed only as holding a CP. Chief
Engineer Norman S. Hurley protested
at having such an indignity visited upon a
station that started in July, 1945, and
moved to the high band last January.
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Also, the Eitel-McCullough station
KSBR was not shown as being on the ajr.
Sales director O. H. Brown reminded us
that KSBR San Bruno has been putting
out 200 kw. of effective power since it
started operation on April 23. Schedule is
3:00 to 10:00 P.M. weekdays, on 100.5
me. Our apologies to both these stations.

Paul Weathers: New vice president and chief
engineer of Airdesign, Inc., transformer
manufacturers at Upper Darby, Pa. He
was formerly with RCA at Camden and
Indianapolis.

More Dollars: Ex-RMA president Ray Cos-
grove expects that more dollars will be
spent in 1948 for television receivers than
for AM broadecast sets. Since Mr. Cos-
grove should know, we can presume that
inventories of AM set components must
be in good shape. Otherwise, there’s some
trouble ahead.

WENA: Detroit FM station operated by
the Fvening News has changed its call
letters to WWJ-FM, and is now on a
10-hour schedule from noon to 10:00 .1

AC-DC FM Sets: New scries of FM-AM
phonographs paralleling their AC line has
been introduced by Freed Radio Corpora-
tion, 200 Hudson Street, New York City.
Prices are about 10% higher. Consider-
able demand for FM is developing in the
DC areas of New York City, Chicago.
Boston, and Washington

Here’s an Opportunity: DuMont station WABD
New York will institute an apprentice
training program the first of the year to
meet the demand for television station
personnel. This should be a rare oppor-
tunity for those accepted. Information
can be obtained from John MecNeil, gen-
eral manager of WABD.

Kansas City: KSBS has their new station on
the air from 1:00 to 10:00 P.M. at 105.9
me. President is Harry Butler; chief en-
gineer is C, O. Simmons. Studios at 30 S.
18th Street are open daily for public
inspection.

Peter N. Tsokris: Appointed chief engineer of
Colonial Television Corporation, 2139
Harrison Avenue, New York 53, N. Y.

New York City: Although its FM application
was finally rejected by the FCC, the Daily
News has by no means abandoned its
plans to erect an FM station. This may
well develop into a scrap that will set or
upset some precedents.

No Training: Limiting factor of both FM
and TV set sales is lack of sales ability
on the part of retail stores. Lack of factual

Items and comments, personal and other-
wise, about manufacturing, broadcasting,
communications, and television activities

knowledge and sheer indifference to
progress are common faults in all areas.
As a result, a relatively small number of
dealers are getting the bulk of the business
on FM and television receivers. This shift
has been forced by the increasingly
technical aspect of radio equipment.
Even servicemen can’t bluff their way
when confronted by the new models. The
industry has finally reached the point
where lack of training shows up sharply
in both sales and service work. Amateurs
who taught themselves and know mostly
things that aren’t so are going to be a
real headache to set manufacturers in
1948. Right now, the number of poor FM
set installations, explained away with
“You'll be able to hear FM when they
get it perfected,” is appallingly large.

Edward E. Lewis: Newly-elected president
of Colonial Radio Corporation, Buffalo.
This company, a wholly-owned subsidiary
of Sylvania Electric, is the principal
source of radio receivers for Sears. Mr.
Lewis has served as treasurer of Bijur
Motor Appliance Corporation, economist
for G.E., treasurer and works manager of
Eclipse Aviation, and vice president in
charge of accounts and finances at RCA.

Expansion: DuMont Laboratories are com-
pleting a brick addition to their tube
plant. New facilities will triple production
of 12-in. cathode-ray tubes.

San Bernadino: Station KBMT, one of the
exclusive FM stations, is now operating
on 99.9 me. This brings to 28 the number
of FM’ers in southern California.

Promotion: Westinghouse officials recently
exhibited to the press a most elaborate
plan of promotion which will be furnished
to purchasers of FM station equipment.
Worked out to the last detail, it is set up
to build an FM audience quickly.

Surprising: ‘The FM Association paid Con-
gressman Carroll D. Kearns $50 for at-
tending a meeting on October 1 with the
president of the American Federation of
Musicians. Well, the AFM should have
paid him more than that for the heroic,
though unconvincing, public relations
effort he made on their behalf at the FMA
Conference in New York City.

Wheeling: New West Virginia station is
WTRF-FM, putting out 20 kw. at 100.5
me. from 6:00 A.M. to 10:30 P.M. daily.
R. W. Ferguson is station manager, and
George Cowen is chief engineer.

New Ownership: Airadio, Inc., Stamford,

Conn., founded by J. B. Cobrain, has

been sold to Jay Sullivan and his associ-
(CONCLUDED ON PAGE 42)
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: YANKEE NET TO ENTER TELEVISION

NEWS PICTURES

John Shepard, 3rd, pioneer broad
caster and chairman of the board of
the Yankce Network, 1s going into tel-
vision, too. He is pictured here, left, with
R. L. Hanks, New England manager of
G. E’s electronies department, after
signing a contract for the installation
which will be WNAC-TV. The trans-
mitter, scheduled to start operation next
suinmer, witl be at Medford, Mass., out-
side Boston.
Hallicrafters, having proved that
metal cabinets of functional design
are acceptable in the best living rooms.
has now set a new style in television re-
ceivers. This cabinet, designed by furni
ture stylist Raymond Loewy and pro-
duced by Karp Metal Produets, 1s fin-
3: WHAM-WHFM BLDG. NEARS COMPLETION
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2: TELEVISION SET HAS METAL CABINET

ished in gray and silver. Substitution of
mmetal for wood. a practice long cham-
pioned by this publication, has made it
possible to price this 7-in. model at the
amazingly low price of $169.50.
Stromberg-Carlson’s Radio City, at
Rochester, N. Y., is nearing comple-
tion. Started in November, 1943, this
most modern studio and office building
will be dedicated on February 14, 1948.
Planned and constructed under the direc
tion of general manager William Fay, the
building is truly the last word in design,
equipment, and studio faeilities
If vou listen to the Stromberg-
Carlson program over the Continental
Network on Friday nights from 8:30 to
9:00, vou’ll be interested in this picture of
conductor Guyv Frazier Harrison. The
Rochester Civie Orchestra, under his
direction, is giving listeners to 33 FM
stations what is unquestionably the finest
music ever heard on the air.
4: CONDUCTOR, 33-STATION FM PROGRAM
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Frequency Modulation Means:
Freedom from Static, Interference, and Fading

PLUS

Clear. Natural Speech, Music, and Sound Effects
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ILL a high-quality amplifier and speaker give me enough added
listening pleasure to justify the extra cost? We have had so many letters on
this subject that the following summary from an extensive study of listener
reactions! is offered to help clarify this very important point:

1. When listeners conditioned to AM reception first hear the natural repro-
duction of live-talent FM programs, their first impression is one of relief from
the irritating, distracting background noise of AM reception.

2. Then, almost invariably, they become conscious of the clarity of FM. That
is due partly to the presence, against a background of silence, of the high
frequencies which supply definition to individual sounds and instruments, and
partly to the freedom from intermodulation distortion. There is none of the
rasping and blurring characteristic of nearly all AM receivers.

3. Usually, the next reaction is the discovery of “presence effect” which draws
the comment: "It sounds as if that orchestra (or speaker) is right in this room!”
There’s a reason for that impression. If you stand at the back of a theatre,
you hear the low frequencies, but very little of the high frequencies because
they are attenuated rapidly in space. In the front row, you are conscious of
being near the sound source not as much because the sounds are louder, but
because you hear the higher frequencies clearly. That is why natural (full-
range) FM reproduction makes you feel that you are in the presence of the
performers. Turning down the tone control to cut off the high frequencies seems
to move the loudspeaker back to some indefinite distance.

4. Sometimes listeners complain at first that full-range reproduction is harsh.
That is because they have been conditioned to AM reception and phonograph
records. Invariably, those same people, after listening to full-range repro-
duction of live talent on FM remark, if the tone control is turned down: “Now
the music sounds flat. It has no life!”

It is difficult to discuss the differences between simulated (limited-range) tone
quality and natural (full-range} reproduction unless those taking part are
listening to the same sound source. However, the chart opposite tells a complete
story.

Notice that 27 out of the 31 instruments, and both male and female voices,
employ frequencies of 8,000 cycles or more. Female voices and 22 instruments
employ frequencies of 10,000 cycles or more. And 20 instruments range from
14,000 to 15,000 cycles!

If you will be satisfied to sacrifice all sounds above 4,500 to 5,000 cycles,
then most any amplifier and cheap speaker will give you what you want. But
if you want natural reproduction, free of intermodulation blurring, to recreate
in your home exactly what you would hear at the broadcast studio, then you
will never be satisfied until you have an amplifier and speaker capable of
delivering 30 to 15,000 cycles.

1This discussion assumes live-talent braadcasting. While many FM pragrams are now made up of recordings, the
amaunt of live talent is increasing steadily, and the use of recordings will be cut drastically by the settlement of the
AFM unian cantraversy, permtting the full expansian of life-talent FM networks.




RATIO DETECTORS FOR FM RECEIVERS

Explaining the Principles Involved, and the Performance Characteristics

Modulation receivers used detector
circuits which were sensitive not only to
frequency deviation but also to amplitude
variation of the applied signal. The slope,
or deviation sensitivity, of such detectors
was usually divectly proportional to the
strength of the received wave and thus

UN'l‘l L. a few years ago, most Frequency

BY STUART WM. SEELEY*
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voltage will no lougel be in exact quadra-
ture with the primary. The vector volt-

ages will then be as indicated by the solid
lines of Fig. 2. Notice that the length of
the vector O-B, which consists of the
pnmdr\ plus one-half of the secondary,
is less than that of O-A, which is made up
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FIG. 1. BASIC DISCRIMINATOR CIRCUIT

allowed incidental amplitude modulation
to be reproduced as distortion or noise.
To obviate this difficulty, it was general
practice to remove as much as possible of
the incidental anplitude variations before
applying the signal to the FM detector.
This was usually accomplished by passing
the signal through one or more limiter
stages, which were operated bevond satu-
ration, and thus produced nearly uniform
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FIG. 4. DEVIATION SENSITIVITY OF FIG. 3

output regardless of input signal varia-
tions.

It was obvious that limiter stages were
necessary only to counteract the inherent
amplitude sensitivity of early types of
detectors, and that if the detector were
sensitive to frequency deviation alone,
all of the advantages of capture effect,
low distortion, freedom from noise, ete.,

* Director, RCA Industry Service Laboratory, 711
Fifth Ave., New York City.
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FIG.2. DOTTEDLINESSHOW ZERO DEVIATION

would result without the necessity for
amplhifying the signal to a high enough
level to saturate a limiter.

Principle of the Ratio Detector x In the Jast few
vears several types of detectors with a
high degree of immunity to amplitude
variations have been developed. One of
these, which has recently come into rather
wide use, is called the Ratio Detector.
This circuit has many variations and has
been applied in many different ways, but
the most common application utilizes the
phase-shift discriminator network. The
description which follows is devoted to
that form of the circuit.!

The basie connections of a phase-shift
type of diseriminator network are shown
in Fig. 1. In this circuit a single-ended
primary and a balanced secondary are
loosely coupled and the voltage end of the
primary is connected to the midpoint of
the secondary. If the frequency of the
voltage impressed upon the primary is
equal to the resonant frequency of the
secondary, two potentials of equal mag-
nitude are developed. The voltage between
ground and the end of the secondary
marked A, consisting of the primary volt-
age and one half the secondary voltage,
will be equal in amplitude to the voltage
between ground and the point marked B,
made up of the primary voltage plus that
of the other half of the secondary. The
vector relations are shown in Fig. 1.

If the frequency of the generator is de-
creased by, say, 75 ke. below the resonant
frequency of the secondary, the secondary

1For a more detailed discussion, see * The Ratio

Detector” by Stuart Wm. Seeley and Jack Avins,
RCA REVIEW, June, 1947,

FI1G. 3. RATIO DETECTOR CIRCUIT

of the primary plus the other half of the
secondary.

I the frequeney of the generator of
Fig. 1 were raised above the resonant fre-
quency of the secondary, the secondary
vector A-B of Fig. 2 would swing in the
opposite direction so that O-B would be
longer than O-A. Notice that the loci of
the ends of the secondary vector form
perfect circles. As the frequency of the
applied energy is varied either above or
below the secondary resonant frequency,
the magnitude of the total secondary

_@Twwfi AVC
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FIG. 5. PHASE-SHIFT DISCRIMINATOR

voltage is altered at the same time that
its phase is shifted.

In the description so far, we have as-
sumed that the primary voltage is con-
stant regardless of the frequency. This

has been done in order to emphasize the

fact that it is the phase shift of the reso-
nant secondary voltage which produces
the variations in the magnitude of the
voltages between ground and the two
ends of the secondary. If, instead of being
delivered by a constant voltage generator,
the primary energy is derived from a
tuned circuit in the plate circuit of an
amplifier stage, that energy may also have

FM anp TELEVISION
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variations in amplitude with frequency.
However, those amplitude variations will
in no way affect the vector relations as
shown in Fig. 2 as long as the secondary
@ remains constant. The secondary volt-
age will grow and diminish in exact con-

FIG. 6. CHARACTERISTIC OF CORRECTLY
DESIGNED RATIO DETECTOR CIRCUIT

formity with the primary changes, while
always maintaining the relative magnitude
and angular phase position as shown.

BACK-TO-BACK DIODE
DISCRIMINATOR

RATIO DETECTOR

FIG. 7. RATIO DETECTOR, B, TENDS TO
SMOOTH OUT LOSS OF SIGNAL

In other words, we might say that the
only effect of primary amplitude changes
would be to enlarge or reduce the vector
diagram of Fig. 2 exactly as though by
photographic processes. This again em-
phasizes the dependence of the ratio of
the lengths of O-A and O-B upon the
phase shift of the secondary. Then, since
we know that the phase of the secondary
voltage in coupled tuned circuits is a func-
tion of the @ of the secondary, it is easy to
see that the higher the @ of the secondary,
the more the ratio of O-A to O-B will de-
part from unity with a given departure of
the applied frequency from resonance.

A basic ratio detector circuit is shown in
Fig. 8. Here the primary voltage is de-
rived from a small winding tightly coupled
to the tuned primary in the plate circuit
of an TF amplifier stage. The voltage
across this auxiliary or tertiary winding
is always directly in phase with, and pro-
portional to, the voltage developed across
the tuned primary. The center-tapped

secondary is loosely coupled to the pri-
mary and develops the resonant quadra-
ture voltage. Half of this is added to the
tertiary voltage for the upper diode, the
other half being added to the same terti-
ary voltage for the lower diode.

Eftects of Loaded Rectifiers * Before proceed-
ing further it is well to review the effects
of loaded rectifiers on resonant circuits.
If a diode with an RF bypassed load re-
sistor 1s shunted across a tuned circuit,
and the diode has 1009, rectification effi-
ciency, the damping produced by the
combination will be exactly equivalent to
that which would have been produced
if a resistor of one-half the value of the
diode load resistor had been shunted
directly across the resonant cireuit. In the
circuit of Fig. 3. the diode load resistor
is not only by-passed for RI energy, but
also for variations which might otherwise
occur at an audible rate. In other words,
the condenser €' (usually an electrolytic)
is sufficiently large so that if any signal
amplitude variations occur at an audible
rate, the voltage across the condenser is
not altered. However, the rectified current
flowing into the R-C combination will
increase materially with increases in sig-
nal level and will decrease, even to zero,
if the applied voltage is materially de-
creased. If the DC voltage across the R-C
combination remains fixed, but the direct
current flowing into that circuit is in-
creased, the effect 1s exactly as though the
value of the load resistor had been de-
creased insofar asits effect on the resonant
secondary is concerned. Conversely, if the
voltage remains fixed and the current de-
creases, the action simulates an increased
value of load resistance. From this step
it is easy to see that the effective resistance
shunted across the resonant circuit will
vary as an inverse function of the ampli-
tude of the applied voltage, and by the
same token the @ of the secondary will be
altered as the amplitude is varied.

If there is a momentary increase in the
signal amplitude applied to a ratio detec-
tor circuit such as that of Fig. 3, the diode
current will increase, but the large con-
denser will prevent the diode load voltage
from increasing. This will sinulate a de-

creased diode load resistor whiclhi will
cause a decrease in the § of the resonant
center-tapped secondary. This decreased
@ will. in turn, decrease the phase shift
sensitivity of the circuit and thus mo-
mentarily provide a detector of less devia-
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FIG. 8. DETAILS AND CONNECTIONS OF A
RATIO DETECTOR TRANSFORMER

tion sensitivity during the period of the
increased amplitude.

Other Effects * Other effects take place at
the same time. The ratio of primary to
secondary voltage 1s increased and the
series resistive component of the imped-
(CONTINUED ON PAGE 46)
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A TRUCKING COMPANY REPORTS ON 2-WAY FM

Summary of a Year's Experience with FM Communications by The Willett Gompany of Chicago
BY HOWARD WILLETT, JR.*

LITTLE over one year ago. The Willett

Company of Chicago, and Raytheon’s
subsidiary, Belmont Radio Corporation,
announced completion of the first two-
way mobile radiophone system for trucks.
The results of the year’s operation have
been so gratifying, and we believe of such
value to the industry as a whole, that this
report, covering the highlights of our
operation. has been prepared for the
benefit of communications engineers and
other trucking companies,

Like every other company, at the end
of the war we were concerned with rising
costs right down the line, not only in
wages but in the cost of vehicles, sup-
plies, gasoline and replacement parts.

We were also confronted with a man-
hour problem. Formerly, when we had
worked 814 to 9 hours per day, 6 days a
week, there was adequate time to handle
all work. When we cut our working day
to 8 hours and a 40-hour week, we had to
find new ways to increase our operating
efficiency.

Two-way radio was one possible means.
This had been the subject of discussion
in our organization for several years.
When the FCC opened suitable frequen-
cies experimentally, we decided to test
out the use of two-way radio.

Belmont was already doing considera-
ble research in this field, and we ap-
proached them with our problems. Their
cobperation and experience did much to
meet our initial difficulties, and to set up

* Vice President, The Willett Company, Chicago,
TH.
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a system suited to our needs and capable
of further expansion.

Now that we have 49 mobile units
installed and operating, we are convineed
that 1t 1s one of the most valuable aids
to our business since the advent of the
motor vehicle, and we are installing ad-
ditional unmts as rapidly as conditions
permit,

Scope of Operations * T'hroughout the eighty
vears our Company has been in business,
it has pioneered many improvements in
cquipment and techniques.

Back in the carly days, we were first
trucking concern to use the ball-bearing
axle In wagons instead of the old type
journal, the first to double-deck roll
paper out of box-cars, and to offer cus-
tomers the choice between horse-drawn
and motorized equipment. We initiated
the use of aluminum, and it is interesting
to note that we are still operating some
aluminum vehicles built 17 years ago.

In more recent years, we pioneered the
extensive use of the shuttle-system in
operating tractors and trailers in railroad
and boat line transfer, the use of trailers
in distribution of loads in the Chicago
Loop and City areas, the establishment
of a comprehensive scheduled main-
tenance system, and were first to put in a
driver-testing, training and safety pro-
gram.,

One of the largest trucking organiza-
tions in the Country, we operate 1,130
vehicles, of which 300 are trailers. The
830 power units consist of 60 motor buses

operated by Willett Motor Coach, 250
vehieles leased out in conjunction with the
National Truck Leasing System, and 520
vehicles operated in the general business
of the Company in Chicago. We average
1,500 store-door deliveries daily, make
approximately 800 pick-ups from the
Pennsylvania freight terminal alone, and
haul all oil for Socony Vacuum and
Phillips  Petroleum. This information is
offered as an explanatory background of
our entry into mobile communications.

Equipment and Coverage * The transmit-
ter-receiver units on our trucks measure
6 by 612 by 15 ins., and are installed out
of sight under the seat, in a trunk or in
the cab, depending upon the type of
truck. The power supply is an integral
part of the control unit which mounts
under the dash in the front seat. It meas-
ures 415 by 6 by 6 ins. These can be seen
in Fig. 2.

The standby drain for the entire in-
stallation 1s only 4.8 amperes, or 18
amperes while transmitting. The mobile
antenna, Fig. 1, is about 18 ins. long, and
mounts in the center of the truck or car
roof, using the roof itself as the other half
of the antenna system.

A complete unit can be installed or
removed quickly, since all wiring connec-
tions are made with separable connectors.
When a unit requires service, it is taken
from the truck to our service department,
and another substituted at once. Thus
we never have trucks tied up during re-
pairs on the radio equipment.

FM anp TELEVISION




Our headquarters transmitter and re-
ceiver, Fig. 3, are located in our main
garage, operated by remote controls in
our two dispatchers’ offices. One of these
installations is shown in Fig. 4. The an-
tenna is mounted on the top of a nearby
smokestack.

The original installation comprised the
central station and 6 sets on trucks and
tractors engaged in different types of
work. Soon after the initial installation,
we increased the test vehicles to 17 in

order to determine the worth of radio

communications more accurately and
rapidly.

It ‘has become a generally accepted
conclusion that while a single, well-lo-
cated headquarters transmitter will give
workable coverage over large cities, no
single receiver can do an adequate job
of picking up the vehicles over the same
area. This was confirmed by our experi-
ence.
~ Our single headquarters receiver gave
us about 609, reliability. While unsatis-
factory, this was deemed sufficient to
permit evaluation of the economics of
dispatching motor trucks by radio. After
6 months of experimentation, having
determined that certain of our services
could be operated more profitably when
radio equipped, we then commissioned
Belmont to expand the system to a degree
of reliability as nearly comparable to wire
telephone as possible.

Extensive field tests showed that,
although satellite or repeater transmitters
would increase the reliability in the
secondary coverage area (suburbs), the
benefit in the primary area (city limits)
would be small and did not justify the
cost.

Tests with additional receivers, how-
ever, disclosed important advantages.
Using two reccivers with antennas sep-
arated by only 50 ft., we frequently found
a good signal in one and none in the
other. Likewise, receivers separated by 10
miles often had the stronger signal at the
point farther from the vehicle, and in a
great number of transmissions the signals
shifted back and forth from one receiver
to the other. Unfortunately, most of the
transmissions were strong enough to open
the squelch on both receivers. The re-
sultant double signal created a bad phase
distortion, and the noise level was always
that existing at the receiver having the
poorer signal.!

While it was possible to select the better
receiver manually, this would mean an
operator on duty continuously, as the
dispatchers are generally much too busy
to perform this added work. Obviously,
an automatic means of choosing the better
signal was indicated. An automatic re-
ceiver selector that far surpassed any
manual selector in both speed and ac-

1 This conclusion presents an interesting difference
from that reported in ‘‘ Dual Diversity Transmission
on 75-Me.” by Lieut. Basil Cutting, M and TeLE-
visioN, Feb. 1947.

curacy, operating without manual con-
trol, was developed by Raytheon. It
monitors three receivers continuously,
silencing all three until a signal is received,
at which time it instantancously evaluates
the signal level in each receiver and
selects the best one. This evaluation is
continuous so that if, during a transmis-
sion, the signal in the receiver selected
deteriorates below a predetermined value
and is better in another receiver. the
selector switches to that receiver so
quickly that the change is completely
inaudible.

This equipment is now in service with
one receiver at our headquarters station,
one receiver 6 miles south, and a third
3 miles to the north. Reliability of the
system has been thus increased to 99%.

Now our area of prime coverage In-
cludes all of Greater Chicago, from the
Gary steel mills on the south to Joliet and
LaGrange on the west and Arlington and
Waukegan on the north.

Operation * .\cquainting our dispatchers
and drivers with this improved method of
communications, and teaching them to
make the most efficient use of it proved
easier than we had expected. While we
borrowed much of our methods from
procedures established already in the
emergency services, we found it necessary
to adopt some radical departures. For
example, our drivers do not attempt to
use the radio while their trucks are in
motion. Accordingly, the dispatcher waits
30 seconds after calling a truck to allow
time for the driver to stop. Similarly, and
we have found this very important. our
drivers park their vehicles before attempt-
ing to call headquarters.

Our first driver to use a radio-cquipped
truck became so proficient in handling the
radio that we made him a dispatcher.
Now e is using his experience as a driver
to improve operations on all radio-
equipped trucks.

One of the interesting aspects of this
new installation has been the increase in
the drivers’ morale on the radio-equipped
trucks. The drivers have seen the advan-
tages to them to the extent that they have
arranged that seniority dictates assign-
ment to a truck with radio communica-
tions!

We estimate the cost of the radio
equipment, plus operation, maintenance,
depreciation, and other miscellaneous
charges to be approximately $1.00 per
day per vehicle. The current minimum
rate per vehicle is $4.00 per hour, so that a
15-minute saving in operating time per
day will pay for an installation. A half-
hour saving per day will give us a 1009,
return on our invesmtent. Our operation
so far has convinced us that a half-hour
saving per day is easy to attain. The
by-product benefits, although difficult to
measure in dollars, are more important.

Advantages * Benefits could be foreseen to
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FIG. 4. THE AUTHOR GETS A QUICK AN-

SWER TO A REQUEST FOR INFORMATION

almost all of our services, but test reports
from various category cmphasize the
effectiveness of our communications sys-
tem,

Our greatest return on the investment
in radio has been in day-to-day dispatch-
ing. Specifically, our dispatchers now
have an up-to-the-minute picture of the
constantly changing disposition of the
vehicles at their disposal. Trucks regu-
larly assigned for a full-day’s work on
deliveries are now frequently radiophoned
en route and given pick-ups on or near
their routes, Time saved in avoiding
parking and searching for public tele-
phones enables such pick-ups to be made
during the same working day. This is a
very great saving when measured by
hundreds of calls. Immediate contact
with trucks tate in the afternoon makes

(CONTINUED ON PAGE 32)
FIG. 3. TRANSMITTER-RECEIVER INSTAL.

LATION AT THE MAIN GARAGE. SYSTEM
ALSO HAS TWO REMOTE RECEIVERS
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