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3 -Phase Regulation 
LOAD RA NGE REGULATION 

MODEL VOLT- AMPERES ACCURACf 

3P15,000 1500-15,000 
3P30,000 3000 -30,000 
3P45,000 4500- 45,000 

0.5% 
0.5% 
0.5 

i 

Extra Heavy loads 
LOAD RANGE 'REGULATION 

MODEL VOLT -AMPERES ACCURACY 

5,000fi 500 - 5.000 
10,0034' 1000- 10,000 
15,00)4' 1500- 15,000 

0.50/0 

0.5% 
0.5% 

Harmonic Distortion on above models 3 %. 
Lower capacities also available. 

400 -800 Cycle Line 
INVERTER AND GENERATOR REGULATORS 

FOP AIRCRAFT. 

Single Phase and Three Phase 

LOAD RANGE REGULATION 
MODEL VOLT -AMPERES ACCURAC( 

D500 50 - 500 C.5% 
D1200 120 -1200 C.5% 

3PD250 25 - 250 C.5% 
3PD750 75 - 750 C.5% 

Other capacities also available 
o.tie. 

The NOBATRON Line 
Output 

Voltage DC 

load Range 
Amps. 

6 volts 15 -40 -100 
12 15 
28 " 10 -30 
48 15 
125 " 5 -10 

R.gufatIon Accuracy 0.257. from 1/4 

to full load. 

General Application 
LOAD RANGE REGULATION 

MODEL VOLT -AMPERES ACCURACY 

150 25 - 150 0.5% 
250 25-250 0.2% 
5)0 50 - 500 0.5% 
1300 100.1000 0.2% 
2?00 200-2000 0.2% 

NORERNEN 
The First Line of standard electronic 

AC Voitage Regulators and Nobatrons 

GENERAL SPECIFICATIONS: 

Harmonic distortion max. 5% basic, 2% "S" mcdels 
Input voltage range 95 -125: 220 -240 volts (-2 models) 
Output adjustable bet. 110-123: 220-2401-2 models) 
Recovery time: 6 cycles: 4'19 cycles) 
Input frequency range: 50 to 65 cycles 
Power factor range : down to 0.7 P.F. 

Ambient temperature range -50 °C to 50 °C 

All AC Regulators 8 Nobatrons may Le used with no load. 
Models available with increo.ed ,eyulation accuracy. 

S ?ecial Models designed to meet your unusual app ications. 

Write for the new Sorensen catalog. It contains complete 
specifications on standard Voltage Regulators, Nobatrons, 
Irscrevolts, Transfcrmers, DC Power Supplies, Saturable Core 
Reactors and Meter Calibrators. 

SORENSEN & CO., inr. 
STAMFORD CONNECTICUT 

Represented in all prireipal cities 
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For the Rad o and Televi- 
sion Serviceman - for the 
Experimenter - for the 
Amateur - for the Radio - 
Electronics Engineer 

PH I LCO 7008 
The only completely self -contained and moderately priced instrumen for aligning television and 
F=M receivers. Includes 5 different signal generators with their associated controls; a complete 
oscilloscope with centering, gain, focus, intensity, phasing and blanking controls, and power sup- 
plies; separate RF probe for measurements of sensitive circuits without disturbance. Removable 
crosshatch screen for ultra -short 3" cathcde -ray tube. Compartment for cables and RF probe. 

WRITE FOR TECHNICAL LITERATURE 

Philco Corporation, Philadelphia 34, Pa. 

No. 7008 Philco Visual Alignment 
Generator 

No. 7001 Philco Electronic Circuit 
Master 

No. 7C70 Philco RF Signal Generator 

No. 5072 Philco Crosshatch Generator 

No. 7030 Philco Dynamic Tester 

No. 7019 Philco Junior Scope 

COMPLETE PHILCO TEST EQUIPMENT LINE 

Primarily, to provide for the needs of radio's largest, 
best informed group of service technicians -the 25,000 
members of Philco Service - Philco engineers have cre- 
ated this complete line of precision instruments for radio 
measurements, in compact, portable, inexpensive form. 
The unique, practical advantages of Philco equipment 
are widely known today, wherever electronic devices are 
used -in communications, laboratories, and industrial 
plants. If you use, or plan to use, electronics in your 
work, get the facts now about Philco Test Equipment. 
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COVER ILLUSTRATION 
A pen, transmitting site for a 23- channel system developed to serve 
as a link in telephone service between New Glasgow. Noya Scotia 
and Charlottetown, Prince Edward Islands. Canada. 

(t'onrte$y Fedcrnl Telephone an,i Rode, r.orr., 

TELEVISION ENGINEERING 
Television at \VRZ Sidney V. Staliie S 

Complete Setup at Soldier's Field Center Has Equipment Room 
with Audio and Video .4pporatns, an FM and TI' Transmitter 
Room, Three -Bar TV Batwing and Two -Bay F.11 Pylon Atop a 
Tower 656' Above Sra Level, Teleran Facilities, Microwave 
Lint.-. etc. 
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Concluding Installment with Data on 1900 -21110 .11e Equipment. 
Microwave Tribes, Antennas and Transmission Lines. 
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Cavity Resonators as Filters at VHF H. \V. Jaderholm 1S 

Application of Filters in Relay Transmitters for 3Iobile and 
Pount-to -Point Systems, and Multiple Receiver and Transmitter 
Operation from Simile Antenna, 

TRANSMITTING TUBES 
Tula Engineering News 

.Miniature and Proximity Fear Tubes in Hearing-Aid Type 
Transmitter and Receiver for Coaching Applications. Tri roder 
in Single Sideband Transmission and ('lacs C F.11 and .411 

97 

COMMUNICATION SYSTEMS 
Commercial Single Sideband Radiotelephone System....F. A. Polkinghorn 24 

Single Sideband System, Used Effectively Thirty -Three }-ears 
Ago, Now Being Applied to Solve Many Channel Problems, 
One Method Designed for Point -to -Point Operation in the 3.4.25 
and 2.7 -14 ]lc Ron,!? ',it6 200 -Watt Peak Power for 200 to 
2500.Alile 1 ?, 

ANTENNA ENGINEERING 
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Part II . 1-Iou' to i arts to Find Reactance and 
Resistance of Si.r Typical Types of Aircraft Antennas. 
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PIONEER .4V;:a Lsnea 
PIONEER EQUIPS GROUND *STATIONS WITH 

Wilcox Type 378A Package Radio 
PACKAGE DESIGN SPEEDS YOUR INSTALLATIONS 
The Type 378A is complete from microphone to antenna, ready 
for connection to power moins. It is designed for aeronautical 
VHF gound.air communicaticns at smaller traffic centers. 

PROVEN COMPONENTS INSURE QUALITY AND 
PERFORMANCE -The Ty3e 305A VHF Receiver and 
Type 364A VHF Trcnsmitter (50 watts) are the principal 
components of the 378A. Long used separately and 
f eldtested by leading o dines, these units ore now 

asciloble in package fore. .á 
NEW AIDS TO CONVENIENT OPERATION 
The telephone handset with its convenient push -to 
folk button, serves as both headphone and micro 

phone, with an aux liary loudspeaker for incom- 

ing calls. The 378A includes desk front, message 

rock, and typewri er space- there are no ac- 

cessories to be added. 

LOCAL OR REMOTE CONTROL -If de- 
sired, the control panel can be removed 

and the 3781. remotely controlled, eithei 
by re- installing the panel of the operat- 
ing position or by simple adaptation to 
your existing control equipment. 

'Pioneer oir:rolt are also 100% equipped 
with the new WILCOX Type 361A 
Airborne VHF Communication System. 

K A N S A S C I T Y 1 , M I S S O U R I 

WILCOX Means Dependable Communication 

ZeAtete todav for complete information 
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THEY'RE BETTER BECAUSE .. . 

141 

the 
EIMAC 
4 -65A 

F O /AC* PLATES, the revolutionary 
Eimac development, withstand excessive abuse. Manu- 

factured by an advanced technique, these plates can handle 

nomentary overloads in excess of 1000 %, consequently 
they contribute appreciably to the tube's life. 

APPLIED RESEARCH by Eima.: engineers 
has produced a thoriated tungs'en filament 
with ample reserve emission. Its instant heat- 

ing characteristics make the 4 -65A well adapted to 
mobile application. 

EIMAC P :.CCESSED GRIDS, manufactured El 
en exclusive tech s c ee impart a high degree of opera- 
tional stability. 3oth primary and secondary emission 

are controlled. 

Off" SPECIALLY DESIGNED screen 
grid effectively shields input and 

output circuits,with in the tube, without excessive screen 

power. All internal structures are self supporting without 
the aid of insulating hardware. 

These are but some of the fea-ures that combine 
to make the Eimac 4 -65A a better tetrode. It is 
unexcelled in its category as a power amplifier, 
oscillator or modulator. For example,in typical op- 
eration as a power amplifier or oscillator (class -C 
telegraphy or FM telephony one tube with 
1500 plate volts will supply 170 watts of output 
power with less than 3 watts of driving power. 
A complete comprehensive data sheet on the 4 -65A 
has just been released. Write for your copy today. 

EITEL- McCULLOUGH. INC. 
204 San Mateo Ave., San Bruno, California 

Export Agents: Frazer it Hansen, 310 Clay Street, San Francisco II, California 

CONTROLLED PRODUCTION pra:- 
tices include a slow oven -anneal to re- 

move the last vestige of residual strains, and four to 
eight hours of tes-irg under severe VHF conditiors. 

t.'.n.k R..g. ll. S. Far. 0 ". 
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WIRES and CABLES 

When you list the qualities most desirable in a sup- 

plier of wires and cables for your electronic equip- 

ment, you will find that Lenz most nearly answers 

your description of a dependable source. 

First, this company has the engineering background 

and experience, the knowledge of your requirements 

in wires and cables that are needed to help draft 

your specifications. 

Second, it has the facilities to produce these wires 

OF ELECTRONIC EQUIPMENT 

and cables in volume exactly to specifications. 
economically and promptly. 

Third, it is a reliable organization with over 40 years 

background of dependable service to the communi- 
cations industry. 

Make Lenz your principal source for wires and cables. 

A Lenz wire engineer will gladly consult with you 

regarding your special requirements. Correspondence 
is invited. 

"IN B U S I N E S S S I N C E 1 9 0 4" 

LENZ ELECTRIC MANUFACTURING CO. 1751 No. Western Avenue, Chicago 47, Illinois 
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CoRMUMATMS 
LEWIS WINNER, Editor 

THE 1'ta.r :vlslux : \IJ.he.\TIrx puzzic, 
wchiCh has prompted a score of rou nl- 
the -clock FCC conferences and hear- 
ings in Washington (luring the year, 
aptwareil closer to solution than ever 
before at the Luca TV engineering 
meeting which was concluded (luring 
the first \\reek in December. 

Several very plausible plans were 
submitted. one of \which involved a 
carrier ync system which would per- 
mit sati-factory operation of co-chan- 
nel ,utions 1511 miles apart, in accord- 
ance withh present separation practice. 
Reporting un the system, \which ha :s 
been used in sync tests between 
\\ XIiT in New fork and \CXR\\' in 
Washington. Racy D. Kell, of RCA 
Labs. said that the tests indicated that 
if the level of the interfering signal 
produces barely visible bars in the pic- 
ture under non -sync operation, it live 
[u tenfold increase in the interfering 
signal level produces the saute visible 
effect \vheü the two carriers are syn- 
chronized. This value of improvement. 
Kell said. is for a random phase rela- 
tionship between the two carriers, and 
at the most desirable phase position 
the improvement is :thottt thirty times 
the voltage. It was pointed out that 
this phase relationship will change clue 
to many factors and some clean value 
between optimmni phase relationship 
and the most unfavorable phase rela- 
tionship is a reasonable value of im- 
provement to be expected. Kell de- 
clared that on this basis it was felt 
that an improvement corresponding to 
a reduction in interfering signal by a 
factor of about ten tines in voltage 
may be reasonably expected. 

The system has such merit. report - 

eel IT.\l, that it should be considered 
as a factor in allocations planning. 

In another solution approach. Philip 
F. Siling, of the R(':\ Frequency Bu- 
reau. ,aid that the FCC should make 
its assignments upon the basis of pro- 
tecting. the 2 my in contour of metro- 
politan stations for not less than ')Ili; 
of tile time. Thus, he pointed out. the 
service areas of these stations would 
be extended to approximately the 
5110 11v in contour for not less than 

DECEMBER, 1948 

The TV Channel Problem 

'toc ;; of the time by the use of syn- 
chronization of carriers, \\-here that is 
rquired for adequate service. And 
when this is done. the stations should 
he protected to the 500 uv /m contour. 

Siting also suggested that the FCC 
permit the use of directional antennas 
where such use will provide the oper- 
ation of new stations \without impair- 
ment of service from existing stations. 
It \was also proposed that higher power 

I e permitted in sorte areas. 
\dditional pertinent solution data 

were offered by T. T. Goldsmith, Jr.. 
f Iu \font, who reported on ;t series 

I f tniposphere, terrain and allocation 
tests recently completed. According to 
Goldsmith. the 500 uy.'ni contour of a 
station should be protected for a net 
service 90,4 of the tinte. It lias been 
found that the shadow's of hills and 
buildings Materially change the meas- 
ured average field intensity from that 
calculated from the smooth earth pre- 
dictions. Field strength values for 
90'.; of the measurements tense were 
Iotmd between the values predicted 
by theory and \clues ?II clb loyer than 
these. Accordingly, said t;oldsntith, 
sonie latitude should be albi\ycd for 
titis practical condition when choosing 
safe allocation spacings for stations. 

Cunmuenting on the present height- 
power formula, \\-Rich was set cup ill an 
attempt to equalize service areas, 
;thldsntitiu stated that this formula 

.would tend tu iIisco wage high au- 
ennas where the reduction of power 
,vere enforced. It seems :ts if the dif- 
iculty lies in the fact that the tropo- 
spheric interfering signals are pri- 
marily a function of power only and 
tie rei Ltiveiy little affected by antenna 
height. Iiowever, the desired signal 
strength is influenced advantage( 
by increased height, particularly to 
Hulse service areas at distances of ?(I 

tu 5(1 stiles. 
Goldsmith also revealed that meas- 

urements have indicated that receiver 
and transmitter improvements make it 
possible to detect signal interference 
\'heu a ratio of 300 parts of desired 

sal to one part of undesired signal 
,.gists. For practical purposes, though, 
a 1(X):1 signal strength ratio is prob- 
ably adequate. it was pointed out 
that this ratio should be the one \which 
applies after having provided a ter- 
rain factor correction. 

Discussing. the sync approach, Gold- 
smith said that perhaps the use of sync 
oscillators for a pair of transmitters 
may stake the co- channel heat between 
the carriers less prtmtinent. It \vas in- 
dicated that the non -sync operation of 
the frequency- modulated sound chan- 
nels must be considered. In some 
cases. he said, the sound distortion has 
proved as severe as the co- channel pic- 
ture distortion. It was felt, declared 
Goldsmith, that the adjacent channel 
ratio at the receiver input terminals 
may safely be reduced to 1:1 for allo- 
cation purposes, but it was not be- 
lieved that adjacent channel operation 
in the saute service area is practical 
because of the signal distribution due 
to the terrain factor. 

A ground-wave 2.11110 tie nt contour 
as a primary service area, protected 
under :tdI conditions, was satisfactory 
according to the report. \which added 
that wherever possible protection 
should further be granted to the 500 
u\ ill as a secondary service boumulary. 

Testimony at the conference also 
revealed that the ultra highs were no 
longer being dismissed as remote areas. 
Many declared that these higher bands 
would be used and very soon, with 
both receivers and transmitters becom- 
ing available before long. it was indi- 
cated that the transmitting powers may 
he low, but sufficient for satisfactory 
localized coverage. 

Since these solution proposals may 
be the answers to an effective alloca- 
tion plan and the eventual lifting of 
the freeze, the need for immediate 
action was stressed by many. Ac- 
cordingly a special committee was set 
up to evaluate the suggestions and 
perhaps arrive at a program which the 
FCC could adopt officially. It is be- 
lieved that the committee's findings 
will be available in the early weeks of 
Iitnuary. We hope so!-1.... W. 
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Test pattern of WBZ -TV 

TELEVISION 1S BOSTON ... January, 
February, March, April, May and 
finally "f-Day, June 9, 1948. 

At first. it was hoped that WBZ -TV 
would be on the air by early spring. 
Winter came upon us early last De- 
cember and fiom then until late spring 
the erection of our tower was at a 
standstill. 

Many days were too cold and windy, 
making it impossible for the riggers 
to work. For a full two months it 
was a continual battle in an attempt to 
keep the snow cleared from the tower 
steel. New England's worst winter in 
decades continued to be equally dis- 
couraging throughout the months of 
April and May. . When it carne time to 
hoist the TV pylon and super turn- 
stile antennas atop the tower, it took 
a period of two weeks to do a routine 
three -day operation. 

While this activity was going on 
outside, we lost little time within the 
confines of our building. Plumbers. 

TELE VISION 

by SIDNEY V. STADIG 
Technical Supervisor 

WBZ -TV 

bricklayers, carpenters, plasterers, 
etc., were busily laboring at their spe- 
cific duties and in the middle of all 
this activity, our own crew was dili- 
gently working on the installation of 
our 5 -kw television transmitter' under 
the supervision of William C. Ells- 
worth! 

Last January we were fortunate to be 
able to obtain two sets of field camera 
equipment' This gear was set up in an 
antiquated studio of WBZ, then located 
at the Hotel Bradford in downtown 
Boston. This enabled us to form our 
technical staff to obtain firsthand 
working knowledge of the equipment 
prior to the time we would have to use 
it on the air. 

Television interest in Boston actu- 
ally got underway last December when 
NBC fed the Louis -Walcott fight for 
studio viewing. The program was 
piped in over the A. T. & T. micro- 
wave relay link into Bowdoin Square, 
from which point the New England 

TV Facilities at New Center Include Four Major Points 

of Operation: TV Equipment Room with Sight and Sound 

Setup (Audio Facilities Include Consolette Which Permits 

Four Studio Microphone Positions, Two Turntable and 

Six Remote Input Positions for Projectors, Network Line, 

Remote Lines and Speaker Monitors) ; Projection 

Equipment (16 -mm and Two 35 -mm Film Units) ; TV FM 

Transmitters, and Mobile Televan. Three -Bay TV 

Batwing and Two -Bay FM Pylon Mounted on Tower 656' 

Above Sea Level. 
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Telephone and Telegraph Company's 
land wire facilities carried it to the 
WBZ studios. Over two hundred peo- 
ple viewed this telecast, received on 
nine jeeped' receivers. 

This instigated a series of feeds 
from NBC to \ \'BZ which were spon- 
sored by various receiver manufactur- 
ers. The demonstrations also afforded 
manufacturers an opportunity to set 
up receiver distributors throughout 
this area in anticipation of a signal 
emanating from WBZ-TV. 

In April, television gained still more 
headway. In cooperation with the 
Boston Post, WBZ -TV and the Elec- 
tric Institute of Boston, it was decided 
that television should be a keynote of 
Boston's First Anginal Electric Show. 
Arrangements were made with various 
receiver manufacturers and distribu- 
tors to set up over 100 receivers to be 
located at various booths at the show. 

This presented two serious prob- 
lems: (1), the distribution of both 
video and audio and ('l, program 
makeup. The first problem was nego- 
tiated successfully by building a group 
of wide -band video distribution am- 
plifiers and by stringing miles of coax- 
ial cable all over Mechanics Building. 
Receiver manufacturers were then re- 
quired to supply jeeped receivers. 

In video work, proper line termina- 
tion is as important as proper termina- 
tion of antenna feeds for TV receivers 
in order to eliminate ghosting. Mis- 
match due to improper bridging and 
termination of lines necessitated seri- 
ous consideration, for each of the five 
coaxial distribution lines had an aver- 
age of twenty different types of re- 
ceivers on them. Finally, this problem 
was ironed out and good pictures were 
received throughout the hall. 

Program fare was supplied from 

(RCA TT -5S. x' \Cestinghouse headquarter's 
engineer from Philadelphia. 'RCA TK -30A. 
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At left: WBZ -TV transmitter operating console, in foreground, with TV transmitter (background 1, which is located in the main equipment room. 
Vestigial side -hand filter is at rear right. At right: FM transmitter being viewed ewed by officials prior to the increase in power to 10 kw (left to right) - 

W. C. Swartley, WBZ station manager: tl +'ilym Price. president of Westinghouse Electric. and W. H. Hauser, WBZ chief engineer. 

three sources, each feci to the input 
end of the video distribution setup 
where the switching was clade from 
one source to the next. All TV net- 
works in New fork sanctioned feeds 
to this show via existing microwave 
facilities. 

WBZ-TV set up a temporary icon- 
oscope camera chain with a 16 -nun 
film projector at the studios and micro - 
waved film shorts to the show. The 
feature program of the show was a 
Miss TV contest put on right at the 
hall. The \VBZ -TV tclevau, mobile 
control truck, was set up inside the 
building to act as a control point for 
two camera chains on the stage. Each 
day a group of contestants performed 
before the cameras, with semi -finals 
and finals staged at the close of the 
week. 

Station Facilities 

WBZ -TV facilities may be sub- 
divided into four separate groups: the 
main equipment room, television pro- 
jection, television equipment and the 
mobile eleevar. 

Main Equipment Room: In addition 
to the audio racks and recording ma- 
chines' in the main. equipment room. 
two TV monitor racks, transmitter, 
side -band filter and diplexer are on the 
left -hand side, and the FM transmitter° 
with its monitor racks on the right - 
hand side of the room. The master 
console for the TV transmitter is mid- 
way between the two transmitters. 

In one of the TV monitor racks are 
the aural transmitter which contains 

sound frequency and modulation 
monitor,' program amplifier,' and 
audio monitor amplifier" audio jacks 
aid convenience outlet panel. 

The second rack for the video trans - 
mitter contains a stabilizing (video 
line) amplifier,10 a video carrier fre- 
quency meter." an rf patch panel and 
necessary power supplies to operate 
the master monitor in the TV console, 
and the demodulator." 

The television transmitter is assem- 
bled in eight steel cabinets that con- 
tain the necessary components of both 
a video transmitter and a sound trans- 
mitter with their associated power sup - 
:)lies and control circuits. 

The aural section utilizes :ut F \I 
c.xciter, a followed by tripiers and 
doublers that drive a power amplifier 
employing an 8D21 dual tetrode. 

The video section employs a stand- 
ard crystal oscillator followed by 'a 

.ripler and doublers that drive another 
;D21 final amplifier. This stage oper- 
ates as a grid -modulator power am- 
tlifier. 

Six 4D27s in parallel modulate the 
grid of the final amplifier. The video 
system is a high -gain, three -stage am- 
plifier with excellent frequency and 
phase response. utilizing a constant 

'The term i,'.p applies to the conversion of 
z standard 'l'V receiver chassis to that it will 
take a standard 2.volt video signal, rather than 
picking up the television signal direct from the 
antenna. in reality, it is much like a phono 
audio input on a receiver when the audio is 
injected after the second detector, rather than 
deriving the signal through the rf and if stages. 
stages. 

5Scully. ° \Westinghouse FM -I0. 'C.R 1170- 
AD. "RCA liA -i. oRCA s2-Cl. '"RCA TA-58. 
"RCA \\'F -44A. 

"'RCA \ \' \I.12.\ \V\I -1.3A. ' "RCA. 

resistance network in the :node of the 
modulator stage. This network makes 
the internal impedance of the power 
supply a part of the plate load, thus 
permitting frequency response down 
to and including dc. A clamp circuit 
type of dc restorer is used in the grid 
circuit of the modulator which clamps 
on the back porch of the horizontal 
pulse. 

Dual unit rcfectornctcr.c are in- 
cluded in both the sound and picture 
output circuits. These units are an 
invaluable aid in checking and main- 
taining proper output characteristics. 

They perform three main functions: 

(I) Measurement of the saw- on the 
main transmission line. 

( 2) Measurement of the peak of sync 
power output (when calibrated 
against the dummy load 1. 

(3) Operates as an rf overvoltage 
output, thus protecting the trans- 
mission line against rupture due 
to lightning, bad mistermination 
or any trouble which causes ex- 
cessive standing waves to occur. 

The output of the picture transmit- 
ter is feci into the vestigial side band 
filter. Physically. this unit consists of 
a mice of coaxial transmission lines. 

Electrically, it comprises a combina- 
tion of two nr- derived filters con- 
structed of low loss coaxial transmis- 
sion lines. Filter components of the 
common 1 -c construction would be 
difficult to manufacture and uneco- 
nomical to use because of the currents, 
voltages? and reactances involved. 
Hence, the coaxial -line construction. 

The undesired side band is passed 
through one of the filter units into a 
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w BZ TV- FBI tower. llicrowase for remote 

pickup may be seen immediateh below WBZ 

neon call letters. 

properly terminated transmission line 
that eliminates reflections of the lower 
side bands. This termination is in the 
form of a water- cooled load resistor; 
its resistance is equal to the character- 
istic resistance of the line. 

The desired signal goes through the 
second filter and a notch filter. This 
notch filter is so designed to protect 
the sound frequency of the lower ad- 
jacent TV channel. 

Both the aural transmitter and the 
video output of the side band filter are 
fed into a diplexer. In a simplified 
form, the diplexer may be considered 
to be a balanced bridge circuit in 
which there are four legs. The visual 
and the aural signals are fed to alter- 
nate diagonals of the bridge. Since 
the aural signal is fed into the circuit 
across the mid- points of the antenna 
and the reactors, no visual signal can 
go into the aural transmitter. In like 
manner, the visual signal is fed to the 
circuit between two points of equal 
potential with respect to the aural 
transmitter, so that no aural signal 
can get back to the visual transmitter. 

The two output feeds of the diplexer 
feed the east -west and the north -south 
set of the turnstile radiators respec- 
tively. In order that a circuit hori- 
zontal radiation pattern be achieved, 
one set of radiators are fed 90° out of 
phase with the other. 

Our transmission line installation 
departed from that usually installed 
for television. We used 3/" 51.5 -ohm 
coax :" but instead of each 20 -foot sec- 
tion hung in a suspension type hanger 
to allow for expansion, our line was 
secured at two points, one at the top 
of the tower, the other about half -way 
down. Immediately below these two 
points, a coaxial type of expansion 
joint designed especially for television, 
was inserted. 

The line between these points is held 
to the tower by loose fitting clamps 
that allows the line to creep when it 
expands or contracts with temperature 
changes. 

One thing of particular interest is 
the matter of suspending the inner 
conductor in the transmission line. 
Each 20 -foot section has a rolled 
groove 12" frutti one end of the line. 
This groove was indented sufficienth 
so that when the line was placed in a 
vertical plane, the inner conductor in- 
sulator would catch on the groove and 
thereby suspend its own center con- 
ductor. 

On the horizontal runs, the rolled 
grooves were alternated to allow for 
differential expansion. Each length 
of line was flanged and each piece of 

b\ndrew Company. 
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Rigging and final test of WBZTV batwing 
antenna. 

inner conductor milled so that the wire 
conductors could be fitted together 
with a bullet. The outer conductor 
flanges were bolted to each other to 
eliminate the need for any soldered 
joints in the line. 

Should it become essential to cut 
a piece of coaxial line, it is necessary 
to solder on another flange but to in- 
sure that the line retains a flat char- 
acteristic impedance, it is necessary 
to cut the inner conductor midway be- 
tween insulators, with the remaining 
length made up with a special type of 
inner conductor of slightly larger 
diameter. 

The TV Transmitter Console 

The television transmitter console 
contains three sections: transmitter 
control, incoming and outgoing pro- 
gram monitors, and three -point video 
monitoring facilities. 

The transmitter control section con- 
tains control circuit switches and in- 
dicating lights for remote operation 
of the transmitter. The center section 
of the console features two master 
monitors which enable simultaneous 
checking of the incoming as well as 
the outgoing program. 

The right side of the console pos- 
sesses a row of push buttons for moni- 

W. C. Ellsworth measuring the huge base plate 
that mounts on top of the tower to hold an- 

tennas. 
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for -stitching purposes. This system 
provides for viewing at any one of 
three paints in the system: transmitter 
input, modulator output and transmit- 
ter output. 

on this same panel is located an- 
other row of buttons for monitoring 
the signal trou reproducers at any one 
of the foregoing locations. There also 
are additional controls for monitoring 
the audio at any of the points in the 
aural transmitter. as well as a tm 
meter for indicating audio level. 

The wave-frm demodulator depicts 
the amplitude o1 sync versus video 
plus overall percentage of video mod- 
ulation :tad is observed on a 5 -inch cr( 
mounted in the master monitor. This 
'scope has a variable sweep circuit and 
by means of a switch, it is possible to 
observe the vertical field or horizontal 
line presentation with their associated 
sync pulse blanking pedestal and video 
C. mtcttt. 

The picture demodulator output is 
observed on a 1111114 that is built into 
the master monitor. 

The FM Transmitter 

Our P \i transmitter consists of 
three cubicles, the first of which con- 
tains a unit'' for 1:\1 modulation and 
frequency stability circuits. This in 
tarn drive- a series of doublers and 
end, up in a pair of \ \'I. 57.36s. This 
particular unit has a self -contained 
power supply and can be used as a 
3 -kw F \I transmitter as well as the 
rf driver for the final stage, as we 
use it. 

'Ube center cubicle contains at three - 
phase rectifier for the final. The third 
cubicle houses a pair of \C1.- 2500: \3s 
that are air cooled and capable of de- 
livering 10 -kw output. It is a grounded 
grid final employing a form of tuned 
coaxial cathode and plate tank circuits. 

This transmitter is piped into an- 
other coaxial line similar to the 
coax installation, which terminates 
into the two sections of a heavy -duty 
pylon antenna. 

The tower itself rises 572' above sect 

level, and the addition of the 2- section 
P 1\1 and 3 hay TV antenna raises the 
tower to an overall height of 656'. 

Television Projection Room 

The projection ruon1 is located on 

the first floor, immediately below tin 

'1\ e anal ruons in the southea.t 
corner of the building. It employs two 
filou camera chains employing 12150 -i\ 
ic.moseope tubes. 16-mm filar pro - 
¡crtn', two 35 -win filet projectors 

w.-tingh,m.° >lt I.>I1'. 

t ith its rack ut associated sync light 
putter supplies and picture monitor. 
There are also three 2 x 2 slide pro- 
jectors' for use with 2 x 2 slides and 
35 -aum strip film, and one Bal- optican 
modified to project opaque slides and 
news tapes. 

The 16 -taw projectors are used in 
conjunction with one camera chain, 
trie two 35 -uns. projectors with the 
smolt(' chain. This is possible by the 
use of a nnultiplexer. This multiplexer 
has two front surface mirrors, en- 
abling each aortic projector to be 

mounted at right angles to the filin 
cameras :und the reflected pictures to 
be focused on the mosaic of the icono- 
scopes through the front surface mir- 
rors placed on a 45° angle. 

This system allots greater flexibil- 
i.y of each film camera and simplifies 
the problem of switching video and 
sound irams une projector to another. 
','luis stitching is a duty of the projec- 
tionist. 

There is a film cannera control unit 
for each films cannera. These contain 
a master monitor and a camera control 
unit that permits individual monitoring 
of each chain. Controls are readily 
a ccessibde for shading corrections, ,t 

accessary operation tt'ith practically 
(very change of scene illumination 
whether it is filar or slide. 

In addition, each canera chain re- 
.ittires two heavy duty, regulated 
putter supplies. Pour of these power 
supplies, along with a preanlp for the 
;.5 -uns machines. fill a second rack in 
the projection roost. 

Adjacent to the prujcetian room is 

a rewind and storage vault for 16- and 

35 -tant film. Here the film is spliced 
and edited before gain on the system. 

Television Equipment Room 

in reality, the T\ equipment roost 
is the overall control point for all types 
of shows; film, network, studio, and 
remote. It is a beehive of activity and 
has gone through several major 
changes since T -Day. At that tinte, 
all of the control `foin equipment had 
not yet arrived, so we operated with a 

temporary set up employing field 
switching equipment, sync generator, 
etc. Since that tinte, it large percent- 
age of stn- equipment has arrived and 
has been installed. 

Of the six racks, two are devoted to 
audio. They have jack strips, line am- 
plifiers, nnutitor amplifiers, and audio 
line termination facilities fur network 
and remote feeds. 

Additional audio facilities include a 

consolette which permits four studio 
microphone positions, two turntable 
positions. and six remote input posi- 
tions that are wired up for use with 
the 16-mm projectors, 35 -inn pro- 
jectors, network line, remote lines and 
speaker monitor for projection ruons. 

Two turntables are used for dubbing 
in musical background un news shows, 
sound effects. etc. These tables are 
equipped with clueing circuits. lu ad- 
dition to this, there are microphones' 
in the studio and announcer's booth. A 
large perambulator type mike broom is 

available for studio shows. 

,^S\ E. 'RCA -; u :,n,l ,. . 

I ( pllllJlll.'fl nu htlg.' 331 

The ttBZ 7't' mobile truck. Technician Truman Craint is shown focusing image orthicon camera with 
17" lens. while technician Robert Henderson I right is beaming microwave dish. Technician Fred 

Inriart is peering through escape hatch ahirh lends from roof platform of truck to interior. 

WESTINGHOUSE TELEVISION 

WBZ -TV 
BOSTON 
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Audio Facilities At the 

Charles Vassal) checking a meter circuit in the master control 
hoard of the audio system at the WBZ Radio and Television Center. 
The volume indicator panel (left) gives a visible and audible 
check for entire standard band and FM studio setup, while the 
right bay provides for switching of eight studios and six channels. 

THE TENDENCY ill many installations 
of recent years has been toward com- 
plicated switching arrangements, par- 
ticularly in the design of master con- 
trol facilities, which has resulted in 
duplication of functions and equip- 
ment, and has thus reduced efficiency 
of operation. 

The studio facilities in the WBZ 
Center were designed to facilitate the 
origination and production of pro- 
grams. 

This system, basically, provides a 
channel switching unit, custom built 
to match a standard consolette, in each 
studio control room. Any one, or all 
of six, transmitting channels may be 
selected by the technician in a studio 
control room by depressing appropri- 
ate buttons. Signal lights adjacent to 
the channel switching buttons indicate 
whether or not the channel is in use in 
any other studio. 

The studio technician may there- 
fore, after receiving the cue, feed his 
program to the appropriate channel or 
channels without dependence on, or 
assistance from, any other personnel. 

In a centralized equipment room are 
located master monitor and switching 
units, containing interlock relays by 
which the switching system is con- 
trolled, the transmitting channel am- 
Ofiers and monitoring facilities. 
Nine standard racks contain this 
equipment, as well as terminating and 
equalizing equipment for all incoming 
telephone lines, recording amplifiers 

One of the two transcription studios. with announcer Carl deSuzc 
cueing in a transcription on one of the triple turntables, while 
announcer Malcolm McCormack makes the station break. Studio 

console with channel switching unit is in foreground. 

and measuring equipment. This array 
of apparatus is designed to be unat- 
tended. All regular circuits are nor- 
mailed through to each studio, so only 
when it is necessary to patch in a spe- 
cial line or check the operation of the 
equipment is a technician required. 

The equipment room is linked to 
each studio by twenty -two pairs of 
shielded wire, carrying audio circuits, 
a twenty -six pair lead- covered cable, 
carrying channel switching and signal 
circuits, and a fifteen -pair cable, car- 
rying talking and other signal circuits. 
Adequate spare conductors are pro- 
vided in each cable for future use if 
required. 

Studio Layout 

Six studios, designed primarily for 
sound broadcasting and varying in 
size, are provided to accommodate the 
diversified programs of a large metro- 
politan station. 

Studios A, B and C are sufficiently 
large to accommodate orchestral and 
choral groups and studio audiences. 
They may also be used for television 
programming when required. 

Studio A is an auditorium studio 
with a stage 25' by 28', and is provided 
with banked seats on the main floor, 
for an audience of 160 people. A bal- 
cony, located in the rear of this studio, 
may be used for motion picture pro- 
jection, or as a television camera loca- 
tion. Ten microphone outlets are lo- 
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cated on the stage, with two of these 
outlets paralleled half -way down the 
auditorium on either side, to be used 
for audience participation programs. 
A selective public -address system, in- 
stalled as an integral part of this stu- 
dio, can be used to reinforce any por- 
tion of a program. 

Studios E and F are smaller studios, 
each containing about 120 square feet 
of floor space, while D studio is 170 
square feet. 

We have found a very definite need 
exists for a small, well- appointed, in- 
timate studio, from which to originate 
talks by individuals or discussions by 
two or three people. Studio D was 
designed for this purpose. Its size 
approximates that of a living room in 
the average home, and it is furnished 
in that manner. The feeling which 
accompanies »like fright tends to be 
dispelled in these surroundings. result- 
ing in better production. 

Studios E and F are designed and 
equipped to produce transcription pro- 
grams, news programs, and to serve 
as stand -by studios. In addition to a 
normal complement of microphones, 
each of these studios contains a cus- 
tom -built transcription turntable cab- 
inet, housing three dual -speed turn- 
tables.' 

At WBZ, the announcers operate 
the transcription turntables and the 
refinements which have been built into 
this equipment result from suggestions 
of the announcing and production 
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WItZ Radio-TV Center 
Radio -TV Center, on Banks of Charles River, Next to 

Harvard Stadium, Feeds Programs to 50 -Kw WBZ, 

20 -kw WBZ -FM (92.9 Mc), WBZ -TV (Channel 4) and 

International Broadcast Station WBOS. Facilities Include 

Two Separate Monitoring Systems, Three -Dual -Speed 

Turntable Single -Unit Setups, and a 6- Channel 

Push -Button Switching System to Match Consolettes in 

Each Studio Control Room. Equipment Designed, in the 

Main, For Unattended Operation. 

by CHARLES VASSALL 
WBZ Audio St.pervisor 

staff, as [yell as the technical staff, in 
order to achieve a high order of satis- 
faction and efficient operation. In line 
with this policy, the use of three turn- 
tables in a single unit was decided 
upon. The three turntables arc 
grouped in a semi- circle, with the 
pickup arms of both outside tables 
converging at a 90° angle, allowing 
the person operating the turntable to 
spot the stylus on the disc with greater 
easy. 

The announcer is able to cue in 
three discs before a program begins, 
and thus is able to handle a transcribed 
program, consisting of theme, com- 
mercial announcements, and musical 
selections with the utmost case, in con- 
trast with the juggling of discs which 
often accompanies such programs. 

Directly in front of the person oper- 
ating the transcription turntables, and 
mounted at a 45° angle, is a small con- 
trol panel, 5" by 9", on which are 
mounted three faders and three cue 
buttons. These controls facilitate cue- 
ing of records and transcriptions. 

It occasionally becomes desirable to 
insert a transcribed theme, announce- 
ment or fill in a program originating 
in one of the larger studios where 
transcription facilities are not pro- 
vided. Therefore, the output of stu- 
dios E and F is permanently wired to 
push -button switches labelled turntable 

-t and 2, respectively, in all studio con- 
trol -room consolettes. By means of 
prearranged cues, a transcribed por- 
ion of a program may be inserted at 
vill. 

Studio Control Rooms 

Each of the studios has a control 
-oom adjacent to it. A large window, 
:onstructed with non -parallel surfaces 
.i glass to eliminate reflection, affords 
in excellent view of the studio for 
technician and production man. 

The control rooms vary in size: For 
studios D, E and F, S' by 9'; for stu- 
dios B and C, 13' by 10'; and for stu- 
dio A, 14' by 15'. Tit the larger studios. 
where orchestral, choral, dramatic and 
other live programs are produced, suf- 
ficient space is made available in the 
associated control rooms for produc- 
tion men, agency representatives, etc. 

The control -room equipment for all 
studios is basically similar. Some ad- 
ditional equipment has been provided 
for the larger studio for special pur- 
poses. 

A custom -built operating table, sur- 
faced with linoleum top, 36" wide and 
27" high, has been designed to tit into 
the space along the control -room wall 
facing the studio. The control -room 

Presto t4 -A. ''RCA. ',RCA 76-C. 

, .. 
r«s::7cì::.*, ; 

Rear iew of the '.\ BZ master control racks with 
its six isolation amplifiers." two power supplies, 
jack layout. power amplifier for high -level speak- 
er, buss and dual rectifier, 220 -volt three -phase 
input and a 12 -volt, 35 ampere output con- 
trolled in the primary M a three -phase veriac. 
Lower section contains tl -r. power, signal and 
audio blocks. All racks have audio leads cabled 
in .ctg wire on right of each rack, signal circuits 

and power on left. 

window is located lust above this 
table. This table is built to provide 
adequate leg room for the technician 
and production Wean[, who normally 
occupy this position. Cabinets are 
provided for housing associated elec- 
trical equipment and drawers allow 
space for necessary papers, etc. 

An enclosed trough, with a hinged 
top, is provided along fie full length 
of the cabinet for wiring-. This trough 
is 4" deep by 14" wide, and allows 
adequate space for all interconnecting 
cables. 

r\ standard consolette is mounted 
on the operating table and beside it is 
mounted a custom -built channel switch- 
ing unit designed with the same physi- 
cal characteristics as the consolette to 
provide an appropriate matching piece 
of equipment. 

Recessed in the wall on one side of 
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'IiZ studio -turntable feed system. Studio E transcription tables appear as TTI and studio F tables 
as 772. Setup permits one studio being on the air while the other is in rehearsal or standby. 

the control table. and within conve- 
nient reach of the operating position, 
is a cabinet containing all jacks. 

Located here are all microphone 
outputs normalled through to console 
incoming and outgoing trunks and all 
monitor circuits. Standardization of 
all booth equipment has been carried 
out so far as consistent with efficient 
operation. Each studio booth is sup- 
plied with power through a 15 -amp 
arc circuit breaker from building 
stains, which affords protection in the 
event that anyone shorts any outlet in 
booth or studio. Only equipment used 
for program purposes is on the circuit 
breaker. An intercom' is installed in 
each booth. 

Two telephones, one connecting to 
the stain switchboard and the other 
connecting to remote pickup lines, to- 
gether with a intercom unit. are pro- 
vided on the operating table. 

A monitoring loudspeaker' in a cus- 
tom -built cabinet is mounted on the 
wall over the window. tilted toward 
the operating position. 

it may thus be seen that all the nec- 
essary equipment is provided to per- 
mit a program to be fed to any out- 
going channel from any studio control 
roost without dependence on any other 
personnel. 

The auditorium studio control roost 
differs from the foregoing equipment 
layout, in that additional facilities are 
provided to accommodate the use of a 

larger number of microphones and 
control of the pa system used in con- 
nection with this studio. An auxiliary 
tour -position mixer is supplied as a 

companion piece to the standard con - 
solette, permitting the use of as. many 
as ten microphones if the necessity 
arises. The custom -built channel 

switching unit is expanded to incor- 
porate volume controls, selectors, and 
switches, as well as a standard volume 
indicator for the studio pa system. 
The volume indicator is calibrated for 
proper sound levels for varying audi- 
ence groups. which greatly facilitates 
the adjustment of sound reinforcing 
levels. 

Audio System 

Provision is macle to observe and 
control, if necessary, the functioning 
of the channel switching system by 
means of master monitoring and 
switching units located in one of the 
racks in the equipment room. Audible 
and visual checking is possible at this 
one position. 

The volume indicator circuits in the 
master unit may be transferred from 
the output of the channel amplifiers to 
their respective inputs by push -button 
switches. This affords a rapid means 

Figure 2 
The turntable pads and announcer cue -speaker 

setup in studios E and F of WBZ. 

Trier 

ro cons. 
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of checking studio output against chan- 
nel amplifier output. and thus quickly 
detecting any trouble which may occur 
in the channel amplifiers. 

Supplementing the visual check, a 

rote of interlocked push -button switches 
mounted on the same panel, permits 
an audio check. 

The master channel switching unit 
is located in the rack to the right of 
the master monitoring unit. This. unit 
shows the operator, at a glance. which 
studios and channels are in use by 
means of appropriate signal lights. 
Normally. with no studio in use. all 
green lights are lit. indicating that all 
channels are available for use. 

When a technician in a studio oper- 
ates a push -button switch on his studio 
channel switching control unit. the 
green light opposite studio letter and 
channel number on the master channel 
snitching unit goes out and a red light 
is illuminated. At the same time .t 
red light at the top of the panel under 
the channel number is illuminated. 

Push- button switches are provided 
in the toaster channel switching unit, 
which allows a technician in the 
equipment room to take control of the 
system and release any studio from 
any channel and likewise to set up any 
studio to any channel. This refine- 
ment is provided for emergency use 
primarily, affording a means of trans- 
ferring program from one channel 
amplifier to another easily in the event 
of trouble, without disturbing the tech- 
nician handling a program in a studio. 

One of the primary requirements of 
a modern broadcasting plant is an 
adequate monitoring system. Means 
must be provided for staking several 
program sources available in studio 
control rooms and offices throughout 
the building. 

Two separate monitoring systems 
are provided. A high level system 
provides an air check to ten monitor 
positions in the building, utilizing a 

monitor amplifier located in the equip - 
ment room, while a low -level system 
provides nineteen program sources to 
nine monitor positions located in exec- 
utive offices where Glial selectors were 
installed. ln these offices the loud- 
speakers have been provided with in- 
dividual amplifiers and volume control. 

The nineteen program sources fed 
to the monitor systems are the outputs 
of the six studios. the outputs of six 
transmitting amplifiers (or channels), 
six radio receivers and the NBC net- 
work. To isolate the monitor circuits 
from program circuits. isolation am- 
plifiers have been inserted, which pre- 
vent any interaction which might ad- 
versely affect the program circuit. 

The NBC network line feeds two 
separate buses, one for making the net- 
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work available at each studio control 
cons il ette. and the other to provide 
cue circuits. Since there is 10 db dif- 
ference in the required signal level for 
these two services, it is desirable to 
iced un separate' circuits. In the event 
of failure on the regular NBC pro- 
gram circuit to the studio control 
rooms, a technician may patch lois 
monitor bus to the nen)o circuit, in an 
emergency, providing protection until 
trouble is cleared. NBC ncnw button 
:nul key" are red for quick identifica- 
tion, and arc located in saule position-. 
in each studi booth. 

Recording 

Since recording plays t major part 
in the activities of a broadcast station, 
we li t e provided in this new installa- 
tion recording equipment capable of 
excellent perform :nice. 

Two recording machines° are ecn- 
trally located in the equipment room, 
where they may be operated efficiently 
and where they 1118v be viewed by 
visitors through a %vide observation 
window. 

One of the eight racks in the equip- 
ment room contains the elements com- 
prising the complete recording system. 
This system provides service as two 
separate recording chains, recording 
two programs simultaneously, or as a 
single chain utilizing one recording 
machine at a tinse, or both in parallel 
if necessary. :\ high degree of flexi- 
bility is thus obtained. 

The recording system consists basi- 
cally of program limiting amplifier' 
feeding two amplifiers.' which in turii 
feed the cutting heads" on the record- 
ing machines. 

The recording- control unit located 
between the recorders houses 16" and 
12" recording disks in the lower por- 
tion. In the top part a monitor 
speaker is naamted directly" in front of 
the engineer operating recorders. 
Three switches are provided, one mas- 
ter which starts suction pump and 
closes power to switches for starting 
recorders. This arrangement obviates 
the trouble of engineer startmg re- 
cording without air suction in opera- 
tion. Terminal blocks ai'e contained 
in the bottom of the unit. 

Equipment Room 

The equipmment rotor is 22' by 28'. 
Viewing the room from the corridor 
through the large observation window, 
a visitor would see on the right side 
of the )'111811. Nearest the window, the 
eight racks of equipment described 
heretofore. Directly in front of the 

't):dmatrnu. 'l'usitiun 11 nu RCA console. 
E. 755:\. °Seulk. 

Control Room 

Set But 

Chon- Studio Reloy Lacking Relay 

1 Studio 
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Mostar - 
Relay 
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12V 

-1' Int In 

Relay But 

o 
O 

Booth On Life 

Booth Ready Lue 
110V 

Studio On Lite 

Figure 3 

Channel-studio snitch layout at \VII /.. 

window, and about one -third of the 
IIi,tance to the rear of the room, are 
located the recording machines. To the 
left in the forefront is a small room 
utilized for storing recording discs and 
other accessories. This room also 
houses the suction equipment for the 
recording turntables. 

In the rear Of the roost the 10 -kw 
F',1 transmitter"' is on the right, and 
directly across the room on the left 
site, is the T\' transmitter." The tele- 
t.ision transmitter operating console is 
directly behind the recording ma- 
chines. 

\Ve know that the satisfactory oper- 
ation of broadcasting equipment de- 
pt. ids on proper maintenance, and 
therefore it scents appropriate to con- 
clude this article with a brief discus- 

TR(':\ 86:\I. 
'l're.m 8R:\. 

.\\'a.tiughuuse F\11). 
"RCA TTí. 

Sion of the facilities available for 
maintenance. 

Directly" adjacent to the equipment 
room a shop 24' by 18' has been pro- 
vided to handle both minor and major 
repairs of the plant. In addition to 
tools, mobile transmitters and nenso 
equipment are stored here. Above a 
work bench is a \wall mounting jack 
cabinet" With tie lines to equip-wilt 
room so that test circuits may be set 
up to check any equipment in the proc- 
ess of repairs and afford rapid com- 
munication between all studios, equip - 
)ucnt root). shop and supervisors and 
plant managers' offices. 

This system was wired up for two 
talking channels; position 1 ties in all 
points and position ' is used for re- 
cording. Between studio and record- 
ing feeding this method has worked 
out better than anticipated for cues, 
feeds, etc. 

Figure 4 
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iIicrowaet. TI7 Networks 
Tv LINK systems have also been de- 
signed to operate at the lower micro- 
wave bands between 1900 and about 
2100 mc. In one such setup' operation 
over the 1,990 -2,110 -mc bated is pro- 
vided with a transmitter which feeds 
about 50 watts to the antenna. 

For remote pickup use the transmit- 
ter antenna is a portable 4' diameter 
dish with a gain of 320, and receiving 
antenna is an 8' diameter dish with a 
gain of 1,280. Beam angles (to halt 
power points) are 4.5° for the 8' and 
9° for the 4' dish. 

Transmitter output tube is a QF 
174, a c -w oscillator magnetron, with 
provision for direct electronic ire- 
quency-modulat ion. 

It is rated to deliver 125 watts max- 
imum output and has a ±10 mc fre- 
quency deviation capability with elec- 
tronic tuning. 

Microwave Link Tubes 

The tubes used in most microwave 
communication and relay equipment, 
now commercially available, are either 
of the reflex klystron or disk -seal 
types. The power, in the case of the 
reflex klystron type is fractional watt, 
and with the disk -seal tube the power 
varies from 25 watts on the lowest 

Concluding Installment With Data on 1900 -2100 Mc 

Relay Equipment, Microwave Tubes, Antenna Systems 

and Gains, Transmission Line Construction and 

Applications. 

by SAMUEL FREEDMAN 
New Developments Engineer 

DeMornay -Budd. Inc. 

microwave frequencies to a fractional 
watt as the frequency reaches 2000 mc. 

Typical tubes used in existing sys- 
tems are 2K56 reflex (Bell System 
3700 -4200 mc), 2K26 reflex (RCA 
TTR and TRR -1A 6800 -7050 mc), 
SRL17 reflex klystron (Federal 900 
mc), 2C43 disk -seal (Federal 2000 
mc). 2C39 disk -seal (Philco 1400 
mc), and SRL7 reflex klystron (G.E. 
2000 mc). 

Antenna Gains 

The antenna gain in all instances 
depends on the size of the parabola 
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Block diagram of 
Raytheon relay equip- 
ment. In video ampli 
fier and modulator, de- 
signed for 1 -volt peak 
input and 100 -volt 
peak output to a 800- 
ohm load, for opera- 
tion from 30 cps to 6.5 
mc, are one 641(5. 
three 6AG7. one 41332, 
and one 6AL5 ide 
restorer). A 01(174 
is used in the trans- 
mitter. In the video 
amplifier of the re- 
ceiver are three 6AK5 
voltage amplifiers, one 
6BA6 voltage driver 
and a 6J6 cathode 

follower. 

'Raytheon RTR-IA. 

or dish reflector with respect to the 
operating wavelength. Typical exam- 
ples include the metal lens antennas 
of Bell System (4000 mc), about 10,- 
000 times; 4' dish at 7000 mc, about 
5000 times; 6' dish at 7000 mc, about 
11,500 times; 6' dish at 900 mc, about 
400 times; 10' dish at 2000 mc, about 
4000 times; and 10' dish at 5000 mc, 
about 16,000 times. 

Identical Two -and -From Dishes 

If both transmitting and receiving 
points have the same reflector pro- 
visions, the overall gain for the sys- 
tem will be the above gains, squared. 
For example, a gain of 400 times at 
each end is equivalent to raising the 
power 400 X 400 or 160,000 times. 
Likewise, a gain of 16,000 times at 
each end is equivalent to raising the 
power 16,000 X 16,000 or 256,000,000 
times. These gains make up for the 
low transmitter powers, the use of 
crystal detector in the receiver, at- 
tenuation due to atmospheric absorp- 
tion of microwave energy, etc. 

Transmission Lines 

The transmission lines between the 
equipment and antennas are coaxial 
cable in portable applications and for 
frequencies below about 3000 mc. 
Above that frequency, waveguide di- 
mensions become convenient and they 
are invariably preferred for reasons of 
efficiency, The development of suit- 
able waveguides correct for each sys- 
tem is still expensive since each fre- 
quency involves a different size for 
maximum efficiency. It also involves 
components of the most precise design 
if the efficiency is to be maintained 
over the entire wide band required for 
television. Bell Labs are using wave - 
guide components checked with swept 
oscillators for a voltage standing - 
wave -ratio not exceeding about 1.012 
as compared to 1.05 for standard pre- 
cision plumbing. 
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He asks an 

Radar sends out pulses of electric waves which, 
reflected from a target, return to reveal the 
target's location. 

Likewise, the apparatus pictured above sends 
electric waves over a coaxial telephone cable. 
Minute irregularities reflect the waves back 
to their origin; the echo makes a trace on an 
oscilloscope screen and so tells where to look 
for the trouble. 

Telephone messages need smooth "high- 
ways" over which to travel across country: 
circuits able to transmit every talking fre- 

quency, without distortion. Television needs 
even smoother highways and at many more 
frequencies. So Bell Laboratories devised 
this method of spot- testing the cable over 
the entire frequency band needed for tele- 
phone or television. It is so delicate that any 
possible interference with transmission is de- 
tected at once. Its use makes sure that every 
inch of highway is clear. 

This is another important example of how 
Bell Telephone Laboratories constantly develop 
finer communications for the nation. 

B E L L T E L E P H O N E L A B O R A T O R I E S 

Exploring and Inventing. devising and perfecting for continued improvements and economies in telephone service. 
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Cavity Resonator Filters Found to Provide Increased 

Selectivity and Solve Problems of Interaction and Jam- 

ming, Particularly in Relay Transmission Work in VHF 

Mobile and Point -to -Point Radiotelephone Communica- 

tion Systems. Filters Also Found to Permit Operation of 

Several Transmitters or Receivers on the Same Antenna. 

Cavity Resonators AS 
Filters lt VHF 

by H. W. JADERHOLM 
Development Engineer 

Canadian Marconi Compa-y 

DCE 10 T Mt sneuo>1 growth of 
servict using tbf equipment for mo- 
bile and point -to -point communication, 
interference between stations is in- 
creasing so rapidly as to cause alarm 
to many. 

The interferences are heard as un- 
desired whistles and unexpected sig- 
nals which destroy the desired mes- 
sage. These gremlins have been 
labelled spurious responses, which to- 
gether with their nefarious partner, 
spurious radiations, have until recent- 
ly been the bug -bear of radio installa- 
tion engineers. 

The interfering signals from other 
transmitters can originate on either 
adjacent or remote frequency chan- 
nels. FM transmitters usually contain 
several stages of frequency multiplica- 
tion which may emit intermediate fre- 
quencies. Furthermore, signals in the 
lower vhf region are sporadically 
favored by enormous skip -distance 
propagation which causes interference 

Figure I 

How the electromagnetic field is excited in the 
cavity by a coupling loop, the solid lines indicat- 
ing magnetic field and the dotted lines the 
electric field. In the analogy shown here. 
vibrating quarter -wave rod has been clamped at 

one end. 

with local communication systems 
'rota distant transmitters. This effect 
is aggravated by the allocation of 
identical operating frequencies its dif- 
ferent regions. 

To combat these responses technical 
improvements in transmitters and re- 
ceivers are imperative. A quick cure 
can sometimes be effected by a slight 
change to the oscillator frequency and 
a corresponding detuning of the if 
amplifier. If the trouble is of the spu- 
rious radiation type the multiplication 
factor of the transmitter may be 
changed to eliminate the objectionable 
emission. These methods have been 
used successfully. 

However, the long term answer to 
the growing problem of interference 
is the elimination of all spurious radi- 
ations from the transmitter and the 
provision of considerably greater 
selectivity in the receiver. 

Use of Cavity Resonators 

Cavity resonators with their high 
efficiency provide a convenient meth- 

Figure 2 

The Q of the cavity as a function of coupling. 
Curve a illustrates the coupled Q of a cavity 
resonator, while curve b illustrates the insertion 

loss of a cavity resonator. 
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od of obtaining greater selectivity. 
Their characteristic effi :iencv results 
mainly from the fact that the oscil- 
lating energy is confined to the inside 
of a metal container, thereby eliminat- 
ing radiation losses. The remaining 
(eddy current) losses in the walls can 
he minimized if the ratio of cavity 
volume to inner surface is macle as 
large as possible. For high Q the 
cavity diameter should be large. 

The cavities employed at vhf are 
usually of the hybrid variety, where 
the cavity is a section of coaxial trans- 
mission line, shorted at one end. Thy 
length of the inner conductor deter- 
mines the operating frequency. being 
nearly a % wavelength. It is also 
necessary to allow for an end correc- 
tion due to the diameter of inner con- 
ductor. 

Coupling to Cavity Filter 

An electromagnetic field, as shown 
in Figure 1, is excited in the cavity 
by a coupling loop. The magneti 
lines circle the central conductor a it.l 
are concentrated at the short circuited 
bottoms. The electric lines start on 
the inner conductor and terminate on 
inside of outer conductor. They have 
the greatest concentration at the open 
end of the cavity. 

When the cavity is used as a filter, 
energy is usually fed into it through 
a coupling loop and extracted from it 
through another loop, diantetricall 
opposite. As in coupling systems us- 
ing coils, the cavity is loaded by the 
loops coupling it to external circuits. 
\s the coupling is increased the load- 

ed O of the cavity is reduced. \ \'ith 
tighter coupling it is thus possible to 
pass more energy through the cavity. 
Figure 2 shows the Q of the cavity as 
a function 11f coupling. 

Application of Cavities in the Field 

Some two years ago. a point -to- 
point radiotelephone system,' with 
which we were concerned, was suffer- 

Figure 3 

'typical cavity installation. 

MIMMOM 
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Figure 4 

A view of the cavity coupled to a receiver. 

ing from severe interference both 
iron external sources and from spu- 
rious transmission and reception. 

This communications and telephone 
circuit had been installed to operate 
in lieu of a land -line, tthicb was out 
of the question due to the impossible 
terrain. The stain transmission path 
extents over 160 stiles of water with 
a repeater station located on an island 
joining two links of 80 miles each. 
The repeater station was designed for 
anti matic carrier control and to be 

capable of 24 hours unattended serv- 
ice. all stations to operate fully 
(hip/ex. 

After this system had been in op- 
eration for some time it was found 
that long distance interference. due to 
press and code ,,tat inns. produced ob- 
jectionable audible signals in the ra- 
diotelephone circuits. Oyer the 160 

mile path. in the more easterly por- 
tion, interference was more pro- 
nounced. 

It was also observed that these un- 
desired signals entered by way of the 
antenna. Consequently additional 
selectivity was essential to prevent de- 
sensitizing of the receiver caused bt 
the close proximity of the transmitter 
and receiver antennas. 

Various type of wave traps and 
suppression devices were tried at 
first. but it was soon found that 
lumped constant type networks did not 
provide sufficient selectivity. 

The need being acute. the cry fir 
more selectivity was heard in Montreal. 
Several cavity resonators were de- 
signed and sent to the east coast. 

Two cavities were installed at re- 
peater point B t Figure 31 in each 4 t 

the receiver antenna circuits, where 

I S y.t, nt wo: rstabli.he.I shortly after the rol 
.1 hostilities :dong the Atlantic coast by tl.c 
('anadan Marconi Company. 

1 

Figure 5 

A pair of transmitter -receivers, operating press -to -talk on the same 
antenna at two frequencies within a few megacycles of each other. 

cavities operating in the 152.162 me region. 

severe destruction of signals from both 
sides had been observed. With the 
cavities the duplexing problems were 
solved and re- transmissions were no 
longer subject to the knock -down ef- 
fects clue to the adjacent transmitter. 

Figure 4 illustrates the use of a 

cavity to protect a receiver, inserted 
in the line between the antenna and 
the receiver antenna terminal. In this 
case. the cavity is equivalent to .t 

series acceptor circuit which will pass 
the desired signal with only a slight 
loss in signal strength. but at the same 
time sharply attenuates all unwanted 
-i,tials. 

Covify Filtering 

The filtering properties of the cav- 
ity: are purchased at the cost of a small 
transmission loss. If the interference 
is near the operating frequency, the 
cavity O nowt be high and consequent- 
ly the cavity losses will be higher. 

li the frequency separation of the 
transmitter and receiver is several per 
cunt of the operating frequencies, :t 

lower O cavity can be used with small- 
er losses in the pass- channel. 

Figure 5 shows two transmitter re- 
ceivers, operating press -to -talk, on the 
same antenna at two frequencies with- 

Figure 6 

A 74-mc cavity reasonator. The 9a 
plate at left. removed from win - 
dow to show inner conductor, is 
connected to the coupled loop and 
coax connector to excite the cavity. 

in a few megacycles of each other, 
with cavities designed for the 152 -162 
me range. Where a cavity is used to 
present spurious radiation from a 

transmitter only, the insertion loss 
may be reduced if the cavity is placed 
in the ouput circuit before the final 
potter amplifier. 

Figure 6 is a close -up of a 74 -mc 
cavity resonator. The plate, shown at 
the lower left, has been removed from 
the window to show the inner conduc- 
tor. The coupling loop and coaxial 
connector used to excite the cavity are 
attached to this plate. Another part 
is located diametrically opposite. The 
length of the inner conductor is ad- 
justed by the crank shown at the left 
providing the tuning adjustment with 
a much needed vernier effect. 

Advantages of Cavities 

From the foregoing it may be seen 
that cavity resonators which are a 
must in the it/if range. are very help- 
ful at vhf also. In addition to their 
uses to protect receivers from adjacent 
or remote transmissions and to pre- 
vent spurious radiations from being 
emitted by transmitters, they may also 
he used to operate set-eral transmitters 
or receivers on the same antenna. 
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Personals 

OLDTIM ER FRED 11 CDER MOTT reported 
at the recent Fall Meeting that he 
began his key clicking days way back 
in 1911 with the Navy and spent 
eighteen consecutive years with the 
boys of blue. In 1940 he rejoined 
the ranks and remained with the U. S. 
boys until 1945, when he retired as 
chief radio electrician. At present he 
is with the A.T. &T. in the program 
transmission and television depart- 
ment. . .. Veteran A. Barhalate told 
those at the meeting that he started 
with United Wireless at Seagate 
( \\'SE) in 1912 and remained at that 
post until 1917. Then he went on to 
the U. S. Navy and was located at 
New London, then East Moriches and 
finally Easthampton. He opened the 
Mackay station at Southampton, Long 
Island, after his stay with the Navy 
and in 1935 joined RCA Communica- 
tions. At present he's at the RCAC 
offices at 66 Broad Street, New York 
City.... Peter Podell says he would 
like to hear from Hal Styles and Bill 
Payne of Los Angeles, since he is 
planning a trip out there and would 
like a bit of travel guidance. . . . 

Quite an interesting bit of back- 
ground information was supplied by 
E. N. Pickerill at the Fall Meeting. 
ENP told us that he started his wire- 
less days with Doc DeForest in 1904, 
and remained with him until '07. Then 

he went over to the United Wireless 
Telegraph Company and pounded 
brass for that outfit for five years. A 
seven -year stay with American Mar- 
coni followed and in 1919 he joined the 
ranks of RCA, where he has been ever 
since. We learned that ENP operated 
a two -way system aboard the world's 
first radio -equipped plane on August 
4, 1910 over Long Island. communi- 
cating with a portable ground station. 
... From oldtimer A. T. Rehbein we 
have learned that his operating clays 
began in 1911 with the United Wire- 
less Telegraph Company, which a year 
later was absorbed by the Marconi 
Wireless Telegraph Company of 
America. In 1514 he joined the Pan- 
ama Railroad Steamship Line. At the 
outbreak of World War I he became 
an operator for the American Ha- 
waiian Steamship Company and re- 
mained with them for four years. 
After the AHSC lines became a part 
of the United American Lines, he 
joined them once again and in 1921 
was appointed assistant radio super- 
visor, a post he held until 1923. After 
dabbling around auto electrical work 
for several years he once again 
joined the AHSC lines and is now 
Atlantic Radio Supervisor with the 
company.... Ye secretary Bill Simon 
reported that during the past few 
months he has completed a moderniza- 
tion program involving the United 

Fruit Company's entire fleet radio 
equipment. New receiving and trans- 
mitting equipment were installed. Bill 
also said that the United Fruit radar 
installation program is well under 
way now. . . . We have just learned 
that Captain Fred Muller, who is on 
the VWOA board of directors, is in 
the Naval Hospital, St. Albans, Long 
Island, and fortunately is on the way 
to recovery. . . . Assistant secretary 
Henry T. Hayden, Jr., also is hospital- 
ized and is in the Veterans Hospital, in 
the Bronx, N. Y. City. We're happy to 
report that HTH is also recovering. 

New Ship Radio Officer Law 

\\' ITH THE PASSAGE of Public Law 525 
by the 80th Congress and approved 
May 12, 1948, all sea -going operators 
become Ship Radio Officers. The law. 
which becomes effective April 1, 1949, 
states that no radio operators will be 
signed on Ship's Articles even though 
he possesses an FCC license unless he 
has also met all requirements of the 
U. S. Coast Guard. The Coast Guard 
will examine Sparks under new regu- 
lations now being prepared to be 
known as Subpart 10.13, entitled Li- 
censtng of Radio Officers under "Rules 
and Regulations for Licensing and 
Certificating of Merchant Marine Per- 
sonnel." 

At the recent VWOA Fall Meeting held in New York City: W. C. Simon. Paul K. Trautwein, R. H. Pheysey, W. J. McGonigle, J. T. Maloney, A. F. 
Rehbeim, V. Villandre. Sam Schneider, J. J. Michaels. Captain Fred Muller, Lt. Comdr. R. L. Fischer, J. Flood. J. F. Rigby, R. K. Davis, G. N. Mathers, 
L. C. Brown, R. J. Iversen, E. N. Pickerill, Peter Podell. Ben Beckerman, C. D. Guthrie, H. T. Hayden. Jr.. A. Barbalete, Clarence S-id. Kenneth 
Richardson, Herman H. Parker, F. McDermott. A. C. . Tamburino, George H. Clark, Donald McNicol, Charles Cooke, Edward Ballentine, F. Orth. Roscoe 

Kent, Eric L. Risbie and Joseph L. Sarick. 
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This NE, TYPE BT RESISTOR will 

change your standards of performance 

for fined composition resistors 

NOW an ADVANCED fixed 

composition resistor that offers 

new opportunities to radio, 

television, electronic and 

electrical engineers. 

This new [RC Type BT resistor meets JAN -R -11 specifications. 
At I/, %, 1 and 2 watts, the new IRC Type BT is an advanced 
resistor in evary respect. 

Standards fo- res:stcr performance set by ;his new IRC Type BT 
are so adv meet you need complete information to fully evaluate 
its significance. Technical Data Bulletin Ft -1 gives the full story. 
The handy coupon below will bring the performance facts right to 
your desk or drawing board ... mail it today. 

powe - resistors precisions .1. 

it sulaied composition resistors 

low rattage wire wounds 

riteocbts controls voltmeter 

n ulti, tiers voltage dividers 

hF and high voltage resistors. 

INTERNATI)NAL RBISrA sICE COMPANY, 401 M. BROAC' STFEET, Philadelphia 8, Pa. 

IN CANADA: I ernctionol Resistance Co., Ltd., Taranto, Licensee 

QC144; tr. 
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MOM 

International Resistance C,. 

I 
401 N. Brood Sr., Phila. 8, Po. 

I want to know more about IRC's ac vcnced 
BT Resistor: 

Send me Technical Data Bulletin, B1 
Nave your representative call -no colloidal. 

Name 

Title 
3 Company 

Address 

means Better Tec1rrirclly means Better Tes: moults ITS means Beats Toughest Specs means Better Teletision 
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TU B FEngineering News 
Miniature and Proximity -Fuze Type Tubes in Hearing -Aid 

Type Receiver and Miniature Transmitter Designed for 

Coaching. Tetrodes in Single Sideband Transmission and 

In Class C FM and AM Applications. 

\I I N I.'rtRE 111' receiver -transmitter 
units have become quite popular in 
broadcast and other remote hype tied 
mirk. 

A unique application of this form 
of equipment was demonstrated re- 
cently In Charles Lundgren,' who iI(- 
vdoped a 1 -watt 27?55 -mc unidirec- 
tional rf setup. 

The eguipuu It, twbii li perated un- 
der the station call of \V ION VD, has 
a 11.4 crystal oscillator, 11.4 triplet-. 
IIA final aniplitier. and a 11.4 modu- 
lator. The trait is powered from two 
(i7.5 -volt B batteries connected in se- 
ries and a 1.5 volt A battery. 

A telescopic antenna closes (lush 
with the case. No tuning is required. 
it only being necessary to depress the 
alike switch for push -to -talk operl- 
t ion. in conjunction with the receiver, 
the range of the sig-tal was about ' 

mile radius. 
The uniqueness of the system lies 

in the receiver, which is housed in a 

Ieathe1 -cowered aluminum eitse about 
the size of it tobacco can and is fas- 

Rear view of the receiver used in the electronic 
director. 

tened to a leather belt: the antenna is 
built within this belt. The receiver 
is worn on the .mall of the back ami 
thus renders the wearer complete free- 
dom of movement. Attached is a hear- 
ing aid phone which directs the sound 
to the wearer's ear. Three proximity 
type tubes are employed, and the unit 
is self contained :old powered from a 
small 30 -volt B battery and it small A 
cell. 

Single Sidebond and Tetrodes* 

llue. NTEREST in single side -hand 
transmission has accented the possi- 

Developed at Johanson Al anufact tiring Corp. 
iEimac. Radia cooled tetrode, with a 

maximum plate :lissipation rating of 65 watts. 
' Rased on copyrighted data supplied by Eitel- 

1l cCulloug h. Inc. 

Charles G. Lundgren .c:th his miniature trans. 
miner and receiver development. 

bilities of the tetrode application in 
this service. 

For instance, the 4 -65A1 may be op- 
erated as a class B linear amplifier in 
sssc operation and peak power input. 
of over 30(1 watts may be obtained. 
This is macle possible by the inter- 
mittent nature of the voice. If steady 
audio sine wave modulation is used. 
the single sideband will be continuous 
and the stage will operate as a OW 

class -B amplifier. With voice nimbi 
lation the average power will run oit 
the order of 1,'5th of this continuous 
power. 

Due to the widely varying nature 
of the load imposed on the power sup- 
plies by sssf operation, it is essential 
that particular attention be given to 
obtaining good regulation in these sup- 
plies. The bias supply, especially. 
should have excellent regulation, and 
the addition of a heavy bleeder to 
keep the supply well loaded will be 
found helpful. 

Under conditions Of zero speech 
signal, the operating bias should be 
adjusted so as to give a plate dissipa- 
tion of 50 watts at the desired plate 
and screen voltages. Due to the in- 
termittent nature of voice. the average 
plate dissipation will rise only slightly 
under fall speech modulation to ap- 

Closeup of the receiving and transmitting traits 
of the miniature coaching equipment. 
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proximately 65 watts, -\t the saine 
time, however, the peak speech power 
output of over .30I) watts will be ob- 
tained. 

SSSC Tuning Procedure 

')luting the . ssr transmitter is best 
accomplished with the aid of :ut u 

oscillator and a 'scope, The audio os- 
cillator should be capable of delivering 
it sine wane output of a frequency of 
around 800 to 1,0011 cycles so that 
the frequency will be somewhere near 
the middle of the pass -banal of the 
audio system. Since successful opera - 

tion of the class -B stage depends on 
good linearity and the capability of 
delivering full power at highest audio 
levels, the teal tuning . shoald be malle 
under conditions simulating peak 
nunlnlat'on conditions. If a continu- 
ous sine wave from the audjo oscilla- 
tor is used for tuning purposes, the 
average power at full ntodttlatio1 
would be about live tintes that of 
speech under similar of 
single sideband operation and the 
linal amplifier tyould be subjected to 
heavy overload. One method of lote 
Bring the duty cycle of the audio os- 
cillator to closer approximate spec _!t 

conditions would be to modulate th; 
oscillator with a I. 1.1.0111011:y. 

An alternate method would be to use 
the continuons audio sine wave, mak- 
ing all adjustments at half voltages 
and half currents on the screen and 
plate, thus reducing the power to one 

quarter. The stand -by plate dissipa- 
tion under these conditions should be 
set at about 10 watts. Following 
these adjustments, minor adjustments 
at full voltages and 511 %rants of stand - 
by plate dissipation could then be 

made, but only allowing the full poncer 

to remain on for ten or lifteen- second 
intervals. 

The first step is tii loosely couple 
the 'scope to the output of the exciter 
unit. The lin:tl amplifier with its fila- 
ment and bias voltages turned un 
should also be coupled tii the exciter 
at this title. \ \'ith the studio oscilla- 
tor running, the exciter unit will have 
to lu' adjusted so that it delivers dou- 
ble sideband signals. Using a linear 
sweep on the scope, the doable -side- 
hand pattern will appear on the screen 
the same as that obtained from .t 

1001-; sine -wave Modulated .\ \I sig- 
nal. The audio gain control shotil.l 
then be varied so that the exciter crut 
be checked for linearity, When the 
peaks of the envelope start to flatten 
out, the upper limit iif the exciter mo- 
on will have been reached and the 
maximum gain setting should he not- 
ed. The coupling to the stage should 
be varied during this process and I 

point of optimum coupling d it'rinined 
by watching the 'scope pattern :und the 
grid meter in the final stage. 

Then the exciter can he adjusted for 
Ingle sideband operation and if it is 

working properly, the pattern on the 
'scope wi!I resemble an unnlodulated 
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. \ \I carrier. The phasing control: 
should be adjusted so as to make the 
envelope as snit with on the top and 
bottom as possible. If the above con- 
ditions are satisfied, the exciter unit 
can he assumed to be operating satis- 
factorily. 

The 'scope link can then be loosely 
coupled to the output of the final am- 
plifier :old the exciter unit adjusted to 
girt. double sideband output. 

4 -65A FM and AM Applications 

The -1-63 \ may be operated ;15 .t 

class -(' 1"\I or telegraph amplifier 
tyithout neutralization up to 1111 ale. 
if reasonable precautions are taken to 
prcrcnt coupling between input and 
output circuit' external to the tube. 
In single -ended circuits, plate, grid. 
filament and screen bypass capacitors 
must be returned through the shortest 
l ossiblc leads to the common chassis 
point. In push -pull applications the 
filament and screen terminals of each 
tube should be bypassed u. a common 
chassis point by the shortest possible 
leads. and short, heavy leads used to 
interconnect the screens and filaments 
Id* the taro tubes. Care oust he taken 
to present leakage of rf onrgy to 
leads entering the amplifier, to mini- 
mize grid-plate coupling between then' 
leads external to the amplifier. 

\\here shielding is adequte, the 
feedback at frequencies above III) me 

(Continued on page .1(1) 

Figure 2 
Ts pica! high- Irelnnodulated r¡ amplifier circuit with modulator and 
driver stages: 480 watts plate input. ln this circuit /.,4 and Cy, 
represent the tank circuit appropriate for the operating frequency 
where the Q equals 12 and the capacitor plate spacing equals 
_375'. The .(02 -mfd capacitor in the output circuit is a 5,1)00-,' 
mica type, while the .002-mfd capacitors in the filament circuits .d 
the tube and in the RFC, circuit are 51)0-: mica types. The 
.Ille -mfd capacitors are 2,501) -r mica types. The t6 -mfd capacitor 
is u 450-: electrolytic type, and the 111 -mtd capacitor is a 1811- 
elcctruls tic. l'he 26.500-ohm 

r 
esistor is actually a 30,1)00-ohm 

adjustable arming 211(1 watts. The 750 and 2.511)-nhm resistors 
are each of 5 watt repack., The 25,0I0 -ohm resistor in the 
httbinced output circuit is a 2 -watt 

u 
nit. The "'CI chttts e 

2.5 mhy, 125 -ma uspes and KFC- is a l -ml.v 510-ma unit. The 
driver transformer is a 5 -watt type. the modulation trams- 
former is a 3110 -watt unit: impedance ratio p -ima-y to s o dart' 
approsimatet 2.4:1. Primary impedance, 20,1810 ohms; secondary 

impedance, 8,333 ohms, 

Figure 1 

scrcen-luning ueutrali,ation circuit for use above IOU mc. where 
641400.1 

C is a small split -stator capacitor IC mmfd - , approx.) 
l= 1 met 
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Commercial Single Sideband 
Radiotelephone Systems 
THE KEEN INTHRESt that has been 

shown recently both in professional 
and amateur circles in the single -side- 
band method of radio transmission has 
focused attention on the early develop- 
ments in this field including the choice 
of nw:tt tr generating and receiving 
the signals. The present interest no 
doubt stems from the splendid service 
which these systems gave during the 
war and from the reports of the 
numerous men who became acquainted 
with them, coupled with a better ap- 
preciation. since the 1047 International 
Radio Conference in Atlantic City, of 
the p,,..ibilities of single sideband in 
increasing the potential number of 
channels which can he crowded into 
the spectrum. 

New Developments 

Considerable impetus to the wide- 
spread use of single- sideband systems 

Figure 2 

Carrier modulated by speech an, es: at bottom, 
s nglesidehand pattern. t Taken frein the paper on 
e mer by Colpitts and Blackwell. A.LE.E.: 1921. 

by F. A. POLKINGHORN 
Engineer, Transmission Development Dept. 

Bell Telephone Laboratories, Inc. 

can reasonably be expected to result 
from the development of such complete 
low- power, single -sideband radiotele- 
phone systems as the LE system. 
This apparatus was specially designed 
by Bell Telephone Laboratories for 
point -to -point medium -distance appli- 
cations. 

Carson's Pioneering Werk 

The single-sideband method of 
transmission was born in the mind of 
John R. Carson by pure analysis as a 

result of his mathematical investiga- 
tions of the operation of vacuum tubes.' 
Almost simultaneously H. D. Arnold 
discovered the possibility in connection' 
with tests o' the Arlington transmitter 
in 1915. For a considerable period 
thereafter tie physical reality of side- 
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bands was vigorously argued by some 
engineers. 

Experiments of Thirty Years Ago 

The single -sideband method of 
transmission has been standard in Bell 
System carrier telephone equipment 
for nearly three decades.' The first 
published mention of the use of single 
sideband for radiotelephony, however, 
seems to have been made by Espen- 
schied in 1922.' About 1922 an ex- 
perimental single -sideband radio sys- 
tem was set up with a transmitter oper- 
ating at about 60 kc located at Rocky 
Point, Long Island,' and publicly dem- 
onstrated on Jan. 5, 1923. This sys- 
tem was put into commercial service 
between New York and London in 
1927 and is still in operation, being, 
as far as is known, the first single - 
sideband radio system to be used com- 
mercially. The large size of the an- 
tenna structure required for efficient 
radiation at such a low frequency 
made it difficult to obtain a broad 

Figure 1 

Portion of one of John R. Carson's original patents showin 
. application of the combination of balanced modulation for sup 

pressing the carrier. and output filter for stripping off one sideband. 

Mar. 27, 1923. 1,449,382. 
I. R. CARSON. 

METHOD AND MEANS FOR SIGNALING ITN 5N MINE MAYES. 
IRO Ott. I. nu. .11.01.-5.1117 I. 
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enough band for a good telephone 
channel and the use of single sideband 
made the problem much simpler by 
permitting the required band to be 
halved. Efficient operation of the sys- 
tem was imperative since a power of 
150 kw or more was involved. 

The early Bell System work on high 
frequencies t it was short waves in 
those days) wash done in the 1920's on 
double sideband but it was not long 
before the theoretical advantages of 
single sideband resulted in experiments 
with the sanie arrangement of sup- 
pressed carrier and hand- synchronized 
receiver which has recently been taken 
up by the amateurs. This work was 
done by Raymond A. Heising, who, in 
1915, worked on the Arlington trans- 
mitter, the forerunner of all modern 
radiotelephony, and who invented the 
constant current system of modulation 
now so widely used. 

The hand adjustment of the hetero- 
dyne frequency was not very practical 
however, and a few years elapsed be- 
fore active work on the commercial- 
ization of single -sideband radioteleph- 
ony was taken up in earnest. In those 
years, the high -frequency double -side- 
band circuits were put in operation to 
many parts of the world and ship -to- 
shore telephony became a permanent 
commercial service. 

In the late 1920's an unusual re- 
ceiver was constructed at the Bell 
Laboratories with which to investigate 
the characteristics of single -sideband 
reception. This receiver occupied 
seven bays and used the first crystal 
filters to go in equipment of this kind. 
It was capable of receiving double - 
sideband transmissions and separating 
the sidebands and carrier for experi- 
mental purposes. Reconditioned and 
local carrier and automatic frequency 
control were provided so that it was 
possible to simulate almost any kind 
of reception. The results obtained 
with this receiver were in accordance 
with expectations and consequently de- 
signs for a single- sideband transmitter 
and a receiver for a transoceanic trial 
were initiated. Upon the completion 
of the transmitter it was taken to 
England and, in cooperation with the 
British Post Office, set up in their 
transoceanic transmitting station at 
Rugby. There followed extensive 
tests which confirmed that the theo- 
retical advantages could be achieved 
in practice.' 

Comparisons with double- sideband 
transmissions were made on a basis 
of signal -to -noise ratio. articulation, 
and judgment tests. The articulation 
tests consisted of transmitting mean- 
ingless syllables and determining the 
errors in interpretation by a number 

Single Sideband Systems, Which Have Had an Unusually 

Interesting Developmental History Since 1915, When the 

Method Was Used in a Transmitter at Arlington by H. D. 

Arnold, Now Being Applied To Solve Many Current 
Transmission Problems. One Procedure, Designed for 

Point -To -Point Work in the 3.4 to 25 and 2.7 to 14 me 

Bands, Provides 200 Watts Peak Envelope Power, With 
Ranges of 200 to 2500 Miles. 

of observers. After making correc- 
tions for differences in bandwidth, the 
signal -to -noise improvement checked 
the theoretical 9 db very closely. The 
number of articulation errors obtained 
also showed that the field strength of 
a double -sideband signal had to be 8 
or 9 db stronger than a single -side- 
band signal in order to get equivalent 
results. Finally, judgment, or so- 
called circuit merit, tests gave approx- 
imately the same results. 

The original equipment was put into 
commercial operation and in '36 rede- 
signs were started for commercial pro- 
duction!. 89.10 In the following dec- 
ade over 50 single -sideband circuits 
were set up in all parts of the world 
using this equipment. 

During World War II the single - 
sideband equipment did particularly 
valuable service in connecting conti- 

Burly ill 

nental United States with the armed 
forces all over the globe. Multi- 
channel teletype using two -tone opera- 
tion with frequency diversity (4 tones 
total) was used in most cases with 
speech channels for special purposes. 

The first commercial single -side- 
band equipment provided only a single 
speech channel, but it was soon deter- 
mined that two channels could be ob- 
tained almost as easily as one by using 
two low -power modulators to place 
one channel on one side of the carrier 
and another on the other side of the 
carrier. Somewhat better perform- 
ance was obtained by spreading one 
channel from the carrier so that modu- 
lation products generated by one chan- 
nel would put less noise or crosstalk 
into the other. During the war years 
and shortly thereafter the need for 
more radiotelephone circuits caused 

Figure 3 
siof single -sideband transmission applied to radio, showing derivation of 

ngle band, and ut receiver the reintroduction of the carrier." 

RADIO TRANSMISSION WITH CARRIER AND SIDE BAND SUPPRESSION 
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both channels to be spread from the 
carrier and a third divided the two 
sidebands; thus permitting three sepa- 
rate simultaneous conversations over 
the same equipment. 

The 9 -db transmission advantage of 
single sideband as compared with dou- 
ble sideband is explained entirely on 
the basis of amplitudes. It is assumed 
that the same rf power amplifier is 
used and the peak driving voltage is 
the same. This results in approxi- 
mately the saute distortion. Since the 
carrier represents half the peak ampli- 
tude of a fully modulated double -side- 
band transmission, reducing this to a 
negligible value permits doubling the 
amplitude of the sideband, an improve- 
ment of 6 db. The other 3 db conies 
from the reduction in noise at the re- 
ceiver by reducing the received band 
to one -half, permitted by the elimina- 
tion of one sideband at the transmitter. 

In the commercial operation of 
single -sideband circuits the carrier is 
normally transmitted 26 db below the 
envelope peak amplitude. This per- 
mits the automatic tuning of the re- 
ceiver, so that the receiver may remain 
in service hour after hour with little 
or no attention from the receiving - 
station operator, who may have a 
dozen or fiore receivers under his 
care. The reduced carrier is separated 
from the sidebands by a crystal filter 
tvlticb is only about 40 cycles wide. 
This filter reduces the noise to a point 
where automatic frequency control 
and automatic volume control can be 
obtained at as low signal strengths as 
the speech circuit remains commercial. 

The ale device of the \V. E. receiver* 
is frequency operated, i.e., it is oper- 
ated by a beat note between the car- 
rier at the final intermediate frequency 
and a local crystal oscillator. This 
beat frequency drives a motor con- 
nected to the beating oscillator fre- 
quency adjustment, either forward or 
backward, depending upon whether the 
carrier is too high or too low in fre- 
quency. until frequency of the beat 
note is reduced to zero. This system 
has the advantages that it is accurate. 
not sensitive to amplitude, and the ab- 
sence of a carrier for a short period 
need not cause the oscillator frequency 
to move in one direction or the other. 

Commercial single -sideband receiv- 
ers are generally arranged so that 
either a carrier from a local oscillator 
or the transmitted carrier may be used 
for the final demodulation. Using the 
transmitted carrier has the advantage 
of insuring the proper frequency re- 
lationship between carrier and side- 
band, but requires an effective rapid - 
acting volume control or limiter to 
insure a constant amplitude of carrier. 
Using a local carrier i11 nrc, am ade- 

quate amplitude at all times but re- 
quires a good nfc system. Receivers 
can be built in which no difference can 
be detected between the two methods 
of demodulation. 

A single -sideband signal is gener- 
ated by modulating a carrier with a 
sideband to produce a double -sideband 
signal and then either shaving off one 
sideband by a sharp filter or balancing 
out one sideband in a double modula- 
tor arrangement in which the carrier 
and sideband to one modulator are 
both shifted by 90 °. 

The basic idea of the balancing 
scheme was invented by R. V. L. Hart- 
ley** in 1928." To this R. K. Putter ** 

added the idea of obtaining separate 
speech channels on the two sides of the 
carrier" and E. I. Green ** suggested 
the use for separating the two side- 
bands at the receiver." Recently sev- 
eral companies have either used these 
methods or indicated their intention of 
doing so. The system is well suited 
for certain purposes. The suppression 
of the unwanted sideband depends 
upon phase and amplitude balances 
and may not be adequate for all pur- 
poses. 

The telephone transmitters and re- 
ceivers have used crystal filters for 
the purpose of eliminating the unde- 
sired sideband and interfering signal, 
to a high degree. Crystal filters per- 
mit obtaining the desired selectivity 

Figure 4. 

Application of single- sideband to short -wave 
transoceanic radiotelephony, showing the manner 
of deriving two independent speech channels. 
each occupying one of the sideband positions 
with respect 'o the high -frequents suppressed 
carrier. IF rom A Twin-Channel .Single -Side- 
band Rodio Transmitter by K. L. King. Bell 
Laboratories Record; March 14411. 
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at frequencies as high as 100 to 125 kc 
or more. With crystal filters operat- 
ing at these frequencies only one in- 
termediate modulation is required, 
generally operating around 2.8IlI kc. 
Crystal filters have the sauce advan- 
tage when used in single -sideband re -. 
ceivers. Even at loll kc the filters 
may give 80 or 90 db attenuation at the 
end of the first 1,000 cycle: nut,ide the 
transmitted band. 

The Bell System was not ;done in 
recognizing the merits of single -side- 
band radiotelephony. The British 
Post Office worked hand-in-hand in 
establishing the North Atlantic cir- 
cuits. Among those who ntarle impor- 
tant contributions, A. H. Reeves of 
International Standard Electric did 
some major pioneer work. ". The 
Dutch were pioneer workers in the 
field and established a circuit between 
Holland and the Dutch East Indies, at 
an early date.' The Japanese and 
Germans also constructed equipments. 

At the present time a large propor- 
tion of the overseas telephone services 
operating from the United States use 
single -sideband equipment and the 
number of circuits is increasing yearly. 
\\'ith the production of simpler and 
cheaper equipment, it is expected that 
many of the services still using double - 
sideband transmission will be con- 
verted to single -sideband. 

Typical of the modern trend to sim- 
pler, less expensive equipment is the 
LE system previously mentioned. This 
system was specifically designed to 
make available the important advan- 
tages of single -sideband techniques in 
an economical form for use in point - 
to -point radiotelephone services. It 
provides complete radio transmitting 
and receiving facilities, including the 
new Synchro- ."a',fchcd speech privacy 
equipment which is built directly into 
the circuits of the radio units. 

In addition to the transmitter and - 
receiver, a versatile manually- operated 
telephone -control terminal is available 
as a part of the LE system. This con- 
trol terminal includes all necessary 
control apparatus for connecting the 
transmitter and receiver to a conven- 
tional telephone system. \ \-here a 
semi -automatic control terminal is de- 
sired to relieve the operator Of con- 
stant monitoring during calls, a suit- 
able control terminal may be substi- 
tuted. 

The LE system transmitter delivers 
200 watts peak -envelop power and is 
ideally suited to the following appli- 
cations: 

(1) Satellite feeder circuits from 
remote points to higher pow- 

Model D- 99945. 
Bell Labs. 
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crud transoceanic radiotelephone 
stations, 

(2) Radio circuit extension of tele- 
phone land lines. and 

(?.) Intercity or point -to -point ra- 
IIiotclephonc circuits. 

The rang es which . can be covered 
by the LE System depend, as with all 
hf radio systems, on a number of fac- 
tors which affect the signal -to -noise 
ratio. . \tnlosphere static varies with 
frequency. geographical location, sea- 
son, and time of day. The radio fields 
received in sky -wave transmission de- 
pend upon power. antenna character- 
istics, frequency. ,listance, geographi- 
cal region, direction of path, and iono- 
sphere conditions. 

Representative figures for the LE 
service ranges. with suitable antennas 
and appropriate frequencies. are esti- 
mated tu be: In the tropics, night 
ranges up to 200 -6110 miles. day ranges 
up to 71111- 2,000 miles: in temperate 
latitudes, night ranges up to 400- 1,000 
miles, day ranges up to 1,1)00 -2,500 
Miles. 

The transmitter and receiver of the 
system can be furnished for operation 
in either the frequency range from 3.1 
to 25 inc or from 2.7 to 14 mc. 

The transmitter and receiver are de- 
signed tu perlait the selection of any 
one of ten Crystal- controlled prese- 
lected frequencies. 

En making, a change from one to an- 
other frequency. the fil )(i for is guided 
by ;a Currh-of- rosilitt indicator which 
provides information for setting all 
comtois for any of tex' ten preselected 
frequencies. The indicator is located 
at eye level on the front panel of both 
transmitter and receiver. When ro- 
tated to the chosen frequency. the nec- 
essary control settings pertaining only 
to that frequency are shown on a dial. 
;\ change in operating frequency is 
then accomplished by use of selector 
switches and tuning controls readily 
accessible on the front panel of each 
cabinet. The time required to make 
a frequency change is about three 
minutes. minutes. 

The rf emission consists of (a) two 
pilot frequencies which are spaced 
3,625 cycles apart, and ( b) signal fre- 
quencies radiated between these two 
pilot frequencies in a brand 3.000 eyc'.es 
hide. The signal frequencies corre- 
spond to voice frequencies in the band 
25I1 -3,2511 eve!c . 

The system provides an electronic 
privacy equipment of the sync o- 
switched type which will prevent a 

casual listener frotte eavesdropping. It 
is obtained by alternately transmitting 
one or the other of the two pilot fre- 
quencies in inverted relation to the 
signal, and is directly incorporated in 
the circuits of the transmitter and re- 

Figure 5 

Circuit diagram illustrating another method of deriving single -sideband. which was invented by 
R. V. L. Hartley in 192ö. This method uses a double modulator arrangement and balances out one 
sideband instead of eliminating it by filter. This method was later further developed by R. K. Potter 

and E. I. Green. i Fieare from Hartley patent .Vo. 1.666.206.1 

ceiver. This switching feature can be 
turned off for testing purposes or to 
permit transmission of ;t normal or in- 
verted sideband. 

Special attention has been given to 
providing unusually complete testing 
and metering facilities, which have 
been built directly into both the trans- 
mitter and receiver. providing obser- 
vation of operating conditions in the 
vacuum tube circuits. : \n alarm cir- 
cuit is also provided in the receiver to 
indicate loss of signal, and relay con- 
tacts are available to permit extension 
of this alarm to ienlote positions. 

The receiver is ;t triple detection re- 
ceiver haying a crystal -controlled first 
beating oscillator and automatic fre- 
quency control acting on the second 
beating oscillator. The first if oper- 
ates at about 2,800 kc. and the second 
if at about 100 kc. A crystal filter at 
the second if is used to obtain high 
selectivity and high fidelity in the 
band. Both aye and ofc operate from 
both pilots, thus taking advantage of 
the frequency diversity to obtain inn - 

proved performance. The alternate 
transmission of the pilots is used to 
synchronize the privacy switching. 

The control terminal has been spe- 
cificially designed to achieve the full 
transmission capabilities of the radio- 
telephone links. in addition to the 
effective handling of telephone traffic. 
The adjustment of received volume 
which, until the new model * ** has 
been the most difficult of manual ad- 
justments, is now effected by median 
ical coupling to the other controls 

- 114. 

that it does not require any attention. 
Built -in transmission testing equip- 
ment essential to maintaining the ter - 
minal at peak efficiency is provided. 

For maximum transmission results, 
the highly directional rhombic -type 
antenna can be used for longer trans - 
mission paths. Other types of anten- 
nas possessing desirable transmission 
and directional characteristics niav be 

used over shorter circuits. 
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'Fable 1 (below) 

Examples of use of antenne charts. 

Figure 7 (above) 

Chart to be used to find the reactance of aircraft antennas. 

Example No. 1 2 3 4 5 6 7 8 

For; and Fore and Center Ojl -Can- Center- Center - 
Antenna type .If1 Aft Trailing Vertical Fed l' ter Fed 1' Fed l' Fed V 

Antenna length 22' 

Refer to chart 

22' 24'( * *) 15' 30' 40' 20' 20' 

2 3 1 1 1 1 

Quarter -wave resonant 
frequency 10 me 10 me 7.5 me 18 me 7.0 inc 5.0 me 9.8 me 9.8 me 

Operating frequency... 3 me 12 me 7.5 me 13 me 6.1 me 3.0 me 8.0 mc 9.2 me 

1,4 wave res. freq. 

operating freq. 
- F 0.30 1.2 1.0 0.70 0.87 0.60 0.82 0.94 

Next, refer to chart.... 7 7 7 7 7 7 7 7 

Find: Antenna reactance -700 ohms 4- 110 ohms 0 ohms -150 ohms -50 ohm -260 ohms -96 ohms -20 ohms 

Then, refer to chart.... 6 6 5 6 4 4 4 4 

Find: Antenna resistance 1.6 ohms 60 ohms 19.6 ohms 14.8 ohms 3.25 ohms 2.0 ohms 2.9 ohms 3.9 ohms 

hicurc. 1. 2 v, 4, ; and o appeared in Part 1, November- Trailing wire antennas generally are un reeled to such a length that the quarter -wave 
resonant t requeucy is the same as the operating frequency (i.e., F =1.0). The correct length to be un reeled may be determined tronc the chart. Figure 2. 
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Part II . - . How to Use 

Charts to Find Reactance 

and Resistance of Fore 

and Aft, Trailing, Verti- 

cal, Center -Fed V and 

Off -Center -Fed V Air- 

craft Antennas. Eight Ex- 

amples Offered. 

by SIDNEY WALD 
Aviation Equipment Engineering 
Engineering Products Dept., RCA 

CONTINuI NG N% 11 II our analysis of 
measurement plots for aircraft an- 
tennas, to find the antenna reactance, 
we use the number obtained when the 
operating frequency was divided by 
the resonant frequency; Figure 7. 

In applying this chart, from the 
point on the F scale corresponding to 
the number just found, we follow a 
vertical path until it intersects the 
curve. From there, the horizontal path 
is followed to the H scale. The number 
indicated on the H scale (where it is 
intersected by the horizontal path) is 
the value of antenna reactance. 

Example 

As an example, imagine a center -fed 
V antenna having a length of 50'. 
Frof Figure 1* we find that the 
quarter -wave resonant frequency is 
4.55 mc. 

Let us assume that the transmitter 
operating frequency is to be 4.09 mc. 
Then the number to use for the F 
scale is 

operating frequency 4.09 mc F= - -0.90 
resonant frequency 4.55 mc 

Locating the V antenna curve on the 
antenna resistance chart; Figure 4 *, 
we find an antenna resistance value, 
on the G scale, of 3.5 ohms. 

Going to Figure 7 and following 
through from an F scale value of 0.90, 
the value of antenna reactance is found 
to be -40 ohms ( i.e., 40 ohms of capaci- 
tive reactance). 

Other examples, which may aid in 
the use of the antenna curves are 
presented in Table 1. 

rosststcnhloss; November. 1948. 

halicross 
ppOOa!`. oo 

... 

ACTUAL SI 
ILLUSTRATION. 

Trpe Sections Site Wons 

Mn r, 
R-si.t,ncs 

r se :Sion 
Ohms 

136 1 13/32" x 1/4" 0.25 150.000 

131 2 45/64" x 1/4" 0.25 150.000 

133 3 1-5/32" x 3/8" 0.25 530 000 

134 4 1-1/4"x3/8" 0.25 3i5,000 

Minrmwm 
Resi stance 
per section 

Ohms 

1. 

I. 
I. 
1. 

AKRA -OHM PRECISION RESISTORS 
for "miniaturization" programs 

These new Shallcross Akra -Ohm Wire- 
Wound Precision Resistors have been de- 
signed to meet the needs of modern, mini- 
ature equipment. Standard tolerance is 1% 
and closer tolerances can he furnished on 
Special order. 

The units offer unusually high and ac- 
curate resistance values in small space and 
are light enough to be suspended by their 

own tinned copper leads, or may be secured 
with mounting screw. 

Other Shallcross Akra -Ohm Precision 
Resisters include types, shapes, mounting 
arrangements and ratings for every close - 
tolerance requirement and are designed to 
meet JAN specifications. Write for Bulle- 
tin RG, giving complete precision resistor 
data in convenient chart form. 

Complete Service 
measurement facilities 

IN A SINGLE INSTRUMENT 
The improved Shallcross 614 -A Service meter covers a wide 
range of measurements. These include d -c and a -c voltage. 
capacitance. and d -c resistance. Also it can be used for 
approximating an artificial load Auxiliary scales provide an 
inductance range of I to 100; 1,000, 10,000 henries. and an 
a -c resistance range of 25 ohms to 3 megohms. Only two 
switches are used for 21 ranges. The instrument is self - 
contained, housed in a metal case with handle and weighs 
only 121 /I lbs. Write for details. 

SHALLCROSS MANUFACTURING COMPANY 
Dept. C -128, Collingdale, Penna. 
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(Continued on pall; 32) 

MULTI-V 
FM ANTENNA GIVES YOU 

GREATEST POWER GAIN 
PER DOLLAR! 

Only $25000 side -mounted; 

x43500 top- mounted 

WRITE FOR BULLETIN 86 

or complete details 

V / C O R P O R A T I O N 

)6) IAst )S,n sTnlrt CHICAGO IV 

Here is troy the neu' 
ANDREW Multi -V is your 
best FM antenna buy: 

* Power Gain of 1.6 

* 10 KW Power Capacity 

* Top or side mounting with equal 
ease 

* Weighs only 70 pounds side 
mounted; 450 pounds top 
mounted 

* Low initial cost -low maintenance 

* Omnidirectional pattern 

* Factory tuned to required fre- 
quency - no further adjustments 
required 

* Single feed point - single trans- 
mission line 

* Built to withstand winds of over 
100 MPH 

* Antenna can be completely as- 
sembled on the ground 

* Insulation resistance of feed line 
can be tested without climbing 
tower 

WANT THE MOST EFFICIENT 
LOW -COST FM ANTENNA FOR 

YOUR STATION? BUY THE 

ANDREW MULTI -V! 

TRANSMISSION LINES FOR AM -FM -TV AN- 
TENNAS DIRECTIONAL ANTENNA EQUIPMENT 

ANTENNA TUNING UNITS TOWER LIGHTING 
EQUIPMENT CONSULTING ENGINEERING 

SERVICE 

Eastern Office: 421 Seventh Ave., N.Y.C. 
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''r- "Toughies "" 

are easy for 

COSMALITE 
The advantages of these spirally 
laminated paper base phenolic coil 
forms are generally recognized. 

Do you appreciate the time and 
money- saving advantages of our 
facilities to meet your require- 
ments on punching, threading, 
notching and grooving? 

Your inquiry will receive 
specialized attention. 

Reg. T. S. Pat. OR. 

Th CLEVELAND CONTAINER a. 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

PRODUCTION PLANTS also al Plymouth, Disc, Otlensbure.N Y., Chaitn, III.Oetrae,MaA., usntog.N.I. 
PLASTICS DIVISION at Plymouth, Wisc. ABRASIVE DIVISION at Clavetant, Ohio 

SALES OFFICES : Ram 5671, Grant Central Term. Bldt, Neva Tort I7, N T.. also 647 Main SI., Nanlord, Conn. 

CANADIAN PLANT: the Cleveland Container Canada. Lid., Preston. Osurn 

WBZ TV 
(Continued from page 11) 

The other racks house video equip- 
ment and its associated power supplies. 
One rack has a master monitor and a 
rack -mounted switching panel that 
permits previewing any one of six 
video feeds on the master monitor, and 
still another row of buttons with tally 
lights that are used to feed the trans- 
mitter the desired signal. This rack 
also contains a video patch panel. 
thereby lending complete flexibility in 
the event of trouble in any one of the 
line amplifiers, isolation circuits, etc. 

Another rack contains the micro- 
wave receiver control unit, isolation 
amplifiers, a stabilizing amplifier and 
their power supplies. The microwave 
receiver operates in the 6,900 -mc re- 
gion. It employs a four -foot parabolic 
dish and garbage canon that is mounted 
up on the tower. This unit is orien- 
tated on remotes being picked up by 
the televaii. 

The next rack contains still more 
isolation amplifiers. They consist of 
five individual amplifiers, each of 
which can deliver the same signal level 
and polarity it receives from a coaxial 
line (nominally 75 ohms). The inputs 
are of relatively high impedance so 

that several can be bridged without 
disturbing the driving circuit. They 
are designed to have a band pass from 
30 cycles to 8 mc. 

Besides acting as isolation ampli- 
fiers, they can be used to mix signals 
whereby the sync pulses are fed into 
one amplifier, the video with blanking, 
into another, and the outputs paral- 
Heled, with the end result, a complex 
video signal, complete with sync 
signals. 

A monoscope camera is used to gen- 
erate the test pattern. At first, we 
used the standard RMA test pattern 
embossed on the type 2F21 tubes, but 
since then have replaced the 2F21 
with a tube3e which has a gridded pat- 
tern of horizontal and vertical lines as 
well as the horizontal and vertical 
resolution wedges and the call letters 
WBZ -TV, Boston, Channel 4. 

.The word garbage can is well meaning, be- 
cause it resembles just that form of a disposal 
can. It is mounted on the rear of the parabolic 
dish and houses the head end of the microwave 
receiver. The rf input comes in via a section 
of wave guide and fed into a crystal mixer. 
A type 2K26 reflex klystron is used as a local 
oscillator and beats with the incoming signal 
to produce an if frequency of 118 me. This 
is amplified in a four-stage et preamplifier and 
then fed down to the receiver control unit via 
RG -8U where it is again amplified and the 
video component demodulated. 

1Tube made by Lansdale Tube Co.. Lansdale, 
Pa. 
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90900 Series 
Cathode Ray Oscilloscopes 

The No. 90902. No. 90903 and No. 90905 Rack 
Perm' Oscilroaopes, for two, three and five inch 
toms, resoecb 

n 
vely, ore inexpensive basic units 

io prising power supply, brilliancy and center- 
ng controls, safety features, magnetic shielding, 
witches, etc. As e transmitter monitor, no addi- 

tional equipment or accessories are required. The 
well -known trapezoidal monitoring patterns are 
secured by feeding modulated carrier voltage 
from e pickup loop directly to vertical plates of 
the cathode ray tube and audio modulating volt- 
age te horizontal plates. By the addition of such 
units as weeps, pulse generators, amplifiers, 
servo sweeps, etc., oll of which con bec con- 
veniently and nearly constructed on companion 
rack panels, the original basic 'scope unit may be 
expanded to serve any conceivable industrial or 
laboratory application. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 
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INCREASED 
INSULATION 

BETTER 
CONNECTIONS 

JONES BARRIER 
Terminal Strips 
Leakage posh is in- 
OeeNd -dimct shorts 
from frayed terminal 
wires prevented by 
bakolito barriers placed 
between terminals. 
Binder Mad strews 
and terminals brass, 
nickel plalyd. In- 
sulation, molded 
bakelite. 

Ile. 2-1424. W 

Show Screw Ter - 

inals -Screw and 
Solder Terminals - 

ScrewTerminal above, 
Panel with Solder Ter. 

Ito t -let -r minolbelow.For every 
need. 

Six series meet every requirement: No. 140, 
5 -40 screws; No. 141, 6 -32 screws; No. 142, 
8 -32 screws; No. 150, 10 -32 screws; No. 151, 

12 -32 screws; No. 152, to -28 screws. 
Catalog No 57 lists complete line. 

Send tir your cony. 

HOWARD B. JONES DIVISION 
Cinch Mfg. Corp. 

2460 W. GEORGE ST. CHICAGO 18. ILL. 

U 

('11F TV" Tests U:,n, June 
tItrafax Demonstrati( n. Nov. 
t S:\ F Comm natications Expansion I lidi 

,oriel) \fay 

V 

Vassal. Charles; Audio Facilities at the 
\W117.. Radio -TV Center Dec. 

V II F, Cavity Resonators as Filters at; 
I,, W. Jaderholm Dec 

V II 1,, Effectiveness of Bypass Capacitors 
t; John F. Price Feb. 
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\' !IF Washington Hearings (Editorial) Nov 

TV ANTENNA PLASTIC HOUSINGS 

Plexiglas domes covering NBC parabolic relay 
antennas mounted atop the Empire State Build- 
ing in New York City. Housing, of !a" thick 
acrylic plastic, is said to be shatter- resistant. 
To prevent development of excessive heat or 
freezing condensation each housing has its own 

air -conditioning system. 
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Wald , S. do.'y The Impedance of Aircraft 
Antcnu., Nov. 

II 'aid, Srdurv: Aircraft Antennas 
- 

.., Dec. 
Washington TV hearings (Editorial)- Oct. 
WBZ Radio and Television ('enter, The; 

IV. Il. Hower Nov. 
\V lIZ Radi o-T \' Center, Audio Facilities 

at, I./forks l'assall Dee. 
WItZ, 'l'elevisù,: at; .\'idury I'. Studio Dec. 
If 'elver. N'il /is .\", and Carl N. Kitchen; 

The \\'NOW AM / FM Installation Sept. 
Winn I> Wrong %Vitte TV Sound.' Scott /LIt Sept. 
Wide- R:wgc Dual -Band T \' Antenna De- 

sign; I r.ster L. Libby Pm. 
%VOA/ W'):\ I-FM Studio Technical Facili- 

ties, Ida r crd; Charles Je(ïrrç \I sr. 
Vr e\1 . \\I "M Installation, The; \. 

tad 11'Jlis .V Weaver. .Sept. 

A; THE RMA FALL MEETING 

Ahos e E. M. Weed nt Measurements Corp. 
demonstrating their TV signal generator ta 1.. C. 
F. Howie, chief engineer of the It MA engineering 
department at the recent Rochester Fall Meet- 
ing. I See November editorial for further data 
on sigr.I generators. Below: I). B. Sinclair. 
General Radio; R. E. Shackelford. IRE presi 
dent and S. 1.. Bailey. 1949 president- elect, dis- 
cussing the forthcoming IRE national meeting 

at the recent Fall Meeting. 

SYRACUSE TV 

Capt. Bill Eddy, director of operations for the 
:Meredith -Syracuse Television Corp. I seated 
right r, discussing the G.E. T \' transmitter to be 
installed at Syracuse. N. Y., with T. F. Bost. 
G.E. T\' sales and P. 1.. Chamberlain, manager 
of the G.E. transmitter division. Standing in 
the rear is Gene Crow, chief engineer for the 

\ teredith- Syracuse Television Corp. 

MEASUREMENTS CORPORATION MODEL 8O" 
STANDARD SIGNAL GENERATOR 

MANUFACTURERS 
OF 

Standen WIN Generators 

Punt Generators 

FM 43na16enerators 

Square Wave Generators 

Vacuum Tube Voltmeters 

UHF 
st 
Rollo Noise & F 

math MegrsieM 

sagacity Bridget 

malice Meters 

Phase Sequence Indlcatevs 

ieWlslon and FM tart 
Egart men! 

2 to 400 MEGACYCLES 
MODULATIC N: A. plitu I a modulation is ccntin- 
uously vaiable frein 0 to 30%, indicated ay o 

meter on tEe panal. Ar internal 400 or '000 
cycle audio oscille'or is provided. Modulation 
may also be applied from en external source. 
Pulse inoculation racy be cpplied to the oscila for 
from an external source -hrough a special con- 
nector. Pike; of 1 micrciecond can be obtained 
at higher carier f-eque ivies 

FREOUENC 
ACCURACY S% 

OLTPUT VOLT :CIE 
0.1 ,0 100,0.0 

microvolts 

OUTPUT 
IMPEDANC- 

50 ohms 

MEASUREMENTS CORPORATION 
BOONTON O NEW JERSEY 

A MPERITE 
Studio Microphones 

at P.A. Prices 

Ideal for BROADCASTING 
RECORDING 
PUBLIC A DRESS 

"The ultimate it microphone quarty, r says Evan 
Rushing, sound engineer of -he Hctel New Yorker. 

Shout rigLt into the new Amper to 
Microphone -or stand 2 feet away - 
reproduction is alwcys perfe:t. 
The only type microphone -hat i; not 
affected by any cli.mctic condilions. 

Guaranteed to withstand mere "iciock- 
ng around" than any other type mike. 

Special Write for Spe:'d Introductory Offer, 
Offer: *and 4 -page i Iustratt-d folder. 

Models 
RBLG -200 al-ns 
RBHG- Hi -inp- 

List $42.00 

AMPERITE tômpany Inc. 
"Kanto, Mies 

Model SICH, list $12.00 
561 BROADWAY NEW YCRK 12 N. Y. Model KKH, list $18.00 

In Canzda: Atlas Radio Corp., Ltd., 560 King St. W., Toronto 
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STANDARDIZED READY- 
TO-USE 

METAL EQUIPMENT 
ADAPTABLE FOR EVERY REQUIREMENT 
Par -Metal Equipment offers many features, including func- 
tional streamlined design, rugged construction, beautiful 
finish ... plus ADAPTABILITY. Eliminate need for special 
made -to -order units on many jobs. 

Engineers and manufacturers will 
effect economies with Par -Metal 
Products, which are available for 
every type of job from a small 
receiver to a deluxe broadcast 
transmitter. 

Professional techniques and years 
of specialization are reflected in 
the high quality cf Par -Metal. . 

CABINETS CHASSIS 

PANELS RACKS 
ZfJzcte pet eatelec 

PRODUCTS 

32-62 -- 
CORPORATION 

lONG /RAND 49th STREET E Forr pe Mr J 
r' Eorpip 

St ,or, rerno,Nf lfr YORK 
r, H w Y0r4 ,6 

JREVOLUTIONARY SOLDERING IRON 

1'I!I: Ic,; S o l d e t r o n 
9 ' - Te. Mark Reg. Pat. Pend. 

For Easier, Better Soldering -on Any Job! 
Weighs only 3 rms., yet can do the job of a 200 watt iron. 
Heats up in 20 seconds from it cold start; saves time. 
Fingertip control; permits soldering without fatigue. 

Ready for attachment 
and operation on 110 V 
A.C.. 50 -60 cycles, through transformer 
supplied with iron. or 
6 -8 volt A.C. or D.C. without transformer 
(from an automobile 
battery). 

Overall size of iron 
x 15 16': shipping 

weight approx. 4 lbs. 

Ideal for fine precision work in "hard -to- reach" places. 
Readily interchangeable tip -heads; no cleaning or filing. 
Retains heat with switch pH up to 1 minute: efficient. 
Bakelite handle, cork covering, for comfortable cool grip. 

PRICE: including transformer and Tip -Head "A ", S13.95 
5% higher west of Mississippi: fair traded 

Ask your distributor, or for further information Write to: 

TRANSVISION, INC., Dept. C, NEW ROCHELLE, N. Y. 
IN CALIF.: Transvision of Cal.. 8F72 Santa Monica Blvd.. Hollywood 46 
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Tube Engineering News 

(Continued from page 23) 

is due principally to screen- lead -in- 
ductance effects, and it becomes neces- 
sary to introduce in -phase voltage 
from the plate circuit into the grid 
circuit. This can be done by adding 
capacitance between plate and grid ex- 
ternal to the tube. Ordinarily, a small 
metal tab approximately err square 
and located adjacent to the envelope 
opposite the plate will suffice for neu- 
tralization. Means should be provid- 
ed for adjusting the spacing between 
the neutralizing capacitor plate and 
the envelope. An alternate neutrali- 
zation method for use above 110 mc 
is illustrated in Figure 1. In this cir- 
cuit, feedback is eliminated by series - 
tuning the screen to ground with a 
small capacitor. The socket screen 
terminals should be strapped together 
as shown on the diagram, by the short- 
est possible lead, and the lead from 
the mid point of this screen strap to 
the capacitor, C, and from the capaci- 
tor to ground should be made as short 
as possible. 

Driver output power should exceed 
the driving power requirements by a 
sufficient margin to allow for 
coupling- circuit losses. The use of 
silver -plated linear tank -circuit ele- 
ments is recommended for all frequen- 
cies above 75 mc. 

The rf circuit considerations dis- 
cussed under Class -C FM or telegra- 
phy also apply to amplitude -modulated 
operation of the 4-65A. When the 
tube is used as a class -C high- level- 
modulated amplifier, both the plate 
and screen should be modulated. 
Modulation voltage for the screen is 
easily obtained by supplying the screen 
voltage via a series dropping resistor 
from the unmodulated plate supply, or 
by the use of an af reactor in the 
positive screen -supply lead, or from a 
separate winding on the modulation 
transformer. When screen modula- 
tion is obtained by either the series 
resistor or the audio reactor methods, 
the af variations in screen current 
which result from variations in plate 
voltage as plate is modulated auto- 
matically give the required screen 
modulation. Where a reactor is used, 
it should have a rated inductance of 
not less than 10 henries divided by the 
number of tubes in the modulated am- 
plified and a maximum current rating 
of two to three times the operating dc 
screen current. To prevent phase - 
shift between the screen and plate 
modulation voltages at high audio fre- 
quencies the screen bypass capacitor 
should be no larger than necessary for 
adequate rf bypassing. 
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AMAZING ' NEW 

THE PORTABLE FM 
RADIOTELEPHONE 

4 

Ì 

Compact, crystal- contro lled 8 -tube 
FM transmitter and 11-cu e ultra -sen- 
sitive receiver. Gives 8 hears contin- 
uous service between chat ges which 
can be made from car battery 110 

in 
one 8" x 8" x 3, í "case. \C' ighs only 9 
I bs. Ready for immediate 2 way opera- 
lion on the 30 -14 mc. ban . Gives 2 to 
5 mile coverage between u its or much 
greater coverage when t ,cd with a 

fixed station or mobile equipment. 
Variety of accessories ava I.thle. 

I1 RITF FOR FULL Di 7.11'. TODAY 

aiui[der, of I,tcitto, 
Radio Communication Equipment 

7421 S. LOOMIS BLND., CHICAGO 36, ILL. 

The Industry Offers 
G -R UNIVERSAL 
COAXIAL CONNECTOR 
A coaxial ,,. ,-C tr,r, type 874, featuring two 
identical connectors which plug into each other 
without any intermediate elements, has been 
developed by General Radio Company, 275 
Massachusetts Ave., Cambridge 39, Mass. 

The basic elements of the connector are an 
inner conductor, an outer conductor, and a sup- 
porting polystyrene bead. The inner and outer 
conductors are similar in principle; each is es- 
sentially a tube with four longitudinal slots in 
the end and with two opposite quadrants dis- 
placed inward. To make a joint, two connectors 
are plugged together so that the undisplaced 
quadrants of one connector overlap the dis 
placed quadrants of the other. A strong fric- 
tion grip is made by multiple, spring - loaded 
contacts, so that no locking means is required, 
and connections can be made and broken 
quickly. 

The characteristic impedance is 50 ohms 
throughout the connector. The standing -wave 
ratio of an average coax connector is less than 
0.3 ill, at all frequencies below 4500 megacycles. 

ANDREW AUTOMATIC DEHYDRATOR 

tents with dry air has been developed by 
Andrew Corp., 36.1 East 75th Street. Chicago 19. 
Dehydrator is motor driven, fully automatic 
and self- reactivating. Operates on a six -hour 
cycle. The first four hours are of an intermittent 
nature since the unit delivers dry air to the 
load as needed. The last two hours are spent 
reactivating a silica gel desiccant and cooling. 
During reactivation, no further dry air is sup- 
plied to the load. 

Capacity is 114 cubic feet per minute and 
operation is from a 115 volt. (.0 cycle source. 
Entire system operates at the line pressure 
rather than through an intermediate high pres- 
sure stage. 

Bulletin 85 contains complete details. 

VISION RESEARCH FRONT END TUNER 
A front und tuner. model T1, 701. has been de- 
veloped by Vision Research Laboratories, Inc., 
87 -50 Lefferts Blvd., Richmond Hill 18, New 
York. 

Frequency gaps between channels, as from 
6 to 7, are said to be bridged in one smooth 
motion, so that a 180' rotation of the tuning 
device covers all channels. 

Measures 3" x 3" x 4% ". Contains rf am- 
amplifier, oscillator and mixer circuits. 

IRC INSULATED FIXED RESISTORS 
: \n iuula tent fixed composition small-type re- 
sistor. Advanced type BT, produced in 1/3, %. 
1 and 2 watt ratings equivalent to JAN types 
RCIO, RC20, RC30 and RCA'. has been an- 
nounced by International Resistance Co., 401 
N. Broad St., Philadelphia 8. l'a. Meets joint 
Army - Navy requirements under JAN-R-11 
specifications. 

Family of resistors (type BTR resistor body 
treasures 3/32" a 13.32 ") is furnished in + 
5 %. 10% and 20% tolerances. in R\IA resistance 
ranges. Temperature coefficient varies front 
0.02% per "C for low ranges to 0.14% per °C 
for high ranges. Depending on the size of the 
resistor, voltage varies between 0-0% and 
0.27% per volt. Element, constructed to IRC's 
filament principle, is housed in phenolic resin. 
High pressure molding of the housing provides 
security against humidity damage and mois- 
ture penetration. 
Data in technical bulletin B -I. 

FOR 

LISTENING 
\, AT ITS 

BEST 

Jim Lansing Signature Speakers em- 
body exclusive design features that 
provide unusual tonal realism, high effi- 
ciency and true reproduction quality. 
These speakers are the result of the 
experience gained through the more 
than a quarter of a century of leader- 
ship in this field. For maximum dynamic 
range and frequency response listen 
and compare Jim Lansing Signature 
Speakers before you buy. 

MODEL 
D 1002 

Two Way System 

This fine two way unit is 

designed and recom- 
mended for FM moni- 
toring and top quality 
home sound reproduc- 
tion and is recom- 
mended for operation 
at frequencies from 40 

to 10,000 CPS wtih a maximum useable range 
from 30 to 18,000 CPS. 

MODEL 

D 130 
Designed especially for 
music systems and pub- 
lic address use. Has ex- 
ceptionally wide fre- 
quency and dynamic 
range. Magnet is housed 
in a heavy field case 
to prevent stray mag- 
netic fields. Can be 
safely used near Cathode Ray or Television 
Tubes without affecting their performance. 

Write for descriptive catalog 
containing full line and complete 

specifications. 

JAMES B. LANSING INC. 

4221 SOUTH LLNCOLN 
BLVD 

VENICE, CALIFORNIA 
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 ' 

The units illustrated represent a complete 
redesign of our older precision attenuators for 

laboratory standards. Flat for all frequencies in the audio 
range. Reasonably flat to 200 k.c. up to 70 db. 

Bulletin sent on request. 
; 

an.21 
a I.ABOaATORIES, 

Manufacturers of Precision Electrical Resi tance Instruments 

BERGEN BLVD., PALISADES PARK, N. J. 
Tel.: LEonia 4 3106 

BIRTCHER 
STAINLESS STEEL - LOCKING TYPE 

TUBE 
CLAMPS 

Stainless 
Steel 

Corrosion 
Proof 

83 VARIATIONS 
Where vibration is a problem, Birtcher 

Locking TUBE CLAMPS offer a foolproof, 
practical solution. Recommended for all 
types of tubes and simila- plug -in com- 

ponents. 

More than three million of these 
clamps in use. 

FREE CATALOG 

Send for samples of Butcher stainless 
steel tube clamps and our standard cata- 
log listing tube base types, recommended 
clamp designs, and price list. 

THE BIRTCHER CORPORATION 
5087 HUNTINGTON DR. LOS ANGELES 32 

frame 

For EVERYONE interested in 

TELEVISION RADIO ELECTRONICS 

SOUND SYSTEMS INDUSTRIAL EQUIPMENT 
EVERYTHING in standard brand equipment) 

Professionals! Radio Hams! Television Enthusiasts! 
Beginners! Oldtimers! Amateurs! Hobbyisnl Here's 
one book that's a MUST for you) Our FREE 148 page 
catalog jammed with over 20,000 different items. 
The smallest port to the most complete industrial 
system from one dependable source! 

24- HR.MAIL ORDER SERVICE ONE YEAR TO PAY 

3 GREAT STORES: Uptown at 115 West 45th St. 
and Downtown at 212 Fulton St. in NEW YORK 
323 W. Madison St. in the heart of CHICAGO 

MAIL ORDER DIVISIONS: 242 W. 55th St., N. Y. 19 
and 323 West Madison St., Chicago 6, Illinois 

4EWARK 
RADIO IL TELEVISION 

MAIL COUPON NOW 

Newark Electric Co. 
Oepl. L7.242 W. 55th St. 

New York 19, N.Y. 

Please send me FREE the Newark 1949 Catalog 

1 
NAME 

ADDRESS CITY STATE 
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News Briefs 
INDUSTRY ACTIVITIES 

The Sprague Electric Company, North .\...,m 
Mass. has acquired the Herlec Corporation. 
.Mil waukee, \Wis., manufacturers 1 ceramic ca- 
pacitors and Bulplate printed circuits. 

A plant for manufacturing cerun IC 

semblies is being established at Nashua. N. H. 
Milwaukee operations will be under the con- 
tinued direction of Herlec executive- including 
Milton Ehlers, president: Harry Rubenstein, 
vice. president and chief engineer; and Thomas 
Hunter, vice- president in charge oi sales. 

National Union Radio Corp. Orange. N. J.. 
has purchased a plant in Ilatbor.., l'a.. for 
the production of all types of picture tubes 
up to and including 1r' in diameter. 

National Cn10n will ose straight -line exhaust 
methods for production of all its tubes. includ- 
ing 10" 12' and 16" sixes. 

James B. Lansing Sound, Inc., has moved tu a 
IleW plant at 7801 Hay veldt orst A venue. Vail 
No . Calif. 

Cornell -Dubilier Electric Corp., South Plain- 
field. N. 1.. has purchased the F :.radon Ca- 
pacitor Division of RCA. 

All t ypes and designs of Fa radon capacitors 
pn evimu sly manufactured by RCA will be con- 
tinue and sold by Cornell -Dubil ices 

WASH -FM, Washington, D, C. !key station 
of the Continental FM Network) has completed 
the installation of multiple unit Ranee stone 
tape recording equipment. 

Continental reported that it select tape 
transcription recording because it s -high fidel- 
ity characteristics I wide frequency range. lose 
noise level and harmonic content. and greater 
dynamic volume range) could provide FM sta- 
tions with the nearest technical approach: by 
transcription to locally produced live shows." 

Machlett Laboratories, Inc.. will manufacture 
\\. E. high power taises for brrarlea-t t r :ats- , itters and allied applications. 

\I ((chie t t will manufacture the tules to Bell 
Telephone Lab. designs with the full u of the 
Productions techniques (level( que ,I by u Western 
haret sic. 

Among the tubes to be manufactured he 
Mach Lett Laboratories are inn to 12n0.watt air - 
cooled amplifier tubes. types 212E. 2146. 251A. 
270A. 279: \. 308B. 3576. 363. \. 379A : mercury 
vapor recti hers. types 255B, 266B. 266C: water - 
cooled highs vacuum rectifiers. types 222A, 
233A: 10 to 100-kw amer o,led t'i des. types 
220C, 23211, 236: \. 241111. 298: \. 29811. 340:\ 
342: \, 343A 5 to 25 -ksy forced air.cooled 
triodes. types 220CA. 23211A. 341A. \.343. \A: 
and t :aid 10 kw uht l to 11.1 mer forced-air 
cooled triodes. types 5530 and 5541. 

WBAP, the Star -Telegram's Fort \G.rth- 
I)allas broadcasting and telecasting station. will 
soon install an RCA audio setup with a 
master control switching system built into 
four racks. flanked by sixteen racks of equip- 
ment. eight on each sitie of the center section. 

The switching system will provide an elec- 
trically interlocked circuit whereby sixteen in- 
put t s can be switched to ten but pmt C. 

Six special studio control desks, all identical. 
will lye furnisher! for six station studios. The 
sk has seven mixer inputs to a two-channel 
stem. 

The Refco Corp., 4509 White Plains Rd.. New 
York 66. New York was formed recently to do 
contract and stub contract 

s 

work. 
M. J. Simons is president and general mana 

: Elias A. Smyrttalds, vice president and 
t,n,d action supervisor: Richard L. Crandall, 
secretary and treasurer. 

FM Association is now located at Dop. art 
Circle Building. Washington 6. D. C. 

PERSONALS 

K. R. Smith, has purchased the manuiactur ing 
facilities of the World Broadcasting System and 
formed a new transcription company. a hich 
will be known as the K. R. Smith Company, 
Inc., 619 \Vest Fifty -fourth Street. New York 
City. 

Dr. Harold A. Zahl. has been named director 
of research at the Signal Corps labs located in 
the Fort Monmouth, New jersey area. 

d 
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v".j¡- s 
1 

/ I \ 
ANTENNA 

Ahui cg equo ice i t 

Designed especially for your sta- 
tion, incorporating the recom- 
mendations of your consulting 
engineers, JOHNSON phasing 
equipment offers: 

1, Optimum circuit design. 

2. Heavier components, wider 
range of tuning adjustments. 

3. Individually designed and built 
by E. F. JOHNSON for YOUR 
existing installation. 

4. Automatic switching from di- 
rectional fo non -directional 
operation. 

E. F. JOHNSON CO. 
WASECA, MINNESOTA, 

A. H. Brolly, has resigned from W 12KB to 
become chief engineer of Television Associat es, 
Inc.. NO North State St. Chicago 1, Ill. 

Charles E. Rynd has resigned as vice president 
and assistant secretary of ABC to become 
president mol general manager of Audio and 
Video Products Corp.. 681 Fifth Avenue. New 
York. One of the principal products repro 
seated by the company is the Ampex magnet lc 
lape recorder. 

F. P. Barnes has been appointed sales muta 
gee of broadcast equipment for the trans. 
mitter division Cl lia E. 

H. S. Morris has been named product s sale- 
oi..,rigor if .\ het: Service l'trrp, ration. 

Paul V. Galvin, president of Motorola hie.. 
has name 1 his son. Robert W. Calvin to ti: 
post of executive tae per silent. 

I h. Muter Company has acquire,) all 
-tack of 'he Jensen NI mufacturiuu 

Thomas A. White, p.¡dcut . 
Hugh S. Knowles, .. .. 

12.dph F. Sullivan, Jensot 
,..ive 

acquired 
.,uin.- 1 ,.t.[l 

.t[ irk the 'File Muter Comp:. 
The new huard of directors of Jensen \I alto 

fact uring Company will be: Thos. A. White, 
Leslie F. Muter, Hugh S. Knowles, Karl E. 
Rollefson and A. A. Dailey. 

Leonard Mautner has beet] elected vice prei 
dent of the 'Felevisi n Equipment Corp.. ?.. 
\\llli:ut] Street. New York. The new comp :un 
will engage in development and manufaetum 
in the fields of T \' pickup and transmission. 
and plants to market Ina cost television 
antera for industrial and studio use. 

Mautner iunnerly manager and chief engi 
er of the television transmit ter division of 

Allan It. Ou \tant I.ab,aatories. hic. 

WEST COAST TV INSPECTION 

t the Mutual Iton Lee TV studio dur rig the rvevot Nest Coast IRE convention: Fred E. Termini, 
Dean of Electrical Engineering, Stanford University; Loyd C. Sigmon. K\IPC chief engineer and 
general chairman of the convention; Benjamin E. Schackelford. IRE president: Walter Kenworth. chair- 

man, Los Angeles IRE. Section; and Harry Luhcke. Don Lee director of television. 

CAN YOU 

USE THIS 

SPECIAL CONDENSED 
t / I r 

CATALOG? 

* THE RJC -2 SPECIAL CANNON ELEC- 

TRIC Condensed Catalog covers the 
electrical connectors sold through 
our 300 -odd regular radio parts dis- 
tributors for radio and sound appli- 
cations such as microphones, ampli- 
fiers, transmitters, receivers, etc.They 
include type series "P ", "X ", "XK" 
"XL ", "TQ ". Also shown in the same 
catalog are Sectional Cable Termi- 
nals, Laboratory & Switchboard Con- 
nectors and Bayonet Type Lamp 
Sockets. List prices are given on all 
items. Address Dept. 
L-121 for your free copy. SINCE 1915 

Qcaaaoai 
3a1EQQOQ 

Le4e../a,7 

CA NON 
ELECTS IC 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA B BRITISH EMPIRE: 
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting British Empire): 
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO 
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Engineered to the Highest FM and AM Broadcast Standards 

NSW! 
f. High Fidelity Dynamic 

Model 650 

(Output -46 db) 

' 

8R°/11) 
Microphones 

FEATURES LIKE THESE 
WIN TOP RATING 

6q Stattiox aocd iteea tzk 5,e94cee df 
Flot out to 15 kc! Extremely high output! Impedoice selector! Dual - 
type shock -mount! Remarkably rugged! Individually calibrated! 

Developed in cooperation with station and network 
engineers, the new "650" and "645" meet exacting re- 
quirements of m,Ddern high fidelity FM and AM broad- 
cast service. Proved in studio and remote use. Polar 
pattern is non -directional at low frequencies, becoming 
directional at high frequencies. Recessed switch gives 
instant selection of 50 or 250 ohms impedance. Exclu- 
sive Acoustalloy diaphragm withstands toughest use. 
Many other important features assure the ultimate in 
broadcast quality Satin chromium finish. Fully guaranteed. 

Model 650. Output level -46 db. List $150.00 
Model 645. Output level -50 db. List $100.00 

Broadcast Engineers. Put the "650 "or "645" to the test in your station. 
Know the thrill of using the newest and finest. Write for full details. 

NO FINER CHOICE THAN 

glec-3/cricz, 
ELECTRO- VOICE, INC., BUCHANAN, MICHIGAN 

Export: 13 East 40th St., New York 16, U.S.A. Cables: Arlab 
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Model 645 
Output -50 db) 
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The EASIEST Way To Measure 
INDUCTANCE RESISTANCE CAPACITANCE 

Canpletely self -ccntained, portable and always set up 
for immediate use, this impedance bridge is indispensable 
in any laboratory where electrical equipment is used. No 
he :tily putting together a circuit, finding an oscillator, detector 
a- d power supply ... they are all here permanently as- 
sembled in an accurate instrument ... always ready for use 
a- any time. 

Dyer the major portion of its ranges this bridge is accurate 
for the majority of routine measurements in any laboratory. 
Its ranges are: 

INDUCTANCE: 1 microhenry to 100 henrys 
RESISTANCE: 1 milliohm to 1 megohm 
CAPACITANCE: 1 micromicrofarad to 100 microfarads 
ST DRAGE FACTOR (X/ R ): 0.02 to 1000 
DISSIPATION FACTOR (R /X): 0.002 to 1 

ncluded in the walnut cabinet are built -in standards, bat- 
teries, a 1000 -cycle tone source for a -c measurements, a 
zero- center d -c galvanometer null detector and terminals for 
a Feadset for 1,000 -cycle detection. Terminals are provided 
for an external generator for measurements from a few 
:ydes to 10 k.c. Direct- reading dials add greatly to the ease 
and rapidity with which measurements can be made. 

TYPE 650 -A IMPEDANCE BRIDGE ... $240 

WRITE FOR COMPLETE INFORMATION 

GENERAL RADIO COMPANY 
90 West St., New York 6 

Cambridge 39, 
Massachusetts 

920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angeles 38 
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...makes your RCA turntable 

a high -fidelity recorder 

The RCA Recorder mounted on a Type 70-DI turntable 

HIS IS THE NEW improved -type stu- 
1 dio cutter. It is designed specifically 

to. give you instantaneous high -quality 
recordings with your present "70 Series" 
turntable -at surprisingly low equip- 
ment cost to you. 

It's uniquely flexible -With this pro- 
fessional attachment you can record at 
96, 112, or 136 lines per inch -and at 
speeds of 331/3 or 78 rpm. You can re- 
cord outside -in or inside- out -without 
changing gears or lead screw. You can 
adjust the stylus cutting angle and cut- 
ting depth during recording. 

It's simple to operate -A new im- 
proved cam- operated lowering device 
helps you lower the cutter gently to the 
record ... eliminates stylus damage and 
deep cuts caused by sudden dropping. A 
spiralling hand crank enables you to in- 

sert space between recordings without 
breaking groove continuity. Plenty con- 
venient, too, for making starting and 
finishing spirals. 

It's dependable -No driver slippage 
or "knocks" ... because power coupling 
is made to the center of your turntable 
through a vertical shaft spiral gear and a 
three -pin driving flange. No cutter car- 
riage riding on the feedscrew ... because 
the carriage is supported on a metal tube 
that encloses and protects the feedscrew. 
No groove grouping ... because the 
head rides smoothly along a tubular en- 
closure that protects the feedscrew. 

Here, we believe, is the finest cutter 
yet designed for high -quality studio re- 
cording ... at modest cost. Type 72 -D is 
complete with a standard head, mount - 
i ng base, rest -post, and suction nozzle. 

BROADCAST EQUIPMENT 

Type 72 -DX is complete with high -fidel- 
ity recording head, mounting base, rest - 
post, suction nozzle, and compensator. 

For prices and details, see your RCA 
Broadcast Sales Engineer, or write 
Dept. 23L, RCA Engineering Products, 
Camden. N. J. 

SPECIFICATIONS 

Input Impedance to Curer..15 ohms, nominal 

Frequency Response: 

type 72 -D +3 db, 50- 7,500 cps 
type 72 -DX . ±2 db, 50- 10,000 cps 

Sensitivity (groove velocity 6.3 cm /spc. 
0.00079" -peak to peak) at 1,000 cps: 

type 72 -D +30 dbm (1.0 watt) 
type 72 -DX +30 dbm (1.0 watt) 

RADIO CORPORATION of AMERICA 
ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J. 

In Canada: R C A VICTOR Company Limited, Montreal 
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