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Texas Instruments

POINT CONTACT

TRANSINTOR

now available!

TEX:\S InsTRUMENTS makes available to indus-
try Type 100 and 101 point contact transis-
tors. Type 100 is designed for use in switch-
ing circuits. Type 101 is a high-efhciency,
low-drain transistor for low frequency
(below 1 mc) application. It is designed

TYPICAL COLLECTOR CHARACTERISTICS

to operate at low voltage and power TYPE 101

levels with a good, large signal per-

formance. Both have the usual
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devices. Uniform character-
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* COLLECTOR CURRENT - MILLIAMPERES

ACTUAL SIZE % Point contact transistors
Type 100 and 101 ready for
immediate delivery. % Junc-
tion transistors will be avail-
able in developmental quan-
tities in May. % Be sure to
watch for announcement
concerning new semi-con-
ductors later this year.

TEXAS INSTRUMENT'S

6000 LEMMON AVENUE INCORPORATED DALLAS 9, TEXAS
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Three Specialized Magazines

Each One Is The Leading Publication in Its Own Field:

3 539
COII‘I”IIIIIINI/IO” COMMUNICATION ENGINEERING is the only magazine concerned exclusively
[*,ugz'//eerf/zg with the development and design of components and equipment for civilian and
: ——o= military communications, and the planning, installation, operation, and main-
tenance of fixed, mobile, and microwave relay systems. Edited by Roy F. Allison,
it is the principal source of information on new techniques, equipment, and
system engineering for the public safety, public utility, petroleum and pipeline,
special industrial, transportation, air-ground, and common carrier services,
COMMUNICATION ENGINEERING also carries the basic system statistics, and
reports on FCC actions concerning the entire field of safety and special services
communication systems. It is published on the 20th of January, March, May, July,
Septermnber, and November. $3.00 per year, or $6.00 for 3 years.

1TV e RApi0

TV & RADIO ENGINEERING is the only magazine concerned exclusively with the - NI D
development and design of TV, AM, and FM receivers, and broadcast studio and [’V(’ “\IN
transmitiing equipment. Edited by Roy F. Allison, this magazine, from issue to
issue, is a complete what’s-new record of video and audio progress from receiver
components to transmitting antennas. You will find this magazine of special
value as a source of ideas that can be adapted to solving your particular problems,
whether they concern apparatus design or manufacturing techniques, the in-
stallation of studios and transmitters, or improved performance of present fa-
cilities. In short, if it concerns TV, AM, or FM, you find what you want to know
in TV & RADIO ENGINEERING. It is published on the 20th of February, April,
June, August, October, and December. 83.00 per year, or $6.00 for 3 years.

HIGH FIDELITY is the only magazine edited for people who enjoy music from
: : FM, records, and tape, It is planned both for those whose primary interest is in
High Fidelity ARET Lis B s a LRy, i

music itself, and for those to whom high-fdelity reproduction is of paramount

importance, With Charles Fowler as editor, and John Conly as associate editor.
THE MAGATINE £04, WUSIC LISTENERS

HIGH FIDELITY has really become the bible of these fast-growing groups. LP
record reviews, contained in a special 32-page section, are written by nationally-
known critics, These are supplemented by feature articles and news of artists
and studio activities. For hi-fi enthusiasts, this magazine is the principal source of
information on new equipment and its proper use, methods of improving repro-
duction from FM, records, and tape, and ideas for simple as well as elaborate
custom installations. All articles are written in non-technical language. hand-
somely illustrated, and printed on fine paper. HIGH FIDELITY is also of great
value to music teachers, educators, arch’tects, and decorators. Published on the
I1st of January, March, May, July, September, and November. $5.00 per year,
or $10.00 for 3 years.

RADIOCOM, INC., The Publishing House, Great Barrington, Mass. ::JDLOEEP:I, INS. e
Plaase find enclosed my reminance for Pl:neuﬂn’d ::tlo:o::l’El;\?rl"e.v;hl::\':::’;:?' g

COMMUNICATION ENGINEERING REDUCED RATE FOR BOTH MAGATINES HIGH FIDELITY MAGAZINE
) 0O 3 years $10.00 0 ! year $5.00
O 3 vesis 36.00 O 1 year $3.00 0 3 years 31000 [ 1 yesr $5.00 Add £1.00 per year for forelgn postage.
TV & RADIO ENGINELRING Name Name
0O 3 vears $6.00 O 1 vear $3.00
Addross Address
Fabruary-March, 1953 1
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New accessibility puts every component at yaur finger- X S ¢

tips. One latch opens both hinged sides and top. Dual
bar handles provide betteg grip and easier corrying.
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"RCA TV CAMERA

Here is the all-new TV camera the
industry is talking about. The camera
the leading networks are planning to
use in their new Hollywood studios!
The camera which will be used in
most of the new stations this year—
and next!

Leading network engineers (after

WY-in:b viewfinder picture

tube produces larger,
brighter, and sharper pictures to help
the cameraman.

W plug-in, high-stability
video amplifier — with fre-
guency response vniform to 8.5 Mc.i
NEM fixed-position alignment,
coil for the Image Orthi-

con. Electrical control of coil eliminates
all mechanical adjustments!

call your RCA Broadcast Sales Representative.

careful tests) have proclaimed the
TK-11A the finest camera ever pro-
duced, easiest in the world to handle
and the simplest one to get at.

The TK-11A has all the proven
performance of the world-renowned
RCA TK-10—plus these new fea-
tures:

Wplug-in blower for c¢ool.

ing the deflection coil and

the Image Orthicon!

M electronic-protection sys-
[ tem guards your Image

Orthicon against deflection failure, or

loss of driving signals.

W"overscun" control takes
burden off Image Orthicon

during warm-ups and rehearsals; new
vertical reverse switch for fitm pick-ups.

For complete information on the TK-11A,

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENTY CAMDEN,N.J.
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EIMAC
KLYSTRONS

FOR UHF-TV

Eimuc announces the availability of the
3K20,000L type of five kilowatt klystrons, the most
practical and dependable tubes ever developed
for high power UHF-TV. With only three klystrons
covering the entire UHF-TV spectrum (470-890 mc),
manufacturing and supply is no problem, and

equipment design is simplified.

Along with these attributes go exclusive Eimac
features such as ceramic cavities, external tuning,
and true metal to ceramic seals that give the
3K20,000L series a quality of construction that
fulfills the rigorous demands of television trans
miftting. As a performer, each of these new klystrons
has a power gain of 20 db., and will deliver five
to six kilowatts peak sync output when driven by
an Eimac 4X150G

3K20,000LA — Channels 14 thru 32
3K20,000LF — Channels 33 thru 55
3K20,000LK — Channels 56 thru 83

® For more information about the
five kilowatt klystrons write 1o our
application engineering department

® Visit the Eimac display at the
March ).R.E. show

1K20,000LK

Length 37 inches * Weight 35 pounds

EITEL-McCULLOUGH, INC.
SAN BRUNO, CALIFORNIA

Export Agents: Frazor & Honsen, 301 Cloy St., Son Froncisco, California

The five kilowatt klystrons are another Eimac contribution to electronic progress

TV & Rabvio Excinegmineg

wWWWwW.americanradiohistorv.com


www.americanradiohistory.com

1V e Rapio

ENGINEERING

vOL. 23 FEBRUARY - MARCH, 1953 NO. 1
COPYRIGHT 1953, by RADIOCOM, INC.
DEPARTMENTS

TY-AM-FM Set Production

Compiled from figures rcleased by RTMA . | . ; 6
Product Information

News of ncw products and literature . . . . . 7
Companies and People

Expansions, octivities, appointments, awards . . .10

Meetings and Events
Schedule of important shows and conferences : . easd 111

TV & Radio Review

General news of the industry . ... . ... . .12
ARTICLES

Noise and NTSC Color Stondoards

C. H. Jones . ... ... ... 14
Report on Spurious Radiations

How industry is meeting the problem . . . o, o TR ) 21
Staging a Closed-Circuit Plant Tour

LW, Bidwell ... ... ot 122
Pattern for TV Profit

Part 6 — Studio-transmitter and remote-pickup links . 24
Head-End Design for FM Tuners

L s S 27
Phonograph-Stylus Drag Distortion

Littte-known cffects of tangential compliance . a3
Increased VTVM Sensitivity

Joseph Glutfrida .. .. . . N - s paEey 39

TIIE COVER DESIGN AND CONTENTS OF TV & RADIO ENGINEERING MAGAZINE ARE FULLY PROTECTED BY U, S.
COPYHIGIITS, AND MUST NOT BE REPRODUCED IN ANY MANNER OR IN ANY FORM WITHOUT WRITTEN
PERMISSION

ROY F. ALLISON, Editor MILTON B. SLEEPER, Publisher

Fero C. MiCsaLOVE
EBastern Manages

Epbwaro Branp

CnauLes KrLive
West Coast Manager

Western Manager

ELEANOR GILCHRIST
Art Director

. WarnEN Sver
Director of Circulation

Mintam D. ManNing

Littian Benowross
Production Manager 1

Accounting

Publication Office: The Publishing House, Great Barrington, Mass.  Tel. 1300.

Chirago Office: Charles Kline, 426 North Pinc Avenue. Tel. Columbus 1-1779.

Netw York Office: Fred C. Michalove, 6 East: 3%th Strect, Room 1209. Tel. Murray Hill 5-6332.
West Coast Office: Edward Brand, 1052 West 6th Street, Los Angeles. Tel. Michigan 1732.

TV & Ravio EngineecinG Magazine {s malled on the 20th of Feb April A
and December. Allow two wect: for West Coast delicvery. . SRR A ST NEERR O<t hery

Subseriptions: Should be sent to Publishing House. Great Barrington, Mass.
Single coples 65c—Subscription rates: $6.00 for 3 years; $3.00 for I year.

Contributlons will be neither acknowledged nor returned unless accompanied b

\ panied by adequate postage, pagking,
and directions, nor will TV & Rapio ExciNEERING Magazine be responsible for thein safe handlil{; in its
office or in transit,

Application for entry as second-class matter at Great Barrington, Mass.,
with additfonal entry ai Boston, Mass., is pending. Prinied in the U. S. A.
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THIS MONTH'S COVER

One of the mosl nseful picces of equipment

a lelevision slalion can own is a mobile
remole-pickupy wnil, with which on-the-spot
coverage of civie, sporls, and news evenls of
loeal or nalionnl inlerest can he obtaineill.
Sueh equipment is discussedd 11 1he current
and coneluding installment of “Pallern for
TV Profit,”” heginuing o page 24.

‘The remnrkable cover photograph, show-
ing an ABC mohile unil covering the recent
Presidential inangural parade, was laken hy
Joe Lewis of—right Lhe tirst lime—the
American lroadeasling Company.

AUTHORS & ARTICLES

The lead article in Uhis issne is, we Lhink,
a good one for many reasons. Firsl, it does
o Ummping good job in its primary pur-
pose—lo evahinle the performance of Lhe
NTSC color syslem in the presence of noise.
Second, il serves lo give lhose unfamiliar
wilh color TV lechuigues some idea of lhe
nature of lhe general problems involved.
Third, it clarifies busie color theory and the
specific philosophy of the NTSC signal for
those who liave only gencral knowledge of
its workings. My, Jones is lo Le congratu-
lated on a well-written and informative work.

“Pattern for TV P’rofit” is coneluded with
s, the eleventh installment. We hope
1hat il has been of real valne lo those who
subscribed lo Ranio CoMMUNICATION pri-
marily for lhis series, and we haslen to ns-
sure that other arlicles on slation plamung,
operation, and maintenance will comprise
an imporlanl part of the coverage of TV &
Ranio ENGINEERING.

WHAT'S COMING NEXT

The article 1 this issue on FM  head
ends, Ly Henry Cross, is lhe first of i series
o FAl tuner design. Next will come u
supeclative trentise on 1K, limiter, and de-
teetor sections by oy Puananeén. Messrs.
Cross and Paananen did the research work
described while at Massachusetts Institute
of Techuology and, in fact, these articles
are develoned from their theses. Mr. Cross
is now with Pickard and Burns, Needham,
Mass.. Mr. Puananen is at Lincoln Labora-
tory. MIT,

This is the oldest nagazine in the radio field pub-
lished by its founder. It was established as Rabio
ENGINEERING in 1921 by Milton B. Siceper. Sub.
sequently it was sold and published nnder the title
of Communications uatil 1950, wheu it becae
TeLeVision EnGineering. It was purchased by
Radiocows, Ipc. in 1952, combined temporarily
with Ramo ComMmunicatiex, and then published
sepatately again under the present title.

L JELE
i }/ ENGINEERING
(W ]

SION

CIRCULATION AUDITED BY 5
HENRY R. SYKES
CERTIFIED PUBLIC ACCOUNTANT
SYKES, GIDDINGS & JOHNSON
PITTSFIELD., MASSACHUSETTS
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RADIO
ENGINEERING
LABS., Inc.

PIONEERS IN THE CORRECT USE OF
ARMSTRONG. FREQUENCY MODULATION

FOR FM NETWORKING

OR MONITORING

The REL 722 Relay Receiver

All kinds of public service and special evenis
pragrams can be handled over local FM and
FM-AM nctworks with REL 722 Crystal-con-

trolled FM receivers.

Modcl 722 is a fixed-frequency type of receiver,
furnished for opctation on any channel in the

88 to 108-mc. band.

It is intended for picking

up FM progroms, and rebroadcasting them from
FM or AM stotions. This receiver is widely used
to provide additional audience coverage for
baseboll, basketball, and football games, box-

ing matches, and other sporting events.

It is

also used for the reception of such programs
over public address systems in public halls,

theatres, and at outdoor gatherings.

Built to the highest standards of commercial
performance and long-time stability, the 722
receiver has a frequency response flat to Va3 db
from 50 to 15,000 cycles, with less than V2%

distortion.

point is under 2 microvolts, and

Sensitivity is such that the sputter
spurious

response more than 70 db below the desired

signal.

The complete receiver and power supply are
mounted on a stundard rack panel 19 ins. wide
by 12Va ins. high. For enginecring data, price,

and delivery schedule, write:

Engineers and Manufacturers of
Broadcast, Communication, and
Associated Equipment since 1922

RADIO ENGINEERING
LABORATORIES, Inc.

TELETYPE: N. Y. 2014
40 37th Strecet, Long Islond City 1, N, Y.

TEL. STILLWELL 62000

TV-AM-FM SET PRODUCTION

IN 1952, RTMA statistics reveal that
TV set production increased 10%

[ over 1951, while AM sets dropped 22%.

Dollar-wise this change resulted in a sub-
stantial net increase for the industry.

During the first half of ’52, however,
average monthly TV production lagged
behind the '51 average, but the last four
months, with an all-time high in Decem-
ber, finally put 1952 slightly ahead of
1950, when the previous record was set,
as shown by the Monthly Averages in
the accompanying Production Barometer
chart.

Surprisingly, AM production in De-
cember, topping 1% million, was the
highest since May, 1951, although aver-
age monthly figure for '52 was down
14 million sets.

It appears entirely possible that TV
production may run ahead of AM sets in
1953. During the last four months of
*52, the TV figure was only 15% below
AM. Now, with new television stations
scheduled to come on the air each
month, it would hardly be unexpected if
TV sets take the lead.

Currently, a considerable part of TV
sales is accounted for by replacements of
old types with small picture tubes, up to
12 ins. Big tubes have so changed view-
ing habits that few pcople are content to
watch images on small screens.

TV interference was reduced to some

MONTHLY
AVERAGE

i
2

3 ’

extent in the past year, but that caused
by receiver radiation is still a serious
problem, and it will continue to plague
viewers for as long as the great number
of offending sets are in use.

Considering that manufacturers have
concentrated their advertising and pro-
motion on TV to the virtual exclusion of
audio receivers, it is surprising that the
sules of the latter held up so well. Some
effort has been put behind clock radios,
but there is a question as to whether
they were bought as clocks with radio as
an extra feature, or radios with clocks as
a plus value! Zenith was the only com-
pany to promote FM sets consistently
through the year. That accounts for the
relatively small number of FM cabinet
models produced. RTMA figures do not
include FM and FM-AM tuners, since
they are not classified as factory-built
types.

Nevertheless, the number of FM
tuners built in "52 was several times that
in ’51, and it will be much higher in 53.
The older companies are steadily increas-
ing their output, and others are planning
to enter the market this spring. Sales.
it should be noted, are being handled by
mail order houses, dealers specializing
high-fidelity equipment, and the parts
jobbers, rather than the conventional
outlets for factory-built radic and TV
sets.

uonmu AVERAC-ES
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PRODUCT INFORMATION

Sound Effects Filter: Built on a standard
slotted rack panel 3% ins. high, this versatile
sound-effects filter has B high and low eut-
off frequencies from 100 to 5,600 cycles, and
flat positions at both ends. Cutofl rates are
16 db per octave on all positions. Toroid
coils are used for hum-pickup immunity. All

inductors and capacitors are hermetically
sealed, so that aging effects are negligible.
Input and output impedunces, 500/600 ohms.
Hycor Company, Inc., 11423 Vanowen Street,
North Hollyweod, Calif.

Miniature Electrolyties: Claimed to be the
smallest ever made, a new line of metal-
encascd electrolytic capaeitors has been de-
veloped for hearing-aids and similar applica-
tions. These Microlytic series 999 units are
176 in 0.D. and 11/32 to | 1/32 ins. long,
rated at .05 to 3 mfd., 3 to 50 WVDC. Other
types can be supplied to specifications.
Micamold Radio Corp., 1087 Flushing
Avenue, Brooklyn 87, N. Y.

High-Ouiput Tape: Greater dynamic range
than ever before obtained on magnetic re-
cording tape is provided by a new line of
tape introduced recently. Designated Scolch
No. 120 High-Output tape, it will accept
recording levels of 8 db over conventional
red-oxide lape at a given distortion level,
thus betlering the signal-lo-noise ratio by
8 db. Same bias methods are used. Minne-
sota Mining and Manufacturing Company,
900 Fauquier Street, St. Paul, Minn.

VHF Trimmer Capacitor: Measuring only
8/4 by 5/8 in. and with a range of 1.4 to
19.6 mmf.,, type MAC variable capacitor is

inlended for miniaturized VHF equipments.

Rotor and stator are of silver-plated brass.
The wiper rotor contact is of silver-plated
ber_ylhum-(op[ur Hammarlund Manufactur-
ing Compnny, Inc., 460 West S4th Street,
New York 1, N. Y.

CRO Table: A movable table for mounting
oscilloscopes has just been made available.
Table top is adjustable in height and can be
ttlted 0 to 20° backward. Lower shell and
large drawer ure provided for storing auxili-
ury equipment. The table is mounted on
large swivel-type rubber-tired casters. A. B
DuMont Laboratories, Ine., Instrument Divi-
sion, 1500 Main Avenue, Clifton, N. J.

February-March, 1953

Capacitor Cataloegue: Dimensions, prices,
and specifications are given for virtually all
types and sizes of transmitting and receiving
capacitors in Catalog C-10, available from
Wells Sales, Inc., 833 West Chicago Avenue,
Chicago 22, TII.

Reverberation Unit: A multiple-head mag-
netic tape loop recorder-reproducer, occupy-
ing only 8 3/4 ins. of standard rack space,
has been developed to replace the space-
wasting and expensive echo chamber.
ingly flexible and effective, the unit eontains

equalizer controls and incorporates a zeto- |
Model 40 con- |

loss straight-through channel.
tains 5 heads with reverberation time ad-
justable to 6 seconds; model 42, 7 heads and
10 seconds. Audie Instrument Company,
Inc., 183 West 14th Street, New York 11,
N. Y.

TV Film Shadow Box : This new film multi-
plexer and shadow box permits film pickup
by standard image orthiecon TV cameras. As-
sembly consists of light-tight wooden shadov
box with apertures for two 16-mm. film pro-

jectors and the TV camera. Inside Lhe box

are a mirror multiplexer and a high-resolu- |

tion screen upon which the camera is focussed.
Unit is mounted on four adjustable legs to
provide easy leveling. Federal Telecommuni-
cation Laboratories, Inc, Nutley, N. J.

Miniaturized Potentiometers: Designed
for use in TV receivers and small radios, a line
of dimesized composition variable resistors
is rated at 3 walt below 10,000 ohms and
2 watt above. These type 70 unils are
available in various tapers and shaflt styles.
Chicago Telephone Supply Corp., Elkhart
Indiana.

New Slide Projector: Standard 2 by 2 in,
or 35-mm. Ltransparent slides in unlimited
number can be projected automatically by
remole or local control with the Telojector.
This unit provides lapped, superimposed, or
divided images through the use of two tur-
rets. Additional pre-loaded turrets can be ex-
changed with used turrets in seconds. Gray
Reseatrch and Development Company, Inc,
16 Arbor Street, Hartford 1, Conn.

13
Parabolic Reflectors: Complete mechanical

dimensions and specifications for over 100
types of stock parabolic rellectors are given
in a catalog just prepared and available on
request from MWorkshop Associates Division,
The Gabriel Company, Endicott Street, Nor-
wood, Mass.

Continued on page 8
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Amaz- |

From Alden’s Line of Ready-made Components

for Unitized Plug-im Unit Construction:

Miniature Sensing and Indicating

Components by A I-D E N

| PATENTS PENDING

e

TOPS IN QUALITY & APPEARANCE
SAVE INSTALLATION COST & SPACE

“PAN-i-LITE""

Mounts In  Qulckly replace
1!48’ hele bulb from front
of panel

@@»

You ¢an use this new tiny Alden Pan-i-Lite

indicator where never before possible.

Easily serviced one-piece lens-bulb replace-

able from front of panel. Mounts simply
{ by pushing into .348" hole. Gives bearuiful
indication; glows like a red hot poker.
Tiny spares can always be kept ready in kit
or laped in recess of equipment. Available
in 6V, 12V and 2BV, various colors.

FUSE BLOWS

[ LITE GLOWS

ALDEN

| Bulb and Lens are 1
e Inatantly rePlaces
able with uBbreakable
apares.

Spot trouble in-
stantly. Neon indi-
cator light in lens
glows when fuse
blows. One-piece
molded lens-and-
indicator-lite un-
screws {rom front
of panel. Ideal for
moefiloring hower
Available for 28V,

440-
3/7FH

\
\

to cach unitized circuit
110V and 250V,

ALDEN TEST POINT JACK

110 BCS 25/32 Dehind Panel
25 o 1"

¥Flts Anywhere

Takes Up to 8.000V.
Provides a quick front panel check point
for any circuit voliages in your equipment.
This uuy Jack fits 257" hole and 1akes
only 7 * behind panel. Beryllium copper
contace withsiands hundreds of insertions.
Phenolic or nylon {nsulation, maay colors.

SEND FOR FREE SAMPLES

also request free “‘Alden
Iandbook®” 226 pages of 1ech- /=

B
niques and components for Uni-

/i k /
>,

Sy

tlzed Plug-in Unit Construction.

145 N. Main St., Brockton 64, Mass.
7
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TRANSMISSION LINES FOR AM-FMm-TV-
ANTENNA EQUIPMENT * ANTENNA TUN

Andrew's vast experience
produces the mest advanced

Request Andrew Nomographs in
Bulletin 81 for direct graphical
computation of efficiency of 10 to
2000 foot runs of line.

Andrew

CORPORATION

363 EAST 75TH SIREET, CHICAGO 19
ANTENNA SPECIALISTS

ANDREW Insulator
Type Size Impedance Bead
Number Material
TRANSMISSION LINE FOR VHF-TV
451 1% 51.5 ohms steatite
551-4 1%" 51.5 chms Tefion*
452 k1 51.5 ohms steatite
552-1 an’ 51.5 ohms Teflon*
T-453 &%’ 51.5 ohms steatite
TRANSMISSION LINE FOR UHF-TV
561 154" 50.0 olims Teflon®
562 3%" 50.0 ochms Teflon®
563 64" 75.0 ochms Teflon*
WAVEGUIDE FOR UHF-TV
M-14710 Aluminum 74" x 15" rectangulor cross-
section, RTMA dasignation WR-1500, 12
foot section

M-14715 Aluminum waveguide WR-1150, 11'%4°
x 5%" Inside dimenslons, 12 foot section

*trademark for DuPont tetrafiucroethyiene

www.americanradiohistorv.com

NEW PRODUCTS
(Continued from page 7}

Hybrid Junetions: A new type of broad-
band matched hybrid junction for X band
wave-guide is available in aluminum or brass,
with choke or flange connections. VSWR
ranges from 1.08 to 1.20, depending on fre-
quency, for the series arm; 1.05 to 1,175 for
other arms. General Precision Laboratory,
Ine., Pleasantville, N. Y.

Insulating Resin: A remarkable new elec-
trical insulating resin, Silicone Varnish 994,
retains 65% of initial dielectric strength al-
ter 2,000 hours at 250°C. According lo
manufacturer, craze life is longer by 4 times
than that of best previous malerials. For
coating glass cloth and sleeving, and for
bonding mica and glass. Dew Corning Corp.,
Midland, Michigan.

Molded Paper Capacitors: Type 85-P
molded paper capacilors, said to be the small-
est available, are rated for continuous opera-
tion at 125°C. They are now available for

| general use in two mould sizes, 175 by 5/8 in.

and 200 by 5/8 in, and in 20, 10, and 5%
tolerances. Bulletin 205E sent on letterheae
request to Sprague Electric Compauy, 243
Marshall Street, North Adams, Mass.

90° Deflection Yoke: With horizontal in-
ductance of 45 millihenries, a new cosine de-
flection yoke produces 90° deflection for 27-
in. picture tubes. Sharp focus across entire
screen is maintained, according lo maker.
DX Radio P'roducts Company, 2300 West
Armitage Avenue, Chicngo 47, 1L

Decade Amplifier: Type 140-A miniaturized
laboratory voltage amplifier has frequency
response flat within .1 db from 2 cycles to
1 me., and stabilized voltage gaius of 10 or
100. Straight RC coupling is used without

| peaking coils or compensators, hence iransi-

ent and phase responses arc excellent. Undis-
torted output, 40 velts max. Self-contained
power supply. H. H. Scott, Inc,, 385 Putnam
Avenue, Cambridge 39, Mass.

CRT Glossmeter: Developed for the CRT
committee of RTMA, this instrument meas-
ures reflectance from any type of tube face
with radius of curvature greater than 12 ins.
Cousists of a light source, a photocell to

pick up light reflected as glare, a power
supply, a calibrating variae, and a direct-
reading micronmmeter indicator. Gardner
Laboratory, Ine., Bethesdn, Md.

TV & Rapio ENGINEERING
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UHF Transmission Line: New weather-
proof 270-ohm UHF transmission line, type
ATV-270, consiats of two conduclors sur-
rounded by polyethylenc spiral threads
hich act s centering mediums, permitting
the conductors to float within individual
polyethylene tubes. Outer jacket is con-

structed so that these tubes also are virtually
uspended in air but arc held to rigid spacing
from one another.

Efficiency at UHF is

claimed to be 55 times that of standard
flat ribbon line. Attenuation at 500 mc.,
36 db/100 ft; nt 900 me. 5.1 db/100 ft.
Dimensions, % b in.  Developed by
RCA Serviee Company and Anaconda Wire
& Cable Compnny, New York 4, N. Y.

UHF-VHF Field Strength Meter: Covering
52 to 218 me. and 470 to 890 mc. in 2 con-
tinuous runges, a hew field strength meler
has & minimum sensitivity of 100 inv. for
50% meter deflection. Unit is portable,
measuring 10% by 1134 by 14) ins.
Erwood, Inc., 1770 Berteau Street, Chicago
13, 1l

Clased-Cirenit TV: Designed particularly
for industrinl applications, the TV camera
shown is stated to be no meore diffieult or
compiicated {o operate than the standard
TV reccivers which can be used with ir
Tlhe camers i completely self-contlained,

with all adjustments on the viewing panel.
Over-all size 19 14 by 096 by 49 ins. Dage
Electronies Corp., 69 North 2ud Streel.
Beech Grove, Indiana.

Tantalam Foll Eleeirolyties: Polarized and
non-polarized electrolytic enpacitors of wound
tantalum foil construction are described in

new bulletin, No. 523, Compactness,
ruggedness, non-corrosive electrolyte, ex-
tremely low lenkige current, long shelf life,
low power fuctor, high eoperating tempern-
ture, und good frequency characteristics nre
claimed for these wunits.  Cornell Dublier
Electric Corp., Industrial Division, Seuth
Plninfield, N, J.

UNF Signul Generutocs Model 612A gen-
erator, covering 450 to 1,200 me. continuously,
provides up to .5 volts ontput into 50 ohms.
Broadband internal modulation up to 5-me.
con be obtained, or the instrument can be
AM or pulse-modulated externally by pulses
of 2 miroseconds or more. Frequency and
guiput wre set direetly and rend on large
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dials. Hewlett-Packard Company, 395 Page
Mill Road, Palo Alto, Calif.

Transistor Batteries: A\ line of miniature
low-voltage mercury batteries has been de-
signed for junction transitor power supplies.
Single cells of various sizes, called Energy
Capsules, and cell combinations called
Power-Pak batteries, are available in a wide
range of voltages and ampere-hour capacities.
P. R. Mallory & Comparny, Inc, Battery
Division, North Tarrvtown, N. Y.

Tubes and Sockets: Literature and technieal
data is available on the following tubes,
germanium iodes. transistors, and sockets:

Amperex  Electronic Corp.,, 230 Dully
Avenue, Hicksville, L. 1., N. Y. Type
5804-A UHF-VHF twin tetrode, 45 watts at
500 me., wide-band RF amplifier, modulator,
frequency multiplier.

Beam Instruments Corp., 350 Fiith Ave-
nue. N. Y, N. Y. Miniature CRT type
1CP1, for moniloring and similnr purposes.
Automatic focussing, onty 1 anode potential
required, cathode bias.

Hugh T. Eby, Inc.,, 4712 Stenlon Avenue.
Philadelphin 44, Pa. New line of sub-
miniature tube sockets meeling recognized
industry standards and dimensions.
tangular and round sockets.

International Rectifier Corn.. 1521 East
Grand Avenue. Fl Segundo, Calif. — Novel
germanium diode assemblies, in double hous-

ings of phenolic material and glass. Excel- |

lent shock and vibration resistance elaimed.

Lewis and Kaufman, Lid., 62 El Ranche
\venue. Los Gatos, Calif. — Technical data
sheet available on #D21 power tetrade as
Class ABI or AB2 AF amplifier and modu-
lator. Class C RTF oscillator and unmodulated
or high-level modulated amplifier.

Mycalex Tube Socket Corporation. 60
Clifton Boulevard. Clifton. N. J. Tran-
sistor sockets molded of Mycalex $10 glass-
honded mica insulation. available in quan-
titv. Contacts are of brass er beryllium
copper. Also 7 and 9-pin miniature tuhe
sockets for UHF applications.

Radio Recentor Companv. Tue.. 251 West
19th Street. New Yerk 11. N. Y. —— New
and complete line of rermanium diodes. in-
cluding preferred JAN types. Tapered
hexagonal buclies facilitate handling and in-
dieate polarity at a glance.

Rauland Corporation. 4245 North Knox.
Chicago. T, — Two new 21-in. rectangular
TV picture tubes with spherical faceplates,
21YP4 and 21ZP4A. now in  production.
Forer has electrostatic focus. latter mag-
netic foeus.

Ravtheon Mfg. Companv, Receiving Tuhe
Division. Newton 58. Mass. — .Junetion
transistors CK721 and CK722. now available.
CK721 has power gain of 38 db; CK79292.
30 dh.

Sylvania  Electriec Products, Inc, Radio
Tube Division, Emporium. Penn. — Two
new damping diodes for TV, 6AX4GT and
12AX4GT. Miniature high-perveance double
triode for TV wvertical deflection eireunits,
12BH7.  Sharp-cutoff lhigh-transconduetance
video pentode, 12BY7. with miniature T-68%2
construetion, separate suppressor grid con-
nection.  Rectangular 17-in. TV  pieture
tube. magmetie foecus, cvlindrical faceplnle,
17QP4.  Mininture 9-pin  triode-pentode
type 6US8. designed for oscillator-mixer
service in FM and TV receivers.

Texas [ustruments. Inc., 6000 Lemmon
Avenue, Dallns 9. Texas PPoint-contact
transistor types 100 and 101. Former is for
switching-circuit applications. Twype 101 is
high-efficiency nmnplifier for use below 1 me.
capable of handling Inrgé signals.
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IMMEDIATE DELIVERY

PHONE WELLS FOR ANY ELECTRONIC COMPORNE
FROM WORLD'S LARGEST STOCK ... SEeley 8-4

STOP COSTLY SHUT-DOWNS!

Write for Catalog

WELLS SALES INC. 833 W. Chicago Ave., Chicago 22, III.
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From Alden’s Line of Ready-made Components
for Unitized Plug-in Unit Comstruction:

BACK CONNECTORS
Get accessible central
check point for incoming
and outgoing leads

Color coding

Accessible
uncongested
solder terminals

EASY SERVICING AND RAPID CIRCUIT CHECKS
Solder terminals easily accessible and uncongested
for multiple contact wiring. Color-coding on hack
connector, corresponding 1o lead color, identifies
each lead for instantaneous check 10 main circuil
or trunk line.

Avoid conventional
rals nest wiring

Permit direct
efhcient wiring

EFFICIENY CIRCUIT WIRING

Connectors can be mounted where desired — 10
allow for isolation of critjcal Voltages or frequen-
cies — o provide most direct wiring from com-
ponent 10 connector — to eliminale rat-nest wiring
of conventional methods.

Generous
bell.mouthing

ol y
s -

¥ ki Floating

- i clip action

EASY INSERTION AND REMOVAL

Made possible by large bell-mouth entries and
anple float of rugged live-action beryllium copper
coniacts. Wide mating tolerances eliminate critical
unit alignment problems.

Stacked
§ o
-

> Boss hole ,%.
L % = T Boss

i -
High “NESerew hole

EASY MOUNTING

Single screw for mounting flush or siacked.. Molded
locating boss positions and locks connector in place
on umt when fush mounted — boss accurately
lines up and pesitions connectors together in slaci
mounling.

SEND FOR FREE SAMPLES

also request free ““Ald
Handbook' 226 pal;:i-s of u:cehr-l

nigues and components for Uni- A, ~Frar
tized Plug-in Unit Construction. "";::'4 7

JHLoeN Probucts Co.

145N. MainSt., Brockton 64, Mass.

S
NAALT)

N\ ol
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COMPANIES and PEOPLE

$8.5 Million for WPTZ:

Phileo’s TV station, started as an exper-
imental transmitter in 1932, has been
purchased by Westinghouse Radio Sta-
tions, Ine. Tt is undersiood that there
will be no changes in the WPTV staff.

William P. Maginnis:

Elected vice president and chief engi-
neer of Federal Telephone & Radio Cor-
poration, Clifton, N. J. Prior lo joining
Federal in 1951, he was with RCA for 21
years. Mr. Maginnis will direct the
telephone, radio, and vacuum tube en-
gineering aclivities.

UHF Survey at Portland:

RCA has issued a very complete report
on the coverage furnished by KPTV, now
operating on 548 to 554 me., with 16 kw.
effective radiation. The report, of 24
pages, is profusely illustrated with photo-
graphs and charts. Copies can be ob-
tained from the Engmeering Products
Division at Camden, N. J.

Relay Plant:

A new factory of 50,000 square feet, de-
signed specifically for the manufacture
of telephone relays, has been completed
by C. P. Clare & Company, at 3101 W.
Pratt Avenue, Chicago. Of windowless
construction, it is provided with air con:=
ditioning, electrostatic air cleaning, hu-
midity control, and shadowless lighting.

See You at the IRE Show:

TV & Rapro ENGINEERING, together with
ComMmuNicarioN ENGINEERING and Hicn
FmeLiry, will be represented at booth
3-310. We shall be glad to greet all our
friends, and to discuss editorial material
with those who are interested in prepar-
ing articles for any of our three maga-
zines.

Speaker Magnet Requirements:

The RTMA Speaker Seection, of which
Russell Fenton s chairman, has sub-
mitied an estimate of Alnico 5 magnets
which will be required for 1953 speaker
production. The figure is 2,110,000 Ibs,,
allowing 1% oz. for each of 22,500,000
speakers. Last year, 18.807.515 speakers
were manufactured in this Country.

Radio Industry Statistics:

Data on the radio industry by the Bureau
of the Census has lacked certain signifi-
cant information in the past, because it
has been handled as a subeclassifieation
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of electrical machinery. RTMA is now
secking to obtain more adequate recogni-
tion of the radio industry in the Bureau’s
mdustrial classifications.

L. W, Teegarden:

RCA vice president in charge of techni-
cal products has been elected executive
vice president, a post made vacant when
Joseph H. McConnell resigned to become
president of Colgate-Palmolive-Peet.

West Coast Components Plant:

Construction has been started by Aero-
vox Corporation on a new plant at
Monrovia, Calif. Manufacturing opera-
tions are scheduled to start early this
summer.

North Adams, Massachusetts:

Robert C. Sprague, founder of Sprague
Electric Company, has resigned as presi-
dent. He has been succeeded by Julian
K. Sprague. Also elected to the board of
directors are Ernest L. Ward, William J.
Nolan, George B. Flood, and Robert C.
Sprague, Jr. Neal W. Welch has been
appointed director of sales.

Radio Club of America:

Officers eclected for 1953 are: John H.
Bose president, Ralph R. Batcher vice
president, Joseph Stantley treasurer,
Frank H. Shepard, Jr. secretary, Frank
A. Gunther recording secretary. Also
elected to the board of directors are
srnest V. Amy, Edwin H. Armstrong,
George E. Burghard, Alan Hazeltine,
Harry W. Houck, Jerry Minter, and
Harry Sadenwater.

Cleveland, Ohio:

Construction has been completed on
Hickok Eleetrieal Instrument Company’s
new assembly plant at 10626 Leuer Ave-
nue. New techniques and facilities have
been worked out for continuous work-
flow in such a manner as to permit quick
changeover in response to demands for
the 60 instruments which now comprise
the line. Engineering and meter manu-
facturing will continue at 10514 Dupont
Avenue.

Dr. Gordon K. Teal:

Has joined Texas Instruments, Ine. as as-
sistant vice president in charge of ma-
terials and components research. Before
he assumed this post, he had been with
Bell Laboratories since 1930 where, in
recent years, he liad a part in the de-
velopmenut of transistors and resistors.

TV & Rapio ENGINEERING
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Professional Directory

}andl»y gf /.zai/ey

Consulting Radio Engineers

EXECUTIVE OFFICES:
970 National Press Bldg,
Washington, 4, D. C. ME 5411

OFFICES AND LABORATORIES:
1339 Wisconsin Ave., N.
Washington, 7, D. C,

Member AFCCE

W.
AD 2414

WELDON & CARR

Consulting
Radio & Television
Engineers

Washington, D. C.
1605 Cennecticut Ave.

Dallas, Texas
4212 So. Butkner Blvd.

MICROWAVE SERVICES, INC.

" Architectsof Modern Communications”

Independent Consultants,
Engineers, Constructors

Wire, Carrier, Radia — Transmission, Distribution
= Inside and Qurside Plant Facilities —
Appraisals, Surveys, Specifications, Design,
Construction

Clrcle 7-4953 45 Rockefeller Plaza, New York 20
W SINCE
Hollywood 1931

Professional 16mm Sound-On-Film Motion
Picture Cameras for Television Newsreels,
Commercials and other Television Filming.

Write for free illustrated catalog.

7349 Beverly Blvd., Los Angeles 36, Calif.

BERNDT-BACH, Inc.

RUSSELL P. MAY

CONSULTING RADIO ENGINEERS

* Kk Kk

1422 F Sireet, N.W., Wash. 4, D. C.
Republic 3984

Member AFCCE

Kellogg Building

WORKSHOP
ASSOCIATES
DIVISION

THE GABRIEL COMPANY
Specialists in
High-Frequency
Antennas

Endloolt 8treet  Norwood, Mpasnchuseits
NOrwood 7-3300

An Interesting Opportunity: |

There’s a very interesting position open
{ at The Publishing House for an engineer
who is interested in technical writing. It
is an opportunity for diversified experi-
ence oen CoMnuUNICATION ENGINEERING,
TV & Rapro EwnaiNeering, and Hian
FipeLity Magazines. For 2 man who
wants to work and live in the country.
and yet keep up with ecity activities by
making trips to various places where in-
teresting things are going on, this is an
ideal situation. If you are interested, |
write to Milton Sleeper, The Publishing
House. Great Barrington, Mass.

NARTB Los Angeles Conference:

Program for the annual Broadeast En-
gineering Conference is being planned by
a guidance committee comprised of Ray-
mond Guy NBC, chairman, Frank Marx
ABC, William B. Lodge CBS, Rodney D. |
Chipp, Dumont, Earl M. Johnson MBS,
A. James Ebel WMBD, and Carl Nopper
WMAR-TV. This group is working
with Neal McNaughton, NARTB.

Color TV Research:

Admiral Corporation is operating a color
research laboratory at Palo Alto, Calif.,
staffed under Robert M. Jones.

1952 Tube Production:

RTMA reports production of 7.6 million
cathode ray tubes valued at $170.6 mil- |

| lion in 1952, and 368.5 million receiving | |

type tubes valued at 225%.1 million.

MEETINGS and EVENTS

MARCH 23 - 26,
IRE NATIONAL CONVENTION & SHOW
Grand Central Palace, New York City

APRIL 11,
NEW ENGLAND RADIO ENGINEERING MEETING
Univ. of Connecticut, Storrs, Conn.
APRIL 16 - 17,
JOINT RTMA CONFERENCE, U. S. &8 CANADA
Ambassador Hotel, Lot Angeles |
APRIL 18, |
CINCINNATI SECTION IRE CONFERENCE
Cincinnati, Ohio
APRIL 26 - 30,
73RD CONVENTION SMPTE
Hotel Statler, Los Angzles
APRIL 28 - MAY 1,
NARTB BCST, ENGINEERING CONFERENCE | |
Philharmenic Auditorium, Los Angeles
APRIL 29 -30, MAY 1,
ELECTRONIC COMPONENTS SYMPOSIUM |
Shahspuu Club, Pasadena, Calif.
AY 11.13
IRE AIRBORNE ElECTlONICS CONFERENCE
Dayton, Ohio
MAY 18.121,
1953 ELECTRONICS PARTS SHOW
Conrad Hiltan Hotel, Chicago
JULY 1318, |
MUSIC INDUSTRY TRADE SHOW |
Palmer Heuse, Chicage
AUGUST 19-21,
WESTERN ELECTRONIC SHOW
San Francisco Auvdltorium, San Francisco
SEPTEMBER 1 - 3, !
INT’L SIGHT AND SOUND EXPOSITION
Palmer House, Chiugn
SEPTEMBER 28 -
9TH NATIONAL ElECTRONICS CONFERENCE
Hotel Sherman, Chicago |
OCTOBER 26 - 28,

RTMA-IRE RADIO FALL MEETING
Toronto; Ontario, Canada [

Professional Directory

KEAR & KENNEDY

Consulting Radio Engineers

1302 18th St., N. W. HUdson 3-9000
Washington. D. C

GEORGE P. ADAIR

Consulting Engineers
Radio, Communications, Electronics

1610 Eve St,, NW. EXecntive 1230

Washingion 1, D. C.

Paul W. Klipsch
Professional Engineer
Acoustic development
and c¢onsulting

Klipsch and Associates
building the authentic
KLIPSCHORN
world’s finest sound reproducer

Hope, Arkansas Tel. Hope 995

Ty

16-MM Professional Motion Picture
Production Equipment

J. A. MAURER,

37-07 313t Street, Long lsland City 1,
Yel. STillwell 4-4601

Inc.
N, Y,

MEASUREMENTS

CORPORATION

/Qedearc/a &'
%/artxc/aclu ring
ngin eeis

Harry W, Houck Jerry B, Minter
John M. van Beuren
Specialists in the Design and
Development of Elec‘hom: Test Instruments
BOONTON, N. J.

JOHN D. TRILSCH CoO.

TOWERS for

RADIO ® TELEVISION
COMMUNICATION

1310 McKinney Ave., Houston, Texas
Phone: ATwood 9351
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TV é’ RADIO REVIEW

toward the past, and forward toward the future. But

can it be said that radio broadeasting, and particularly
television, has had time to aequire a past? And how, with
the short focus of a few years, ean we expect to get a sharp
picture of the future?

These questions were brought to mind by the address
which Dr. Lloyd V. Berkner, president of Associated Uni-
versities, Inc., delivered before the Radio Club of America last
December. By way of intredueing his discussion of the
world’s sources of energy, Dr. Berkner said: “Aside from the
energy needed for food and minimum of warmth that is com-
mon to all biology, it is energy under man’s control that forms
the very basis of his ecivilization. In his quest for better
living, and for time to follow intellectual pursuits, which are
the bases of civilization, man first used slaves, hoth human
and animal, as his principal energy-source. Then man learned
to use the wind to sail his ships, and a little waterpower to
grind his flour. But until two centuries ago, this was about
the limit. The man without slaves, or without the favor of a
court that had slaves, was poor indeed.

“The industrial revolution and. with it. the revolution in
our civilized habits was started by James Watt [in 1769], who
with his steamn engine contrived to make controlled energy
asbundant. With the comning of simple eleetrical transmission
of energy over great distances by fixed conductors, the first
stage of the industrial revolution was complete. Each man,
woman, and child in the United States now has the equivalent
of 200 slaves at his disposal. Energy has made each of us
king in contrast to the miserable situation of our forehears.

“This change has not been a slow evolution. It has been,
rather, a sudden revolution. Man's written history is but
300 generations old. [For stalistical purposes, a generation
is considered to be 30 years.] So close are we to the beginning
of civilization that about 7% of all men born throughout
history are still living. Power in substantial quantities under
man’s control goes back only 6 or at the most 7 generations,
Yet we routinely accept the mechanical slaves that power
gives us as though they had always been present.”

It seems impossible to believe now, in a land where there
is available the work output of 200 slaves for each man, and
woman, and child, that human slavery could have heen an
issue in a eivil war less than three generations ago! And as
we make plans today for the progress of tomorrow, we can
see by looking at the past how short-sighted must be our view
of things to come.

PERH APS this first Review should, like Janus, look back

FOR example, there is the current philosophy that regards
some 125 stations as the limit of TV network expansion, a
figure indicated by operational economics. That figure may
stand, of course, but its acceptance presumes that people who
are now satisfied with the present picture quality of fringe-area
reception from metropolilan stations will not prefer to tune in
local stations, as they go on the air, in order to get the sharper
pictures provided by stronger signals. Listeners, as we know,
become conditioned to inter-station interference, static, and
fading. But those viewers who have been putting up with the
visual uncertainties of poor TV reception will quickly reject
images that are less than clear and steady once they hecome
available from new, nearby stations,

While broadcasters may be right in assuming that audie
signals must be good enough because people listen to them,

12

whatever the quality of reception may be, television signals
from one station are good enough only if they are better
than those from other stations picked up in a given area. The
hand may be quicker than the eye, but the eye is more eritical
than the ear. Moreover, high-power TV, like FM, does not
have the secondary coverage that AM broadeasting provides.
Also, as time goes on, if TV stations spring up in a considerable
percentage of the areas where frequencies have been allocated,
present fringe-area coverage may be reduced by interference.
The final answer as to the number of stations which should
comprise a TV network depends in part, at least, on factors
not yet finalized, such as receiving conditions when another
500 transmitters are on the air, audience viewing habits, and
the possible reduction of networking rates.

PR()GRESS in color television highlights the antagonism
which has always existed between those whose interests lie
in regulation, and those who insist that they be free to con-
quer limitations. The extent to which government agencies
can he legally right and factually wrong was never demon-
strated as clearly and quickly as when our Federal Communi-
cations Commission attempted to dictate the course of ad-
vancemenl! that color television should take. An interesting
aspect of this case was that the publie, the industry. and the
scientists all rejected the Commission’s purely legalistic stand

There is no timetable yet for the introduction of color
Even if it were completely ready now, it woull be too early
to start transmission, and to offer receivers to the public
That will be the logieal next step after the basic black-and-
white method of broadecasting has been established on a na-
tional basis. It is only sound procedure to solve problems first
in thetr simpler forms, with the least number of undetermined
variables. The time to undertake color will come when the
industry lLas completed its job of furnishing satisfactory
monochrome service on a national basis for, until then, we
shall not have encountered and solved all the basie problems
of TV transmission and reception. At that point a com-
patible color system will be required, not only beeause it will
facilitate the introduction of color but because, certainly at
the beginning, programming will be switched back and forth
Letween monochrome and color.

One important point about color was not established in
the FCC tests. nor has it been subsequently: what will be
the difference in the service areas of black-and-white and
color transmission? Many viewers are now satisfied with sub-
stantially deteriorated picture quality. What will they see
when their same stations switch to color? Will the images be
more or less acceptable? To put it another way: How will
people choose between sharp monochrome pictures from a
local station, and less-than-perfeet images in color provided
by weaker signals from distant, high-power stations? Color
will undoubtedly be an important {actor in the competition for
audiences, but only time will assign values to these presently-
unknown quantities.

EDUCATIONAL television is a subject about which dif-
ferences of opinion are drawn sharply. In theory, it has almost
unlimited possibilities as an effective means of mass education.
Practical-minded educators, on the other hand, recognizing
that television is not a substitute for classroom instruetion.
view with alarm the possible diversion to television of funds

TV & Rapio ExcINEERING
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which, if and when available, are so sadly needed for addi-
fions to already Inadequate school facilities. In some in-
stancen, it 1s heid thut support to educational television is being
given by those whose real purpose is to confuse the issue of
incrensed apfiroptiations for new schools and more capable
tenchers, in order to postpone action on increasing funds for
any cducational purpose.

In any case, it is obvious that neither the FCC nor the
educuators who are actively supporting educational television
have u realistic attitude toward the problems of producing
effective program material, and the cost of programming and
operating such stations.

And behind all that is being said about the potential values
of educational television on a national basis, as envisioned
by the FCC's plan of frequency allocations, there is the ques-
tion in many minds as to the possibility that, somewhere in the
background, lurks the undisclosed purpose of using such sta-
tions for governmeat-controlled education, to be directed at
children and adults alike.

Perhaps the wisest decision that can be made about educa-
tional television at this time is to make no decision at all and
to let the right answer make itself evident, as it certainly will
if it is allowed time to do so.

IN the field of scientific progress, one of the most interesting
developments is that of recording TV shows on tape. If the
work now being done was started from the point of basic re-
scarch into the nature of the electrical impulses to be recorded,
there is every reason to. expeet that tape can produce the
visual equivalent of a live show, just as it is doing now in
audio programs.

The use of TV tapes will probably be as an adjunet to film,
however, hecause the latter has a practical advantage in edit-
ing. Thal is because film provides a record that can be seen,
while tape does not. Interestingly enough, tape may eventu-
ally bear the same relation to film that dise records now bear
to tape!

Television tupes may offer an important advantage to
small stations, since the cost of equipment should be lower
than that required for programming from movie film. Thus it
may come about that TV shows will be taped from master
lilns, just as phonograph records are made from master tapes.

EQUIPMENT is now available for theatre television, but
this project is confronted with problems of frequency alloen-
lion and frequency utilization. There is keen competition for
the channels being sought by the National Theatre TV Com-
mittee and the Motion Picture Association of Ameriea. The
need for radio operation, according lo representatives of these
groups, is due to the fact that conimon carrier service is not
available for network connections. On the other hand, while
the thealres are nsking for exclusive frequency allocations,
their ultimate expectancy for uising the channels they want is
limited to 5 hours per day.

Considering the aspects of public inlerest, convenience, and
necessily, the FCC is also concerned with the possibility of
direct compelition between the present TV broadeasting serv-
ico and theatre television, since the movie producers might
favor the latter at the expense of the former.

From the point of view of {requency utilization, it is ar-
gued that theatre television is a point-to-point service to be
operated only a few hours a day, and should, therefore, be
handled over a common earrier relay system, with wire-line
connections to the theatres. Certainly the economics favor
that plan, for part-time use of & microwave system might well
run into such expense as to preclude any boxoffice profit. That
seems particularly so if, as some experts contend, present TV
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standards are not high enough to give the degree of definition
needed for satisfactory theatre projection.

RELAXA'IION of FCC operator requirements and the
authorization of remote controls promise a measure of relief
to the smaller audio broadeasting stations. Under the Report
and Order issued on January 27, “holders of commereial radio
operator licenses of any class except aircraft radiotelephone
operator authorizations or temporary limited radiotelegraph
second-class licenses may be employed to stand regular watches
and perform limited duties at all AM broadcasting stations
with operating power of 10 kw. or less when employing non-
directional antennas, and at all FM and non-commercial edu-
cational FM stations with operating power of 10 kw. or less.
However, at least one person holding a radiotelephone first-
class operator license is required to be employed as a regular
fuli-time operator at all AM and FM stations affected, to
supervise and insure the proper functioning of the station
equipment.

Further: “At non-commercial educational FM stations of
1 kw. or less, but above 10 watts, the operator may be a person
holding a radiotelephone second-class license. At non-com-
mercial educational FM stations of 10 watts or less, the opera-
ter may be a person holding a radiotelephone or radiotelegraph
second-class operator license, but he is not required to be a
regular full-time employee of the station, although he must be
available on eall.”

Use of remote controls for transmitters is another means
of reducing the expense of operating smull stations. The Re-
port und Order referred to above provides that: “A station
whiel is authorized for non-directional operation with power
of 10 kw. or less may, upon prior authorization from the Com-
mission, be operated by remote control at the point(s) which
shall be specified in the station license. . . . Operation by re-
mote control shall be subject to the following conditions:

(1) The equipment at the operating and transmitting
pusitions shall be so installed and protected that it is not ac-
cessible to or capable of operation by persons other than those
duly authorized by the licensee.

“(2) The control circuits from the operating position to
the transmitter shall provide positive on and off control, and
shall be such that open cireuits, short circuils, or other line
faults will not actuate the transmitter, and any fault eausing
loss-of such control will automaltically place the transmitter in
an inoperative condition.

“(8) Control and monitoring equipment shall be installed
50 as to allow the licensed operator, either at the remote con-
trol point or at the transmitter, to perform all the functions
in a manner required by the Commission’s Rules and Stand-
ards.”

A remote control installation has alrendy been made at
KEAR San Mateo, Calif., and another is under way.at KSON
San Diego, using equipment furnished by The Rust Industrial
Company of Manehester, N. It. Of relatively inexpensive
design, the Rust system provides for as many as nine meter
readings and nine transmitter adjustments over two telephone
pairs. Thus, as a transmitter function is adjusted from the re-
mote point, the corresponding meter-reading can be observed.

Principal argument advanced against the relaxation of the
Rules was that some engineers will lose their jobs. While it
18 true that stations will be able to reduce their payrolls,
the change may be a blessing in disguise for the operators.
There is a large unfilled demand for licensed operators to
take charge of radio communication systems, and at wages sub-
stantinlly higher than those paid by the sinaller broadeast
stations. Quickest way to locate those positions is to in-
quire of the companies manufacturing communieation equip-
ment, for they get the information from their field engineers.

13
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Noise and NTSC Color Standards

PRACTICAL EFFECTS OF NOISE ON TENTATIVE NTSC COLOR SIGNAL UNDER
VARIOUS CONDITIONS OF CHROMATICITY AND LUMINANCE — By C. H. JONES*

ABSTRACT

The purpose of this paper is lo evaluate the efficiency with which
the NTSC color television system transmils color information tn
the presence of notse.

For such an analysis, it is conventent to use the concept of a
three-dimensional color solid. One dimension is determined by
the amplitude of the black-and-white modulation envelope. The
other two dimensions, in polar form, are determined by the magni-
tude and phase of the 3.9-me. color subearrier signal. The Munsell
Color Solid specifies in an ideal way the visual relationship that
exists among colors, because equal distances have equal visual
meanings. [n order to compare the NTSC solid with the ideal,
contonrs of Munsell hue, value (related to luminosity), und chroma:
(saturation) have been plotted. An examination of these contours
whows quantitatively what colors are most influenced by noise.
The effects of placing the Z-Y and \N-Y axes 119° apart are dis-
cussed. The proposed gamma of 2.75 1s examined to determine
whether or not & gives the best luminosity signal-to-noise ratio
The cfiect of applying gamma correction to each of the colors ts
analyzed.

While the tentative NTSC color signal 1s undergoing field
tests, it is advisable to examine this signal theoretically to
determine how it is affected by noise. Comparison with similar
systems should reveal the strong and weak points of the pro-
posed signal. In order to 1nake such an examination, quantita-
tive information is needed as to just how well the normal eye
18 able to perceive changes in brightness, chunges in live, and
changes in saturation. Fortunately, such data is available in
the form of Munsell!1 Value, Hue, and Chroma specifications.

When dealing with different types of color specificafions,
the concept of a coloi solid is often very helpful.3.4.5 Five dif-
ferent color solids are discussed in this paper, but they are all
of the general form shown in Fig. 1. The vertical axis is a
measure of brightness; the radial distance from this axis, sutura-
tion; and the ungular position on any plane, hue. Shape of the

*Research laboratorles, Westinghouse Electric Corp., East Pitisburgh

This paper was presented at the cichth Natlonal Electronics Conlr:r-.?nce ilin' C||)3:
cago. 11l.. December 29, 1952

'\ Munsell Book of Color, Munsell Color Company. 10 East Franklin St., Balt!mote
Maryland; 1929, :

‘A Color Notalion, 91h Edition, by A. H. Munsell, Munseil Color Company; [941.
SRS TR - Bn ot e 1 e 95
g Tl e
.l&;.\‘va'\(lgrru'ly";:'rlt"fl..sg;.,";('yl;’g.lMm"y' by Deane B. Judd. Wiley and Sons. Inc.,
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color solid and the units used for the three dimensions vary from
one solid to another. Fig. 2 shows a three-dimensional model
of one color solid.

Munsell Colors: [The three scales shown for the Munsell sys-
tem are intended to agree_as closely as;possible with a normal
observer’s perception of the three dimensions of the color solid.
Lightness differences that are equally perceptible are spaced
equally along the vertieal axis, and are measured as Munsell
Value.** Hue differences that are equally perceptible are
separated by uniform angles, and are specified as Munsell Hue.
Saturation steps are measured radially in uniformly perceptible
steps as Munselt Chroma. A typical color specification would
be 5 4/8, which is a Hue of 5R, a Value of 4, and a Chroma of
8. Dorothy Nickerson® has suggested that the Munsell Renota-
tion Values? be used to study systems that are based on the
CIE (ICE) system of colorimetry.

CIE Diagrams:The CIE or ICI diagram® isby now familiar to
color television engineers.? 0 If the spectral response of a sur-
face is known, the tristimulus values X, Y, and % can be ob-
tained. By multiplying points on the sample curve by corre-
sponding points of the standard IX| curve, Fig. 3, and integrat-
ing, X is obtained. Y and Z are obtained by using the curves
1Yl and IZ] in the same way. The sum of the tristimulus values
X, Y, and Z gives the color mass or color weight.

W=X+Y +12 (n

The quantity WV can be obtained directly by multiplying the
spectral curve of the sample by curve Wl shown in Fig. 3. It
will be noted that blue colors, or those with wavelengths near
445 millimicrons, have relatively low luminosity but high color
mass. Therefore, reflected energy in this region has littie effect
on brightness but a great effect on chromatieity. In the field of
color television, there seems to be some tendency to under-
estimate the importanee of blue.

**In this paper. when the words Value, Hue, and Chroma are capitalized, Mun-
sell Value, Munsell ilue, and Munsell throma‘are implied.

#'Munsell Renotations Used to Study Color Space of Hunter and Adams', by
Dorothy Nickerson, J. Opi. Soc. Am., vol. 40, No. 2, pp. 85-88; February, 1950.
Final Report of the OSA Subcotamittee on the Spacing of the Munsell Colors",
by S. M. Newhall, D. Nickerson, and D. B. Judd, J. Opi. Soc. Am., vol. 33, p.
385; 1943,

sHandbook of Colordmetry, Massachusetts Institute of Technology.

T'elevision Eugincering, by Donald G. Fink. McGraw-Hill Book Company, Inc..
New York, Chapter 8; 1952.

-Color Fundamentals for Television Engineers”, by Donald G. Fink. Electromies.
vol. 23, pp. 88-93. December 1950 vol. 24, pp. 78-83, January 1951; pp. 104-109.
February 195!.
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WHITE
FIG. 2. A MODEL OF JUDD'S MODIFIED HUNTER ALPHA-BETA COLOR SYSTEM

The trichromatic coeflicients are obtained by simply normal-
izing the tristimulus values as follows:

X Y 7
t= Y=g and 2 W @
Since x 4y +z=1, 3

it is customary to specify only x and y. In making additive
color mixtures, a plot of colors on an x, y chromaticity diagram
is very useful. By considering a weight proportional to the
color weight W at each color, the resulting ehromaticity of the
mixture can be found by simply ealeulating the center of gravity
of the system.

Response of the eye is not uniform in ditferent parts of the
diugram. Fig. 4A shows the Munsell colors plotted on the
chromaticity diagram for Value 5. Both Hue and Chroma
eontours are close together in the blue region and are spread aut
in the green. This means that the eye is able Lo detect chroma-
ticity changes in the blue more easily than in the green. Also.
on the left side and bottom of the diagram the Munsell colors
do not extend ull the way to the spectral locus, but only as far
as the maximum-demand contour.! At this specified bright-
ness level, it is theorotically impossible to obtain a reflecting
surface having a chromaticity outside this contour. As the
luminosity becomes greater, the demand curve becomes
smaller, Fig. 413, until at 'white it i3 ‘'only a point.

At least a dozen different transformations of the ICE dia-
grams have been made in attempts to obtain spacings that more
nearly correspond to the perceptibility of the eye.® These
transformations are of all sorts and complexities; some ure
linear liomogencous transformations.s®* and others are nol.
Soise wlmost succced in making the Munselt Chiroma loci con-
centric circles and in making the angulur separation of the
Muasell Hues uniform. Just how eomplicated a transfonna-
tion is justified for a particulsr color problem depends on the
way in which the traunsformed color solid is to be used. In
color television. the optimim color solid depends primarily on
two factors: the cfect of noise, and the complexity of the
receiver required to decode and present the color informution.

Color Transmission: Consider now the probleins of color tele-
vision, Basic requirements are that the information be pack-

"Maxdmum  Visual Efficlency of Colored Materiais”, by D. L. MacAdam,
4. 0pt. Soc, Am. 23, p. 361; 1938,

""Comparlson of Color Sysiems withTRespect to Uniform Visual Spacing™, by
Rabert W, Bumbam, J, (Ypll. Soc. Ami., vol. 39, No. 5, pp. 387-392; May, 1949,

February-Mareh, 1953

aged in such a way that it can be transmitted in the available
spectrum, that it can be received by present black-and-white
receivers, that it undergoes a minimum of damage from noise
in transmission. and that color receivers can use the received
information. The color information to be transmitted is three-
dimensional, so that three parameters are necessary. Some of
the possible combinations that specify a color completely are:

X X, Z Y, (X-Y), (Z-Y)
X z
& Y. -. =
Y.x. ¥y T
W, x, ¥ R.B. G
Y, S, 6y
where S = saturation

Oy = hue angle
R, B, G = red, blue, and green primaries.

Since the only information required at black-and-white receivers
is the luminosily signal Y, it would seem logical to modulate
the black-and-white carrier with Y or some function of it. It
has been found by experiment that a signal located 3.6 to 3.9
nmic. above the picture earrier is not noticeable on most black-
and-white receivers, particularly if the exact frequency is
chosen such that the intensity modulation cancels out on sue-
cessive pictures. Therefore, it has been proposed that chroma-
ticity information be applied to this color subcarrier. If both
sidebands of the subcarrier are transmitted, then the signal
can be modulated in amplitude and phase simultaneously so
that two independent types of information can be transmitted.
By utilizing the oscillating color sequence!d technique, one set
of sidebands ean be transmitted during one picture interval and
the other set during the next picture interval,

Tests have been made!! which imlicate that suflicient ehro-
maticity information can be conveyed if the color subcarrier
is modulated only at frequencies up to 1 me. Fig. 5A is a dia-
gram of the video wavelorm as various colors are transmitted
according to tentative N'TSC standards. Gamma was set at 1.

12“Color Television Systeis with Oscillating Color Sequence”. by B. D, Loughlin,
Report No. 7116-2, Hazeltine Corporation; May 7, 1951,

1" Requisite Color Bandwidth for Simultaneous Color-Television Systems'’,
by Knox Mcllwain, /RE Proceedings, vol. 40, No. 8, pp. 909-912.

FIG. 4B. SCALED CHROMATICITY DIAGRAMS FOR MUNSELL VALUES 1 TO 9
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The corresponding colors are shown in Fig. 5. All chiromatic-
ities are at maxinum saturation.

All the color systems discussed in this paper employ phase
modulation of the color subcarrier for hue transmission, and
amplitede modulation of the subcarrier for saturation trans-
mission. From the standpoint of noise, it is important to
know in precisely what manner the phase varies with hue, the
amplitude varies with saturation, and the DC level varies
with liminosity.

The Brightness Signal: Brightness or luminosity transmission
will be considered first. Let it be assumed that the transmitting
equipment is capable of transmitting any function of Y, and
that the rceeiver is capable of decoding this and reproducing
the original Y values on the pieture tube. If noise were not
important, then it would be logieal to transmit the funetion of
Y that could be most easily decoded. For example, il'receiver
circuits were all linear, except for the picture tube which had
a gamma of 2.75, then it would be sensible lo transmit Y275,
Unfortunately, this is not the optimun: characteristic for best
performance with noise.

If it were desired to transmit ten brightness levels with
noise noticeable equally at any level, ten brightnesses separated
by intervals that are equally preceptible to the eye would be
chosen. Those brightnesses should correspond to ten equally-
spaced!® modulation voltage levels. 'I'his assumes a large signal-
to-noise ratio. The problem then, reduces to that of determin-
ing the function of luminosity, f(Y), whiclh approximales the
response curve of the normal eve in the range of brightnesses

Em  39-MC.REFERENCE

to show how well this approaches an ideal straight line. Since
the slope of this curve is nearly constant from gray to white,
noise should be noticeable equally well throughout this region.
In the very dark region the slope of the curve is large, so that
noise should be less noticeable in that range.

For any function of Y, a comparison of the effects of noise
at two brightness tevels A and B can be obtained by com-
paring the slopes of the curves at the two points.

slope at A )?

_slope at B )

db difference = 10 log (
R. 8. Huntert gives an expression thal approximates the
ideal Value curve rather well:

1Y% 51 (20 -+ 20Y) ,
10~ Y a4 20y ©)
This is plotted in Fig. 6. Although it provides excellent cor-
rection, it might be more difficult to use in color receivers than
a simple exponential gamma correction.
Even though a gamma of 2.75 is not as good as 2.34 from the
standpoint of noise, it may be close enough to the ideal curve
to be acceptable.

Munscll Chromaticity: The relative importance and frequen-
cy of occurrence of the different colors has a bearing on the best
way lo transmit the chromaticity signal. Probably the colors of
skin complexions are of most importance. Colors of low satura-
tion are more common than thosc of high saturation; in fact,

~SIGNAL
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reproducible by a TV screen. Considerable study and experi-
mentation? !¢ has been done in an effort to obtain an ideal value
scale., ‘The Munsell Value scale is one result. Value is defined
as the brilliance of the colors of a series of standards, varying
in reflectance from zero to unity, in such a way that all the
visual intervals are umform. Munsell Value, V, is shown in
Fig. 6 plotted as a function of Y. The curve does not obey any
simple exponential or logarithmic law. An approximation is:

Y = 1.2219V — 0.23111V2 + 23951V — 0.021009V*
+ 0.008404V* (4)

If it be assumed that a simple exponential relation is cesir-
able for television, then it is obvious that YV234, Fig, 6, gives
a good approximation to the ideal straight line except at the
lower end, near black. The curve YY275 has been plotted alsa

SFrequency Analysis, Modulation, and Noise, by 8. F. Goldman, McGraw-Hill
Book Company, Inc., New York, Chapter VI; 1948.

le*Neutral Value Scales I, Munsell Neutral Value Scale”, by A, E, O. Munse="
L. L. Sloan, and I. H. Godlove, /. Opi. Soc. Am. 23, p. 394; 1933,
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some colors near the maximum demand contours occur very
rarely. It is probably safe to assume that all Hues are equally
important and that they occur with equal frequency.

If it is assumed that alt the Munsell colors are equally impor-
tant, that they all ocenr equally often, and that noise should
be equally perceptible for all colors. then the Munsell color
system could, theoretically, be transmitted. That is, the aver-
age video level over .25 microsecond or more would be propor-
tional to Munsell Value, the pliase angle of the color subearrier
at 3.9 me. would be proportional to Munsell Hue, and the ampli-
tude of the color subcarrier would be proportional to Munsell
Chroma. The modulation voltage might then he

En = M, + M, sin (wt + 3.6 My) (7)
where E, is the modulation potential
M, is the Munsell Value

M. is Munsell Cliroma
M, is Munsell Hue (1 to 100)

TV & Rabpio ExcINEERING
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If the bandwidth of the chromaticity signal were a quarter
of that of the luminosity signal. the RMS noise would be only
half as much. Thus, the signal could be

Emn = My + .5 M, sin (wt + 3.6 Mpy) (8)

With such a signal, the noise in hue and brightness would be
about equally noticeable, and chroma noise would be slightly
less!?.18, ahout 1 db. At all brightness levels, noise would be
equally perceptible; at all hues, noise would be equally percep-
tible; and at all saturations, noise would be equally perceptible.

It would probably be rather difticult to code color informa-
tion into 1his form’ at the transmitter and to decode it into a
usable form at the’receiver. Also, it would not be practical to
use a color subcarrier of such large amplitude because the
modulation would extend too far below the white level, pro-
dueing negative modulation.

CIE Chromaticity: The possibility of transmitting CIE chro-
maticity information alone on the color subcarrier has been
suggested. Such a signal might be of the form

E, = YVY 4 k (x sin wt + y cos wt) (9)

where + is the gamma used for the brightness
k is a constant
x and y are trichromatic coetlicients

w is 2 times the frequency of the color subearrier.

'"""Colorimetry”, by Deane D. Judd, National Bureau of Standards Circular
478; March 1, 1950.

1#'Color Television Specification’, by D. Nickerson‘and K. F. Stultz, J. Opt. Soc.
Am. 34,'p, 550; 1944,
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However, since x and y are always positive, the color sub-
carrier always lies in the first quadrant. A better system is
obtained by translating the origin of the coordinate system
to white, Illuminant C. The signalisthen

En =YY £ k[ (x — .310) sinwt + (y — .314) cos wt | (i0)

Means for generating such a signal at the transmitter and using
it at the receiver liave been worked out.” A unique advantage
of this method is that the luminosity and chromatieity com-
ponents are completely independent. The signal disappears at
white, and is relatively small at high luminosities because of
the small area of thie demand contour. At very low luminosities,
on the other hand, the ehromaticity signal for saturated colors
is large, and the signal would extend into the blanking and syne
regions. Chromaticity noise is less noticeable in dark regions
than in light, because the eyve is less able to detect chromatieity
changes at low luminosities than at high luminosities. This is
evident by comparing Munscll plots of low and high-Value
colors, Fig. 4B.

The chromaticity signal can be made to decrease with de-
creasing luminosity by multiplying it by some function of
luminosity. Forexample, suppose the signal

Ep = YV234 4 15YV23¢ [(x — 810) sinwt + (y — 3.16)
cos wt] an

were transmitted. The constant in front of the chiromaticity
term was chosen such that the amplitude of the chromatieity
signal is within reasonable limits. Fig. 7 shows how various
Munsell colors are transmitted. All the colors at five dif-

BNew Television Systems, by C. 1. Jones, thesis for M.S. degree, Untversity of
Pittsburgh; 1951.
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FIG. 7. DIAGRAMS OF COLOR SIGNALS TRANSMITTED IN ACCORDANCE WITH EQUATION 11. PLOTS ARE DRAWN FOR VALUES 1, 3, 5,7, AND 9

February-March, 1953
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ferent brightness levels are illustrated. The amplitude and
phase of any color can be found simply by drawing a vector
from the center of the appropriate diagram to the color. Swing-
ing this vector downward, it is casy to determine if the 3.9-mc.
modulation would extend below the white level and, if so, by
how much, Similarly, swinging the vector so that it points
upward reveals whether or not the modulation would extend
above the black level, and by how much.

Hunter’s Alpha-Beta Diagram: The possibility of transmit-
ting a transformed version of the ICI system should be ex-
amined. The general aim of such transformation’? is to make the
Munsell Cliroma loci approach more closely a set of concentric
circles, and to make the Munsell Hues have equal angular
separations.

Dr. D. B. Judd has developed a three-dimensional figure
to represent colors and to serve as a guide for estimating the
perceptibility of color differences.®!? A slightly modified form
of this color solid could he used as a basis for transmitting a
compatible color television signal. For a signal of the form

En = YV23 4+ 23 YVt (asinwt + 8 cos wl), (12)

the chromaticity portion inside the brackets is multiplied by
the fourth root of Y. This has been done to make the diameter
of the Munsell Clhiroma loci remain about constant as brightness
varies from white to black.

The part of the signal inside the brackets represents the
alpha-beta diagram developed by Hunter.2.2.22 These co-

*'Multipurpose Photoelectric Reflectometer”, by R. S. Huster, J. R, )
28, p. 581; 1940, RP1345; also J. 091, Soc. Am. 30, p, 536, 1og0, L eiarch NBS
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ordinates, Fig. 8, are related to the standard CIE chrom-
aticity coordinates by the formulas:
2427 — 1363y — 0.321

©1.000x + 2.236y + 1.105

0.571x + 1.245y — 0.571

# = 1.000x + 2,268y + 1.105

(13)

(14)

These signals could be obtained by using three color cameras
with Hunter amber, green, and blue filters, and a matrix, since

A -G 5
A4 B ()
0.4 (G — B) .
A+2 +B (16)

where A, G, and 3 are the outputs of the amber, green, and
blue cameras respectively.

NTSC Tentative Standards: Color field test specifications
were released by the National Television Systems Commitlee on
November 26, 1951.2* The video voltage specified was

S — v - 1 PNy o Mo\
E.=Y rl.]4|:].78(EB Y') sinwt + (E'r - Y')

sin (wt 2= 9()°):l =Y 4 8§ sin wt & C’ cos wt (17)

The symbols 8’ and C’ are used to denote the coefficients of the
sine and cosine portions of the signal.
The luminesity part is defined by the equation

Y’ = 0.59E'c + 0.30E’g + 0.11E’g, (18)
and the other terms are defined by these equations:

E'g = EgV/215 = (‘Q]Q\VG)\/Z.‘IS

= (~0.985X + 2.00Y — 0.028Z)./2.75 (19
E'x = Eg/27 = (1.103Wg)V/2.75

= (1.908X — 0.531Y — 0.288Z)1/275 (20)
E'g = EgV215 = (.699Wy)l/2.75

= (0.058X — 0.118Y + 0.8967Z)v/275 (21)

The chromaticities of the three primaries ure plotted in Fig. 4A.
In order to examine more closely the transmitted signal, the

n*Photoelectric Tristimulus Colerimetry with Three Filters”, by R. 5. Hunter,
NRBS Circuiar C429; July 30, 1942,

1A Proposed Method of Designating Color”, by F. Scofield, I. B. Judd, and
R, S. Hunter, AST ) Builetin, p. 19; May 1941,

BNational Television System Committee, Panel 13, Color Video Standards,
""Report of Panel Actions”; 1951.
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AMPLITUDE AND PHASE OF COLOR SUBCARRIER FOR VARIOUS COLORS AT VALUES 5, 7, AND 9, UNDER TENTATIVE NTSC SPECS
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expression given in Equation 17 wus evaluated for Munsell
colors at various Values by taking X, Y, and Z values from a
table,” and performing the indicated operations. The ampli
tude and phase of the color sub:carrier are shown for Values
1.9, 3, 7. and 0 in Figures 8A, 8B, 8C, 9D, and 9E. Constant
Chroma and constunt Hue loci have been plotted. The points
marked were simply the calculuted points, and have no special
sgnificince.

Equation 17 cin be written in slightly different form:

Bw = Y 4 S593E’G sin (wt + 119.4%)
+ .892E'y sin (wl + 103.6°) (22)
4 AD0E’p sin (wt + 12.4°%)

which, in terms of color weights of the primaries, becomes

En = Y 4 035WgV/2ts 5in (wt + 119.4°)
+ B85WgV1T5 sin {wt 4+ 103.6%) (23)
+ SMW V215 i (wt + 12.4%)

If & color lies outside the triangle formed by the primaries.
then Wg, Wy, or Wy will be negative. From Equation 23 it
w evident that « negative quantity raised to the 1./2.75 power
cannot be transinitted. A comparison of Figs. 4A and 9C illus-
frates this.

Since many colors near the maximum demand locus! seldom
occur in practice, this limitation is not too serious. Examina-
tion of Fig. # reveals that the Chroma loci are not ideal circles,
although at very low saturation levels they are reasonably
round. As the saturation increases, the circles hecome more
distorted until, near maximum saturation. many Chroma loci
are almost parallel to the Hue loci. The diameters of Chroma?
circles are about the same for all Values, and other Chroma loci
also remain aboui the same size at different brightness levels.

TABLE 1
AMitarobE or Y' roR SaturatED CoLors

MunseLs MonseLt MunseLL MuUNsELL MuNseLL

Colon VALUE | VALUE 3 VALUES VALUE7 VALUE 9
White ,200 4970 554 736 916
NTSC Blue 048 050 A8
Cyan 180 05 440 5814
N'ISC Greenr 144 205 402 527
Yellow 188 345 516 085 Big
NTSC Red  .004 A72 258
Magenta 122 209 312

0

e = m

FIG. 8. DIAGRAM OF HUNTER'S ALPHA.BETA COLOR DESIGNATION SYSTEM

From the standpoint of noise performance. this is good. The
spacing between Chromu circles is reasonably uniform. although
it tends to become greater at high saturations. This is unfortu-
nate, because high saturations are transmitted less frequently
than low saturations.

For Hue loci, consider the Value 5 dizsgram in Fig. 9C. If
thie 20 Hues shown were spaced at equal angles, then the separa-
tion between adjacent Hues would be 18°. The angular sepa-
rution between B35 and 10BG at Chromas up to 6 is about 9°.
This means that the effect of noise 1s 6 db worse than it would be
with uniform angular spacing. At high Chromas the angular
separation 18 as 0w as 5.5° in some regions. so that noise 1s
10 db worse than ideal. Of course. there are regions where the
angular separntions are quite large. and noise in those regions
has little effect on hue.

The equations shown in Fig. 9F indicate an average level of
Y275 ruther than Y’. For all shades of gray along the neutral
axis, the two quantities are equal. At all colors of low satura-
tion the two are almost equal®'; Y' is a little less than YV =75,
At high saturations. however, there can be considerable dif-
ferences bet ween the two. as shown in Table 1.

Modified NTSC Signal: The distorted shape of the NTSC
color solid 13 determined in considerable measure by the way in

1“*Gamma Correction in Constant-Luminance Color Television Systems®”, by
S. Appicbaum, & paper preschited &t the 1953 1RE Convention. New York,

L ANKING
____.Puvn e ——

8
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€t VLI = [T;i (€q = Y) sinwr + (Ea-Y) sin (wre 90')]

FIG. 99, THE DIAGRAMS OF FIGS., 9A TO 98 TRANSFERRED TO A THANSMITIER MODULATION CHART, NO OVERMODULATION 13 POSSISLE
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which the gamma is applied to the chromaticity portion of the
signal. Suppose that Equation 17 is rewritten, assuming a
gamma of 1 applied to the color part of the signal and a gamoma
of 2.84 applied to luminosity:

1 1 :
l.ll-l:l.78 (Eg — Y) sin wt

+ (Er ~ Y) sin (wt = 90“)] s (24)

‘m Y284 4

which can be written as 13
E, = Y23 4 l.67|:.030 (7 — 1.18Y) sin

(wt 3 30%) + (X — .98Y) sin (wt = ssf)] (25)
or

Ep = Y234 4 l.67Y[.30 (‘Z, ~ 1.18) sin

(wt = 80°) + .: — .08) sin (wt :1:89°)] (26)

Note that the terms inside the brackets contain only chroma-
ticity information. A plot of the Munsell colors using this
equation reveals that half the Hues are squeezed into two 60°
sectors, while the other half are in the other two 120° sectors.
Therefore, the phase of one term should be shifted 29° with
respect.to the other in order to improve the angular spacing of
the Munsell Hues. The amplitude of the first terms are thereby
slightly increased, also, which makes the Chroma eircles more
nearly round. This yields:

E, = YV231 4 le-l /3 (: — 1.18) sin wt
+ (; - 0.98) sin (0t + 90°)] , @D

where k is an arbitrary constant.

Such signal is very similar to one suggested by F. J. Bingleys
some time ago. If Munsell colors are plotted on a color solid
based on this equation, it is found that the Chroma circles
for low brightness are smaller than the same Chroma plots

% MODULATION {SYNC PEAKS +100%)

for high brightness. This situation ean be remedied by ap-
plying an exponent to the Y coefficient of the term in brackets,
which does not distort the chromaticity diagram at all. The
modulation signal would then be

E, = Y/t +.56Yt/2-u|:1 /8 (5 — 1.18) sin wt =|=(§ — .98)

coswt | = YV234 4 Ssin wt 4 C coswt (28)

where S and C are simply the coefficients of the sine and cosine
portions of the signal. The constant 0.56 was chosen rather
arbitrarily to make the diameter of the Chroma circles, Fig.
10, roughty the same as those in Fig. 9F. Provided that colors
more saturated than the NTSC primaries need not be trans-
mitted, this constant can be increased by 50%. Even then
the modulation does not go as low as zero nor as high as blank-
ing level. A 3.5-db improvement in chromaticity signal-to-
noise ratio can be realized. Plots of the Munsell colors for
transmitting this sort of a color system are shown in Fig. 10.
It is evident that the spacing of the Hue angles is quite uniform.
As illustrated in Fig. 6,

S1Y (21 + 20Y)

Y234 ~ =
(r + 20Y)

(29)

so that Equation 28 hears a close resemblance to the Hunter
alpha-beta color solid.

Conclusions: The present NTSC proposed system is a fairly
good one from the standpoint of noise effects on brightness
and chromaticity. The signal-to-noise ratio for brightness
would be improved slightly by employing a gamma a little
lower than 2.75. The chromaticity signal-to-noise ratio can
be improved appreciably by adjusting the amplitude and phase
of the three color components, and by applying the gamma to
the Y coefficient of the chromaticity part of the signal rather
than to the individual parts of the chromaticity expression.
This would also permit transmission of a wider range of colors,
and would remove the limitation on primaries for use at the
receivers.

The author wishes to thank L. Johnson and C. Carpenter for
their calculations to obtain data for the figures and table.

P
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FIG. 10. PLOTS OF MUNSELL COLORS FOR 5 VALUES USING A MODIFIED VERSION OF THE NTSC COLOR SPECIFICATION
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Report on Spurious Radiations

A RESUME OF INDUSTRY PROGRESS AND PROJECTED PLANS FOR REDUCTION
OF SPURIOUS RADIATIONS FROM FM AND TV RECEIVERS AND TRANSMITTERS

N industry-wide meeting on the problems of spurious
radiations from FM and TV receivers and transmitters
was held at the Hotel Biltmore, New York City, on January
9, 1953. The meeting was called by Dr. W, R, G. Baker, di-
rector of RTMA’s Engineering Department. Members and
non-members of RTMA in the radio and television industry
were mvited, and the Joint Technical Advisory Committee.
Genesis of the meeting was a letter from the FCC to JTAC,
requesting that body to study the problem of interference from
spurious radiation, which information the FCC would use in
determining methods and limiting values for its regulatory
functions. Ralph Bown of JTAC then wrote to Dr. Baker,
asking for information on RTMA views concerning the prac-
tieal problems of the spurious-radiation situation, and any
operating or proposed plans for establishing standards and
performance limits to keep interference from spurious radia-
tions within “sound engineering bounds.” The January 9 meet-
ing was called in order to review what has beeu done by the in-
dustry since initiation of the 41.25-me. IF standard. determin-
ing the progress to date; to impress on the industry the serious-
ness of the problem and its own responsibility; and to appoint
task forces on transmitters and receivers to guide future
progress.

Standard IF Frequency: 1. J. Kaar, chairman of RTMA
Receiver Committee R4, gave a brief talk on the work of his
committee witl regard to the standard television IF. He re-
viewed the history of the old standard IF, 21.25 to 21.9 mec.,
which was not entirely satisfactory. When the FM band was
moved to its present range, consideration wus given to the
40-me. band for a new television IF. In 1949, the RTMA
adopted 41.25 me. for the sound IF as a new standard. Experi-
ence has shown, said Mr. Kaar, that this is a hetter choice
than the old standard. Manufacturing costs are about the
same. Interference to TV receivers using the new IF. however.
can be caused by high-power state police transmitters. This
fact, in addition to natural reluctance to discard a debugged
design, has prevented the adoption of the new IF by some
manufacturers.

Oscillator radiation from sets using a 41.25-me. IF can in-
terfere with FM hroadecasting, some air services. amateurs.
and some government bands. However, no IF choice can
eliminate all interference if local oscillators are permitted to
radiate Yo an unreasonable extent, Mr. Kaar pointed out. The
proper solution to the interference problem lies in 1) limiting
oscillator radiation as much as is practical, and 2) insuring
that services interferred with use reasonably adequate trans-
mitter power.

Progress Since 1950: Chairman L. M. Clement of the
RTMA Receiver Executive Committec reported on previous
spurious-radiation recommendations and the degree to which
they have been followed.

On Sept. 12 and Nov. 19, 1950, meetings of FCC and RTMA
personnel were arranged as the result of a proven case of
FM receiver radiation interference with an air VOR sys-
tem in Indiana. A resolution was adopted which stipulated
the following linits on radiation effective June 30, 1951:

FM — 50 microvolts/ineter at 100 ft.
TV, Channels 2-6 — 50 microvolts/meter at 100 ft.
TV, Channels 7-13 — 150 microvolts/meter at 100 ft.

February-March, 1953

An IRE subcommittec has set up standards for such ineas-
urements.

Subsequent tests showed that these limits were adequate for
protection to VOR systems, which operate sometimes with
signal levels of 1 microvolt/meter.

A report of progress made by manufacturers toward meeting
the RTMA recommendations, which was sent to the FCC on
Oct. 7, 1952, showed the following figures:

TV Cuanners 2-6 TV 7-13 FM
WwWimiy  Qursine
Liviers Listies In Ovur In Our
1950 Sets ? 23 1 24
1951 Sets 20 5 18 7 Q2 17
1952 Sets 23 4 19 8 12 ?

At about the sanie time, the FCC sent a letter to RTMA ex-
pressing concern about increasing evidence of problems arising
from oscillator and sweep-circuit radiation from VHF and
UHF receivers and converters, and receiver spurious responses.
The letter emphasized again the importance of adequate
spurious-radiation suppression, and the use of the standard IF.
UHF oscillator radiation was discussed at a meeting of the
RTMA Committee on Radio Interference on Oct. 20, 1952.
and limits of 500 microvolts/meter at 100 ft. were proposed
for all UHF-TV equipments. Radiation from typical UHF
units is considerably in excess of that value at the present
time. as the following table shows:

UHF OsciLLator Rapiation
Microvorrs/MeteEr AT 100 Fr.
AVERAGE DMAXIMUM

Converter 1 B20 1,290
2 550 0980

3 600 9200

4 1,180 1,400

5 5,000 9,500

[ 500 820

il 760 1,490

8 2,180 4,400

9 3,200 6,270

10 1,900 2.560

Receiver 1 2,500 6.000
2 360 G615

3 2,750 6.270

4 1,310 2.260

Tuner 1 1,800 1.600

A continuous program of checking on performance is planned.
At the same meeting, interference from high-power state
police transmitters was discussed. Interference is serious now
in some areas, and it is expected that more trouble will he
expertenced as new TV stations begin operation, There are
authorized presently some 46 five-kw. police transmitters, 5
ten-kw. transmitters, and 10 one-kw. transmitters, in 12 states.
It is for this reason primarily that some manufacturers have
been reluctant to employ the 41.25-me. IF. Of 34 manufac-
turers replying to a questionnaire, 17 used the old IF in all
1952 receivers, 8 used the new IF in some 1952 receivers, and

9 used the new IF in all sets produced late in 1952.
Twenty-seven expect to use the new IF in 1053 sets. Of the
17 major manufacturers, 4 used the old IF in all 1952 sets.
Concluded on page 36
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\ M Staging a Closed - Circuit

Televised Plant Tour

HOW CLOSED-CIRCUIT TV SAVED TIME AT A
STOCKHOLDERS MEETING—By L. W. BIDWELL*

OST owners of television receivers are quite aware of the

great potentialities of TV broadcasting for entertainment
and education. It is common knowledge also that this medium
has affected profoundly the American living pattern. Less well-
known, however, is the fact that non-broadcast or closed-circuit
television can provide services just as valuable and significant
to our way of life. The field of potential applications is so
broad that it can be encompassed only by the most general
descriptive terms, i.e, wherever efliciency would be increased
by some means to display a scene or event lo many persons
at one time, or to show an event oceurring at some inconven-
ient of dangerous location. Closed-circuit systems are being
used now in many industrial and research applications, and
more uses are being found every day. A typical application
of this equipment was the recent televised plant tour for a
stockholders’ meeting at the Foote Mineral Company in Ex-
ton, Pennsylvania. Because many unusual problems had to
be solved for this project, it is described and shown in the
photographs on these pages.

Plan of Operation: The physical layout of the Exton factory
is diagrammed in Fig. 1. Four separate plants and the ecafe-

Camden, New Jersey

"Press Division,

RCA Victor

FIG. 4. L. G. BLISS, AT THE COMMENTATOR’S DESK, PROVIDED CONTINUITY
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teria, where the stockholders’ meeting was held, streteh out
over an area of Bl acres. Since there were over 250 at the
ineeting, it would have been a gigantic task to conduct the
entire group on a tour through the factory. Instead, a closed-
circuit TV system was set up to show the stockholders new
facilities and key operations at widely-separated locations by
means of television sets placed at strategic points in the cafe-
teria.

The idea of the TV tour originated with Robert Drake,
Foote's advertising manager, who saw RCA’s see-yourself tele-
vision demonstration at the 23rd Exposition of the Chemical
Industries in New York. He discussed the possibilities with
Richard Hooper. manager of the Shows and Exhibits Division
of RCA Victor's Public Relations Department, and Douglas
Deakins, of Mr. Hooper’s staff. Detailed plans. eharts, and
seript were then worked out by Messrs. Drake, Deakins, and
Otto Renner, Jr., of Renner Advertisers, who handle the Foote
account. Television, they reasoned, would obviate the expen-
diture of effort, the inevitable confusion, and the inconven-
ience involved in taking a large body of people over long
treks through the plant from one key installation to another.
As it turned out, it also afforded the stockholders a clearer
and more concise picture of the operation of their company
than they could have obtained by making a physical tour.

TV & Rapio ExcINEERING
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FIG. 3. FILM OF NORTH CAROLINA PLANT WAS INTEGRATED INTO PROGRAM

Four image orthicon ‘field cameras, twelve 17-inch home-
type receivers, 1,800 [t. of 2i-conductor camera cable, 1,200 ft.
of microphone line, a TV film camera chain consisting of a 16-
mm. film projector and an iconoscope film-pickup TV camera,
and field equipment required for a complete control and moni-
toring station, were used on the project. Total value of the in-
stallation was more than $80,000.

Ten receivers were mounted on stands abont 6 ft. high and
lined up around three sides of the meeting room, and the other
two were placed in an adjoining coatroom to take care of the
overflow audience. The field cameras were set up in four
strategic locations. Fig. 1. and a carefully charted plan of
movement, integrated with the seript and bound to precision
timing, permitied coverage of seven plant locations without
interruption of the show.

The power supply, monitor and control units for each
camera, a switcher and fader with its own power supply, and
a syne generator were installed in the zirconium processing
plant building, near the cafeteria. This is shown in Fig. 2.
Also located in this building were the TV film camera chain,
Fig. 8, and the narrator’s desk, Fig. 4, which was covered hy
one of the field enmeras. From this point L. G. Bliss, Foote’s
vice president in charge of sales, supplied the commeniary
and introductions that tied together the remote pickups mak-
ing up the show.

The equipment installation and the staging were handled
by a crew of eight, including six RCA Service Company en-
gineers led by Frank Helgeson, and two members of the RCA
Victor shows and exliibits group — Mr. Deakins, as producer,
and G. E. Ryan, his assistant. Members of this group have
pioneered new applications of television and demonstrated the
medium throughout the United States and in many foreign
countries.

FIG. 7. ONE OF THE OUTDOOR SCENES, BEING COVERED BY TWO CAMERAS

February-March, 1953

Special Problems: Chiei problems encountered in the Foote
project, Mr. Helgeson said, were the necessity for stringing
a total of about 3,000 ft. of cable and microphone line, most
of it overhead; split-second liming of camera movements,
which meant shutting down a camera. moving it to a new
location, and putting it back in operation without the cus-
tomary allowance for warm-up time; and quick shifts from
indoor to outdoor light levels, and vice versa, with little time
for camera adjustment.

Nothing could be done about warm-up time, but the prob-
lemn caused more worry than difficulty, since all four cameras
performed extremely well without it. The problem of com-
pensation for varying light levels was met by supplementing
quick lens adjustments with electrical cowpensation. A
camera operating in one of the plant buildings with the len

sl R R [ e S

FIG. 5, ABOVE: CAMERAS WERE MOVED BY TRUCK WITH A HYDRAULIC LIFT

FIG. 6, BELOW: ROBERT DRAKE, FOOTE ADV. MGR., DESCRIBING ORE PROCESS

adjusted to f:5.6, for example, would be moved hastily to
an outdoor location and stopped down to £:22. VWhen this
was found insuflicient, the control eperator would compensate
{pr excessive highlights by adjusting the target voltage.

Target voltage adjustment was acconplished at the control
station il it was observed that objectionable highlights per-
sisted in the monitor image after the lens adjustment had
been made. In such instances, the operator at the camera
control would adjust the target voltage toward cutoff unti
the highlights were reduced satisfactorily. The effect of this
measure was 10 reduce the flow of electrons away from the
target in the pickup tube, thus reducing the intensity of the
charge pattern on the target and, in turn, limiting the modula
tion of the beam which generates the signal

It was pointed out that target voltage adjustment for such

Continued on page 38
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PATTERN FOR TV PROFIT

PART 6—MICROWAVE EQUIPMENTS FOR NETWORK HOOKUPS, MOBILE PICKUPS,
STUDIO-TRANSMITTER LINKS, AND OTHER POINT-TO-POINT APPLICATIONS

By Roy F. Allison, in collaboration with A. B. Chamberlain, Rodney D.
Chipp, Raymond F. Guy, Thomas E. Howard, and Frank L. Marx*

ATELEVISION station manager may
be confronted with any or all of 4
operating problems which make neces-
sary the transmission of program ma-
terial over relatively long distances out-
side the studio or transmitter building.
First, it is probable that interconnection
is desired between the nearest network
access point and the station master con-
trol. Second, where studios are located
in widely-separated buildings, some spe-
cial means must be provided to bring the
remote studio originations to master con-
trol. Third, wherever mobile pickup
units are used by the station, their pro-
gram originations must be sent to the
master-control point.  Finally, if the
transmitter is not at the same location as
the master control, the two must be
interconnected.

Facilities for such interconnections may
be installed and operated by the station,
the AT&T Long Lines Department, or
the local telephone company, depending
on a number of circumstances. Although
the telephone companies may find it
*Collaborators are, respeciively; Chief Engineer,

CBS Television, New York: Director of En-
gineering, DuMont Televlsion Network, New

York; Manager, Radio and Allocations Engineer
ing, NBC, New York: Chief Engineer, WPIX,
New York: and Vice President in charge of En
gineering, ABC, New York
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'lG 1. MOTOROLA MICROWAVE REPEATER TOWER. FIG. 2.

advisable to use either coaxial cable or
point-to-point radio links, the private
operator does not, in general, have this
choice. He is restricted by practical con-
siderations to microwave radio equip-
ment. This fact, combined with the eir-
cumstances involved in each application,
determines the best solution to each in-
terconnection problem.

Network Connections: Most eonnec-
tions to intercity network lines are in-
stalled and operated by the telephone
company concerned, although some sta-
tions do operate private facilities. Cost is
a major consideration here, particularly
when the station is situated at some dis-
tance from an available AT&T terminal
or relay station.

When making negotiations with a net-
work (or networks) the station may
deciddle to install its own link to the
nearest city served by the AT&T system,
whieh involves an appreciable expendi-
ture on its part but which has long-term
advaniages. Alternatively, the network
may arrange for the connection, dealing
with the loeal telephone company or, if
an intereity link is required, with AT&T.
Terms of agreement between the net-
work and the station may vary according

www americanradiohistorv com

DUMONT LINK EQUIPMENT FOR FIXED INSTALLATIONS.

to the market served by the station, by
its competition, and other local factors.

Remote Studios: Especially at the
larger stations, and those which originate
network programs, one or more perma-
nent studios may be required in addition
to those available at the main studio and
control building. In New York, for in-
stance, the networks have taken over
several theatres for large-scale TV pro-
ductions. Such remote studios can be
connected to the master-control head-
«quarters by lines leased from the local
telephone company or by private short-
lop microwave ecircuits installed per-
manently. The choice is dependent on
long-range plans for the remote studio,
hy the availability of line-of-sight paths
between such studios and control-center
buildings, by the time of availability of
coaxial lines, and other economic factors.

Mobile Pickups: Remote pickups using
field equipment are usually of great pro-
gramming value, and are extremely im-
portant to the successful operation of
even small stations. As was pointed out
previously, however, extra operating per-
sonnel. equipment, and maintenance

costs are involved.

FIG. 3. FEDERAL MICROWAVE RECEIVER
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Many scheduled events of local inter-
est can be covered by remote-pickup
equipment without a mobile microwave
link, since the telephone company can
often provide the required facilities if
they are requested far enough in ad-
vance. However, for on-the-spot news
covernge, pickup of events requiring
camera mobility, and for general flexi-
bility and versatility, microwave equip-
ment is invaluable. Probably the most
important advantage of the portable
radio link is the mobility it provides, per-
mitting pickups from anywhere within
its operating range that the TV field
equipment can be carried on short notice.

Whenever it is possible to do so, the
site of the proposed remote pickup
should be tested before the broadcast to
determine that satisfactory operation of
the link can be obtained. Also, as will
be explained later, relay link equipment
may or may not be capable of handling
the audio part of a pickup. 1f it is not,
atrangements must be made with the
telephone company to obtain a telephone
line for the audio. This can usually be
made available with much less delay
than a coaxial line, of course. Preliminary
planning and survey work is always ad-
visable when the time is available for it,
in order to avoid unforeseen difficulties.

Studio-Transmitter Links: As with
other point-to-point connections, this
service can be handled privately or by the
local telephone company. Basis of the
choice seeins to consist primarily of the
relative desirabilty of a large initial ex-
penditure and the mainlenance of a
private link or a long term of line-charge
payments.

Link Equipment: Because it is quite
likely that a station will require at least
one microwave link circuit in its daily
operation, descriptions of the equip-
ments available for these applications
are given in the following section.

FCC frequeney allocations whieh be-
came effective July 1, 1949, provide 3

FIG. 5. TWO VIEWS OF A MOTOROLA 7,000.MC. TRANSMITTER-RECEIVER-ANTENNA COMBINATION UNIT

specific operating ranges for TV remote-
pickup and studio-transmitter links.
They consist of the following frequency
bands:

1,996 to 2,110 mec.

6,875 to 7,125 me.

12,700 to 13,200 me.

Commereial equipments are available
which operate in the lowest two bands.
All ulilize frequency modulation of the
carrier, and klystron tubes in the trans-
mitter output stage. All except one are
designed for either mobile or fixed appli-
cation, and all can be used in multi-hop
applications; that is, where the distance
to be covered is too great for a direct
transmitter-to-receiver path, additional
units can be used as intermediate re-
peater stalions.
The links are used with parabolic re-

flector antennas which provide extremely
high power gains. The actual power

from the transmitter in the 2,000-me.
band may be from 5 to 10 watts. At
these frequencies, the gain obtainable
from a t-ft. parabola is 25 db; from a 6-ft,
parabola, 29 db. Since these antennas
are normally used at both receiving and
transmitling locutions, the effective radi-
ated power is at least 500,000 watts if
the two antennas are aimed precisely al
one another! Thus, distances up lo 43
miles may be covered by these equip-
ments.

There is a distinct disadvantage to
such high power gains in that the an-
tennas must be aimed with great
accuracy, because the radiated beams are
so narrow. For that reason, separate
voice comnunication chaunels must be
provided on remote pickups so that the
operator at the transmitter end of the
link can adjust his antenna for maximum
signal strength at the receiver, in accord-

FIG. 4. SUBCARRIER TRANSMITTER AND RECEIVER UNITS PERMIT SUPERIMPOSITION OF AN AUDIO SIGNAL ON A STANDARD VIDEQ MICROWAVE CHANNEL
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ance with instruetions from the receiver
operator. Antenna mountings must be
easily and precisely adjustable over wide
ranges in order that aiming can be ac-
comnplished quickly and smoothly. When
the receiving antenna is mounted in an
inaccessible location, such as on the sta-
tion transmitting antenna lower, a re-
mote posilioning device must be utilized.
Four-ft. parabolas are ordinarily used on
mobile installations. The 6-ft. models
hiave considerably more gain, bul are
much heavier, more unwieldy, and have
narrower beams, so that aiming is a good
deal more difficult.

The preceding considerations point up
the desirability of making preliminary
surveys at siles of proposed mobile pick-
ups, wherever possible. With equipment
for the 7,000-me. band, transmitter out-
puts are lower and antenna gains even
higher.

Where direct line-of-sight paths are
not available, it is often practical to use
lowers on permanent or semi-permanent
mstallations for repeater or terminal sta-
Lions. The towers may be large enough
lo mount the equipment at the top, or
passive 5° reflector antennas can be em-
ployed, as in Fig. 1. The transmitter or
recciver antenna, or hoth in the case of
a repeater, are aimed directly upward at
the reflector, which is then positioned so
that the beam is reflected toward the re-
mote antenna.

Low-Band Units: Links for the 2,000-
me. range is available from DuMont and
Federal. Fig. 2 shows the DuMont fixed-
station receiver on the left and the trans-
mitter on the right. Both are equipped
with melering facilities for all tubes. The
transmitter has equipment for measure-
ment of frequency and power output.
and output waveform. A built-in test
oscillograph ean be provided on the re-
ceiver rack, and test signal sources for
system lineup are included. The Federal
receiver ean he seen in Fig. 3. Both

FIG. 6. AN RCA MOBILE MICROWAVE LINK UNIT,
THE TRANSMITTER IS IN CYLINDRICAL HOUSING

types of equipment ean be furnished in
maobile eabinets.

These units are designed basically for
video transmission. Audio subcarrier
modulator and demodulator sections ean
he added, however, as shown in Fig. +.
They cun be oblained in portable earry-
ing cases also.

7,000-Mc. Links: Motorola and RCA
link equipments operate in the 7,000-me.
band. The Motorola transmitter-re-
ceivers, shown from two angles in Fig. 5,
are designed for fixed installations only.
The video signal is applied direetly to the
RF modulator. Separate subearriers are

used for the audio program signal and a
2-way service channel or order-wire
channel.

RCA equipment is quite eompact and
portable. although it ean be used al fixed
locations, of course. The transmitter, as
shown in Fig. 6, is located in a eylindrical
enclosure directly behind the parabolic
antenna. A small, portable control unit,
Fig. 7, is conunected to the transmitter
and provides for the necessary operaling
adjustments. The receiver 1s similar in
operation and appearance. Fig. 8 shows
the receiver chassis removed from its
cylindrical cover.

Costs: Total cost of microwave link
equipment required for a single hop may
ranige from £15,000 to $20,000. This in-
cludes transmitter, receiver, control and
test units, antennas, cabinets, and trans-
mission lines. If sound channel equip-
ment is provided, those figures may be
increased by about $5,000. Multi-hop
systems will cost more, of course, al-
though not in direct multiples of the
single-hop cost. For mobile installations,
the vehicle may cost from $3,000 to $10,-
000 or more, in addition. Camera chains.
other video equipment, and audio pickup
equipment are not included in these
figures.

Mierowave fink equipment for TV
applications can be obtained from the
following sources:

Allen B. DiuMont Lahoratories, Ine.,
t500 Main Avenue. Clifton, New Jersey.

Federal Telecommunication Labora-
tories, Ine., 500 Washington Avenue,
Nutley, New Jersey.

Motorola, Inc, Communications &
Electronics Division, 4515 Augusta Blvd.,
Chicago 51. Tilinois.

RCA Vietor, Engineering Produets Di-
vision, Camden, New Jersey.

Epitor’s Note: This coneludes the
“Pattern for TV Profit” series. which will
be published soon in revised and ex-
panded form as a book.

FIG. 7. RCA MICROWAVE TRANSMITTER CONTROL UNIT.
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FIG. 8. RECEIVER CHASSIS. DESIGNED SAME WAY AS TRANSMITTER, WITH SIMILAR CONTROL UNIT
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Head-End Design for FM Tuners’

A DETAILED ANALYSIS OF THE PROBLEMS ASSOCIATED WITH THE DESIGN
OF FM TUNER HEAD-ENDS, WITH PRACTICAL SOLUTIONS — By H. H. CROSS*

This paper is based on a B.S. thesis in the Department of Electrical Engineering, M.1.T. 1952

Abstract

The design of signal-frequency and frequency-chunging sec-
tions of narrow-band VIIF superheterodyne receivers for the
FM broadcast band is analyzed. It is shown that, since noise
factor varies inversely as the power efficiency of the input net-
work, any finite-Q input network must compromise between
noise factor and selectivity. For a given number of tuned cir-
cuits, the best arrangement is one which utilizes one tuned cir-
cuit for the input network and the rest to obtain interstage
selectivity.

Mixer operation is considered, and the optimum adjust-
ment is found to be relatively low oscillator injection combined
with RF gain sufficient to make the amplifier input noise one
lo ten trmes the power of the noise ygenerated in the mixer
tube.

Tuners built in accordance with these principles are de-
seribed briefly. Experimental data show that their perform-
ances compare favorably with those of wmedium-frequency
receivers.

Introduction: The fundamental task of any receiver is to
receive one and only one stalion al a time. In superheter-
odyne receivers, the task of separating two signals differing by
only a small increment of frequency is made easier by chang-
mg the desired signal, along with its interference, to lower
fixed frequencies, for which fixed-tuned amplifiers and selec-
tive networks can be used. Most of the signal amplification
occurs in this intermediate frequeney (IF) amplifier.’

A major disadvantage of this system is that the converter
circuits tend to change several discrete frequencies to the IF
frequency, while only one is wanted. Selective circuits, there-
fore, are ordinarily used between the antenna and the conver-
ter. One or more RF amplifier stages may be used also. The
selective circuits are supposed to pass the desired signal and
altenuate the undesired signals which may appear on the
spurious-response frequencies. In the usual case these spurious-
response frequencies are separated from the desired sighal by
at least half the IF frequency so that, if the IF frequency is
not too small a fraction of the signal frequency, several sharp-
ly-tuned circuits accomplish this sepuration fairly well.23

‘This paper describes the development and construction of a
tuning head suitable for use in a high-performance receiver
for reception of FM broadcasts. The rest of the receiver was
designed by Roy Paananen. A discussion of the basie prob-
lerns peculiar to the FM broadeast band in metropolitan areas
will be found in his thesis.!

Design Considerations: Once the IF frequency and required
performance are determined, the receiver design can be re-
solved into sections. For instance, the gain of the RL seetion
-

“This work was supported in part by the Signal Corps, the Alr Material
ommand, and the Office of Naval Kesearch.

**Research Laboratory of Electronics, Massachuseits Institute of Tech:
nology, Cambridge, Mass. Mr. Cross [s now with Pickard and Burns,
Needham, Mass.

V*General Superheterodyne Considerations at Ultra-Fligh Frequencies,” L.
Malter, /RE Proccedings, Oct. 1943.

:";ﬂfj"c},'??f“’" Dcsign, K. R. Sturley, London. Chapman & Hall Ld.

Wacuum Tube Circuits, L. B. Arguimbau, John Wiley & Sons, 1948, p. 422.

‘M.LT. Electrical Engincering Thesis, 1952, Roy Paananen. This will be
published in TV & Rapio ENGINEERING in a fOrthComing issue.
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is determined by the overload level of the mixer, not by the
signal level the designer of the IF amplifier would prefer at its
input; and the level of audio from the IF portion is deter-
mined by the limiter and detector eircuitry, not by what is
convenient in an audio system.

The plan of attack was to build the best receiver we could
with components which were at least potentially adaptable to
mass production or, better yet, used widely in present-day
commercial equipment. In the event that the resulting per-
formance was more than adequate, it should have been pos-
sible to effeet economies in eutting back. On the other hand,
if we had underestimated the problem, the extra performanee
would be available. The best justification for this procedure
ltes in experience in the communication field, where it is often
found that only the over-designed unit is left when others have
been rendered obsolete by ever-worsening channel congestion.
It turned out that the best we could do was about right. Tests
show that most commercial units are annoyingly deficient, by
comparison, in one respect or anotlier.

The intermediate frequency was fixed at 10.7 me. Better
control of selectivity in the IF amplifier can be obtained bv
using a lower frequency; however. spurioiis-response frequen-
cies are separated more widely from the desired signal with a
high-frequency IF. The RTMA standard frequency is quite
suitable as a compromise.

It was decided to use an ordinary transformer-rectifier
power supply, providing low-voltage AC for the tube heaters
and 225 volts DC for the plate supply. Most low-level tubes
give full performance wilh plale potentials of 100 volts or
more, but there seemed to be no reason for conserving power
and there were some advantages to be obtained from the
higher B+ value.

For best receiver performance the limiters should limit well.
but the selective circuits should be free irom overload. This
requires high maximum gain for weak signals and, in order to
prevent overloading on very strong signals. some automatic
gain control must be used. Provision for bias control of gain
was made accordingly in this tuning head.

Some other tentative requirements were: Input suitable for
unbalanced 75-olim lines; less than 30 ke, or .03%. frequency
drift during warm-up: FM noise 60 db helow full program
medulation, or about 50 eycles RMS: gain of tuning head.
as ligh as seems practicahle; luning range. 88 to 108 me. will
some to spare: little variation of gain as the receiver is tuned
through the range; sensitivity at least as good as any commer
cial receiver; reasonably low oseillator radiation; low spurious
responses, few in number; and reasonable size and cost. A
tuning head meeting the spirit of these specifications shoukl
be quite satistactory.

Tuned-circuit components of the best design can be ex
pected to have warm-up drifis corresponding to the linear ex-
pansion coefficients of the materials. Compensating capacitors
commercially available have tewperature coefficients of th
same order of magniude. Permissible warm-up drift is 300
parts per million. however. so that a change of from 10 to
20°C. will be required to give this drift. if compensation is
correct plus or minus the usnal commercial tolerances. By
individual adjustments, the compensation can be made much
closer.

27

www americanradiohistorv com


www.americanradiohistory.com

To keep oscillator noise at least 60 db below program level,
the FM on the oscillator must be limited to 50 cycles RMS
or 75 eycles peak. The way to obtain this performance is sim-
ple: build a good oscillator, make it mechanically and ther-
mally stable, and supply it with well-tillered plate vollage. 1n
some cases, filtered 1)C might be required for the heaters.
Then the only source of noise would be the tube itself, as
even a poor oscillator will be hum-free if supplied only from
batteries.

The author has had some experience with oscillators in the
VHF range which employ modern high-transconductance
miniature triodes in Colpitts’ circuits,® Fig. 1. The grid-
cathode condenser, C2, is made as large as possible without
stopping the oscillations at low line voltage, in order to adjust
the feed-buck to optimum and to keep the influence of the
rather vanable input capaeitance on the tuned circuit as low
as possible. The FM hum in such an oscillator at 100 mec.
can be much less than ten cycles when AC is used to heat the
cathode. F. B. Llewellyn® has shown that plate and grid lead
inductances in a Colpitts oscillator can be arranged to reduce
the shifts in frequency with changes in tube voltages. This
may be considered a point in favor of this arrangement, as
lead inductances are appreciable at VHE. Lea? has shown
that it is not possible to negleet the resistance-temperature ¢o-
ellicient of copper it the tuned cirenit is not operating at true
resonance. Any measures which decrease the stray detuning
ellects of parasitic elements better the stability. Colpitts or
uitra-audion circuits will oscillate at true resonance at YHF.

Gain obtained in the tuning head should be fairly high, so
that less gain is required in the IF amplifier. But strong sig-
nals when amplitied may overload the mixer stage, even
though the receiver is not tuned to them. Thus, there should
not be too much gain®® This is a true dilenna, and it will
be considered in detail later.

The FM broadcast band is narrow in tuning ratio; its range
of 1.23:1 in frequency requires only 1.5:1 variation in tuning
mductance or capacitance. Because the mechanical action of
a multisection variable capacitor is better and smoother than
that of most inductance-tuning devices, capacitance luning
was used in this design.

Amplification should be kept as nearly constant as possible
throughout the band, for the lowest gain may limit the sen-
sitivity, while the point of highest gain will be more subject to
overload on strong signals. Tracking errors vary lhe gain as
a function of tuning i{requency, but any single-range receiver
can be made to track very well by bending the plates of the
tuning capacitor slightly.

In some receivers, the gain is not sufficient for proper limit-
ing action on weak signals; in others, capable of proper lim-
iting, sensitivity is determined by the noise generated inier-
nally which is strong enough to mask signals below a certain
strength. The average commercial receiver falls in the first
group, as it is neither simple nor inexpensive to build a re-
ceiver having an overall power gain (in the absence of limit-
ing) from antenna to detector of 130 db. 100 db must ordin-
arily be provided by the IF stages.

The experimental tuners were designed on the assumption
that the receivers should have cnough gain for proper limiting
on input-circuit noise. In such'a case, the weakest usable
signal is determined by the signal-to-noise ratio of the first
stage or stages of the receiver, and care should be taken to
see that this section has the proper characteristics for good
sensitivity. Pructically, it is possible to build a receiver which,

¢'A Cascode Converter for 144 Me.”, H, H. Cross, OST, Oct. 1949,
‘BlHSJJcm Techuical Journal, E, B. Liewellyn, Jan. 1932.

"Notes on the ﬁtabllny of LC Oscillators,” Norman Lea, Journal ! .E.E.,
Vol. 92, pt. 11, Dec. 5.

‘Adjacent Channel Operahrm of Mobile E(L ulpment.” D. E. Noble, Erlec
tronis, Junc, 1949, p. 90. Also "Adjacent Channel Rejcction Receiver,” H,
Magnusky, Elatramt:, Jan. 1951, p. 100.
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with a directive antenna of reasonable size, will provide good-
quality reception of 1 to 5-microvolt-per-meter signals, in the
absence of any locul noise sources outside the receiver. This
would be an ideal design for perhaps 5% of the people likely
to buy FM receivers. But to obtain this sensitivily, almost
everything else important to the other 95% would have to be
sacrificed. Therefore, 1t is believed that special cases should
be accommodated by adding some sort of low-noise preampli-
fier to a well-designed receiver.

Oscillator radiation from FM and teleyision receivers has
become a source of annoyance, and some effort has been made
lo reduce this effect in recent commercial products. One or
two RF amplifiers with tuned interstage coupling circuits give
attenuation of oscillator energy in the reverse direction suffi-
cient so that, with proper shielding and filtering, the leakage
is tolerable.

Oscillator radiation may affect the frequency stability also.
It is found that those receivers which have excessive radiation
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FIG. 1. A VHF OSCILLATOR g2 | L
DESIGNED FOR VERY STABLE = i- e L2y
OPERATION & LOW FM HUM ::"m
22K
901‘0|Mv

become detuned slightly when the antenna or antenna feeder
is moved about, as by the wind, when the input circuits are
adjusted, or even when a hand is put near them.

A dozen or more receivers of various makes were tried out
for spurious responses. Some were tested in detail, and meas-
ured performances were compared with subjective ratings. The
tests were made with a reference level of 10 microvolts RMS
in 300 chms, and a maximum generator output 92 to 98 db
higher, roughly equivalent to a field strength of .25 volt per
meter. One receiver was installed in an automobile; it was
found that almost everywhere in the greater Boston area there
is a possibility of spurious-response trouble from very strong
signals, while the desired signal may be fairly weak on the
average and may occasionally drop to zero because of destrue-
tive reflections.

Only one commercial receiver tested was judged lo be ade-
quate in this test. However, it still showed some repeat tun-
ing points when tested in a private home which was two miles
from the nearest transmitting station. Stations outside the
FM band do not give the same degree of annoyance. They
can be trapped or filtered out, if need be, and are not so
powerful as the broadcast transmitters, so that lower limits
can be put on the susceptibility of the tuner to out-of-band
spurious pickup. The experimental units showed us what
eould be done.

Keeping costs down in commercial production is often ac-
complished at the expense of performance. This is more prev-
alent in the radio industry than, say, in the automobile busi-
ness. The features immediately apparent to the customer are
the logical place to spend development money. Since, in the
case of a well-designed tuner the proof of performance is what
is not heard, why bother? On the other hand, there is often
rootn for improvement in the utilization of circuits already in
the equipment. The rejection of spurious responses can some-
times be much improved by small changes, without appreci-
able degradation of either noise figure or net useful sensitivity.

The Input Circuit: From the foregoing survey, the reduction
of spurious tuning points seems to be the major problem in
tuner design. This checks the observation that most commer-
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cial receivers are deficient in this respect to some extent.

If cost were of no iniportance, almost any desired degree of
protection could be obtained by preceding the first tubes in
the receiver with some sort of tunable filter which would offer
high attenuation to undesired signals, while passing the proper
ones with much less attenuation. This is actually a possibility
because, for the case of an IF frequeney less than one-fourth
the signal frequency, the first spurious response point of im-
portance is separated from the desired signal by one-half the
IF frequency or, in this case, 5.35 me. >* A filter at the signal
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FIG. 2, LEFT: THE 4-GANG TUNING HEAD.

frequency consisting of two loosely-coupled circuits, the €
of each being 100, provides about 40 db discrimination
between desired and spurious responses, but the desired signal
will be weakened also. As a practical matter, it is not possible
lo make such a filter in small size at reasonable cost without
considerable attenuation of the desired signal.

Unfortunately, there is a limit to the attenuation that can
be tolerated.»1® An FM signal contains many frequencies, so
that a finite band of frequencies must bhe passed in its trans-
mission and reception. For any band B cycles wide, a resistor
at temperatare T (degrees Kelvin) delivers a thermal noise
power P-E2/R=kTB when suitably matched, or twice the
square root of kTRB volts open-circuit for a resistance of R
ohms. This is true also of any eircuit components which in-
troduce loss, and of antenna radiation resistance. where T is
the temperature of the region with which the antenna is in
thermal equilibrium. In these formulas, k is Boltzmann’s con-
stant, 1.38x10-23 watts per cycle-degree. If B is 2x10,% as for
an FM broadeast receiver, a 50-ohm resistor will produce
about 0.4 microvolts RMS at ordinary temperatures. If the
receiver were otherwise free of noise, a 2 microvolt or .02
microwatt signal would be received satisfactorily in the ab-
sence of any other noise interference. An actual receiver we
have tested did as well with 6 microvolts open-circuit RMS.

Rather than microvolts sensitivity at some particular band-
width and iinpedance level, it is convenient to use a dimen-
sionless number. first proposed by D. O. North,? known as the
noise factor. This is the ratio of the noise power from an
actual receiver to that from an otherwise identical noise-free
veceiver, measured at a point in the system before any over-
loading or nonlinearity occurs. This noise factor, or noise
figure, can be measured directly or indirectly by several meth-
odsM Tt provides an absolute hasis for comparing the per-
formances of sensitive receivers.

Since any receiver has some noise originating in the first
stages, a weak signal which is attenuated further by going
thirough a lossy network will not he relatively so noise free
after amplification. In general, if inserting the network, as-
sumed to have rather more bandwidth than the receiver as a
whole, does not disturb the impedance relationships but only

}" nlegf\gmlme Sensitivity of Radio Receivers” D. O. North, RCA Revicw,
an 42,

Also IRE Procecdings. H. T. Friis. July. 1944,
“Wacwum Tube Ampiifiers, E. 1. Schremp, McGraw-Hill Rook Co., 1948.
Vol. 18 of the MIT Radiation Laboratory Series.

"Vacuum Tube Amplificrs, V. Reers, Ch_ 14,

February-March, 1953

adds altenuation, then the noise figure of the system will be
the noise figure of the receiver times the reciprocal of the
power efliciency of the network. A 6-db noisc figure for the
receiver alone is changed to 16 db when a 10-db attenuator
is inserted ahead of the RF stage.

This suggests that a low-noise receiver should be designed
for high tank and coupling-cireuit power efliciencies. For best
efliciency, high-@ selective circuits should Le employed. They
should be loaded hy the antenna resistance until their working
(s are fractions of the unloaded values. Because typical
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FIG. 5, RIGHT: A 3.GANG EXPERIMENTAL TUNING HEAD. NOISE FIGURES ARE 12 AND 20 DB, RESPECTIVELY

ganged resonant circuits have unloaded @ values of 100 to
200, however, this procedure makes them tune so broadly as
to be useless for discrimination against the spurious response
frequencies.

If a ¢ of 100 per tuned circuit is assumed, with an inter-
fering signal removed in frequency by 5%, the performances
of a few simple input-circuit configurations are as shown in
Table 1. The rest of the system is assumed not lo Joad the
network, and to be adjustable to a noise factor of + (6 db).

TABLE 1

Perrouriances oF SivipLE INpuT NETWORKS

OvVERALL ATTEN. 5%
CirCUIT ARRANGEMENT NF ANF OFF Fieq.
I — Single-tuned. ideally 6 db 0db 0db
mismatched
2 — Single-tuned. matehed 9 3 14.2
3 — Double-tuned, hoth 6 0 0
mismatched
4 — Double-tuned, pri. mis- ¢ 3 14.2¢
matched. sec. matched
5 — Double-tuned, pri. 12 G 274
loaded to half @ by
ant., sec. coupled
to half QwL
G — Single-tuned, loaded 12 6 176
to 3% Q
7 — Single-tuned, vir- very (do.) 20
tually unloaded poor

For best signal-to-noise ratio, cases 1 and & are best. If
both sensitivity and selectivity are desired, some compromise
is necessary. For a given noise figure increment, 5 gives more
selectivity than 6, though at greater cost. Feonomically, the
choice is between 1, 2, and 5.

The figures in Table 1 suggest that, in order to obtain much
selectivity from the antenna coupling eircuits, some sensitivity
must be sacrificed.

In ealeulating the table above, it was assumed that loading
of the tuned cireuits by the first tube could be neglected. This
is not quite true, in general, and is particularly in error at fre-
quencies around 100 me. For grounded-grid operation of the
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first tube, the optimum source impedance may be about 600
olims, while the input impedance may be some 400 ohms. With
a 6AKS5 pentode, the input impedance will be 8.000 to 12,000
ohms at 96 me., '*'3 und the optimum source impedance for
best noise figure, some 1,900 ohms.!2'* In the first case, load-
ing is severe, and in the second, it is about 20%. The cascode
circuit, in which a 6AKS5 might be nsed as a triode, would
have an optimum source impedance on the order of 800 olims.
The loading effect would be around 109 .14

If a grounded-grid stage is not employed, then Table 1 is
reasonably valid. The unloaded impedance of the tuned cir-
cuit would be around 5,000 ohms. 1f it were matched, as in
the second case, the impedance across its terminals would be
2,500 ohms. A pentode RF stage, using a 6AKS5, would have
a grid connection to the top terminal. When the coupling is
arranged so as to provide the maximum gain, the source
impedance will be about optimum. If a triode stage or con-
nection were utilized, the grid lead might be tapped down on
the tuned circuit to obtain the desired grid-to-cathode im-
pedance. The voltage applied to the grid would be reduced,
of course, but the noise from the stage would decrease propor-
tionally more than the signal.!

For a 3-db deterioration in noise figure, the single-tuned
matched input eircuit appears to be a reasonable compromise
between cost and selectivity. This is the circuit most used
at the input of VHF receivers. Two tuned eircuits at the in-
put do very little better in attenuating the response at 5% off.
frequency, unless a further loss of sensitfivity is permissible.
For signals off-tune by 20% or more, however, this is not true.
For cases in which circuit losses are so low that power effi-
ciency is good at working Q values of 50 or 100, there may be
an advantage in.adding selective circuits between the antenna
and the first tube, since the loss of sensifivity is not then ap-
preciable; on the other land, more henefit can invariably be
derived by adding more resonant circuits to the interstage
couplings.

Because the cost per gang-tuned circuit is fairly high, and
for the same expense the extra tuned circuits might be used

¥4 4BQY VZ

in the selection of a tube for the RF stage: First, if the input
circuits are gang-tuned, tube loading lowers the selectivity at
that point, and tends to handicap spurious-signal rejection.
Second, the noise figure obtainable with low-cost tubes. Third,
the tube screening, which not only limits the maximum stable
gain'® but controls oscillator radiation as well. Finally, the
overload point, and the possibility of bias control of gain.

A grounded-grid triode is ruled out by the first considera-
tion, as explained previously. The second restricts the choice
to types developed for the television market. The third ex-
cludes neutralized triodes, other than the cascode, and the
fourth suggests a direct-coupled cascode or a pentode with a
screen-dropping resistor.

It is well known that a pentode tube is less noisy when con-
nected as a triode amplifier than when operated as a pentode.
if the plate current is the same in each case. Also, with low
load impedances, a triode ean handle the same grid swing as
an equivalent pentode for a given amount of distortion. Be-
cause the noise generated by the triode is lower, and the over-
load point the same, the triode has a greater useful dynamic
range.

If the noise figure is 10, there are about 1.2 microvolts
equivalent open-circuit noise at a 50-ohm input. Transformed
to a grid impedance of 800 ohms, this would be about 4.8
microvolts for a bandwidth of 200 ke. Signals weaker than
this are masked by noise.

For grid-cathode structures similar to that of the 6AKS5, in-
cluding the 2C51, 6N+, and 6BQ7, the third-order character-
istic curvature is tolerable over a grid range of 2 to $ volts
for 100 volts on the screen and plate. About I volt RMS is
the overload point, then, if a bias slightly higher than normal
is used. The dynamic range is then about 100 db. More plate
voltage would increase the permissible bias and signal.

Because of the advantage with respect to noise and over-
loading, it was decided to use a triode in the RF stage. Other
factors, as explained earlier, suggested some sort of cascode
circuit, consisting of a grounded.cathode stage driving a
grounded-grid stage. The arrangement described by Cohen!'?

e

YT ~
l 40.7C. [
v "
ouT =
L]
H
220 -
L} e
<
. g
2287, L
r ¥
sus L8 REIONANT AT - 3w~
R SaMC. WITH A 22F. 10 “
in | o
Le-Cp ALSONANT L el ] 2 3-
= 1000 AT ToME, am #T"r
i 1F =107 M. 20 1
ERVIAS ©3C HIGH 'h I Lil il

ar. |- |'00°

FIG. 3, LEFT: &-GANG EXPERIMENTAL TUNING HEAD.

as interstage RF couplings, where they would contribute to
the RF selectivity without degrading the sensitivity, a double-
tuned input circuit is not ordinarily worthwhile. If signals far
ofl the desired frequency are likely to overload the first tube,
the most practical means of protecting a receiver with a nar-
row tuning range is passive wave filters inserted between the
antenna and the receiver. Experimental data supports these
conclusions, as will be shown later.

The Input Tube: The following points should be considered

“"Clnracler stics of Vacuum Tubes for Radar Intermediate Frequency

Amphﬁevw G. T. Ford, B.S.T.J,, XXV. 1946. Also “The Radar Re.

celver,” L. W. Morrison, B.8.T.J. Oct, 1947,

']nfrpodu tion to Television Receiver Design, Philco Corp., Vol. I,
10

Wlaruum Tube Amphﬁer:. . Twiss and Y. Beers, Ch. 13, esp. p. 645.

18°An Analysis of the Signal- !o-Nmse Ratio of Ultra. ngh FrequenCy Re.
eivers,” E. W. Herold, RCA Review, Jan. 1942, esp. eq. 10.

1951,
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FIG. 4, RIGHT: NOISE FIGURE INCREASES ABOVE INPUT STAGE NOISE WITH DECREASING RF GAIN

was tried initially. The neutralizing condenser had to be
omitted, and it was found that adding an inductor to tune
out the stray capacitance in shunt with the plate of the first
seclion gave a slight improvement in sensitivity, about 1 db.
Another db could probably be obtained by tuning out the
grid-to-plate capacitance of the first triode,!® but this induc-
tor is less convenient to add in the series arrangement, and
there is no room for it.

The 6BQ7 was considered to be nearly ideal for our purpose
since it was reputedly designed on the basis of the grid-cathode
structure employed in the 6AKS5. Previous tests of various
tube-types in the first stage of a cascode amplifier at 145 me.
showed that types 6AK5 and 6AS6, triode-conuected, had no-

1Microwave Receivers, A. B. MacNee, McGraw-Hill. 1948, Ch. S, p. 126.
Vol. 23 of MIT Radiation Laboratory Series

1“Use of New Low-Neisc Twin Triode in Television Tuners,” R. M.
Cahen, RCA Revicto. March 1951,
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tably lower noise figures than those tubes having eircular-
cylinder elements such as the 6BHG or 6AUG, or the wider-
spaced 6AG35, 6CB8, or 8AHS, all circuit-connected as triodes.
The 6BQ7 is rated for use in the Cohen series €ircuit, wherein
relatively high voltage may appear across the heater-to-
eathode nsulation of the second triode section. Finally, in
the series circuit, the 6BQ7 has reasonably good bias-control
characteristics.

In the Paananen receiver! automatic gain control voltage
is applied to the RF stage and to the 6AUS6 first IF amplifier.
A design precept for the IF system was that no overloading

FIG. 6, LEFT: SENSITIVITIES OF THE 4 AND 4.GANG TUNERS WITH SAME IF AND DETECTOR. FIG. 7,
CENTER: RF SELECTIVITY FOR 4 TUNED CIRCUITS. FIG. B, RIGHT: TUNING HEAD FOR CAR RECEIVER

Mixer Section: Design of the coupling network hetween the
amplifier plate and mixer grid is not particularly involved.
There should be two or more loosely-coupled circuits, for rea-
sons given previously. Any amount of selectivity can be em-
ployed at this point, provided the overall bandwidth is not
affected, without any basic eftfect on the noise figure. If the
selective networks have excessive loss, it may be necessary Lo
add a second stage of RF amplification in order to make up
the gain, but there will not ordinarily be any need for this.
The gain attainable from a single cascode amplifier is consid-
erably in excess of that needed for good sensitivity,® and the

v2 QZAT'II YA SAKS Iv2 TOIF
RF AMR 7 [ MIXER TRANS.
{ =

was to take place within the selective portion of the receiver.
while the limiters were to have wide bandpass and very short
time constants, so as to provide proper capture of a signal only
slightly stronger than noise or interference.’® The range of
gain control required in these two stages is approximately the
same as the voltage gain from RF grid to the grid of the last
IF amplifier. This is on the order of 60 db. In practice, satis-
fnctory operation as planned was achieved over the usual
range of signals. The AGC voltage is not effective on weak
signals, and tests showed no significant change in signal-to-
noise ratio on weak or moderate-strength signals with AGC
on or off,

The values in Table 1 were based on the assumption that
the first amphfying tube together with the remainder of the
receiver could be adjusted to a net noise figure of 6 db. Cohen.
for instance, reports this value measured on a television tuning
head which used a cascode cireuit with a 6BQ7 dual triode.!?
There have been more sensitive receivers made for those fre-
quencies. 591820 Presently available tubes appear to limit
the performance at 100 me. to a noise figure of about 2.3, or
3.6 db.18.21

Two experimental tuners were built: a 4-gang unit, Fig. 2,
and a 6-gang unit, Fig. 3. The sensitivity of each was poorer
than would be expeccted from Table 1, for the following rea-
sons: 1) tuned-circuit shunt loss from the fairly high-capacity
input circuils lowered the efficiency; 2) the neutralizing cir-
cuits, and, in the 4-gang model, the plate coil, were omitted;
3) the gain of the RF section was kept low intentionally, so
that the mixer noise was not negligible; 4) the plate supply
voltage was lower than that of Cohen’s cireuit, and the 6BQ7
was operated at lower plate current, with resnlling lower
transconductance. The sensitivity could be improved by chang-
ing any of these factors, but this would involve a sacrifice in
simplicity, spurious-signal rejection, or tube-life. Because
tests show that the useful sensitivity is exceptionally good
with the eircuit as described, and better than most commercial
receivers, no changes are planned.

A Low Noise Amplifier,” Wallmian, MacNee, and Gadsden, IRE Procecd:
mgs, June 1948.

*‘Sky-Wave FM Receiver,” L. B. Arguimbau and J, Granlund, Electronics.
Dec. 1949,

®'Radar Echoes from the Moon,” J. Mofenson, Electronics. Aprfl 1946.

I[‘)- 92. Also “Detection of Radar Signals Reflected from the Moon,” J. H.
eWitt and E, K. Stodola. [RE Proceedings, March 1949,

#Microwave Receivers, A. B. MacNee, MeGraw-Hill, 1948, Ch. 5, p. 131
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msertion loss of the interstage coupling will not usually he
more than 10 or 12 db.

For a direct-coupled 6BQT cascode stage, with no tuning in-
ductor across the cathode-to-ground capacitance of the second
triode, lhe effeclive output impedance will he about 9,500
olims in shunt with .1 mmf. If the inductance is added, and the
first section is coil-neutralized, the output appears as 250,000
ohms at midbaund; without the neutralizing coil, the output
resistive term is around 100,000 ohms. With the self-shunt
loss of the tuned circuits some 5,000 ohins at resonance, the
loading effect will be moderate in the first case. and negligible
in the last two. Tapping the plate terminal down on the
tuned circuit might be desirable if the loading experienced n
the first case was found to he excessive.

The RF input impedance of a silicon diode mixer may be as
low as 50 ohms at microwaves. In the 100-me. range, the
triode or pentode mixers ordinarily used have some transit-
time loading and, usually, feedback effects from eathode, plate.
aud screen impedances at signal frequeney which may make
the net input impedance either positive or negalive. In some
commercial lelevision tuners, negative londing of a triode
mixer with a plate eireuit which was inductive at signal fre-
quency was used to improve operation on the high channels.
Experience shows that this sort of designing often makes for
produetion trouble. ns minor variations in lead lengths make
large differences in tuning and loading of the mixer grid circuit.

In the six-gang experimental umit, the mixer was found to
have an input impedance of only a few thousand ohms, prob-
ably hecause of the large grid-to-cathode loop inductance of
the 6U8 pentode section. The grid was, therefore, fed from a
capacitive voliage divider, so as to reduce the load on the
tuned circuit and to maintain the selectivity of the interstage
network.

Tt should be noted that with a loosely-coupled pair between
RF stage and mixer there is a possibility of the mixer grid
circuit impedance being too high, in which case thermal and
induced grid noise terins might become excessive. The volt-
age gain between antenna and the mixer grid should be kept
low; for a given gain, it is hest to keep the mixer source im-
pedance as low as possible. This is another reason for using
a capacitive tap feed.

The gain over the tuning range may vary with changes in

2Microwave Receivers, A. B. MacNee, Ch. 16, p. 419.

31

www.americanradiohistorv.com


www.americanradiohistory.com

circuit characteristics. Because of lead-inductance effects and
stray couplings, the situation is complicated. Once the varia-
tions have been determined by observation, however, it is not
difficult to compensate for them in part. In the six-gang ex-
perimental tuner the compensation consisted of inductive
coupling so arranged that K increased considerably at the low-
frequency end of the range, with a circuit resonant ahout 15%
below the band. This can be seen in Fig. 3.

The gain from antenna to mixer is controlled easily by vary-
ing the coeflicient of coupling and the voltage divider at the
mixer grid. The proper amount of gain is a matter for experi-
mental investigation. At 100 me., 100 db of gain can be ob-
tained easily, if there is need of it.2% Tt is inportant to find
out the variation of noise figure and spurious-response rejec-
tion with changing R¥ gain.

The noise figure of the combination can be calculated as de-
scribed previously. Curves showing how the overall noise
figure increases over RF stage noise with decreasing RF gain
can be seen in Fig. 4.

Perforinance of a single-input mixer, in which both oscilla-
tor and signal voltages are applied to the same pair of ter-
minals, is generally better than that of a multigrid tuhe at
VHF. Also, less power is generally required from the oscilla-
tor.

Some estreincly high responses to spurious signals were dis-
covered in the exprimental work. This was traced to two
mechanisms: 1) the presence of UHF resonance in the wiring,
causing a single high-order term to he emphasized unduly. and
2} leakage of oscillator vollage and harmonics to the grid of
the RF stage, and there mixing with strong signals in such a
way as to give an output at the frequency of the desired sig-
nal. In the second cuse. no amount of selectivity subsequent
to the mixing process will help. although RF selectivity at the
plate of the amplifier may reduce the amount of oscillator
energy leaking back. Both these effects are reduced by having
two tuned eircuits before the first tube.

Morgan?4 and Sturley? classify the possible ways a mixer
ean receive the wrong signal by the algebraie expression for
the conversion process. A flaw is inlierent in this neat sys-
tem, however, since a signal at 2fo-IF passed into our experi-
mental receiver by a process which was entirely different from
the way that its algebraic counterpart at 2fo+IF was received.
The design steps which reduced one actually made the other a
iittie worse.

The requirements [or image suppression have been men-
tioned briefly. If RF selectivity is adequate to protect the
mixer from other interference, the image response, unless the
situation changes, will be down far enough. A 60-db image
ratio seems to be adequate. The response depends only on
the numher and @ of the tuner’s selective circuits.

Intermediate frequency suppression is more important. This
interference is not tunable, and there is no way to escape.
short of realigning the IF section, should a strong station ap-
pear on 10.7 me. Even the cheapes! receiver should have 60
db of IF rejection, and 90 db is a minimum for good design.
Fortunately, a 60-db high-pass 75 or 300-ohm filter ean be
constructed for about a half dollar, and adding such a device
to an existing receiver should be very simple. Most of the
IF attenuation should be ohlained ahead of the first tube,
sinee the IF frequency may beat with oscillator voltage at the
RF amplifier. It could then pass through the interstage eir-
cuits, for it would be at signal frequency. This is the means
by which IF interference most often enters a VHF receiver,
probably because most VHF receivers have considerable leak-
age from the local oscillator.

The circuit of the mixer stage may take several forms. In
general, what is shown in a schematic diagram is much less

Vacuum Tube Amplifiers, H. Wallman, p. 196.
IRE Procecdings. H. M. Morgan, Oct, 1935, p. 1164

32

important than what is not shown, because the arrangement
of the wiring is crucial. The mixer bias, ideally, should be set
at the point where the second derivative of the mutual char-
acleristic is a maximum; actually, it is set somewhere between
the class A bias point and cutoff, for reasons given above. It
may be obtained from a cathode resistor whose resistance is
on the order of four times the proper value for an amplifier,
or by means of a grid-leak and capacitor, with series resistance
in the screen or plate circuits sufficient to limit the current to
a safe value if oscillations should stop. In the latter case, the
grid resistor must be of high value so that ouly a few micro-
amperes of grid current can be drawn at the most positive
excursion of the oscillator excitation, and the bias developed is
governed mainly by the magnitude of that excitation. This
tends to compensate in part for variations in oscillator voltage.
The coupling capacitor should be fairly small, although if it is
too small it may cause the mixer to oscillate at the inter-
mediate frequency. This is not common in pentode mixers,
but high-transconductance triodes muy be unstable with grid
coupling capacitors of less than 50 mmf.

Mixer plate lead configuration must be attended to care-
fully. Unless the first IF transformer is immediately adjacent
to the mirer tube, this wire may be resonant at the signal
or oscillator frequency. One way to remove the strong VHF
currents flowing in this lead is to put the TF tuning capacitor
at the socket of the mixer tube. A better solution, and one
which avoids mueh leakage and feed-back, is to run the
mixer plate lead to the first TF transformer through a shielded
wire wilth the outside braid grounded at the socket. The
shield provides an excellent bypass for signal-frequency
components in the mixer plate current. Its eapacitance is
caleulated as part of that in the tank eircuit.

The proper oscillator injection is a compromise between
poor signal-to-noise ratio on the one hand, and too many
spurious responses or repeat points on the other. There is
seldom a sharp line between the two, but a fairly safe rule
is that the injeetion should be slightly less than the value

Continued on page 36

TABLE 2
MEesuren Perrorniances oF FA Receivers
Intage  In-Banp
TunEa IF, Mc Ratio Sp. Resp. REMARKS
| — 6-gang metal  10.7 85db 92 db NF 11db
shaft
2 — 4-gang, cer. 12 87 92 NF 12db
shaft, ad-
justed for
low sp. resp.
5 -— t-gang, cer. 10.7 72.5 20 NF 9db
shaft, ad-
justed for best
sensitivity
} — 3-zang, cer. 12 60 88 N F 20 db
shaft (est.)
5 — Comm.revr. 1 10.7 54 82 Sp. resp.
3-gang satisfetry
G — Comm. revr. 2 10.7 41 69 S. R. poor
7— Coinm. revr. 3 107 49 73 S. R. poor
8 — Comm. revr. 4 104 42 65 S.R. bad
9 — Auto. revr. 10.8 33 69 S.R. bad

In each case, oscillator was above signal frequency, and
worst in-band response was at signal frequency + % IF. Ref-
erence level for 75-ohm input receivers, 5 uv: for 300-ohm in-
puts, 10 uv. Units 5, 6, 7, and 8 are commercial models. Others
built hy nuthor.
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LATERALLY ONLY

TIME— — -
FIG. 1. DISTORTION OF SINE WAVE BY LONGITUDINALLY COMPLIANT STYLUS. FIG. 2. APPARATUS FOR MEASURING LONGITUDINAL STYLUS EXCURSION

Phonograph Stylus Drag Distortion

HOW HARMONIC DISTORTION IN DISK RECORDING AND PLAYBACK CAN BE
REDUCED SIGNIFICANTLY BY LIMITING LONGITUDINAL STYLUS MOVEMENT

Arecent study by Jacob Rabinow and Ernest Codier, of
the National Bureau of Standards, demonstrates the ex-
istence of a type of distortion often found in phonograph re-
producers that has, apparently, not been treated in available
literature, The Bureau’s study discloses that if a phonograph
styius can move longitudinally with respect to the groove of
an ordinary laterally-recorded disk, the needle will not follow
perfectly the lateral excursions of the groove, and drag distor-
tion will result. On playback of recorded music, this distor-
tion can produce spurious tones of greater amplitude than the
true ones.

Nature of Drag Distortion: The mechanism of drag distor-
tion is not difficult to understand. The usual type of disk
plionograph record is recorded laterally; that is, the audio-
frequency motion of the recording stylus is at right angles to
the record groove. For ideal distortion-free reproduction, the
motion of the playback stylus tip should duplicate exactly the
original lateral motion of the recording stylus. Provided the
electrical output of the pickup is proportional to the lateral dis-
placement of the stylus, there is then no distortion. However,
if forces acting on the stylus cause longitudinal motion, its
lateral motion does not follow exactly that of the recording
stylus, and distortion is introduced. The two conditions are
shown in Fig. 1.

Many possible causes for such longitudinal motion can be
suggested. One is the well-known pinch effeet caused by un-
even width of the record groove. Another is the varying force
which the sides of the record groove exert against the stylus.

A third is the change in friction with changes in the pressure
and velocity of the stylus within the groove.

The NBS study included both mathematieal analysis and
laboratory experimentation. Mathematical treutment indicates
that if the recording counsists of a pure tone of constant amn-
plitude, drag distortion can produce only even harmonics,
with the second harmonic predominating. A sudden transi-
tion from one amplitude to another will produce a large
change in the longitudinal force on the stylus, and this can be
expected to give rise o transient distortion if the stylus is not
properly restrained longitudinally.

Test Results: A conventional erystal pickup with a replace-
able steel stylus was used in experimental work. For some
tests, a thin steel wire was spot-welded to the stylus near the
tip; by tying the tip back with this wire, longitudinal motion
could be minimized. A dual-beam oscilloscope was used to
indicate simultaneously the waveform of the pickup output
and the longitudinal displacement of the stylus tip.

Two methods of measuring the longitudinal motion were
tried. The first consisted of a photoelectric arrangement in
which spurious motion of the stylus modulated a beam of light.
In the second, more satisfactory method, longitudinal motion
of the stylus frequency-modulated a 50-me. oscillator. Two
smdll metal plates were mounted near the steel shank in such
a way, Fig. 2, that the enpacity between the plates varied with
longitudinal motion of the stylus but not with lateral motion.
The plates were connected across the tank coil of the oscillator

Concluded on page 40

FIGS. 3, 4, 5. LONGITUDINAL MOTIONS (ABGVE) AND PICKUP OUTPUTS FOR 40, 50, AND 300.CYCLE GROOVES. FIG. 6. 300 CYCLES, STYLUS TIED BACK

February-March, 1953
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Increased VIVM Sensitivity

NEW VACUUM-TUBE VOLTMETER CIRCUIT EMPLOYING 12A4 TUBES
INCREASES SENSITIVITY 15-20 TIMES — By JOSEPH GIUFFRIDA*

N conventional vacuum-tube voltmeters, maximum sensi-

tivity is hardly ever realized because the tubes employed
exhibit imbalance, instability, and nonlinearity when operated
at the large plate currents necessary for high sensitivity. How-
ever, by employing tubes designed for normal high-plate-cur-
rent operation with Jow grid currents, the Commercial Engi-
neering Department of CBS-Hytron has developed a simple
VTVM circuit, described here, which has a semsitivity 15 to 20
times that of conventional circuits.

VTVM Bridge Operation: The elementary VTVM bridge
cireuit consists of four resistances arranged in series-parallel,
as shown in Fig. 1. Resistances R1 are the plate load resistors
for the two tubes in the bridge, and R2 reprecsents the static
impedances of the tubes. The meter is normally connected
across the two tube plates. Delta E, then, is a measure of ciz-
cuit sensitivity. The potential difference across the bridge is:

R2+8R  _ _RI
SE-EIN o TR2+8R ~ R1+R2

The curve at the right in Fig. 1 shows that delta E ap-

proaches zero asymptotically as 2 is inereased, correspond-
mg to the use of conventional vacuum tubes with low plate

currents. Maximum dehla E oceurs when R2=0. This indicates
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FIG, 4. COMPLETE BASIC CIRCUIT DIAGRAM OF THE NEW VIVM DESIGN

that tubes used in a VI'VM bridge circuit must have very low
resistance at the operating point in order to achieve high sensi-
tivity. As a corollary, they must have a dissipation rating suf-
ficiently high to permit their use with low-resistance plate
loads, and low bias voltages.

Use of the 12A4: The Hytron type 12A4 vacuum tube, while
designed for use as a vertical output tube in television receiv-
ers, is virtually ideal for VI'VM service because of its high
perveance and uniformly small grid current. This 9-pin
medium-mu miniature triode, with connections as shown in
Fig. 2, has the following characteristics:

TYPICAL CHARACTERISTICS, 12A4

Heater volts 126 or 6.8
Heater current, ma. $00 or GO0
Plate volts 250
Grid bias, volts -9
Amplification factor 20
Transconductance, umhos 7800
Plate current, ma. 21
Grid cutoft, volts {(Eb=500v.) ~33

*Commercial Engincering Department, CBS-Hytron, Salem, Mass.
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FIG. 2. THE 12a4
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FIG. 1, OPERATING PRINCIPLE OF THE STANDARD VTV¥M BRIDGE CIRCUIT

By using cathode resistors of low value, the static operating
point of each tube can be set at 5 milliamperes, which is a
much higher current than is usual in YTVM circuits. The
grid current that accompanies such operatien can be balanced
out by mecans of a center-tapped dividing network, as Fig. 8
shows. Resistance between the common cathode return and
the two grids is kept constant by using am ordinary 2-wafer
ganged switch for the voltage-divider network. The two func-
tions of dividing input voltage correctly and maintaining equal
grid-to-cathode resistances can be accomplished by substitut-
ing two resistors for each resistor in an ordinary divider. These
two resistors have the same total resistance as the original,
Lut are connected to the 2-gang switch, Fig. 8, so that the re-
sistor connected to the high VI'VM grid has a value half that
of the total resistance in the divider below that particular tap.
Resistor values shown in the diagram will make this clear. The
range switch is in the 15-volt position.

Fig. 4 is a diagram of the complete basic circuit, with
typical component values. This circuit has a sensitivity of .5
volts full-scale on a 0 to 1-milliampere meter, with stability
comparable to conventional less-sensitive VTVM's. Input
resistance is 10 megohms for any range, and the source resist-
ance makes no practical difference in the reading obtained.

Heater voltage is limited to 5.5 volts, at which level opera-
tion is still quite satisfactory. However, tube life is extended
significantly, and cireuit stability is further improved by this
reduced heater voltage. No difficulty was caused by operation
of the power supply above ground potential. Ordinary power
transformers have sufficient insulation resistance for this ap-
plication,

Only the DC section of the circuit is shown, since this is the
foundation of most VI'VM's. Peuk-to-peak or RMS diodes
for AC scales, and an additional divider for chmmeter scales,
can be added easily.
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INDUSTRIAL CO.

PACKAGED REMOTE CONTROL.

for Commercial Broadcast Transmitters
AM — FM

THE RUST INDUSTRIAL COMPANY’S
REMOTE CONTROL SYSTEM

The Rust System is the only transmitier remote control
systemm proven in service in United States Commercial
AM Broadcasting installations. It meets all FCC re-

quirenments.

REMOTE CONTROL

of transmitters means more effective station operation.

Attending personnel may be utilized more efliciently.
More convenient location of studio is made possible.
Transmitter may be located where transmitting condi-
tions are 1deal and real estate costs low.

THE RUST SYSTEM

consists of a studio unit and transniitter unit connected
by two telephone pairs. Up to nine meter readings can
be made and up to nine operations can be controlled
by simply dialing desired functions. Transmitter adjust-
ment is made remotely while simultaneously observing
readings of appropriate meter.

The transmitter unit is connected to any
one of a number of tuning motors or contactors used for
controlling transmitter tuning or other switching func-
tions. Use of various shunts and multipliers permits the
metering of several circuits at the remote control point.
Any failire of the system immediately removes all
power from the transmitter.

The complete system is sold on an in-
stalled basis with all components guaranteed for one
year. Price includes any necessary modification of the
transmitter. Savings can pay for entire cost in as little
as ten weeks.

STUDIO UNIT
(Type RI-1080)

TRANSMITTER UNIT
{Type RI-1081}

the rust industrial :‘"s:‘ company, inc.

610 WILLOW ST. INDUSTRIAL CO. MANCHESTER, N, H.
T — —
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They earn their leadership

every day, in the laboratory

and in the field!

C-D transmitting capacitors and Faradon* ecapacitors manufactured
exclusively by Cornell-Dubilier, available through all Authorized C-

Distributors.

Write for Catalog to:

Dept. TV 23, Cornell-Dubilier

Electric Corp., South Plainfield, N. J.

suesIOlaRY

CorNELL-DusiLIER

CAPACITORS

Plants in South Plainfield, N. J.; New Bedford, Worcester, and Cambridge, Moss.; Providence. R, I..
Indianapolis, Ind.; Fuquay Springs, N. C.; and subsidiary, The Radian Corp., Cleveland. Ohic

SPURIOUS RADIATION
{Continued from page 21)

7 used the new IF in somne 1952 sets
and 6 used the new IF in all late 1952
sets.  All expect to use the 41.25-mc.
IF in all 1953 models, although 2 stated
that its use depends to some exient on
interference experienced from the state-
police transmitters. Means have Leen
suggested to the FCC to eliminate or re-

duce such interference.
It was decided at the Oct. 20 meeting
that recommendations on TV sweep e¢ir-
uit radiation would be postponed until
the IRE subcommittee on sweep radia-
n completed its work on measurement
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standdrdization. Preliminary standards
have been developed, and are now ready
for distribution, it was stated.

Television Transmitters: J. E. Keister,
Chairman of RTMA Transmitter Com-
mittee RT-4, spoke on the status of
his committee’s work on harmonic radia-
tior from television transmitters. Be-
cause a typical single-ended TV output
circuit provides about 80 db second-
llarmonic suppression without a har-
monic filter, this figure was incorporated
into TR-104B, RTMA Electrical Per-
formance Standards for Television Broad-
cast Transmitters. Subsequently, it was
decided to change this figure gto 60 db,

wWWW.americanradiohistorv.com

and the new figure is given in the C
issue of TR-104.

For complete installations, the “radia-
tion outside the assigned channel shall
be as low as possible and in any case
shall not disturb other services.” 'This
places the responsibility for suppressing
spurious radiation on the industry, even
when adjustments must be made in the
field. All actual cases of TV trans-
mitter interfereace have heen corrected
satisfaetorily, Mr. Keister said.

On Nov. 28, 1952, the FCC published
Docket No. 10353, in which 60-db har-
monic suppression was proposed, and
grealer suppression where necessary to
protect other services. RTMA filed a
request that the effective date of such
a Hule amendment be specified as at
least a year after its forinal adoption,
because of the time necessary to prepare
for production of the low-pass filters re-
quired. 'The following Schedule was
estimated to represent the least possible
limes required for development, procure-
ment, and manufacturing of such filters:

Fivren Tyer Cuanners TiMe
2nd. harm. only 2.3 3 mos.
2nd. harm. only 4-6 4 mos.
Low-pass 2-6 8 mos.
[.ow-pass 7-13 11 mos.
L.ow-pass 14-83 1 year
UHF Receivers: Chairman of IRE

Committee on Spurious Radiation R. F.
Shea reported that the IRE standard
method for uneasuring local oscillator
radiation from KM and VHF-TV re-
ceivers las been used with good results
for UHF receivers also. Such measure-
ments are handicapped to some extent,
Mr. Shea noted, by the commercial avail-
ability of only one type of UHF field-
strength meter. Consequently, deliveries
are slow. Others are in development,
however, and should be in production by
this fall.

Three task forces were then set up
for further work on these problems. No.

i 1, under chairman K. A, Chittick, is to

be concerned with determining the maxi-
mum practical reduction of receiver spu-
rious radiations, and establishing a sched-
ule for compliance by the industry. No.
2, under J. E. Keister, is charged with
the same task on TV transmitters. No. 3,
under chairman D. G. Fink, is to act as
coordinator between RTMA and JTAC
FCC. and IRF.

FM TUNER HEAD
(Continved from page 32)

giving maximum conversion gain, if there
is sueh & maximum. The IF output on
the desired signal will be ronghly pro-
portional to both signal and to oscillator
magnitude, for low oscillator injections,
and the nearby beat responses increase

TV & Rapio ENGINEERING


www.americanradiohistory.com

as some higher power of each. Therefore,
when the conversion guin is no longer
proportional to the oscillator injection,
it is more advantageous to increase the
RF gain, if it is required for maximum
sensitivity than to increase the injection.

For experimental adjustment, the RF
gain should be held fixed while the oscil-
lator injection is adjusted by setting the
oscillator plate-supply voltage and the
coupling to the mixer for the hest opera-
tion, as explained above. Then the RF
gain, which is most likely excessive,
should be reduced until the measured
noise figure is degraded by 14 to 8 db.
This gives best rejection of the most an-
noying beat, fo+151IF, when referred to
standard sensitivity rather than to an
absolute level. The proper way to reduce
the RF gain is not by changing the trans-
conduetance but by decreasing the cou-
pling between tubes and resonant cir-
cuits, or between circuits, so that gain is
traded for selectivity.

The method by which oscillator volt-
age can be supplied to the mixer is
mostly a question of convenience. Ref.
8 describes a mixer using cathede injec-
tion; rel. 22, a low-impedance link; in ref.
6 and Fig. 3, the coupling is accomplished
by circuit stray capacitances; and in Fig.
2, the oscillator and mixer grid inductors
are coupled magnetically. In cach in-
stance, the amount of oscillator injection
can be varied over a fairly wide range by
one means or another.

Performance Checks: If the ultimate
truth of a theory cannot he verified, ex-
perimental evidence is al least a consola-
tion. The foregoing discussion is in part
the result of experiment. so that the cor-
relation between theory and practice
should be fairly direct.

Three examples of FM broadeast tun-
ing heads designed for low spurious re-
sponses are shown in Figs. 2, 8, and 5.
Their measured performances are shown
in Table 2, where they are numbered 2.
I, and 4, respectively. No. 3 is No. 2
modified for better sensitivity. The other
receivers are representative of lower-
priced equipment, and should be com-
pared only among themselves.

Fig. 6 shows the performances of Nos.
1 and 2 (as complete receivers) for weak
signals. It can be scen that a signal of
4 microvolls at 75 ohms is sufficient for
a 40 db overall signal-to-noise ratio on
either receiver. This exceeds the signal-
to-noise ratio of the average living room,
and should be considered noise-free
enough for good listening.

I the same tuning heads were used
with an AM receiver with a bandwidih
of 10 ke. rather than 200 ke., the stand-
ard sensitivity would be on the order of
two microvolts. This is typical of MHF

Concluded on page 38
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to the
ELECTRICAL
ENGINEER

or

PHYSICIST

with experience in
RADAR
or

ELECTRONICS

Hughes Kesearch and Deveiop-

ment Laboratories, one of the
nation's leading electronics

organizations, dre now creating

a4 number of new openings in
an important phase of their
operations.

Here 1s what one of these positions offers you:

THE COMPANY

Hughes Research and De-
velopment Laboratories,
located in Southern Califor-
nia, are presently engaged
in the development and
production of advanced
radar systems, electronic
computers and guided
missiles.

THE NEW OPENINGS

The positions are for men
who will serve as technical
advisors to government
agencies and companies
purchasing Hughes equip-
ment—also as technical con-
sultants with engincers of
other companies working
on associated equipment.
Your specific job would be
essentially to help insure
successful operation of
Hughes equipment in the
field.

THE TRAINING

On joining our organiza-
tion, you will work in the
Laboratories for several
months to become thor-
oughly familiar with the
equipment which you will
later help users to under-
stand and properly employ.
If you have already had
radar or electronics experi-
cence, you will find this
knowledge helpful in your
new work.

WHERE YOU WORK

After your period of train-
ing—at full pay —you may
{1) remain with the Labor-
atories in Southern Califor-
nia in an instructive or
administrative capacity, (2)
become the Hughes repre-
sentative at a company
where our equipment is be-
ing installed, or (3) be the

Hughes representative at a
military base in this coun-
Iry or overseas (single men
only). Compensation is
made for traveling and
moving houschold effects,
and married men keep their
families with them at all
times.

YOUR FUTURE

In one of these positions
you will gain all-around ex-
perience that will increase
your value to our organiza-
tion as it further eXpands in
the field of electronics. The
next few years are certain to
sec large-scale commercial
employment of electronic
systems. Your training in
and familiarity with the
most advanced electronic
techniques now will qualify
you for even more impor-
tant future positions.

How to apply:

HUGHES

RESEARCH AND

DEVELOPMENT LABORATORIES

Engineering Personnel Department
Culver City,
Los Angeles County, California

WWW.americanradiohistervieéom

1f you are under thiriy-five
years of age, and if you have
an E.E. or Physics degree,

write to the Laboratories, giving

resumé of your experience.

Assurance is required that

relocation of the applicant
will not cause disruption of

an urgent military project.
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It's Engineered for

TOP PERFORMANCE
... in Production NOW!

This new DX 90° Deflection Yoke has
everything a television receiver manufac-
harer want a sharp full-screen focus,
a minimum of pincushioning, the ultimate
in compactiress and a price that's down-
right attractive. Becanse this yoke lias been
hrilliantly designed for mass production on
DX's specialized equipment, it warrants
immediate consideration in your 27" re-
ceiver plans. Write us today.

DEFLECTION YOKES ... TOROID COILS ... CRYSTALS
I. F. TRANSFORMERS . . . R. F. COILS . . . DISCRIMINATORS
SPEAKERS . .. TV TUNERS .., ION TRAPS . . . TRANSFORMERS

COMPONENTS

DX RADIO PRODUCTS CO. pnrrrere-

GENERAL OFFICES: 2300 W, ARMITAGE AVE., CHICAGO 47, L.

MOBILE RADIO HANDBOOK

Practical Working Data on Mobile and Polnt-0-Point Systems

EDITOR: MILTON B, SLEEPER — ASSOCIATES: JEREMIAH COURTNEY, ROY ALLISON

PLANNING: How to plan s moblle or palnt-to-point communications system. This
chaptei covers the overall problems of power and topography, Interference, clty
ordinances, public liability, operatlon, maintenance, expansion, and Interconnection.

FREQUENCIES: PCC rulos and allocations which became effoctive in July, 1949
yrovided for many new services. Completa detalls sre presented on every iervice
n the common carrier, publlc safety, Industrlal, and transportation @roups.

LICENSES: How to apply for a construction permlit, license, and renewal for a
communications system. Complete FCC forms, filled out In the correct manner, are
shown. This Is of the utmost Importance; Incarrect forms may cause months of delay.

EQUIPMENT: Three chaptors are devoted to the problems of selecting the right
equipmeont for a particular system, speclficatlons on transmiiters and recelvern
of all makes, seloctive ¢alling and feot control and adjacent-¢hsnnel operation.

ANTENNAS, TOWERS: The probloms of planning antenna Installailons are covered
vary thoroughly in two c¢hapters which explsin the various speclal-purpose types of
radlators, snd the correct mothod of erecting a standard guyed, steel antenna tower,

MAINTENANCE: How o keep a communlcatlons system at peak petformance. Methods
and record forms that have boen perfected by years of experience are described In
detail. Proper balance betweoen essentlal and superfluous malntenance |s explainad

OPERATORS: Tho KCC Is bocoming Incressingly strlct about the observance of
rules relating to operstor requirements st communications systems. Officlal in-
formation Is glven, with a dotalled explanation from FCC Secretary T. J. Slowie.

HOW FM WORKS: Advantagos of FM over AM, coverage, Interferente, and static
elimination, and circult functions aro explained picterlally In 83 Hiusirations.
Tho use of mathematics has thus been avolded In this ¢lear, praclical presentation.

An claborately INustroted reference book for executives, communica-
tlons cngincers, system supervisors. 190 poges, 8% by 114 ins.

$4.00 Cloth Bound - $2.00 Paper Cover fers., s

Published by Radio Communication Magazine
THE PUBLISHING HOUSE, GREAT BARRINGTON, MASS.
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FM TUNER HEAD
{ Continued from page 37)

commufnication receivers. The image
ratios also compure favorably with good
MIHT reccivers in the 6-me, region.

No. 4 receiver, Fig. 5, is considered
the best confirmation of the methods out-

i lined here. When first checked, the sen-

sitivity was excellent, but image and spu-
rious-response ratios were 40 and 67 db
tespectively. As modified, the figures were
increased to 60 and 88 db, at no cost for
parts (none were added), and with no
perceptible difference in sensitivity. Pre-
viously, interference from two nearby
stutions had been very annoying; now.
there is no interference in the entire
band. The RF gain was reduced 10 or
12 db, but the overall gnin was still sufli-
cient for adequate limiting, so the
changes were an unqualified improve-
ment.

RF selectivity for the 6-gung tuner is
shown in Fig. 7. It can be seen thal.
for the region of interest, only 8 of the
4 tuned circuits contribute to selectiv-
ity. This confirms previous deductions.

Figure 8 is a diagram of the tuning
head used in receiver No. 9, Table 2.
Simplicity and maximum RF gain per
milliampere of plate eurrent were the
design objectives. The noise figure of a
similar tuner has been measured as 3 db
al 30 mc. and 9 db at 150 me. It is
better than a straight mixer without an
RF stage in this respeet, but worse for
SpUrious responses.

TV PLANT TOUR
(Continued from page £8)

a4 purpose s a COMPromise measure
which is not recommended, except where

| adequate optical adjustment is impos-

sible, since the reduetion of peak signal
strength may involve a saerifice of signal-
to-noise ratio. To be preferred is the use
of lenses which can be stopped down to
the desired value or, where this is im-
practicable, the use of a neutral-density
filler which euts down the overall light
input without diseriminating against any
particular wavelengths.

Quick movement of the cameras was
[acilitated by using a speeial truck with
u hydraulie lift on the rear end, shown
in Fig. 5. This truck stood by with the
lift lowered until a camera completed
one sequence and a camera in another
location took over. The first camera was
then rolled onto the lift, tripod and all.
hoisted to the truck floor, hauled to the
next location, lowered, und rolled nto
position. Toughest haul was about 450
ft., with only 10 minutes available from
Lhe instant it was shut down to the time
when it hind to be putling out a signal
from the next location.

TV & Ranto ExGiNEERING


www.americanradiohistory.com

The five tons of equipment, consisting
of 49 separate units, was trucked to the
plant from Camden in 38 large wooden
boxes. Uncrating and setting up the
equipment took about four hours. Only
two hours were required alter the show
to knock it down and erate it, ready for
the trip back to Camden.

Stringing the half-mile of cable, how-
ever, was another matter, That took
about eight hours in itself. To protect the
insulation from puddles and wet ground,
in many cases bearing lithium salts and
other chemicals, and to avoid WHlocking
plant streets and drives or the risk of
damage to the cable by passing vehicles,
it was decided best to string most of it
overhead. Where it crossed a spur of
railroad track, the railroad required that
it be suspended a minimum of 8 ft. above
the tops of freight cars. This was ne-
complished without raising poles by
stringing it from one to another of the
plant buildings and tanks. For the
longest run, a 100-ft. stretch from one
support to another where the cable
crossed the railroad, it was necessary to
use a catenary steel support cable to
prevent sagging.

Two 800-ft. lengths of camera cable
were used to carry signals from the two
most remole cameras lo the control
station, and 100-ft. lengths were required
for each of the two remaining cameras.
Four microphones were used, three in
the field and one at the narrator’s desk.
These required microphone-line runs of
800, 200, 100, and 50 ft., respectively.

Six floods provided lighting for the in-
door sequences. One special lighting
problem was engendered by the presence
of an open doorway and lwo windows
near one side of the narrator’s desk.
This was solved by hangiug white muslin
over the openings to diffuse the outside
light, and using a flood to balanece light-
ing in the rest of the scene.

The floods employed Westinghouse
lamps rated at 500 watts, with filaments
adjusted to burn at about 2,800° Kelvin.
This supplied the equivalent of 750
watts, and produced a very white light.
In most instances, one or more floods
were placed within a range of 10 to 15
feet of the subject or main objects in
the scene, the distance depending on the
nature of the shot and the effeets desired.

Little in the way of special eflects
was attempted, but one measure that
was tried proved quite effective. This
consisted of fading in the opening frumes
of the film part of the program behind
an image of Felix Shay, vice president
mn charge of production for Foote, as he
sat at the narrator’s desk after being
introduced. Mr. Shay furnished the
commentatry for the film, which was con-
cerned with the Xings Mountain, North

Concluded on Puge 40
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FAN Air-Coupler for
Bass Reinforcement

Good News . . . The Dual Air-Coupler for bass reinforcement I8 In stock,
ready for delivery. This is the improved model described in Radio Communi-
cation last October, and In the Winter Edition of High Fidslity.

As more and more of the most critleal audio experts install Alr-Couplery in
extended-range systems, reports of remarkable performance continue to pour
in, One of the most enthusiastic owners s Payl deMars, former chief
engineer of the Yankee Network, and a pioncer in high-quality reproduction,
He said: I have never heard such magnificent tone from records and live-
talent FM as | am getting from my Air-Coupler In combination with & dual
speaker for intermediate and treble frequencles.”

For your tonvenience . . . the Air-Coupler fs available in both knock-down
form, so that you can assemble It with a screwdriver, or complalely
assembled, ready to mount the speaker. Made entiraly of first-quallty ¥-In,
plywood, with each piece cut to preclsion fit.

DUAL AIR-COUPLER, COMPLETELY ASSEMBLED now only 47.50
The Air-Coupler Is supplied completely assembled and finlshed In @

speaker.
mounted.

Crossover
Networks for
Any System of
Two or More
Loudspeakers

8y a ludicious selection of associated compone.nu,
the three coll sizes on which G.A. has standardized
enable our customers to secure low-cost crossover
over frequenciesl

bank to buy dozens of coils,

Customers.

would be No. & and No. 8).

DUAL AIR-COUPLER, IN KNOCK-DOWN FORM

MISCELLANY: we carry in stock . . .
Air-Coupler, $46.50; Peerless $.230Q output transformer, $26.00; Paarlass
R-560A power transformer, $16.00; Paerless C-455A power choke, $10.00;
English KT-66 output tube, $4.95; Racon CHU2 tweeter, $21.10.

truly professional manner, with front pancl In place, ready for tha
lllustration shows atsembled Air-Coupler, before front panel Is
Opening Is eut for any 12-in. spesker, the recommended slze.

.now only $34.50
Altec 600-B 12-in. speaker for the

RAPID ATTENUATION NETWORKS

12 db droop per octave. Thess networks use twe
inductance coils.

networks which will operate at 14 different cross. Impedance of Price  Price

For the experimenter, that means low frequency Crossover Order by 2 Colls  Com-

a wide range of choice without having to break the speaker  Frequency Number Only  plete®

For the man whe

wants to Install his system once and for all, it 16 ohms 2,200 No. | $7.00 31150

means money saved, because G.A. saves money by 1,100 2 7.00 ¥2.00

making only three coil “!e‘ (10.2, 5;;, atN:o 1'4'2 ;(S)g 2 :;88 :;gg
savings irec = .

Mh) — and it passes on those g 175 5 ol 2400

I¥ you want to use threc speskers with crossover 8 ohms 1,100 6 7.00 12.00

points at 350 and 1,100 cycles. for example, just 550 7 7.00 132.00

order two of the networks listed sbove (for an 350 8 12.00 17.50

B.ohm system, with rapid crossover attenuation, it 175 9 20.00 24.00

85 10 20.00 2650

As most everyone has found out by now, G.A. I8 550 1 700 1300

headquarters for crossover networks, As far as we 275 12 700 1500

know, we're the only organizstlon stocking networks 175 13 12,00 19.00

spocifically designed for use with Air-Couplers. 85 14 20.00 26.50

f you are in doubt sbout the selection of &
ne}wouk for your particular speakers, send 10¢ for
the G.A. Network Data Sheet, from which you can
determine your requirements exactly.

* Complete networks include necessary capacltors
and level controls. Be sure to indicate whether
you want just the colls or the complete network.

Air-Couplers are shipped via Railway Express, FOB South Egremant, Mass.
Othor ftems shipped FOB unless 75¢ is included to cover parcel post and insurance charges.

General Apparatus Co.

South Egremont, Massachusetts
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FOR PUBLIC

ADDRESS, RADIO,
and kindred fields,

400

J ON ES SERIES
PLUGS & SOCKETS

of proven quality!

.
tacts

hosphor bronze
P M pn.oqed.

cod acts hord

Plug contac™s =
brass codmiv®

o oted. lnw\oifon
molded bakelite:
Plugs ond ‘“kez
Polor'tzed' 2, 4 t;
g, 10, 12 cortacs

Steel
paked ol
crockle enome
Cotalog I:O'““:
ives full intorma=
?;on on complet®
line of Jone* L

minol Strips Write

Howago B. Jones Division
CiMCn MmamurtalTunInG CO0rOeatiON
CHICAGO 24 ILLINOQIS

SURIIDIARY OF UNIEE.Cast 12310K00 COBP.

OPHAR

.. WAXES
“..COMPOUNDS

Zophar Waxes, resins and
compounds to impregnote,
dip, seal, embed, or pot
electronic ond electricol
equipment or components
of oll types, rodio, tele-
vision, etc.

Cold flows from 100°F. to
285°F.

Speciol waoxes non-cracking
ot —76°F.

Compounds meeting Gov-
ernment specifications
plain or fungus resistant.

Let us help you with your
engineering problems.

s ZOPHAR MILLS, inc.

112-130 26th Street,
Brooklyn 32, N. Y.

TV PLANT TOUR
{Continued from page 39)

Carolina plant of Foote. Ilere spodu-
mene, a source of lithium salts. is quar-
ried and processed. The film reproduc-
tion, incidentally, was unusually clear
because the film camera had been modi-
fied with the latest laboratory improve-
ments, and shading was not necessary.

Program: On the recetver screens in Lhe
cafeteria, the stockholders saw first the
processing of lepidolite gres from Africa
to obtain lithunm produets used for many
industrial purposes, ineluding the prep-
aration of speciul types of glass for TV
picture tubes. In Fig. 6, Mr. Drake ex-
plains the ore-bagging process.

Next, the Kings Mountain film was
run, with commentary by Mr. Shay.
More lithium processing operations were
then shown, followed by the activities in
progress at the pilot plant, Fig. 1, where
a new process was being evaluated,

Detailed elose-up action views were
then presented of complex operations
and equipment used in processing zir-
conium, a metal employed in radar and
television manufacturing and for jet en-
gines, atomic reactors, and the fabrica-
tion of vacuum tubes. The tour closed

DRAG DISTORTION
(Continued from page 33)

and the resulting FM signal was picked
up on a standard FM receiver a few feet
away. With proper tuning, the instan-
taneous output of the receiver varied
with the instantaneous longitudinal posi-
tion of the stylus tip.

Various test records were reproduced
with this experimental equipment. Tests
were made with recordings of pure tones
ranging from 20 to 10,000 cycles per
second, of two different tones recorded
simultaneously, and of music. The un-
restrained stylus showed significant longi-
tudinal motion, substantially verifying
the original hypothesis. Figs. 3 and 4
show the results at 40 and 50 cycles re-
spectively, with the upper waveforms
representing longitudinal motion and the
lower waveforms the pickup output.
Longitudinal motion was not restrained.
Figs. 5 and 6 are simitlar views of 300-
cycle waveforms, with the stylus re-
strained longitudinally in Fig. 6.

With the equipment available. it was
not possible to measure electrically the
amount of distortion caused by this mo-
tion, hecause of the simultaneous pres-
ence of other forms of distortion. It was
possible, however, to determine the mag-
nitude of the longitudinal motion. and
by computation to arrive at the char-
acter and amount of distortion attribut-
able to this motion.

www.americanradiohistorv.com

with a wvisit to the plant area, Fig. 7,
where various minerals are processed to
produce welding clectrode eoaling mate-
rials.

Commenting on Foote’s introduction
of this new use of television, Mr. Bliss
predicted that closed-circuit TV will be-
come a valuable tool of business and in-
dustry for such purposes.

“It provides a unique means of show-
ing stockholders what is being done with
their money, and how their investments
are being protected,” he said, “without
wasting their valuable time and energies
and those of company officials in travel-
ing from point to point.

“Further, it makes it possible to pre-
sent a dramatic vignette of highlights in
a company’s operations that is more im-
pressive and understandable than a
physical tour of the plant. It presents
the company’s story with more realism
and conviction than film can achieve,
sinee it is recognized that there is no
window-dressing in a TV presentation,
and no opportunity for cutting and
editing.

“It may even be found practicable for
firms with plants in different eities to
bring live TV pickups from various
plants to a stockholders’ meeting in one
convenient location.”

Although it was pointed out that the
effects of drag distortion can be serious
with some pickups, it was shown also
that the styli in the better modern pick-
ups have high longitudinal stifiness; with
such pickups, drag distortion is probably
negligible.

Conclusion: Both the mathematical
analysis and the laboratory work were
necessarily limited in scope. However,
the NBS work may serve as the basis
for more rigorous investigation elsewhere.
Although no tests were made on verlical
records and pickups, the same general
considerations should apply as with lat-
eral recordings and reproducers. It is
probable also that a formn of drag distor-
tion can occur in the recording operation
if the recording stylus is not sufficiently
rigid longitudinally.

This investigation of phonograph drag
distortion was a by-product of the
Bureau’s military research program. Tele-
metered information from experimental
weapons is frequently recorded on disks
in the NBS ordnance development lab-
oratories, and the distortions introduced
in the recording and reproducing proc-
esses are sufficiently serious at times to
cast doubt on the significance of indi-
cated measurements. Analysis of possi-
ble sources of error in these recorded
measurements led to the study of distor-
tion introduced by phonograph-stylus
drag.

TV & Rapio ExGINEERING
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IMPORTANT BOOKS

for your
REFERENCE LIBRARY

To help you in your selection of basic reference
works, we have checked hundreds of engineer-
ing and techmical books. One or more of these
will provide the amnswer to vour questions and
problems in radie, television, UHF, mobile radio.
microwaves, and sound reproduction. For prompt
delivery, use the coupon helow.

TELEVISION

TY Siandards and Practice—by Donald Fink., No. 40 . .$6.50
405 pages, 5% by 8% ins, cloth. Official standards set by NTSC
for use by engineers in the TV industry.

Practical TV Engineering—bhy Scott Heli. No. 41 87.50
708 pages, 6 by 9 ins., cloth. Fundamentals and methods of efficient
TV practice for engineers, students, and technicians.
Televisioi—by Zworykin and Morton. No. 42 8750
646 pages, illus., 6 by 9% ins., cloth. An nuthoritative treatment of
fundamentals and praetice for TV engineers and service men.

FREQUENCY MODULATION

Frequeney Modulation—by August Huud. No. 43 £6.75
875 pages, 6 by 9 ms, cloth. An engincering text covering basic
principles as well as design of commercial apparatus.

FM Simplified—Dby Milion 8. Kiver. No. 44 $6.50
347 pages, 5% by 8 ins, cloth. An excellent book for the layman
who wants to learn about FM transmission and reception.
Frequency Modulation—by Nathan Marchand. No. 45 85.00
409 pages, illus, 6 by 9, cloth. The fundamentals. circuits, and
equipment used in FM explained using a minimum of mathematics.

UHF

UHF Techniques—Edited by J. G. Brainerd. No. 47 86.50
534 pages, 6% by 9% ins. cloth. A text designed primarily to train
engineers and physicists in ultra-high-frequeney research work
UHF Transmission—by Nathan Marchand. No. 48 $4.50
322 pages, 6 by 9% ins., cloth. For practicing engineers using UHF.
the principles given are applicable to particular problems.
Communication at UWF—&y John Thomson. No. 49 84.50
203 pages, 5% by 8% ins, cloth. Covers radio communications at
these frequencies with emphasis on development possibilitles.

MICROWAVES

Intraduction to Microwuves—by Simon Rameo. No. 50. $4.00
138 pages, 5% by 8% ins, cloth. An excellent non-mathematical
treatment of the concept of microwaves for the novice.
Understanding Microwaves—by V. J. Young. No. 51 86.00
385 pages, 5% by 8% ins., cloth. The underlying principles thor-
oughly explained for engineers, researchers, and students.
Micrownve Electronics—Dby John C. Slater. No. 32. .. 86.50
406 pages, 6 by 9 ins., cloth. A highly technical treatment of wat-
time and post-war development in microwaves.

RADIO COMMUNICATION

Mobile Radio Ilandhook—by M. B. Sieeper. No. 54 $2.00
185 pages, 8% by 11% ins., paper. Invaluable references for all
concerned with mobile radio and point-to-point communications,

AUDIO REPRODUCTION

Pianos, Pianists. and Sonics—by G. 4. Briggs. No. 55 $2.50
192 pages, 514 by 834 ins, cloth. The evolution and construction,
touch, tuning, and toning of pianos. Of interest to music lovers.
Sat. Rev. Book of Recorded Music & Sound Reproduction—
by E. T. Canby. C. G. Burke, & I. Kolodin. No.98..... 3450
390 pages. 6% by 9% ins., cloth. Complete analyses on all phases
of the high-fidlelity field. Includes equipment revorts.

Sound Recording—Dby Frayue and Wolfe. No. 33 $9.50
686 pages, illus, 6 by 9%, ins., cloth. For designer, engineer, and
technician, covers basic problems in recording and reproducing.
Loudspeakers—by G. A. Briggs. No. 56 $1.60
88 pages, 5 by 8 ins. paper. A thorough yet concise account of
the “why” and “how” of good reproduction in simple language.
Musical Engineeriug—Dby Harry F. Olson. No. 95 $7.00
309 pages, 6 by 9 ins, illustrated. Interreluted engineering treat-
meut of sound, speech, mmsic, musieal instruments. acoustics and
sound reproduction.

INSTRUMENTS

Modern Oscilloscope—by I. 4. Ruiter, Jr. No. 58 $6.00
326 pages. 3% by 9 ins, cloth. A description of equipment and
aperational methods for engineers, servicemen, and teachers.
Vacuum-Tube Veoltmmeters—by fohin F. Rider. No. 59..$4.50
432 pages. 5% by B% ins.. cloth. Only source book devoted exelu-
sively to this subject. For engineers, technicians, and teachers.
Encvelopedia on Oscilloscope—>by J. F. Rider. No. 60 $9.00
992 pages, 8% by 11 ins., cloth. Truly encyclopedic in coverage.
this book shows, in detail. efficient use of the scope.

ACOUSTICS

Acoustic Measurements—by Leo L. Heranek, No. 01, 87.00

914 pages, 5% by 8% ins, cloth. Discusses techniques, apparatus,

and theory of ncoustic measurements for technicians.

Acoustic Design in Architecture—by Knudsen & Harris.
No. 62. 8§7.50

457 pages, 5% by 8% ins., cloth. For engineers and students, a dis-

cussion of principles, procedures, and specific applications.

Acoustie Design Charts—Dby Frauk Massa. No. 63 . $4.00

228 pages, 6 by 9 ins,, eloth. Quick, handy relerence for those inter-

ested in design or construetion of electro-acoustic appnaratus.

REFERENCE BOOKS

The Badio Handhook—Edited by R. L. Dawley. No. 64. $6.00
726 pages, 6% by 9% ins, eloth. Detailed constructional informa-
tion on a wealth of radio communication equipment; all new.
Broadeast Operators Handbook—by H. E.Ennes. No.G5. 85.40
265 pages, 5% by 8% ins. cloth. A complete guide to operating
and maintenance praclice for broadcasters and technicians.

Data for Radio Engineers—Federal T. & R. Neo. 66 83.75
675 pages, 6% by 8% ins, cloth. Revised edition of this compre-
hensive reference giving data on all phases of radio engineering.
Radio Eng. Handbook—>by Keith Henney. No. 67 $10.00
1,197 pages, 6 by 9 ins, cloth. The 4th editicn contains the latest
revisions on all material pertaining to electronies and radio
Elecirical Eng., Handbook. Vol. 2——Pender. No. 68 £8.50
1564 pages, 5% by 8% ins., cloth. Covers field of communications,
ineluding facsimile, FM, TV, and latest pulse techniques.

Radie Eugineers Handbook—Terman. No. 69 2900
1,019 pages, 6 by 9 ins, cloth. A wealth of technical information.
specially selected for application toward practical radio problems.
Microplhones—by Engineering Staff. BBC. Neo. 73 83.25
114 pages, 5% by 8% ins, cloth. Covers the theory, design, and
charaeteristics of all standard microphone types.

MISCELLANEOUS

Radie and TV Almanac—>by 0. E. Duniap. No. 71 34.00
211 pages, 5% by 8 ins, cloth. A chronological reeord of faets,
dates, and people important in the history of radio and television.
Short-Wave Radiation Phenowena—FHund., No. 72, .820.00
1.382 pages, 6 by 9% ins. cloth. two volumes, not sold scparately.
A comprehensive trentment of propagation theory and applieations.
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MYCALEX engineers designed these sockets to provide a com-
plete, yet economical, solution to UHF tube mounting problems.
Exhaustive tests have proven their mechanical excellence and
high electrical efficiency. The use of “MYCALEX 410" (injec-
tion molded glass-bonded mica) with its great dimensional sta-
bility permits a minimum amount of dielectric to be used in the
body structure. This plus other unique design features results in
extremely low inter-electrode capacitance. In addition to its.other
advantages—high arc resistance, high dielectric strength, non-
porosity, etc., “MYCALEX 410" has very low dielectric loss at
all frequencies including UHF and thereby offers great advantage
over phenolic materials. “MYCALEX 410” operates continuously
in temperatures up to 650 F with practically no change in elec-
trical properties or mechanical structure. Soldering operations
will not cause body distortion.

MYCALEX TUBE SOCKET CORPORATION

Under exclusive License of Mycolex Corporotion of Americo * 30 ROCKEFELLER PLAZA, N. Y. 20

_ TROUBLE-FREE CONTACT TERMINALS!

Contact terminals on these sockets are so designed that the effective’

inductance from soldered connection to the tube base is no greater
than if the connection was made directly to the tube pin. Special
design resuits in high contact area pressure that effectively reduces
contact resistance. Contact terminals are secured in the body in a
manner that permits 90° bending of the tab without weakening.

[YPES OF MOUNTING HARDWARE! |

“MYCALEX 410” UHF Sockets, 7 or 9 pin, can be furnished mounted
in various standard saddle hardware—regular saddles (top or bottom
mounted ), saddles with ground lugs, snap or JAN types, permitting the
use of radio tube shields.

MYCALEX CORPORATION OF A MERICA

Owners of ‘MYCALEX’ Patents and Trade-Marks

Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 * Plont’& General Offices: CLIFTON, N. S
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