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3 -Phase Regulation 
LOAD FANGE 'REGULATION 

MODEL VOLT- AMPERES ACCURACY 

3P15,000 " 500- 5,000 
3P30,000 3000-30,00') 
3P45,000 4500-45,00) 

0.5% 
0.5% 
0.5% 

Extra Heavy Loads 
LOAD RANGE REGULATION 

MODEL VOLT -AMPERES ACCURACY 

5,0004' 500 - 5:000 
10,000+ 1000 -10,00) 
15,000+ 1500- 15,00) 

0.5% 
0.5% 
0.5 °/a 

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

General Application 
MODEL 

15C 
25C 
50C 
100) 
2003 

LOAD RANGE 
VOLT- AMPERE? 

'REGULATION 
ACCURACY 

25 - 15C 0.5% 
25 - 25C 0.2% 
.10 - 50C 0.5% 
130-1000 0.2% 
200-2003 0.2% 

400 -800 Cycle Line 
INVERTER AND GEl B ATOR REGULATORS 

FOR AIRCRAFT. 

Single Phase rid Three Phase 

LDAD RANGE REGULATION 
MODEL VOLT -AMPERES ACCURACY 

D500 50 - 500 0.5% 
D1200 120 -1200 0.5% 

3PD250 25 - 250 0.5% 
3PD750 75 - 750 0.5% 

Other capaciies also available 

The NOBATRON Line 
Output 

Voltage DC 

6 vol's 
12 
28 
48 
125 

Load Range 
Amps. 

15 -40 -100 
15 

10 -30 
15 

5 -10 
Regulation Ac:uracy 0.25% from 1/4 

to full load. 

The First Line of standard electronic 

AC Voltage Regulators and Nobatrons 

GENERAL SPECIFICATIONS: 

l- ormon c distortion max. 5% basic, 2 % "S" models 
Input voltage rcnge 95 -125: 220 -240 volts 1 -2 models) 
Output adjustable bet. 110 -120: 220 -2401 -2 models) 
Recovery time: ó cycles: + 9 cycles) 
Input frequency range: 50 to 65 cycles 
Power factor range: down to 0.7 P.F. 

Ambien- tempe-ature range: -50 °C to 5.1°C 

All AC Regulators 8. Nobatrons may be uses with no load. 
Models available with increased regulation accuracy_ 

Special Mcdels designed to meet your unusuil applications. 

Write for the new Sorensen catalog. I- contains complete 
specificaticns on standard Voltage Regulators Nobatrons, 
Increvolts, Transformers, DC Power Supplies, Saturable Core 
Reactors and Meter Calibrators. 

SORENSEN & CO., Inc. 
STAMFORD CONNECTICUT 

F epresented in oll p'incipol :iries. 
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D 

For keeping video operations under control - 
From modest start to 'nighty operations... 

DU MONT 

MASTER CONTROL 

FUNCTIONS ... 
1. Generation of syn- 
chronizing signals 
conforming to AMA 
recommendations. 
2. Distribution of 
sync signals. 
3. Push -button selec- 
tion of program 
sources for use by 
the transmitter ( "on- the -air" signal). 
4. Monitoring and distribution of Ma 
"on -the -air" picture signal. 
5. Push -button selection of program 
sources next to be used as "on- the -a.r" 
signal (preview signal). 
6.. Monitoring and distribution of pre- 
view picture signal. 
7. Monitoring of "on-the-air" and pre- 
view signal waveforms. 
8. Stabilization of picture and sync sig- 
nals from remote program sources. 
9. Test monitoring of master control sig- 
nals for maintenance purposes. 
10. Exclusive Du Mont "fully automatic" 
lap dissolve and fade control -the stand- 
ard of all Du Mont control equipment. 

O AL, CR U DU MONT LAUORATORIES 

* Spit-second. ii~rinç 
-s nooth- flowing pro- 
gram continuity - 
thEt's the assurance 

the Du Mont Master Control Line 
offers television broadcasters. 

Multiple- studio live programs 
network participation, local re- 
mote pickups, films and rehears- 
als, are selected and integrated at 
will. The Du Mont Master Control 
Line consists of groups of inte- 
grated equipment capable of per- 
forming any desired function of 

tale '_sion broadcasEng in the pro- 
fessional manner lo-.g associated 
wi:l. sound broadcas:ing. 

The number of functions incor- 
porated in any one master control 
'package" depends on the com- 
plexity of the telecasting station. 
Five basic Du Mont master control 
"packages "meet the requirements 
of the smallest to the largest tele- 
casting station. In typical Du Mont 
manner, you can start as small as 
you Eke and grow as large as you 
like, with Du Mont equipment. 

*DESCRIPTIVE LITERATURE ON REQUEST 

ALLEN B. DU MONT LABORATORIES, INC. TELEVISION EOUIPME VT DIVISION, 42 HARDING AVE.. CLIFTON. N. 1. DU MONT NETWORK 
AND STATION WABD, 515 MADISON AVE.. NEW YOPK 22. N. Y. DU MONT'S JOHN WANAMAF.EF TELEVISION STUDIOS. WANAMAKER 
PLACE, NEW YORK 3, N. Y. STATION WTTG. WASHINGTON, O. C. HO AE OFFICES AND PLANTS. PASSAIC, N. J. 
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Choose your Radiotelephone on the basis of 

d 

Here are the FACTS about A1oa -compare them with all the others: 

// 

Radiotelephone is too important an investment to be made on 
the basis of high -flown phrases and advertising slogans. It's 
easy to make claims that can't be proved and to so word state- 
ments that they seem to mean more than they do. 

So, choose carefully. Make sure that claims are provable, that 
features mean something, and that specifications are understand- 
able. The best test is to talk to people who have bought the 
equipment in question. Is it performing according to claims? 
How much does it cost to maintain? What kind of service does 
the manufacturer give? The manufacturer who has nothing to 
hide will welcome your skepticism. 

INDUSTRY LEADERSHIP 
Motorola manufactures and installs 
more radiotelephone equipment than 
any other - BAR NONE. Motorola 
has more fully qualified mobile -radio 
developmental engineers in their lab- 
oratories devoting time exclusively to 
mobile radio problems than any other 
manufacturer - BAR NONE Moto- 
rola has the largest mobile radiotele- 
phone research laboratory and offers 
more product development than any 
other - BAR NONE.. Motorola has 
pioneered more FM mobile radiotele- 
phone "firsts" than any other manu- 
facturer -BAR NONE: FIRST with 
20 D.B. quieting at 0.4 microvolt in- 
put. FIRST commercially successful 
FM 2 -way radiotelephone with FIRST 
noise compensated squelch that makes 
present day radio communications 
practicable. FI RSTto successfully build 
equipment for the 152.162 mc. band. 
FIRST to develop the vibrator power 
supply in receivers, now accepted as 
the best power supply system. FIRST 
with "Precision Selectivity" for channel 
conservation. FIRST with Precision 
Cavity for intermodulation control. 

Aletotora 

ADVANCED DESIGN 

Only Motorola guarartees full 
channel utilization *.h rough 
"PRECISION SELECTIVITY." 
P.S. provides extraordinary 
channel protection from nearby 
central stations and other man- 
made interference. Motorola's 
advanced design is your guar- 
antee against early obsolescence. 

VERIFY THE 
FACTS WITH THE 
PEOPLE WHO USE 

Aloíozota 
EQUIPMENT 

COMMUNICATIONS DIVISION Chicago 51, Illinois 
In Canada: Roge-s Majestic, Ltd., Toronto -Montreal 

OVER -ALL COST 
It's been proved - Motorola continues to 
operate when others fail. Motorola takes 
less time out ...costs you far less over the 
years than any other equipment regardless 
of initial price! 

PROVED PERFORMANCE 
Hundreds of official records show Motorola 
equipment giving "like -new" service for over 
six years - with only limited routine main- 
tenance required. Part for part, Motorola 
is the sturdiest equipment in the field today - and Motorola rugged construction pays 
off for you. 

A MotoroliCommunications Engineer will 
be glad to call and discuss radiotelephone as 
it concerns your specific problems. He'll 
put you in touch with people in your busi- 
ness who are using Motorola equipment. 
He'll give you FACTS, not fiction, FIG- 
URES, not fables - 

Vriee ?oday 

FM RpDIO1EEEpHONE 
. Z-WAY 
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1 

can you answer these important questions? 

How many of your employees are buy- 
ing U. S. Security Bonds regularly 
via the Payroll Savings Plan? (35% 
to 50% of employees buy Security 
Bonds on the Payroll Savings Plan 
in those companies in which top 
management backs the Plan.) 

How does their average holding com- 
pare with the national average? (The 
national average among P.S.P. par- 
ticipants is $1200 per family.) 

Why is it vital -to you, your com- 
pany, and your country -that you 
personally get behind the Payroll 
Savings Plan this month? You and 
your business have an important 
stake in wise management of the 
public debt. Bankers, economists, 
and industrialists agree that busi- 
ness and the public will derive maxi- 
mum security from distribution of 
the debt as widely as possible. 

Every Security Bond dollar that 
is built up in the Treasury is used to 
retire a dollar of the national debt 
that is potentially inflationary. 
Moreover, every Security Bond held 
by anyone means fewer dollars go to 
market to bid up prices on scarce 
goods. 

Can't your employees buy Bonds at 
banks? Banks don't provide Security 
Bonds on the "installment plan" - 
which is the way most workers pre- 

The 

This is. an official US.Tr 

fer to obtain them. Such workers 
want and need Payroll Savings. 

What direct benefits are there for 
your company? In 19,000 industrial 
concerns operating Payroll Savings, 
employees are more contented. 
Worker production has increased, 
absenteeism has decreased -even 
accidents have been fewer! 

All these benefits accrue in addi- 
tion to extra security for the indivi- 
dual who gets and holds Bonds. 
(Every $3 invested pay $4 at ma- 
turity.) 

But even a plan with all these 
benefits requires the sponsorship of 
top management for real success. 

What do you have to do? The Treas- 
ury has prepared a kit of material 
especially for you to distribute 
among certain key men in your com- 
pany. This will be your part in the 
all -out campaign -starting April 15 
-for America's economic security. 

Make sure you get your kit. Be 
sure to give it your personal atten- 
tion. Keep the Payroll Savings Plan 
operating at its full potential in your 
company. It's a major factor in 
America's security -your best busi- 
ness security! 

For any help you want, call on 
your Treasury Department's State 
Director. Savings Bonds Division. 

Treasury Department 
acknowledges with appreciation the publication 

o of this m¢ssage 
by 

COMMUNICATIONS 
.easury Advertisement 

prepared under 
JULY auspices of the Treasury Department 1948 
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C0RMUKOCATOO HS 
LEWIS WINNER, Editor 

The TV Allocation Hearings 

TELECAST ENGINEERING research and 
development activity was quite a fea- 
tured topic during the recent tv alloca- 
tion sessions in Washington. At this, 
the first comprehensive hearings on 
the channel problem, since the chan- 
nels were set up two years ago, over 
100 presented volumes of engineering 
data as testimony for and against the 
FCC plan which would nearly double 
the present channel setup. The acute 
problem of co- channel or adjacent in- 
terference served as a major point of 
most arguments. Exhibits disclosed 
that up to 180 -mile separation may 
be required in some instances to avoid 
interference. Directionalized co -chan- 
nel operation was offered as one solu- 
tion. 

One exhibit, wherein the proposed 
use of channel 6 by WNHC -TV, New 
Haven, Conn., was described, showed 
that based on separation versus a 
100:1 and 2:1 signal ratios for co- 
channel and adjacent channel clear- 
ances, the overlap of WNHC -TV, op- 
erating with a power of 20 kw at 500 
feet elevation above surrounding ter- 
rain, as against 50 kw at 500 feet for 
WABD on channel 5 and likewise 
Worcester with 50 kw at 500 feet, was 
not greater than anticipated for the 
whole scheme of allocations for the 
New York and New England areas 
on channels 5 and 6. 

A plan offered by DuMont sug- 
gested an addition of 8 channels which 
are now in use by the Interdepartment 
Radio Advisory Committee (112 -118, 
132 -138, 138 -144, 162 -168, 168 -174, 
216 -222, 222 -228, 228 -234 mc or 162- 
168. 168 -174, 221 -227, 227 -233, 233- 
239, 239 -245, 251 -257 mc). To justify 
this transfer, the government might 
he given an equal number of frequen- 
cies in the u -h -f band reserved for 
television. 

Since on September 20, the u -h -f 
band allocations will be probed, this 
approach to the problem will, undoubt- 
edly, be reviewed again with, perhaps, 
the entire 2 to 13 channel allocation 
testimony serving as an additional re- 
port for the basis of allocation judg- 
ment. Several witnesses at the 2 to 
13 channel sessions indicated that no 

J U L Y, 1 9 4 8 

final decision could be made until both 
hearings were completed and studied 
carefully. 

It appears as if this fall may see a 
revised allocation pattern which will 
brine. new horizons to tV. 

Intercarrier TV -Sound Reception 

THE USE OF INTERCARRIER SOUND in 
tv receivers has been the subject of 
many investigations. For instance, the 
matter has been receiving careful 
study by the Television Transmitter 
Committee of the RMA Engineering 
Department. 

At present and in the future, to 
make intercarrier reception feasible, 
at least three conditions must be met: 
(1) -The picture carrier must never 
disappear so that it is always available 
to provide the 4.5 mc beat upon which 
the system functions. Local genera- 
tion of the 4.5 mc carrier is, of course, 
possible but brings with it unwanted 
complexity. (2) -The separation be- 
tween the picture and sound carriers, 
nominally 4.5 mc, should be held with 
the minimum variation possible so that 
the bandwidth of the audio discrimina- 
tor may be kept reasonably small, and 
to insure that a -m noise may be re- 
jected with a minimum of limiting in- 
volved. (3)- Incidental f -m or phase 
modulation of the picture carrier, with 
respect to the audio carrier, must be 
minimized so as to avoid the introduc- 
tion of hunt or unwanted signal into 
the f -m sound channel. 

Initial opinions indicated that some 
of these limitations would restrict the 
practicality of the system. However, 
recent surveys by S. W. Seeley indi- 
cated that these objections may not 
be too well founded. From stations in 
metropolitan New York currently sur- 
veyed, indications were that with no 
design or operational changes, the lim- 
iting performance of the intercarrier 
receivers was not found excessively 
wanting. To further safeguard per- 
formance, however, there is likely to 
be a concerted campaign by propo- 
nents of the intercarrier system for 
further safeguards with respect to 
transmitting equipment. 

Commenting on the problem, Leon- 
ard Mautner, head of the television 

transmitter division of the Allen B. 
DuMont Labs. stated that although it 
may be argued that a substantial mod- 
ification of the design or operation of 
the transmitting gear is warranted to 
further the production of low -cost tv 
receivers, an engineering compromise 
which will give the greatest freedom 
to both transmitter and set designers 
is indicated. He said: "Inevitably, 
further study of present transmitter 
capabilities and deficiencies must be 
made before a standards review is in- 
dicated for the transmitter gear. Like- 
wise, a review of the intercarrier set 
requirements must be made before the 
minimum requirements of intercarrier 
set designers could be adequately de- 
fined. 

"For the interim period during 
which the intercarrier system holds 
forth with no modification of the trans- 
mitter equipment, it would appear 
that broadcasters may expect most fa- 
vorable comments of their programs 
on intercarrier sets if they will . . . 

(a) Carefully monitor their video 
transmission to insure that maxi- 
mum white transmitted corresponds 
to no less than 10% of maximum 
carrier. 

(b) Monitor the frequencies of 
the audio and video carriers so as to 
maintain the 4.5 -mc nominal separa- 
tion to as much within the present 
FCC standard of .002% for the in- 
dividual carriers as operations will 
permit. 
"These conditions may be readily 

met by telecasters with careful atten- 
tion to operating practice. The re- 
maining condition of phase modulation 
appears at the moment to be less of a 
limiting factor to satisfactory perform- 
ance of intercarrier receivers and one 
that can only be resolved when addi- 
tional information is forthcoming from 
both transmitting and receiving 
groups 

"The extent to which intercarrier 
receivers will approach the optimum 
performance that such a system will 
permit, assuming that the requisite 
transmitter deficiencies could be over- 
come, will rest primarily with the in- 
tercarrier set makers and the self -im- 
posed economic conditions. " -L. W. 
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Frequency Stabilization In 

Figure 1 

Frequency multiplier unit. 

Figure 2 

Block diagram of the frequency multiplier unit. 

Frequency Stabilization Procedure, Using Feedback 

Technique, Permits Construction of Compact Easy -To- 

Tune Equipment. Uses Microwave Oscillator, Reflex 

Klystron, H -F Discriminator and Direct Coupled I D -C l 

Amplifier Setup. 

by A. V. DONNELLY 
Assistant Professor 

Department of Electrical Engineering 
The State University of Iowa 

THERE ARE two basic methods of ob- 
taming a stabilized oscillator at micro - 
wave frequencies. The first is fre- 
quency multiplication. This is the 
practice of employing a quartz crystal 
vibrating at a relatively low radio fre- 
quency, whose output is multiplied the 
number of times necessary to give the 
desired frequency. The second method 
involves feedback techniques. In this 
scheme some type of frequency- sensi- 
tive control circuit is used which is 
capable of changing the oscillator fre- 
quency in a manner which will main- 
tain the frequency within specified 
limits. 

Frequency Multiplication 

A frequency multiplier unit used by 
the author is shown in Figure 1. The 
general plan of its construction ap- 
pears in the block diagram of Figure 
2. A crystal whose frequency is ap- 
proximately 7.5 me is used as the 
basic element in a 4I6- klystron ex- 
citer. Employing conventional dou- 
bler and tripler circuits, this frequency 

416 

Klystron 
Exciter 

416 
Kly Iron 
Es fiter 

Power Supply 

270 Mc 416 
Klyslron 

and 
Power Supply 

2970 Mc 297OMc 
21(35 
Klyst ron 

21(35 
Klystron 

Power Supply 

21(46 
Klystron 

one 
Power Supply 

8 910m 
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is multiplied 36 times providing an out- 
put frequency of approximately 270 
me with a power of -about 10 watts. 
This feeds the input of a 416 -klystron 
multiplier tube where an eleven -fold 
multiplication takes place. (This mul- 
tiplication may be ten. eleven. or twelve 
times depending on the tuning adjust- 
ment.) This multiplier tube is not 
very efficient, and at 2.970 me the out- 
put is about 10 milliwatts. The cut - 
put is then fed to a 2K35, a klystron 
cascade amplifier, with a power gain. of 
1,000. This provides a 1 -watt (approxi- 
mately) input to a 2K46 klystron. 
a multiplier tube, the output frequency 
of which is three times the input fre- 
quency, or 8,910 me at a power of ap- 
proximately 10 milliwatts. 

The output of such a unit will have 
the saine degree of stability as the 1 -f 
quartz crystal used in the exciter unit. 
By employing temperature- regulated 
crystal units, the frequency deviation 
can be kept to a minimum. 

Two commercial applications * ** of 
this system have been made: a micro - 
wave blind landing system' and a two- 
way microwave f -m system for use in a 
railroad installation.- Both of these 
systems, however, operate on a fre- 
quency in the region of 3,000 mc, and 
do not use the 2K46 multiplier stage. 

One of the greatest disadvantages of 
the aforementioned system has been 
the difficulty in tuning np. There are 

'Based in part on a dissertation submitted for 
Ph.D. requirements at the State University 
of Iowa. 

Formerly with Collins Radio Company. 
'Systems installed by Sperry Gyroscope Co. 
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The Region of 10,000 Mc- 

nine cavities in the system, three on 
each of three klystron tubes, which 
require delicate adjustment. The 
problem was recently solved by the 
National Bureau of Standards who 
now employ the modified setup as its 
microwave frequency standard at the 
Central Radio l'ropagation Labora- 
tory.' No klystron generators are 
used in this system. Instead, har- 
monics of the output frequencies from 
the conventional multipliers are gen- 
erated by silicon- crystal multipliers. 
Thus there is no need for the tedious 
cavity adjustments required with the 
klystrons. 

Feedback Stabilization 

In thi- type of stabilization, the fre- 
quency of oscillation is generated at 
the value at which it is to be used anti 
not derived front multiplication of a 

lower frequency. The frequency of 
the oscillator tube is controlled by a 

cnr reef h nt voltage tibt :ti tied from a fre- 
quency discriminator circuit. This 
discriminator circuit converts any 
change of frequency to a correspond- 
ing change in voltage. This correc- 
tion voltage, in turn, is applied to the 
oscillator tube so that the frequency is 
maintained at a desired value. 

The discriminating action can take 
place at one of two different levels in 
the system: either at ( 1) a low fre- 
quency. usually the intermediate fre- 
quency in a superheterodyne receiver 
or at (2), a high frequency, such as 

the microwave frequency of the oscil- 
lator to be stabilized. 

Low- Frequency fl-Fl Discrimination 

In the low -frequency discriminating 
system, the discriminator circuit is of 
conventional design and operates from 
the intermediate frequency. The out- 
put front thi- circuit is allowed to con- 
trol the frequency of the oscillator by 
changing- on, of the electrode voltages. 
This system was used considerably in 
radar systems in which the magnetron 
source was fairly unstable. To keep 
the receiver tuned so that the i -f was 
confined within the bandwidth of the 
i -f amplifier the frequency of the local 
oscillator was changed so that it could 
follow the variations of thé signal 
source. ( Actually this is opposite to 
frequency stabilization but it is in- 
cluded so that the theory presented 
will be complete.) Three of the many 

radar systems that used this method 
were the MPG -1 Fire Control Radar, 
the APS -15 and the APQ -13a Radars 
for Blind Bombing. in these cases the 
i -f was 30 nu. 

High-Frequency (R -FI Discrimination 

As a contrast to the 1 -f discriminat- 
ing system, h -f discrimination involves 
the use of a discriminator circuit 
which is capable of converting devia- 
tions at the microwave frequency into 
voltage variations. Suitable com- 
binations of wave -guide components 
can provide an appropriate discrimina- 
tor circuit, the output of which can 
be made to control the voltage of an 
electrode of the oscillator. The elec- 
trade used in the case of the reflex 
klystron is the reflector. 

A Feedback Stabilization System 

T11,- type of stabilization system 
coni -t» chiefly of a microwave oscil- 
lator a reflex klystron such as the 
723 ,\ B of the 1:3íl), a h -f discrim- 
inator circuit. a direct- coupled (d -c) 
amplifier and a power supply. Figure 
3 shows the relationship of these units. 
One of the simplest h -f discriminator 
circuits nlay be formed by a combina- 
tion of a hybrid tee, a shorting plun- 
ger, a resonant cavity and a crystal 
termination, as shown in Figure 4. 

\ \'ith proper adjustment, all amplitude 
variation in the output can be obtained 

Figure 4 

High frequency discriminator. 

with a variation in frequency of the 
input. To minimize variations due to 
temperature changes, the resonant 
cavity used as a reference standard 
was enclosed in a temperature -regu- 
lated oven (not shown in the photo- 
graph). The output of the discrim- 
inator is fed to a direct- coupled ampli- 
fier where the minute fluctuations are 
amplified to larger fluctuations. The 
output of the d -c amplifier is connected 
in seri_s with the reflector power sup- 
ply of the oscillator tube. The varia- 
tions from the d -c amplifier then can 
vary the voltage of the reflector which 

Figure 3 

Setup of a feedback stabilizeti on system. 
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will cause the frequency of the system 
to return to its original value. Figure 
5 shows a complete laboratory unit in- 
corporating the power supply and the 
d -c amplifier, and Figure 6 shows a 
representative arrangement of wave - 
guide plumbing. 

Numerous modifications and refine- 
ments are possible but the simplest 
type is presented so that complications 
of apparatus and involved theory of 
waveguide components would not over- 
shadow the basic operation of the 
system. 

Determination of Stability 

An engineer or a laboratory tech- 
nician working with a stabilized oscil- 
lator always demands that the value of 
the stability be given. In the case of 
the frequency multiplier units, this 
value can be easily determined. The 
output of the frequency multiplier unit 
will have the same percentage devia- 
tion as the original crystal oscillator. 
Hence, all that is necessary is to deter- 
mine the percentage deviation of the 
1 -f crystal. This procedure presents 
no problem. The output of the crystal 
oscillator can be compared with that 
of a secondary frequency standard 
previously calibrated from the signals 
received from WWV of the National 
Bureau of Standards. 

The determination of the stability of 
a feedback stabilization system is, 
however, an entirely different problem. 
To determine the stability of a feed- 
back stabilization system, one could 
compare the output with the output of 
a frequency multiplier unit whose devi- 
ation was known. This method could 
not be universally adopted because of 
the few microwave frequency multi- 

Figure 5 

Feedback stabilization system power supply. 

Figure 6 

Feedback stabilization system ..aveguide 
plumbing. 

plier units available. In addition, it 
is assumed that the percentage devia- 
tion of the frequency multiplier unit is 
of a comparable value with that of the 
feedback stabilization unit to be meas- 
ured. This restriction further reduces 
the number of frequency multiplier 
units that would be suitable for this 
purpose. Because of this difficulty, 
other methods of determining fre- 
quency deviation must be conceived. 

One method which could be utilized 
would be that involving a frequency 
comparison similar to that encountered 
at the lower frequencies. In this 
method, however, the two frequencies 
being compared would both have to be 
unknown. To be more explicit, two 
identical oscillating systems of un- 
known frequency deviations could be 
beat together giving some intermediate 
frequency. The frequency deviation 
of this intermediate frequency could 
then be determined by conventional 
methods. This procedure will not give 
an absolute value because one un- 
known is being compared with an- 
other. Instead, a relative figure of 
merit is obtained indicating the maxi- 
mum deviation of either of the two 
units. 

During an investigation, an attempt 
was made to utilize the above method. 
Difficulty was encountered with noise 
modulation on the two oscillators 
which did not permit a satisfactory 
beat frequency to be obtained. As a 
consequence, a modification of the 
above method was used. 

The two unknown oscillator systems 
were allowed to beat together at a fre- 
quency of approximately two mega- 
cycles per second. This intermediate 
frequency was passed through an r -f 
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amplifier whose bandwidth could be 
varied over a known range. A cath- 
ode-ray tube indicated the output from 
the r -f amplifier. The operation of 
this method was based on the fact that 
as long as the cathode -ray tube indi- 
cated that an output was being ob- 
tained, the frequency deviation was 
less than the bandwidth of the r -f am- 
plifier. By varying the width of the 
tuned circuits of the amplifier, the lim- 
iting value of the frequency deviation 
could be determined. Satisfactory re- 
sults have been obtained with a limit- 
ing value of stability of the order of 
one part in 25,000,000 being measured 
when employing an oscillator fre- 
quency in the region of 10,000 mc. 

Summary 

The frequency multiplier unit em- 
ploying klystron multiplier,tubes is not 
satisfactory since tedious adjustment 
of the various cavities are involved. 
In addition, the use of the multiplier 
tubes requires a number of high -volt- 
age power supplies which should be 
well regulated; items which are costly 
and space consuming. These disad- 
vantages have been more or less over- 
come by the substitution of silicon - 
crystal multipliers for the klystrons. 
With super refinement in the driving 
oscillator, it is possible to obtain a fre- 
quency standard with a variation of 
less than one Dart in 100 million. 

As a contrast with the frequency 
multiplier units, a feedback stabiliza- 
tion system can provide the same de- 
gree of stabilization with much less 
equipment resulting in a much lower 
cost and a lower space factor. This 

(Continued on page 31) 
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Figures 1 (left) and 2 'right) 
Figure 1: Recommended method of determining frequency and linearity characteristics of preamp containing balanced input transformer. If the pretest, 
has bridging impedance or is to be fed from a source impedance of RI ohms, then RI should be made equal to the required impedance. This can be a 
pure resistance, either carbon or non -inductive wire wound, with a value of about 250 ohms. If the preamp has an input impedance, then WI is not neces- 
sary since the amplifier will terminate the attenuator. The ground in the balanced attenuator circuit need not necessarily be used for low and medium gain 
amplifiers. It is, however, required for high gain amplifiers. 

The T former is desirable to isolate from the unbalanced ground effects which may be present within the audio oscillator. It should he a 1:1 ratio 
and have an electrostatic shield. Typical impedance ratios are from 200/200 to 600 /600 ohms. 

Figure 2. Circuit recommended for measuring preamp containing an unbalanced- to- ground input transformer. 

Maintenance of Preamp Equipment 
In Broadcast Transcription-Reproducing Systems 

THE elten NI I i, a particularly vital link 
in the broadcast transcription- repro- 
ducing system and accordingly must 
be carefully checked, at least once a 
month. for its frequency response, dis- 
tortion and operating level. 

To determine the frequency response 
of the preamp. the Figure 1 circuit can 
be used. The audio oscillator used in 
this setup should cover the 30- to 
15,000 -cps range. The output of the 
oscillator should not contain more than 
1% total harmonic distortion at the 
normal operating level used for the 
proposed tests (approximately +4 vu). 

The use of an isolation transformer 
between the oscillator and the preamp 
input is indicated in this circuit. Ex- 
perience has indicated that the use of 
proper isolation will greatly minimize 
errors. particularly when measure- 
ments are made at the higher frequen- 
cies with circuits which are balanced 
to ground. The isolation transformer 
should provide the correct impedance 
matching between the oscillator output 
and the preamp input: it should also 

Maintenance Progam, Developed by NBC Radio -Recording 

Division, Features Tests Which Determine Frequency Re- 

sponse, Distortion and Operating Levels of Preamp Units. 

by RALPH G. PETERS 

include an electrostatic shield, which 
should be connected to a good ground. 

Measurement Technique 

The frequency response characteris- 
tic of the preamp can be determined 
by a direct comparison between the 
volume indicator connected to the 
audio oscillator, and the volume indi- 
cator connected to the output of the 
preamp. To eliminate any possibility 
of error due to inaccuracies in the vol- 

From maintenance manual. Maintenance 
Procedure For the Broadcast Transcription Sys- 
tem, prepared by research engineers of NBC 
Radio -Recording Division. 

unle indicators, the tracking of the 
volume indicators should be compared 
by connecting them in parallel across 
the output of the audio oscillator and 
sweeping over the frequency range to 
be used. The two volume indicators 
should agree with i-.3 alb to be consid- 
ered satisfactory for use. If the de- 
parture should be greater than this 
limit one volume indicator should be 
considered as a standard (usually the 
volume indicator associated with the 
oscillator output), and a correction 
curve used to correct the final reading. 

Many preamps have relatively high 
input impedance. If such a type is to 

(Continued on page 30) 

Figure 4 

Circuit used to measure the transmission of a compensator. Ra 
can be a 1 to 10 -ohm resistor, providing the pickup impedance 
is in the vicinity of from 200 to 500 ohms to -c impedance). RS can 
be approximately 500 ohms. Ra and Rs constitute voltage di- 
vider with Rs low enough in value to permit the signal to be 
injected in series with the pickup and still not disturb the 
compensator circuit by introducing an appreciable resistance. 

EEOm 

Figure 3 

Another preamp setup where the isolation transformer must he 
used since the preamp input is balanced to ground, while the 
compensator has a ground on one leg. Should the preamp have 
a ground on one side of its input. then the isolation transformer 

can be deleted. 
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TV Transmitter Design 
IN OUR ANALYSIS of class B linear 
amplifiers last month. the four pri- 
mary- conditions which linear ampli- 
fiers must meet were detailed as sat- 
isfactory bandwidth, adequate power 
output, linear output between the 
limits of 1005 and 15% modulation, 
and suppression of lower sideband. 
Circuitry evolved to achieve these re- 
sults were reviewed. 

In this installment, linear amplifier 
design features are probed further. 

Figure 1 shows the circuit break- 
down of the two class B linear ampli- 
fier stages in which coupling and load- 
ing may he varied to produce a re- 
sponse characteristic satisfactory for 
the wide band of frequencies required 
for tv service. Secondary loading is 
increased by moving the cathode leads 
( filament) toward the open end of the 
resonant line. A fine adjustment of 
this variable is provided by a shorting 
bar near the shorted end of the line. 

Variable coupling is provided by 
changing the physical position of the 
secondary with respect to the primary 
by means of a worm drive gearing sys- 
tem. This design, showing this phys- 
ical positioning of the various ele- 
ments, is illustrated in the six views 
shown in Figure 2. It will be noted 
that half wave lines are used. This 
allows for greater line length out- 
side the tube to the quarter wave point, 
and in addition provides greater cou- 
pling efficiency between the stages. It 
is desirable to make the tuned circuits 
only broad enough to deliver high- 
definition television picture elements 
to realize a satisfactory plate circuit 
efficiency, since circuit efficiency is a 
function of bandwidth. A further 

criteria for plate- circuit efficiency is 
that the tube output circuit be designed 
around a tube with relative low plate 
resistance. with respect to the plate - 
load resistance, in order that maximum 
voltage will be developed across the 
load impedance. 

The modulated amplifier and class B 
linear stages are so tuned that the 
upper sideband of the television infor- 
mation is included in the passband 
characteristic of the tuned circuits, i.e., 
the carrier is positioned on the edge 
of the low- frequency end of the pass - 
band, and the circuits are adjusted to 
give a smooth frequency response char- 
acteristic over approximately Fr to 

+ 4) mc. This adjustment pro- 
duces a single -sideband transmission 
system, since the tuned circuits reject 
the lower sideband -each tuned circuit 
contributing to the overall attenuation. 
In addition to the inherent selectivity 
of the tuned circuit, a notching filter is 
coupled to the cathode input circuit of 
the intermediate power amplifier. This 
filter is adjusted to 1.25 mc lower than 
the carrier frequency and results in 
narrowing the low frequency skirt of 
the passband characteristic. 

Operation Setup of Amplifiers 

Initial operation setup of the class B 
linear amplifiers is essentially the same 
as previously described for the modu- 
lated amplifier, except that in this case 
the video signal and r -f drive parame- 
ters are fixed. Bias should be main- 

Figure 1 (above) 
Intermediate and power amplifier single sideband 
class B linear amplifier section of transmitter. 
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tained such that approximately 10% 
normal plate current flows with no 
excitation. This condition assumes 
that the grid plate transfer character- 
istic will be linear from this value up 
to the maximum excitation required to 
produce full rated output. For a driv- 
ing condition as described for the mod- 
ulated amplifier. the output voltage 
will be directly proportional to the ex- 
citing voltage, and the modulation per- 
centages will be maintained. Should 
the bias be kept at too highly negative 
a value, and the modulated amplifier 
be adjusted for proper modulation per- 
centages, the video information will - 
saturate in the white direction. This 
is due to operation about the lower 
knee of the transfer characteristic. 
Obviously should the bias be too posi- 
tive, the sync output will swing into 
the upper knee of the transfer charac- 
teristic resulting in sync compression, 
excessive plate dissipation, and poor 
efficiency. The condition of exces- 
sive negative bias may be masked by 
reducing the modulation percentages 
in the modulated amplifier. This setup 
will allow the class B linear amplifiers 
to saturate toward the zero modulation 
direction, which may result in the 
proper ratio of modulation envelope 
percentages. However, tbis condition 
should be avoided, since the angle of 
flow of plate current with respect to 
the r -f grid drive will be reduced, re- 
sulting in lower efficiency and poor 
utilization of the transfer characteristic. 

Output Load Considerations 

The transmitter output is essentially 
a balanced system since the power am- 
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Part III ... Linear Amplifier Design Features ... Output 
Load Considerations .. . Testing the TV Transmitter 
(Video Amplifier Modulator Frequency Response) . 

Testing D -C Restorer ... R -F Pass -Band Characteristics 

by G. EDWARD HAMILTON 
Head, Television R -F Development Section 

Television Transmitter Department 
Allen B. Du Mont Laboratories, Inc. 

plilìcr is push pall. Provision may be 
made for either balanced nr unbalanced 
output connection, depending upon the 
antenna system to be used. Balanced 
output may be accomplished by con- 
necting two transmission lines to the 
output coupling network. The two 
inner conductors connect to the cou- 
pling tine at a position that produces 
satisfactory loading and match to the 
plate tank circuit. and the two outer 
conductors are bonded to chassis 
thereby producing a balanced output. 
To proceed from a balanced output 
circuit to an unbalanced transmission 
line, it is necessary to insert a balance 
to unbalance converter unit. This 
consists of a so- caller) bazooka system . 

i.e., a quarter -wave isolation trans- 
former which places the outer conduc- 
tor of the output transmission line at a 

high impedance with respect to the 
chassis. Figure 1 shows the manner 
in which the unit is installed in the 
transmitter. The electrical length of 
the bazooka is made adjustable by 
means of capacitive end loading for 
channels 2 and ?, and stub shortening 
for channels 4. 5 and 6. 

The antenna is of prime importance 
in any installation since it must pre- 
sent a constant resistive load, at the 
end of the transmission line, over the 
entire passband (at least 4 me above 
the video carrier frequency). A stand- 
ing -%cav ratio of better than 1 :1 must 
be maintained for satisfactory picture 
resolution. Every effort must be made 
to keep the characteristic impedance of 
the transmission line constant since 
irregularities reflect back into the 
output circuit resulting in such 
effects as multiple reflections. These 
mismatches may be observed by the 
following method: (1) The transmit- 
ter output line is connected to a resis- 
tive impedance equal to its character- 
istic impedance and the output charac- 

teri a is noted as traced un the wob- 
in lator scope with the transmitter op- 
erating under conditions of wobbula- 
t ion and (2), the terminating resistor 
is replaced with the transmission line 
and compared with step 1. it has been 
noted that long transmission line in- 
stallations show considerable varia- 
tion across the passband especially 
where irregularities exist along the 
transmission line. It is, therefore, de- 
sirable for the antenna and transmit- 
ter to the located as close together as 

building layout permits to reduce the 
foregoing conditions. 

Testing the TV Transmitter 
l'ideo amplifier :Modulator Fre- 

quency Response: The video amplifier 
frequency characteristic must be capa- 
ble of essentially flat response to 5 or 
6 mc. The low frequencies may best 
be tested by the application of square 
waives to the input and observing the 
:unount of tilt on a 'scope whose 1 -f 
characteristic is flat down to at least 
10 cycles.' The tilt allowable in a 
video amplifier is of the order of two 
per cent maximum with a sixty cycle 
square wave. In the circuit of Figure 
3 ( May. CONE t'xfcATIoxs) there ap- 
peared capacitors (C.. Ct. C. C. and 
CO which act as 1 -f compensation ele- 
ments. Excessive compensation may 
be observed on a 'scope as a rise in 
the trailing edge, while under compen- 
sation may result in a rise of the lead- 
ing edge. In every case, each stage 
should be flat by itself- staggering 
stages may result in objectionable 
phase shift anti should be avoided 
wherever possible. 

The h -f response of video . ampli- 
fiers may be best tested by means of a 
beat- frequency wobbulalor whose out- 
put is linear from about 200 kc to 8 
me, and a 'scope. The characteristic 
of this 'scope need not be too exacting 

Figure 2 

Top lal: Layout of final class It linear ampli- 
fier stages. Below I b I : View- showing manner 
in which the modulated amplifier drives the 
cathode to the intermediate power amplifier. 

Figure 2 

Above: Tuning and coupling system between in- 
termediate power amplifier and power amplifier. 
Below: Another view of the tuning and coupling 
stem between the intermediate power amplifier 

and power amplifier. 
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Figure 2 

Position of the plate tank and output circuit of the power amplifier. 

since a l -f wobbulator sweep is used, 
and a high impedance linear detector 
is employed to measure the amplitude 
response. The- May installment Fig- 
ure 3 ( video amplitiet ) shows that 
series and shunt peaking is employed 
with damping across the series ele- 
ments. L,. L;, L,, L. L. and L,a com- 
prise the h -f compensation. Adjust- 
ment is accomplished by varying the 
powdered iron slugs so that flat fre- 
quency response obtains out to at least 
5. mc. 

As previously stated, each stage 

should be flat by itself in order to 
keel phase shift to a minimum. Figure 
3 shows a typical setup rot this meas- 
urement. 

Testing the D -C Restorer: The 
function of the d -c restorer is to refer 
all composite video information to the 
bias level of the modulator. Circuit 
discussion of this element was re- 
viewed under the section on the Video 
amplifier -modulator in the May issue 
article. The restoring characteristic 
may he measured at two points, 

Figure 2 

Another view of the plate tank and output circuit of the power amplifier. 
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namely : (1) at the grid of the modu- 
lator, or (2) at the plate of the mod- 
ulator. Figure 4 shows how a 'scope 
may be connected for this measure- 
ment. Since the end result of the 
restorer is to keep the sync peak at 

a constant bias reference in the modu- 
lated r -f amplifier, it has been found 
desirable to treasure d -c restoration at 
the plate of the modulator (in effect at 
the grid of the modulated amplifier). 
Connection to the 'scope must be 
made directly to the deflection plate 
since the d -c component is the factor 
in question. With no video signal, the 
beam on the 'scope is adjusted for 
center position by means of the posi- 
tioning control. Video signal is ap- 
plied to the video amplifier and the 
peak sync position on the screen must 
remain at essentially the center posi- 
tion as adjusted above for proper oper- 
ation. In case the beam is deflected 
off the face of the cathode -ray tube, an 
external positioning bias is required 
which will equalize the static potential. 
It is important to note that this re- 
moves the 'scope chassis from ground 
potential; therefore, no direct ground 
connection should be made where ex- 
ternal positioning is required. 

R -F Passband Characteristic: The r -f 
passband characteristic is measured on 
the master' series transmitter by 
means of a built -in r -f wobbulator 
whose frequency range is ±5 mc 
about the carrier frequency. Diode 
pickup sampling circuits are installed 
in the plate circuit of the modulated 
amplifier, cathode circuit of the inter- 
mediate power amplifier, cathode cir- 
cuit of the power amplifier, plate cir- 
cuit of the power amplifier, and in the 
transmission line output.' A 'scope is 
provided to monitor any three of these 
pickup points simultaneously. Marker 
frequencies are provided by injecting 
the carrier frequency into the modu- 
lated amplifier grid circuit, and by 
inserting absorption type wave traps, 
tuned to high and low- frequency ends 
of the passband characteristic, in the 
plate circuit field of the modulated 
amplifier. Figure 3 (May article) 
shows how switch S, connects the 
modulated amplifier grids to either 
regular r -f drive or wobbulator drive 
by means of relay K,. 

Initial Adjustments 

After initial adjustment of the r -f 
stages is accomplished, only a few 
minutes are required to check per- 
formance or compensate for tube re- 
placements, etc. Initial adjustment. 
however, requires a fundamental ap- 

'Du Mont 208 can be used for this application. 
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Figure 3 

Setup of wobbulator and video amplifier used 
to determine frequency response. 

proach to the problem as previously 
described. The coupling between 
stages is reduced to a minimum, 
and gradually increased until a 
double hump response is obtained with 
the low -frequency peak adjusted to 
carrier frequency and the high -fre- 
quency peak to approximately 3 mc 
higher than carrier frequency -these 
conditions being observed on the wob- 
bulator 'scope at the various pickup 
points. The cathode loading and 
coupling determine the frequency sep- 
aration and flatness of the response 
characteris tic -frequency separation is 
predominately affected by coupling, 
while flatness is a function of loading. 
Loading is varied by adjusting the 
point of the cathode connection. Move- 
ment toward the open end of the re- 
sonant transmission line results in 
in increased loading. A fine adjust- 
ment of this parameter is provided by 
the movable shorting bar -this factor 
also has an effect on coupling since the 
area of coupling is affected by its 

movement. l'he foregoing procedure 
applies to the circuits between the 
modulated amplifier plate and inter- 
mediate power amplifier cathode, and 
ipa plate and pa cathode. The output 
circuit is tuned as indicated above, 

except that increased loading is ac- 

complished by moving the transmis- 
sion line connections toward the open 
end of the resonant line output cir- 
cuit. Since three 'scopes are provided 
for observing three patterns simul- 
taneously. any interaction between 
stages may be observed and corrected 
without the necessity for many re- 
test checks. The diode samplers 
most useful for these adjustments are 
located in the ipa cathode circuit, pa 

cathode circuit, and transmission line 
output circuit. Figure 5 shows a typ- 
ical passband characteristic for each 
of the three stages. The bandwidth 
was adjusted as shown in the first 
photograph. Curve A is the response 
of the input to the intermediate power 
amplifier. Curve B is the response in- 
to the power amplifier, and curve C 

is the response of the entire transmit- 
ter at the transmission line output 
circuit. The low frequency end of 
the sweep is at the left side. The 
marker shown up near the top of 
the bandpass characteristic represents 
77.25 mc (for channel 5 operation). 
The second marker to the right repre- 
sents 80 mc or a frequency deviation 
of 2.75 mc. The third marker to the 
right represents a frequency of 81.5 
mc or a deviation of 4.25 mc from 
carrier. It will be noted that on the 
extreme left of each curve there is a 

vertical line. This is caused by the 
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Figure 4 

Typical measurement arrangement for determin- 
ing d -e restorer operation. 

lack of sweep over 75% of a revolu- 
tion of the wobbulator motor. On the 
remaining 25 %, the sweep is initiated 
and the indicated patterns result. It 
will be noted that the lower side of the 
response characteristic becomes more 
steep as it passes through the ampli- 
fiers resulting in adequate suppres- 
sion of the lower sideband. 

Plate-Blas Voltages 

It has been desirable from theoreti- 
cal and practical considerations to 
operate the class B linear amplifiers 
at a plate potential of 2500 volts with 
the bias adjusted to 140 volts. This 
setup allows for optimum transfer 
linearity, and low plate -to -plate imped- 
ance resulting in an efficiency of be- 
tween 40 and 50% for a bandwidth of 
3 mc across the top of the bandpass 
characteristic. 

[To Be Continued] 

Figure o 

'hypical pass -band characteristics for each of three points of measurement. ( I n securing these curves, the transmitter w s set up so that 5.04 peak kw 
was available at black level picture information). The curve at left IA is the response of the input to the intermediate power amplifier. In the 
center (curve BI we have the response to the power amplifier. while the curve at the right (C) shows the response of the entire transmitter at the 
transmission -line output circuit. The low -frequency end of the sweep is at the left side. The marker (inked in, shown near the upper left of the 
bandness characteristic represents carrier frequency. The second marker to the right represents a frequency deviation of 2.75 mc and the third marker 
to the right represents a deviation of 4.25 mc from the carrier. It will be noted that on the extreme loft of each curve there is a vertical line; this is 
caused by the lack of sweep over of revolution of the wobbulator. On the remaining 'á revolution, the sweep is initiated and the indicated patterns result. 
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TITHE Engineering News 

Joint Army -Navy Electron Tube Committee Recommended 

Subminiatures and Preferred Transmitting Tubes .. . 

Vest Pocket Transmitter Using Subminiatures ... Instant - 
Heating Miniature Tubes 

THE I \, REASED USE OF PRINTED CIR- 
CtIT techniques has emphasized the 
application possibilities of subminia- 
tures, prompting the Joint Army -Navy 
Electron Tube Committee to set up a 

recommended listing of these tubes for 
equipment design guidance. 

In this listing we find the CK512AX, 
with an E, of .625, recommended as an 
audio pentode and for video and power 
work, and the 5644, also with an Er of 
.625, recommended as a voltage regu- 
lator. 

Eleven types with an Er of 1.25 ap- 
pear in another recommended group: 
The 5676 and 5677 as triodes ; 2E31 
and 5678 as sharp pentodes; 1Q6 and 
2E41 for diode pentode application; 
t'K503AX and CK506AX as audio 
pentodes: 1C8 as a converter, and 
\'X 21 and 5642 as rectifiers. 

in the 6.3 -volt category there are 
twelve recommended types: The 
Sl\ 11Ní6. 5645, 5718 and 5719 as tri- 

ode >: 5633 as a remote type pentode: 
5634 as a sharp pentode; 5638. 5639 
and 5640 as audio pentodes; SN946 
and SX977 as rectifiers and the 5643 
as a thyratron. 

Subminiature Tube Transmiffer 

An interesting application of some 
of these tubes appears in a recently 
developed Bureau of Standards minia- 
ture crystal- controlled a -m transmitter 
with an output of 4 millityatts; Fig- 
ure 1. 

Employing some of the latest minia- 
turization and printed circuit tech- 
niques. the transmitter, whose dimen- 
sions are 5%" x 3" x % ", was designed 
for speech transmission on 6,575 kc. 

The transmitter lias a crystal oscil- 
lator, with a CK569AX operated as a 

triode driving a CK569AX pentode 
amplifier. The speech amplifier, with 
a gain of about 1,500, uses three resis- 
tance- capacitance coupled stages, with 

Figure 1 

Circuit of the Bureau of Standards vest pocRet transmitter, using subminiature pentodes. 
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two CK512. \X pentodes and a 
CK506AX pentode. 

The speech amplifier is printed on 
both sides of a " steatite plate 1%8" x 
2 % ". Power is obtained from a 30- 
volt dry battery and one of the new 
1.4 -volt mercuric oxide cells. One - 
third of the volume of the entire trans- 
mitter is occupied by the battery power 
supply. 

The antenna which telescopes within 
the case can be extended 15". A two - 
position switch in the filament circuit 
is located on the edge of the unit for 
convenient thumb operation. Batteries 
are replaced by sliding them out of the 
metal end of the case. \\'ith new bat- 
teries the total B current drain is ap- 
proximately 2.1 ma. Standard 30 -volt 
hearing aid batteries yield about 12 

hours of continuous service. Since the 
filament current of 1511 ma for 5 tubes 
places a heavy load on the mercuric 
oxide cell, useful A battery life is lim- 
ited to 2 hours continuous operation. 

The r -f output of 4 milliwatts pro- 
vides reliable operation at distances up 
to 200 feet. This performance is ob- 
tained with the batteries operating at 
80% of their nominal rated voltages. 
Greater distances of transmission may 

(Continued on page 32) 

Figure 2 

Front view of the 5 -tube crystal -control minia- 
ture transmitter. 
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The new Portable Field - Intensity Meter, 
;pe V" -2- shown one -third actual 

z:..4 .o2p antenna is built right into the lids 

a truly portable Field -Intensity Meter 
Weighing only 121 pounds -including bat- 

teries, here's a small, compact field -intensity 
meter of high accuracy that carries around like a 
portable radio ... and operates almost as simply. 
You tune in a signal, adjust a built -in calibrating 
oscillator and receiver gain ... and read signal 
intensity directly in microvolts-per-meter. No charts, 
curves, or correction factors to worry about. No 
computations to make. 

Designed with a wide sensitivity range of 10 
microvolts /meter to 10 volts/meter, Type WX -2A 
enables you to make field- strength readings any- 
where -from the very shadow of your trans- 
mitter, to the toughest location "down- in -the- 
Subject to change without notice. 

noise." Plenty of front -end selectivity, too. Loop 
antenna Q is approximately 100 at one mega- 
cycle; An r -f amplifier stage provides a very high 
order of image rejection. 

Power supply; Ordinary flashlight dry cells for 
the quick -heating tube filaments -and a 67 -volt 
battery of the size used in camera -type radios for 
the B supply. 

A lot easier now to get the facts on your cover- 
age. service area, and antenna efficiency ... with 
RCA's new portable WX -2A. Ask your RCA 
Broadcast Sales Engineer for the facts. Or write 
Department 23 -G, RCA Engineering Products, 
Camden, New Jersey. / BROADCAST EQUIPMENT 

RAD /0 CORPORATION of AMERICA 
ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N -J. 

In Canada: RCA VICTOR Company Limited, Montreal 
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V -H -F Railroad Radio Link 
With Sier- Channel Telephone Carrier System 

LAND LINE OPERATORS in a number of 
industries are faced with a double 
problem: 

They are handling growing traffic 
loads with limited facilities while con- 
fronted with sharply increased costs, 
both for new construction and mainte- 
nance of existing lines. 

Thus railroads, petroleum pipe -line 
companies, airports, power utilities 
and telephone systems have had to seek 
additional methods of increasing their 
traffic- handling capacity-. Many in 
these fields have already taken the step 
with multiplex carrier telephone and 
telegraph installations. 

Now, a great deal of interest is be- 
ing focussed on the possibility of creat- 
ing superior, tow -cost circuits with 
new forms of highly-directional point - 
to -point v -h -f radio links. An ex- 
tremely successful test using such a 
link system was conducted recently by 
Southern Pacific between its office in 
San Francisco and San Jose, a dis- 
tance of 44 miles, employing 160 -mc 
equipment. 

Equipment Used 

An f -in setup' was used with band - 
width modifications to accommodate 
the 200 -to- 24.000 -cps requirement of 
the carrier. Receiver was a crystal - 
controlled double conversion superhet 
with a sensitivity of 0.5 microvolt. 

Simultaneous six -channel non -inter- 

Figure 1 

Map of San Francisco Bay area showing the 
44 -mile transmission path involved in the 

Southern Pacific Railroad carrier link. 

Figure 2 

Profile of the San Francisco to San Jose link used in the carrier multiplex test,. 
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fering transmission was accomplished 
through the use of a single -sideband 
system.' 

Five of six channels were used for 
telephone service and the sixth was 
utilized for transmission of five pulse 
signaling and two teletype channels 
operating on sub -channel carrier fre- 
quencies in the voice -frequency range. 
(Sixteen sub- channels can be im- 
pressed on one voice channel with this 
equipment.) Voice -frequency signal- 
ing channels are rated at transmission 
speeds up to 15 pps for dialing service, 
but in this case were arranged to pro- 
vide ringdown signaling for the voice 
channels. 

Telegraph transmitters and receivers 
used for teletype operation were oper- 
ated at 1,625 and 1,775 cps. Signal- 
ing frequencies of 1,945, 2,125, 2,295, 
2,465, and 2,635 cps were used for the 
five pulse signaling sub -channels. 

Transmitting Setup 

In the transmitting branch of the 
system, incoming voice -frequency cur- 
rents enter the terminal and are am- 
plified in a limiter amplifier. The out- 
put of this amplifier goes through the 
low -pass section of a transmitting -line 
filter to the transmitting -line circuit 

'Sperry Gyroscope Co., RCU.1. 
r System used in type 42 Lenkurt Carrier 

equipment. 

'O dbm equals .001 w in 600 ohms. 
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and becomes the voice -frequency chan- 
nel. 

Other voice-frequency currents enter 
the terminal at channel -modulator in- 
put circuits for the particular channels 
and are converted to carrier frequen- 
cies by their associated modem (mod- 
ulator- demodulator) panels. These 
panels function as inert frequency- 
translating devices and include filters, 
output -level adjusting pads. and vari- 
stor -type modulators actuated by car- 
rier- frequency voltages from the car- 
rier- supply panel. 

Carrier- frequency output circuits of 
modem panels for all odd -numbered 
channels are wired in parallel and con- 
nected to one side of the center -tapped 
winding of the transmitting differen- 
tial transformer. Similarly, all carrier - 
frequency output circuits for modem 
panels of even -numbered channels are 
wired in parallel to the other side of 
the same winding of the differential 
transformer. 

This transformer is arranged as an 
unbalanced hybrid transformer to pro- 
vide decoupling, for impedance rea- 
sons, between the two groups of 
modern panels. It serves to combine 
all the carrier currents in the input 
circuit to the transmitting h -f ampli- 
fier. This amplifier operates at a nor- 
mal gain of 42 db and an output trans- 
mitting level of +4 dbm per channel.' 
Amplified carrier currents go to the 
transmitting -line circuit through the 
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high -pass filter section of the transmit- 
ting- line filter. 

Receiving 

In the terminal receiving branch of 
the carrier equipment, incoming voice 
frequencies pass through a low -pass 
section of the receiving -line filter and 
are amplified by a voice -frequency am- 
plifier. This amplifier operates at a 
normal gain of 20 db and his an out- 
put level of +4 dbm. The signal is 
then fed to channel 1 terminating 
equipment on a four -wire basis. 

Incoming carrier frequencies go 
through the high -pass section of the 
receiving -line filter and to the receiv- 
ing high -frequency amplifier at an in- 
put level of -38 dbm. This amplifier 
operates at a gain of 42 db and an 
output level of 4 dbm per channel. It 
passes the carrier currents to the pri- 
mary of the receiving differential 
transformer which provides decoupling 
for the carrier -frequency sides of the 
modems used as channel demodulators. 

Here the modems function in a man- 
ner opposite to those in the transmit- 
ting branch. They serve to select and 
convert the carrier frequencies for each 
channel to voice frequencies which 
next go to the terminal demodulator 
output circuit. En route they pass 
through a channel -level adjusting con- 
trol and amplifier having 29 -db gain. 
Again, the varistor -type demodulators 

Southern Pacific San Francisco to San Jose 44 -Mile Link 

Employs Duplex Radio 1 158.19 Mc and 154.57 Mc I and 

Six -Channel Setup for Intra- Company Telephone and 

Telegraph Service. Six -Channel System Provides Five for 

Telephone and the Sixth for Pulse Signalling and Teletype 

Work. 

by PHILIPS B. PATTON 
Engineer 

rt Electric Company 

are actuated by carrier -frequency volt- 
ages from the carrier -supply panel. 

Frequencies 

Frequency characteristics of an aver- 
age transmitting channel are shown in 
Figure 5. This curve is representa- 
tive of all channels, any variation 
usually being less than 1 db over the 
important part of the frequency range. 
Receiving- channel characteristics are 
approximately the same. 

In Figure 6 appears the frequency 
allocation for a carrier system, show- 
ing the spectrum up to 35- channel 

Figures 3 (below and 4 (right( 

Figure 3: Carrier installation in the San Francisco communication 
headquarters of Southern Pacific. Entire terminal unit is in the 
right hand rack. The telegraph, measuring and auxiliary units are 
in the second rack. Figura 4: Block diagram of carrier terminal 

equipment. 

capacity. Channel 1 is a voice -fre- 
quency channel with frequencies from 
200 to 3200 cps transmitted directly. 
The carrier -frequency band used for 
channel 2 is obtained by modulation 
with a 7.8 -kc carrier, the lower side - 
band being used. The upper sideband 
of an 82-kc carrier is used for chan- 
nel 3. 

Two stages of modulation are used 
to obtain carrier currents for channels 
above the third. Channel 4, for in- 
stance, is derived through preliminary 
modulation of voice frequencies at 8.2 
kc to produce an i -f band B, which is 
the upper sideband of 8.2 kc. This 
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FEDERAL 
BROADCAST EQUIPMENT 

... An Outstanding Line Offering 
Finest Performance and Real Economy 

In standard AM and FM transmitters...TV transmitters 
for low or high band operation...square loop antenna 
... special new developments including Studio -to- 
Transmitter Links... Dummy Antenna ...TV Monitors... 
High Power Transmitting and Rectifier Tubes. 

You can count on Federal Broadcast Equipment - from a complete 
system to an individual installation. Federal Broadcast Equipment 
brings you the latest in engineering technique and practice ... high 
quality of materials ... precision craftsmanship of the highest order. 
There is real economy in both initial cost and operation. And you are 
assured of the finest performance, because Federal, sees every job 
through. This Federal policy upholds a reputation established by 
more than 38 years of continuous achievement in the radio trans- 
mission field. 

FEDERAL-S FM 10 KW Transmitter, officially 
approved by the FCC, ha: the exclusive "Freque- 
matic" FM Modulator. It reduces distortion and 
noise well below 11 MA specifications, and stabil- 
izes mean carrier frequency within 0.001 per cent 
of assigned value. This transmitter combines out- 
standing fidelity with economy, accessibility and 
highly dependable performance. 

FEDERAL'S Trans- 
mitting Tubes pro- 
vide long service. They 
stand up under severe 
operating conditions, 
and maintain original 
characteristics for life. 

FEDERAL'S TV Monitor 
meets all FCC 

r 
equire- 

ments. Designed for long 
service life, it accurately 
measures video carrier fre- 
quency, and monitors sound 
carrier and modulation. 

FEDERAL'S Field Intensity 
Meter accurately measures signal 
intensity of AM broadcasting sta- 
tions whether in the standard band 
of 530 -1600 Kc -200 to 400 Kc- 
1600 to 3600 Kc -or 3600 to 7000 
Kc. This 29 -lb. unit is portable. 

HIGHEST GAIN IN THE FIELD WITH FEDERAL'S SQUARE LOOP ANTENNA. In many in- 
stallations from coast to coast, this design is producing an effective radiated power of as much 
as twelve times the Kilowatt rating of the FM transmitter. This means new power and new 
range for better and wider service. Federal's Square Loop Antenna also brings you simplicity 
of mechanical and electrical design ... greater accessibility for maintenance ... no operational 
tuning ... maximum lightning protection ... immediate delivery and ease of installation. 
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Federal's Studio -to- Transmitter Link 
for High Fidelity Program 

Transmission 
Here's the new Federal microwave system to eliminate S -T wire and cable 
circuits. Combining outstanding fidelity - distortion less than 1% over 
50- 15,000 cycles - low noise level, 65 db below 100% modulation - and a 
35 -mile "line of sight" range - this system complies with all applicable 
FCC regulations for good engineering practice. Link consists of a trans- 
mitter, receiver and two standard 6 -foot parabolic reflectors (4- or 8 -foot 
reflectors supplied on request). 

ONE OF MANY NEW DEVELOPMENTS BY 

FEDERAL TELECOMMUNICATION LABORATORIES 

TRANSMITTER employs advanced- design direct frequency modula- 
tion and cr ystal- controlled klystron power oscillator. Complete moni- 
toring facilities include frequency and power measurements, aural 
monitoring, and vacuum tube metering. Designed for mounting on 
standard 19" relay rack, it is only 35" high and 13" deep. 

RECEIVER is a single superheterodyne which utilizes reflex -klystron 
local oscillator. It features pre -selection to reduce possibility of 
spurious interference. Relative stability is maintained within 0.01 
per cent with automatic frequency control. Metering is provided for 
all vacuum tube circuits, carrier level and crystal current. Same 
mounting and size as transmitter. 

FEDERAL'S De Luxe Studio Con- 
sole combines control of all facilities 
of an F M transmitter into one unit -a 
"nerve center " -convenient, foolproof, 
and handsome in appearance. 

An Iif&T assetati 

1 

FEDFRAL'S All -Metal Dummy 
Antenna meets the need of the 
Broadcasting Industry for testing 
of high power, VHF and micro- 
wave (FM and TV) transmitters. 
No onvent,onal resistors and insu- 
lator,. Compact, light, water-cooled 
-determine. RF power accurately. 

FEDERAL'S Standard SKW AM Broadcast Transmitter assures 
high fidelity performance and maximum operating efficiency. Nomi- 
nal output of 5KW can be transferred instantaneously to I KW. 
Every component is conservatively operated. Every circuit is engi- 
neered for maximum life of its elements. A new simplified power 
supply reduces maintenance to a minimum. Standard operating band. 

Federal Telephone and Radio Corporation 

r KIM YEARS ..is IT&T's worldwide 
reseorch and engineering organization, of which the Federal 
Telecommunication Loboratories, Nutley, N. J., is a unit. 

100 KINGSLAND ROAD, CLIFTON, NEW JERSEY 

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. O. 

Export Distributers: International Standlord Electric Corp. 67 Broad St., N. Y. 
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group of intermediate frequencies is 
next modulated at a carrier frequency 
of 24 kc with the lower sideband 
selected for transmission in the fre- 
quency range from 12 to 16 kc. 

All other carrier -frequency channels 
are obtained through preliminary mod- 
ulation at 7.8 or 8.2 kc, to obtain i -f 
bands A or B, followed by modulation 
at higher carrier frequencies for final 
positioning. This procedure permits 
simplification of electrical wave filters 
used to separate thechannel frequen- 
cies: reduces the number of different 
carrier frequencies required for mod- 
ulation and demodulation; and allows 
uniform spacing of all channels at 4 -kc 
intervals. 

Radio Transmission 

In the Southern Pacific installation, 
one of the duplex radio circuits oper- 
ated on 158.19 mc, while the other was 
on 154.57 mc. The six channels called 
for uniform frequency response from 
200 to 24,000 cps. Before the carrier 
was installed, tests were made on the 
158.19 -mc channel. A 1,000 -cps tone 
was used to modulate the San Jose 
transmitter and graphic recorder' was 
used to study the received -signal level. 
Higher noise levels at the San Fran- 
cisco end suggested this procedure. 
Over a 100 -hr period the signal -to- 
noise ratio was 40 db or more. 

Investigations made with a wide 
range of antennas disclosed that the 
most effective design within the limits 
of practicality is a 16- element array 
consisting of eight half -wave elements 
in phase and eight reflectors, vertically 
polarized. Horizontal polarization 

'Esterline- Angus. 

showed noise advantages, but more 
fading prevailed. 

Noise at the San Jose terminal was 
primarily caused by the fact that 
trucks, buses, and automobiles entered 
directly into the station enclosure close 
by the antenna. At the San Francisco 
end the receiver was adjacent to ele- 
vator controls in the Southern Pacific 
Building where large and frequent arcs 
were being broken. 

The radio equipment was modified 
in two ways to adapt it to carrier oper- 
ation. Frequency response was wid- 
ened to give a level variation less than 
1 db within each 4 -kc channel from 
1 to 20 kc. Between 1 kc and 300 cps. 
response fell off 2 db, while a drop of 
3 db appeared from 20 to 30 kc. To 
offset the increased noise level pro- 
duced by the band widening, external 
r -f power amplifiers were added to the 
basic sets. These increased transmit- 
ting power to about 100 watts. They 
each used a pair of 4E27 pentodes and 
had 52 -ohm coaxial input and output 
leads so the standard transmitter cotticl 

be used as an exciter. 
Two units were operated at eacii 

terminal, one as a transmitter and one 
as a receiver. Not only did this re- 
lieve the power supplies of an over- 
load, which would have resulted from 
simultaneous operation of both the 
transmitter and the receiver in a single 
unit, but it also provided good shield- 
ing between units and avoided possi- 
ble blocking of receivers in duplex 
service. 

Operation 

An input level of -10 dbm produced 
100 per cent modulation of the trans- 
mitter. Accordingly the carrier equip- 
ment was adjusted to provide -15 dbm 

(Continued on page 33) 

Figure 6 

Frequency allocation chart of carrier equipment, detailing the assignments up to a 35channel repack... 

Figure 5 

Frequency curve of an average transmitting channel. This reverse type of plot is typical of the 
telephone type curves prepared to show attenuation characteristics 
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NOISE Measurements 
Iti \t AK SG PRECISE measurements ill- 

doors the reflected sound energy has 
another aspect that may appreciably 
affect the results. The walls of any 
room will reflect more or less sound, 
depending on the sound absorptivity 
of the materials with which they are 
surfaced. Except in rooms especially 
treated wth a highly sound -absorbent 
material, the reflected or reverberant 
sound is often quite high and will tend 
to obscure the direct sound radiated 
front a source. As mentioned before, 
the direct sound decreases in intensity 
approximately inversely as the square 
of the distance from the sourc while 
ti:e reverberant sound in a room is 
independent of the distance but de- 
creases as the absorptivity of the room 
and its volume increases. Thus in 
small, live ( reflective) rooms, the re- 
verberant energy, at points well re- 
m,ived from the source, may be appre- 
ciably higher than the direct energy. 
This introduces an error in the meas- 
urement of direct Hound which, under 
many conditions, may be serious 

Figure 1 shows the approximate 
relationship between the direct and 
reverberant sound in the specific room 
for which these curves were calcu- 
lated. The diagonal line represents 
the direct sound, which is shown de- 
creasing inversely as the square of the 
ti -tance front the source: that is, as 

the distance of the microphone from 
the source is doubled, the direct sound 
energy falls to one -fourth of its orig- 
inal value, or drops 6 db in level. The 
reverberant sound, which when thor- 
oughly diffuse, is constant, regardless 
of the position of the microphone in 
the room or its distance from the 
source, is represented by the dotted 
horizontal line across the middle of the 
drawing. The sum of the direct and 
reverberant sound, which is the inten- 
sity the sound meter would measure. 
is shown by the curved line asytnp 
totic at both ends to the lines repre- 
senting the direct and reverberant 
sound. These acoustic conditions are 
approximated in a room having an in 
tenor surface area of 3,000 square 
feet, with an average sound absorp- 
tion coefficient of 50% over the audible 
frequency range. 

It will be worth while to examine 
this drawing to see what would take 

'Initial installment appeared in. the 
February. 1948, issue of CO]I]tCNICA- 
TtONS. 

Concluding Installment' of Two -Part Paper Covers 

Measurements In Rooms, Studios and Plants, and 

Relationship of Direct and Reverberant Sounds. 

by ROBERT L. MORGAN 
Engineering Sales Manager 

Norman B. Neely Enterprises 

place in this roost if noise measure- 
ments of some device, such as an elec- 
tric fan, for example, were attempted. 
At a distance of one foot from the fan, 
the reverberant sound adds nothing 
and the sound meter would, therefore, 
read the correct level of direct sound. 
Ilowever, as the microphone is moved 
away from the source, the reverberant 
energy becomes a larger portion of the 
total and begins to introduce an error. 
For example, at 4', the total intensity 
is about 1 db above that of the direct 
sound only, which means a 1 -db error 
in the measurement. At 7.7' from the 
source, the direct and reverberant 
sound energies are equal, so that their 
sum which the sound meter would 
measure, is 3 db higher than that of 

Figure I 
Approximate relationship between direct and 

reverberant sound. 

the direct sound alone. At about 23', 
the error would be 10 db and would 
increase to greater values as the dis- 
tance between microphone and source 
is increased. 

It will be seen then, that in this 
particular room, it would be necessary 
to place the microphone not farther 
from the sound source than 4', to limit 
the error in measurement to 1 db. It 
would be inadvisable to attempt to 
eliminate this error by moving the mi- 
crophone too close to the sound source. 
Such a procedure would only tend to 
favor one part of the noise- producing 
machine over another part and thus 
fail to give a good average reading. 

It should be borne in mind that this 
distance of 4' and all of the informa- 
tion on Figure 1 applies only to this 
specific room, which has the area and 
average absorption given. If either 

(Continued on Page 35) 
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Coaxial 1t:d Separate Two- 
Way Speaker System Design 
Problems Encountered in Design and Production ... Per- 
formance and Cost Considerations ... Advantages and 
Disadvantages of Ring and Slab Magnets ... Horn Flare 
Considerations ... Horn Cells ... Crossover Selection ... 
H -F and L -F Units Cabinetry. 

by HOWARD SOUTHER 
Stephens Manufacturing Corp. 

Ix THE FORMATIVE STAGES of any art, 
development is guided by theory. As 
the art progresses, direct application 
begins to mold the processes of pro- 
duction. An example of this phenome- 
non has been the genesis of the coaxial 
2 -way speaker from the well -known 
theater 2 -way systems employed for 
well over a decade in motion pictures. 
This birth and development of the 
coaxial units from the separate sys- 
tems has promoted advances benefit- 
ing the parent design. Costs of pro- 
duction have been reduced, promoting 
wide acceptance. Performance of both 
types of speakers has been improved. 

Present Status Of Development 

in standard type speakers the single 
diaphragm commonly used must at- 
tempt to reproduce faithfully a tone 
range of over 8 octaves or 30 to 16,000 
cps. 

This means that the voice coil at- 
tached to the single cone must try to 
move in and out through the dense 
flux area of the pole piece as far as 

of an inch on low tones. It must 
also attempt to vibrate very rapidly 
over short distances on high notes. To 
convert bass pulses to acoustic energy 
efficiently, the diaphragms should he 

large, and to vibrate rapidly and gen- 
erate treble tones easily it should be 
small. 

Accordingly a two -way system util- 
izing two driving units is extremely 
effective, since we have one unit large 
in size designed for the range of the 
first one -half of the audible spectrum, 
and another unit small in size, which 
generates the rapid pulses of the re- 
maining tone range. 

In addition, it should be noted that 
bass tones are easily heard throughout 

the listening area. They act like the 
waves at the seashore, spreading 
around intervening objects and flowing 
out to the listeners on a broad angle. 
High tones speed like a bullet from a 

gun in a single direction straight from 
the axis to the speaker. 

For this reason two -way speaker 
systems provide a nest of dispersing 
cellular horns as a complement of the 
high frequency unit. In this manner 
the higher frequencies are spread 
through a horizontal and a vertical 
angle, covering the listening area 
almost completely. 

In Figure 1 appears an illustration 
of a typical two -way system with a 

peak -power handling capacity of 80 
watts. Usual application will find the 
unit operating within a range of from 
5 to 40 watts. In constructing this 
unit, the minimum area across the horn 
opening (70 ") was computed on the 
basis of one -fourth wavelength of the 
lowest frequency to be reproduced -30 

Figure I 
An 80 -watt separate two -way theatre tem. 
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cycles. The same holds true for the 
high -frequency speaker, the horn open- 
ings of which provide a cut off at 4011 

cycles on the same basis. 

In average size theaters speaker 
power capacity is 40 watts peak, and 
normal levels resolve themselves into 
the region of 3 to 25 watts. Design is 
the same as that of the unit shown in 
Figure 1, but with one -half the number 
of components. 

Figure 2 shows a smaller two -way 
system with one -half the power. Over- 
all efficiency is 6 db less than for the 
theater system, an appreciable drop in 
acoustic conversion power. Space 
saved over the theater system is due 
in the main to use of the reflex baffle. 
Although these baffles are not peculiar 
only to two -way systems, they have 
been found necessary for optimum 
operation where vast amounts of space 
are not available. Design is such that 
the resonant period of the enclosure 
covers a broad band in the lower part 
of the spectrum, and a release port 
near the cone opening allows in -phase 
pulsations to reinforce the frbntal 
wave. The high frequency horn cuts 
off at 800 cycles. This higher cut -off 
allows the horn configuration shown to 
be confined within an 11" height and 
14" width. 

In Figure 3 appears an example of 
a 20 -watt coaxial type of two -way 
reproducer. The high- frequency unit 
feeds eight dispersing cells through 
the pole piece of the cone speaker. 
This unit is 3 db lower in efficiency 
than the Figure 2 separate two -way 
- vstem. 

Performance And Cosf Consideration 
In Coaxial Design 

The physical design of a coaxial 
unit is illustrated in Figure 5. It will 
be noted that one magnet structure 
supplies flux for both gaps of the indi- 
vidual speakers. The diagram illus- 
trates also the flux path and the use of 
a shunt around the high -frequency gap 
to more densely saturate the low end. 

Ring And Slab Magnets 

The use of ring magnets has been 
found technically more advantageous, 
because greater contact area is pos- 
ible. From the practical standpoint, 
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Figure 2 

A 40.watt separate two -way systbm 143" x 23" 
x 15"). 

however, munch less leakage results 
from the slab magnet construction due 

to the longer leakage path it is possible 
to incorporate. Present magnet pro- 
duction technique allows for less costly 
manufacture of slab structures. The 
use of Alnico five is, of course, manda- 
tory; incontrovertible superiority of 
over three times that of the next best 

alloy is illustrated in Figure 6. \Ve 
are excluding a platinum alloy from 
the argument as being totally imprac- 
tical from the standpoint of cost. 

Horn Flare Considerations 

The exponential flare has for some 

time been considered the ideal design 
for coupling the acoustical energy from 
the generator at high impedance to the 
outside air which offers a considerably 
lower impedance. The formula gov- 
erning the rate of flare discloses a 

startling feature. At frequencies above 
cut -off, velocity and pressure are 
exactly in phase, resulting in no move - 
nient of air in the horn, which in turn 
precludes the possibility of reflections. 
However, this is not strictly the case. 
We know that sound, even below 
theoretical cut -off frequency, is propo- 
gated along its length in appreciable 
quantity. This is due to approxima- 
tions in the formula which includes 
no allowances for the varying speed of 
sound at different altitudes. the impos- 
sibility of present generators to he 

joined perfectly in an acoustic fashion 
to the horn throat, lack of control of 
back- pressures in a broad frequency 
band near the region of cut -off, and 
t Ilbel''. 

Modified Exponential And Straight 
Exponential Flores 

From the practical aspect, these facts 
would tend to minimize the importance 

of adhering closely to the exact rate of 
Aare called for by formula. If this 
point is conceded. an obvious advan- 
tage possible through a change in this 
flare rate presents itself. A broader 
flare at the mouth of the horns would 
allow for a more spherically emitted 
wave shape, resulting in cleaner re- 
sponse because of less discontinuity, 
and in a shorter horn than would 
otherwise be required. Horns have 
been designed for high -frequency units 
utilizing an exponential flare for three- 
fourths of their length, and staking an 
easy transition into a much greater 
flare rate computed from a Bessel 
function for the remaining fourth. 
Measurements have revealed no loss of 
efficiency ; in fact. a gain in efficiency 
has been found in several models pro - 
dic ed. 

Choice of Horn Cell Configuration 

Because there exit- a huge poten- 
tial market for coaxial two -way loud- 
speakers in the receiver manufacturing 
field, a study has been made to deter- 
mine the minimum number of cells 
required to effect adequate coverage 
under the conditions in which most 
receivers are used and placed in the 
home. It was found that coaxial 
speakers in widespread use were in the 
main limited to application in sets cost- 
ing a thousand dollars. Such sets 
were of a size which precluded corner 
placement in the room, which would 
decrease dispersing requirements. 

It has been found that a single cell 
covers an angle within the limits of 
20 °. One hundred per cent direct 
dispersion of high frequencies, there- 
fore, would call for nine cells in the 
horizontal plane. But it is neither 
practical from a design consideration, 
nor necessary from the listener's view- 
point, to be able to hear direct high 

Figure 3 

Coaxial tepe 20 -watt speaker. frame diameter 15 ". 

frequencies more than 6110 off the axis. 
If the size of the cone opening would 
allow, it would be ideal to mount a 

born nest with a 2 x 6 configuration. 
But within the limits of the size of the 
design. 2 x 4 is currently the maxi- 
mum. This allows for 80° horizontal 
and 40° vertical dispersion, covering 
(Hi' of the normal listening area. 

Crossover Selection 

In Figure 111 appear, a plot of the 
acoustic action of a cone radiator 
operating below 1500 cycles. At these 
frequencies the cone operates in the 
main as a piston; i.e., the motion is 

largely linear. In the diagram the 
cone is mounted on a straight baffle, 
and if we treat the cone interior as a 

pressure area, we find the formation of 
the spherical wave shape required for 
efficient coupling and minimum dis- 
continuity. In Figure 11. illustrating 
the acoustic action of a cone radiator 
above 1500 cycles, we note that clue to 
the large mass of the cone, consequent 
inertia prevents rapidly oscillating 

Figure 4 

Response characteristics of coaxial speakers. 
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Figure 5 

Coaxial unit design. 

Figure 6 

An illustration of the advantages and dis& 
vantages of ring and slab magnets. 
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Figure 7 

Demagnetization and external energy curves for 
permanent magnet steels: .4, ampere turns per 
square inch (H) and B. energy in air gap per 
cubic inch of iron [joules) for Alnico 5 IA5). 
Alnico 4 (A4), cobalt steel 36% (CS-361 and 
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Figure 8 

Comparison of modified exponential horn with 
a straight exponential flare. 
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high frequencies from moving the 
entire cone. Extreme loss of efficiency, 
and. very important from the stand- 
point of quality, non-linear ,motion re- 
sults causing phase cancellation, stand- 
ing waves and a particularly bad form 
of quality impairment we may at- 
tribute to discontinuity of coupling. 
Strobotac observation has shown a 
gradual breakup in cones starting 
around 600 cycles indicating that in 
the region of 1500 cycles and above 
this matter becomes most serious. 

Therefore, a crossover frequency of 
approximately 1200 cycles prescribes 
the upper limit of optimum design for 
present day speaker structures. In addi- 
tion, the attenuation should be gradual. 
About 12 db per octave is considered 
good practice and is employed uni- 
versally in the motion picture studios. 
Established practice suggests air -core 
coils to eliminate distortion. Metal 
cases and iron cores materially de- 
crease the Q of such networks, causing 
the level to vary with frequency. 

The High Frequency Unit 

The high- frequency unit is a delicate 
mechanism. Tolerances are close. In 
order td be efficient, excursions as 
great as one -fourth inch must be 
allowed for in a unit as small as the 
20 -watt type. Full output at 1200 
cycles puts a great strain on the leads 
from the voice coil attached to the dia- 
phragm. Consequently lead failure has 
been the cause of 90% of all high - 
frequency troubles. In combating this 
problem. it has been found that t /B" 
beryllium copper strips, soldered both 
with lead solder and aluminum solder, 
consecutively. have successfully elimi- 
nated this difficulty. The introduction 
of harmonics caused by lead vibration 
is prevented by dampening. 

Diaphragms, which must be stiff 
and light. may be formed in two ways, 
by spinning and by drawing. Spin- 
ning is more economical and from 
some standpoints better. Stresses are 
held to a minimum and more accurate 
forming results. Drawing, though 
quicker. calls for high die cost amor- 
tization. Spinning limits compliances 
to designs of the annular type. whereas 

(Continued on page 34) 

Figure 13 
Exploded view of coaxial unit. 
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14 

Figure 9 

An 800 -cycle horn (16" w x 10" d x 111 /Ç 
overall) with 2 x 4 configuration, 40° x 80° 

dispersion. 

Figure 10 

Acoustic action of cone radiator below 1500 
crc'es. 

Figure 11 

Acoustic accon of a cone radiator above 1500 
cycles. 

itt 
...}.., ,. .. .,°:l ' C: Si"d7ftS 

Figure 12 

A high -frequency unit. 
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o 
Personals 

VETERAN NIF\IfER C11:IS. E. Drew of 
Tuckahoe has sent in his renewal 
Oldtimer S. Specter has forwarded a 
note stating that he has changed his 
address to \lobile, Ala. Letter came 
from San Juan. Apparently S S is on 
his way to Mobile.... Lt. Col. M. Fer- 
nandez had been transferred from 
Chicopee Falls, Mass., to Washington, 
D. C., to Communications HQ 
M- ATS.... Johnny Lohman has be- 
come a member. Welcome J. L. John,as 
many seasoned veterans know, is with 
Mackay and lives out at College Point. 
. . . Life member Pete Boucheron's 
mail is piling up, returned due to lack 
of forwarding address. Anyone know 
his whereabouts ? ... Dewey Sturgell 
of Redwood City, Calif., has become a 
VWOA member. Perhaps Dewey can 
help the boys locate a few feet of red- 
wood for that bungalow you would like 
to build. ... Geo. E. Schellhas advises 
that he is located at Guayama, P. R. 
Wonder what took him there.... An- 
other new member is W. R. Kipp of 
RMCA, Baltimore, Md., who has re- 
cently been transferred to Norfolk, 
Va., as district superintendent. . . . 

H. E. Ballentine of New Brighton, 
S. I., and H. D. Taylor of West Hart- 
ford, Conn., became VWOA members 
earlier this year. Ballentine started 
his radio career in 1915 as an amateur, 
and received his Commercial First 
Class ticket in 1919. He has taken 
active part in Navy and Coast Guard 
radio affairs. Has alsp been a Re- 
servist. Taylor's radio career began 
in 1917 with Marconi W. T. Co. as a 
seagoing operator. He joined RCA 
later and today is chief engineer and 
plant manager of WTIC, Hartford, 
Conn. . . . Joe Graham of Woburn 
(Wah'Ban), Mass., is doing a grand 
job monitoring for the FCC at their 
Millis station.... Al Dowd has moved 
from Union City, N. J., to Packanack 
Lake. N. J.... Charlie Pannell now 
has an office in the RCA Building... 
C. R. Spicer has changed his address 
to Daly City, Calif.... Don De Neuf, 
who recently became chief engineer of 
the Rural Radio Network, Ithaca, 
N. Y., has forwarded some very inter- 
esting facts about the rural service. 

VWOA old timers, Earl Nelson and Samuel 
Freedman at a recent VWOA get together in 

New York City. 

The system consists of six f -m stations 
located in stragetic points in the state 
of New York, providing coverage to 
about 40 counties. Profits of the or- 
ganization will be used for research, 
education and public welfare. . . . 

James Devenport and Al Koehler are 
still enjoying life on the Bounding 
Main. . . . Robt. W. Hale of Ft. 
Wayne, Ind., reports that his dues 
were delayed due to illness. Hope all 
is well now... . Phil Partridge has 
recently been appointed radio super- 
visor of the Clark County, Nevada, 
Sheriff's Radio Communication sys- 
tem. Phil is also engaged in develop- 
ment work at the radio laboratory of 
the Nevada Electric Co., at Las Vegas. 
He's having a little trouble getting a 
number for his new home, but you can 
get him on c -w on 40 meters by call- 
ing W7UB.... Bill Stedman contin- 
ues to keep busy doing conversion 
work on U. S. Maritime Commission 
ships at Atlantic Basin Iron Works 
Shipyard.... Peter Cuda advises he 
is still fighting heavy interference on 
500 and 8280 kc. Pete failed to say 
what ship he was on.... H. D. Hayes, 
FCC engineer -in- charge at Chicago, 
has sent in his dues.... Charlie M. 
Hodge, whose home is in San Fran- 
cisco, continues his assignment as 
radio technician with the Arabian 
American Oil Co., at Drahran. Saudi 
Arabia. Gets his mail only by air.... 
Walter W. Hofmann of Kahuku, Oahu, 
T. H., sends his best 73's. . . . Old - 
tinter Sam Freedman is a busy writing 
man these days. He's preparing a 
book on transmitter design and opera- 
tion, has written a couple of technical 
yarns for Radio News and CQ, writes 
a bi- weekly taxicab radio column for 

a taxi paper and has completed a text 
on microwa4es. . . . At a 'recent 
VWOA meeting Frank Orth of CBS 
told the boys that he just returned 
from a Florida vacation where he 
had one grand time. . . . George 
Duvall is as busy as ever at his tele- 
vision installation shop and particu- 
larly active in the installation of an- 
tennas.... Old tinier Ben Beckerman 
told ye writer at an oldtimer's meet- 
ing that "the foundation and corner- 
stone of radio communications can be 
seen here tonight." ... Among those 
who couldn't attend the Spring meet- 
ing were E. H. Price who re- 
ported that he wouldn't be able to 
attend since there was quite a Mla- 
rine Show at the Grand Central Pal- 
ace which required his attendance. 
... Anthony J. Brizzolau wrote in to 
say that he,was up at his farm at Croy- 
don. New Hampshire and couldn't 
make the meeting either.... Duty at 
the U. S. Navy prevented David S. 
Little from coming to the Spring meet- 
ing M. G. Carter was on watch 
on May 20 and unfortunately couldn't 
attend the get- together. . . . F. M. 
Quigley reported that Haraden Pratt 
was quite ill and wouldn't be able to 
attend our Spring meeting.... Jack 
Poppele was out in Los Angeles at- 
tending the NAB meeting and thus 
couldn't attend Mrs M. Mar- 
shall dropped us a note to say that 
the OM would not be able to at- 
tend since he is now on his way to 
India and Japan. Good luck on your 
trip.... The birthday of Arthur Van 
Dyck and a subsequent celebration 
prevented attendance at the Spring 
meeting. A.D. said: "My bodily pres- 
ence is demanded elsewhere. How- 
ever I'll be with you in the Marine 
Room in spirit, and if my radar and 
loran are working late in the evening 
I might navigate through that water- 
tight door after all. Best wishes for a 
grand evening." . . Memo to every- 
one: Please send in news about heroic 
or meritorious deeds to Bill Simon. 
Include the name of the operator, 
name of ship and date of event. And 
please send in personal news notes, 
with photos where possible, reporting 
your present work, future plans, etc. 
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Impedance Matching Techniques 

Analysis Reveals That Relationships Which Should Exist 
Between Source and Load Impedance for a Given Net- 
work Is Not Necessarily One Which Is Matched. Rather 
It Is One Which Is Determined Wholly by the Desired 
End in View and the Circuit Component That Is Variable 
or Under Control ... Networks Containing Elements That 
Are Linear Are Considered. 

by WILLIAM J. KESSLER 
Assistant Research Engineer 

Engineering and Industrial Experiment Station 
University of Florida 

MUCH HAS BEEN WRITTEN about the 
virtues of impedance matching. In 
fact, it seems to have become a popular 
misconception that an impedance match 
between source and load is the ideal 
condition to be realized wherever and 
whenever possible. 

It is quite true, of course, that to 
obtain maximum power across a load 
when the load impedance is the only 
variable, that impedance' must be 
the coniugate of the source impe- 
dance.' However, the load impedance 
is not always the independent variable 
and, furthermore. maximum power de- 
veloped across the load is not always 
the dependent variable. Frequently it 
is desirable to obtain either maximum 
voltage across the load or maximum 
current through the load rather than 
maximum product across the resistive 
component, or power, for any one of 
three variables: (1) Generator or 
source impedance: ( 2) load imped- 
ance: or (3) degree of match existing 
between these two elements. 

Method 

The necessary network conditions 
for maximum voltage, current, or 
power may be readily determined by 
well known mathematical processes by 
treating the voltage, current, or power 
as the dependent variable, and the 
generator impedance, load impedance 
or transformation ratio X, ( Figure 1) 
as the independent variable. Differ- 
entiating each dependent variable with 
respect to any one of the three inde- 
pendent variables, equating the result 
to zero, and solving for the indepen- 
dent variable will yield the value 
necessary for either a maximum or a 
minimum of the dependent variable. 
The maximum- minimum ambiguity 

may be resolved by simply noting the 
sign of the second derivative upon 
substitution of the results of step one. 
If the sign of the second derivative is 
positive, the dependent variable is a 
minimum. The opposite, or negative, 
sign indicates a maximum for this 
quantity. 

Maximum Voltage 

Whenever maximum voltage across 
the load impedance is desired, the fore- 
going method can he applied only if 
an expression for V,. in ternis of Zr, 
ZL and X can be found. Referring to 
the generalized equivalent circuit 
shown in Figure 1, such an expression 
for V,. can be written almost directly. 
that is. 

Ve :\' Zr. 
W,. 

ZL + .\°'Z, 
(1) 

where it is assumed that the primary 
and secondary of the transformer are 
sufficiently closely coupled so that the 
expression = Z. /Zr will not be 
seriously invalidated. Should the load 
impedance he the only variable with 
the ratio of transformation and the 
generator impedance remaining con- 
stant, the maximum (or minimum) 
voltage, W,., will exist for some value 
of Zr. determined as follows: 

d\ 1. N'Zr\' 6 -_ -0 (2) 
dZl. (ZI.+ N'Za)' 

Solving for Z1. by inspection, it is seen 
that Zr. = x, To determine if this 
represents a maximum or minimum 

1Yy. L. Everett. Communication Engineering, 
second edition, pp. 49 -50. McGraw -Hill Book 
Company, New York. 
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Figure I 

Generalized equivalent circuit. 

voltage across the load, by observing 
the sign of the second derivative, re- 
sults in 

dZ,:' ( Z,, + N'7)" 

The minus sign indicates that V,. will 
be a maximum when Zr, is infinite, or, 
in an engineering sense, when Zr. is 
made as large as is practical or is open 
circuited. The value of V,, under these 
conditions can be determined by taking 
the limit of equation (1) as Zr, ap- 
proaches infinity, that is, 

Lim WI, Linz \' - _ -.\ 
ZL I x ) V. Zr. ( x) 1+.\-'Z. 

Zr, 

or (4) 

By inspection of equation (1) it is 
found that V,, will he a maximum if 
Ze is the only variable when Zr = O 
and, as before. V,. = NV,. 

Should both' Z,, and Zr be constant 
and only the ratio of transformation 
X vary, the value of N is found to be 
equal to (Z,./Z,) for maximum \'L. 
This will be recognized as being the 
ratio necessary to affect an impedance 
match between the source impedance 
and the load impedance. 

It is thus evident that in order to 
secure maximum output voltage from 
a given network, the load impedance 
must not simply be made equal to the 
generator impedance, but as large as 
is practical. Then, should the ratio of 
transformation and the generator im- 
pedance also be variable, the generator 
impedance should be made as small as 

(Continued on page 31) 
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News Briefs 
INDUSTRY ACTIVITIES 

KDFC's F -M transmitter atop Mt. Beacon, near 
Sausalito in Marin County, California, will go 
on the air in August. KDFC will radiate a 
U -kw watt signal designed to serve nearly 
3.001,000 people in the greater San Francisco 
Bay area. 

The Hewlett -Packard Company, Palo Alto. 
Calif.. has completed construction of new plant 
facilities totaling 21/.000 square feet. 

James H. Kellogg, president of Kellogg Switch- 
board & Supply Co.. Chicago. addressed the 
California htdePendent Telephone Association 
at Los Angeles recently. 

Mr. Kellogg reported that all thoughts of a 
reession which may have been prevalent last 

December have been dispelled because of world 
nuconditions and their effect upon the enormous 

purchasing tower of the American government 
ara dable to the European Recovery Program. 

Commenting on the fact that the nation is 
now iu period similar to the days of 1940 
when the United States was girding itself for 
its defense program. Mr. Kellogg said 

..Approaches to tine omp:unv have already 
been made by the Signal Corps and we are told 
that over 11.00 United States industrial plants 
are being s trryeyad by the Armed Services to 
determine their capacity to produce war prod- 
ucts in an emergency. In Chicago we are again 
(tearing the al,ux,- familar words 'allocations,' 
'priorities' and 'the draft. ' ' 

The New York Chapter of A1'l'l) held a recent 
meeting :,t Syracuse. N. Y., as guests of G. E. 

Lieutenant \l. Boland of the Syracuse Police 
Dept. made the arrange ments, 

Twenty -one Mariners Pathfinder 10-cm radars. 
made by Raytheon \I: factoring Company. 
\\'altham. Nlass.. have been ordered lis The 
At lull ie Refining Company. Philadelphia. 

The Penn-Allen Broadcasting Company, con- 
trolled and operated by \lurid War II veterans 
at Allentown. l'a.. hava arranged to purchase a 
$Ixbw:tI G. E. television transmitter. 

Transmitter is to Ill' installed un South \luun- 
taiu four milt-s sut h of the city. 

John F. Rider Laboratories have leased about 
I LIMB square feet at 4$ii ('cnal Street, New 
A'urk City. 

The 1948 Rochester Fall Meeting of the IRE 
and R NIA Engineering Department will be held 
November S. 9 :und In an the Sheraton Hotel. 
124nhester. New York. 

Frank A. Gunther, REI. vice president. recently 
sun ducted a demonstration f high fidelity i -m 
relay broadcasting via WI It FM. Orlando, 
and. WNDIt, F \1. Daytona, before the Florida 
Ass, ciatiou Broadcasters. The relay path 
inv. l red was mfr 1107 miles long. 

The Buckeye Pipe Line Company of Lima. 
Ohio. plans to install a \lotorola 30- to 40 -mc 
i -m system. 

The Il uikey e. parent company of the North- 
ern Pipe Line Company of Pennsylvania and 
the New York Transit Company. Inc., has 
lines extending through Indiana. Pennsylvania. 
Ohio and New York with branches in Illinois 
and Michigan. Central station installations 
will be made it offices and pum,ing stations 
at Lima, Cygnet and Toledo, Ohio. :und at 
Samaria and Trenton, Michigan. Ultimately 
2-way radio will cuver the entire line. To 
start. Ion n-hid es of the company will he radio 
ev ptitperl. 

LITERATURE 

L.enkurt Electric Co., 1124, ('unity Road. San 
Carlos. Calif have prepared an S. page buürtin, 
No. l'X39A. on l.enkurt type 32 carrier systems. 
Publication describes the overall system. shows 
the relationship between maxinnun performance 
and minimum maintenance, and displays some 
of the facilities behind the design. development. 
and manufacture of Lenkort equipment. 

The Instrument Division of Allen B. Du Mont 
Labs, Inc N)0. Main Avenue, Clifton, N. J.. 
have published a catalog covering cathode -ray 
t uLrs, oscillugraphs, allied equipment and acces- 
sories. Features a wide selection of standard 
tubes ami instruments. 

PERSONALS 

General William H. Harrison had been elected 
president and a director of International Tele- 
phone and Telegraph Corporation. 

Colonel Behn, who with his brother Hernand 
founded the company in 1920, will continue as 
chairman and chief executive officer. 

General Harrison was formerly vice president 
in change of operations and engineering of 
A. T. & T. 

Gen. W. H. Harrison 

James F. White lias been appointed eastern 
manager ui the new Eastern sales office of An- 
drew Corp. at 421 Seventh Avenue, New York. 
Also assigned to the new office is Paul F. Walker. Andrew sales rep. 

J. F. White 

Rural Radio Network's sixth f -nt station, lo- 
cated at Turin. New York. will go on the air 
in August. This station. like the other five, 
will operate oit :t relay network basis. 

Donald K. de Neuf is chief engineer of the net- 
work; Walter A. Knight. assistant chief engi- 
neer; John Diuten. Wethersfield station super- 
visor; Bud Kordalew ski, Bristol Center station 
supervisor: Les Connelly, Ithaca station super- 
visor; Lou Agresti. Ue Ruyter station super- 
visor: Jim Trewin. Cherry Valley station super- 
visor: Stan Hickinlwt tons, Turin station super- 
visor: Tom Humphrey, audio facilities super- 
visor; Bill Perkins and Joe Sanford. field engi- 
neers; and Bob 1Volverton, field maintenance. 

Network headquarters are at Illt North Tioga, 
Ithaca, N. Y. 

P. L. Coggeshall has joined the sales staff of 
ETR representing its mobile radiotelephone 
division in Northern California and Northern 

Nevada. 

Harry Terbell is now with FTR, and will cover 
the State of Oregon and southern Idaho for 
Federal's mobile radiotelephone division. 

Harvey W. Smith has joined the engineering 
staff of Lenkort Electric Co., San Carlos, 
Calif.. where he will be in full charge of de- 
sign and construction of transformers both for 
carrier application and custom manufacture. 

John M. Otter has been elected vice president 
and geurrtl saes manager of Phileo CorPura- 
tion. 

Junius R. Clark. former vice president of the 
Fawick :\irtlex Company. Inc., has purchased 
the entire capital stock of the Sterling Mann. 
facturing Company, 9205 -9223 Detroit Ave.. 
Cleveland. Ohio. from Walter M. Scott. 

Company now produces instruments, a -c and 
d -c. for the automotive, electrical. industrial, 
radio and hearing aid fields. including am- 
meters. voltmeters. milliameters, battery cell 

testers. hearing -aid testers. etc. 

E. H. Vogel has been appointed to a new man- 
ager of marketing post in the general sales 
division of the Electronics Department of Gen- 
eral Electric. 

A. A. Brandt, the department's general sales 
manager since 1943, will continue in that posi- 
tion and will manage the general sales division 
which now has full operating division status. 

L. E. Pettit has been named manager of a new 
advertising division in the Electronics Depart- 
ment of G. E. Pettit will operate at staff level 
under the manager of marketing and will be 
responsible for general supervision of all the 
department's advertising and agency relation- 
ships. 

Paul Chamberlain has been appointed manager 
of sales in the G. E. transmitter division. suc- 
ceeding Philip G. Caldwell who has joined the 
American Broadcasting Company. 

Walter M. Skillman succeeds Mr. Chamberlain 
as manager of sales in the receiver division. 
Ile was formerly sales manager of standard 
line radios. 

William B. Lodge ís now vice President in 
charge of general engineering for the Columbia 
Broadcasting System. 

Lodge has been Columbia's director of gen- 
eral engineering since November, 1944. 

D. C. Stanmerford has resigned as assistant 
technical director of WIIAS to become techni- 
cal director for the Mid -:America Broadcasting 
Corporation of Louisville, Kentucky. now in- 
stalling a new 3,Ors -watt Ut4) kc station. 

Mr. Summerford is also president of the 
Shawnee Broadcasting Company. operating 
radio station WBEX, Chillicothe, Ohio. 

Joseph K. Rose has been appointed to head the 
Chicago office of John F. Rider, Publisher. Inc., 
6240 North Francisco Avenue. Rose was for- 
merly service manager for Wells Gardner and 
Co. 

Dr. Robert D. Hontoon, assistant chief of the 
atomic physics division, National Bureau of 
Standards, was recently awarded a distin- 
guished physical science achievement award 
br the Washington Academy of Sciences for 
1447. for his research in "the advancement of 
electronics and its application to other sciences 
and to modern ordnance." 

Dr. If untrwn joined the staff of the Bureau 
of Standards in 1941 and assisted in the early 
develo' tit of proximity fuses. 

Donald E Ward has been appointed sa's man- 
ager for Reeves Suundcraft Corporation, 10 

East 52nd Street. New York City. 

Dr. Henry H. Hausner is now a member of the 
Metallurgical Research and Development Lab- 
oratories of Sylvania Electric Products. Inc. 

Joseph H. Humble has been appointed general 
sales and advertising manager of the Kester 
Solder Company, Chicago. 

Dr. J. Howard Dellinger, chief of the Central 
Radio Propagation Laboratory of the :National 
Bureau of Standards, has retired. after 40 
years of Government service. 

Dr. Dellinger will act as a radio consultant 
and adviser, and continue his present work as 
chairman of the Radio Technical Committee for 
Aeronautics. He will spend the summer attend- 
ing sessions of the International Radio Con- 
sultative Committee in Stockholm. Sweden, and 
of the Provisional Frequency Board in Geneva. 
Switzerland. 

E. D. Cooper, formerly manager of the Radio 
Specialties Division of Isolantite Corp -. has 
joined General Ceramics and Steatite Corpora- 
tion. Keasbey, New Jersey. as sales engineer, 
handling their new line of coaxial cable and 
wave guide equipment. 

Howard H. Weber has been named chief engi- 
neer of the wire and cable department of United 
States Rubber Company. A. S. Basil is now 
genera sales manager. 

Jack Sadowaky, manager of electronic com- 
ponents for the Equipment Sales Section of the 
RCA Tube Department at Haari,..,,, N. J.. 
died recently. 
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The Industry Offers 

AMPEREX 5 -KW AIR COOLED AND 
WATER COOLED TRIODES 

High -frequency water - cooled and air -cooled 
5 -kw triode amplifier and oscillator tubes, types 
492 and 492 -R, have been announced by 
Amperex Electronic Corporat.on, 79 Washington 
Street, Brooklyn, N. V. Maximum rating of 
5 kw plate dissipation is said to apply up to a 
frequency of 150 mc. 

The 492 -R dissipates full power with an air 
flow of 170 cfm. The 492 anode is capable of 
dissipating 5 kw of power with a water flow 
of 3 to 5 gallons of water per minute. The 
water jacket is an integral part of the tube, 
and a separate adaptor is provided for con- 
nection to external water lires. For high -fre- 
quency coaxial circuits, the water jacket is 
readily adaptable for extension into standard 
2" copper tubing of any length to permit 
adjustment for a particular frequency. 

Has a thoriated filament. Plate voltage of 
both tubes, 7,500. 

ELECTRO -VOICE TORQUE DRIVE 
CRYSTAL PICKUP CARTRIDGES 
Crystal pickup cartridges einidoy ing torque - 
drive design have been produced by Electro- 
Voice, Inc., Buchanan, Michigan. Acts as a 
mechanical transformer and provides a gear 
ratio between record groove and the crystal. 

Weighs 1/5 ounce. Has low mass drive 
system, high lateral and vertical compliance. 
zero- output for vertical movement, moisture - 

proofed crystal and replaceable whisker needle 
f osmium-tip or sapphire -tip). 

Size, 1 3/32" x 11/16" x 5/16 ". 
Available in low. medium and high -voltage 

outputs. 
For full information, write for torque -drive 

bulletin No. 141. 

BOONTON SIGNAL GENERATOR 
An a -m signal generator, type 211 -A. designed 
for testing and calibrating of omnirange receiv- 
ing equipment operating within 88 to 140 mc 
has been developed by Boonton Radio Corp.. 
Boonton, N. J. 

Instrument consists cf an r -f assembly. modu- 
lator and oscillator assembly, panel and meter 
assembly, and external dual regulated power 
supply unit. 

Master oscillator coverage of 88 to 140 mc 
in one range. Vernier frequency dial has 100 
divisions and is coupled to the main tuning 
capacitor through a 120:1 gear drive. 

Either of two crystals providing 110.100 mc 
and 114.900 mc may. be selected by a switch 
for use individually or in combination with the 
master oscillator to standardize its output fre- 
quency. 

Master oscillator stability is said to be 
4- 0.25% from 88 -140 mc; crystal oscillator. 
-e 0.0035% at 110.100 mc and 114.900 mc, operat- 
ing temperature range 10 °C to 50 °C. 

Modulation capabilities: 0 -100% with internal 
oscillator or an external oscillator capable of 
supplying 2 volts across 100,000 ohms. 

Distortion said to be 5% or less at 95% 
amplitude modulation. 

Modulation meter has two ranges. 0 -30% and 
0 -100%. Two modulating frequencies. 400 and 
1,000 cycles in internal audio oscillator. 

Instrument contains a demodulator or de- 
tector which supplies to front panel terminals 
a portion of the demodulated carrier. At 60% 
amplitude modulation, this voltage is 3.8 volts 
with a source impedance of 3,600 ohms. 

Output attenuator is of single ended piston 
type; range is 0.2 volt to 0.1 microvolt. 

TESCO ROTARY TAP SWITCH 
A Tesco Rotary Tap Switch has been developed 
by the Eastern Specialty Co., Phila., 40, Pa. 

Each switch section with 7 active positions 
and one off position is rated at 50 amperes, 
continuous duty, with an overload capacity of 
75 amperes. As many as 12 switch sections in 
tandem may be operated in parallel to handle 
a maximum current of 600 amperes. 

A current interrupter consisting of one or two 
microswitches, rated at 10 amperes, and op- 
erated by detent action, opens the source of 
power when the switch is rotated toward a 
new position, so that no arcing occurs at the 
switch contacts. 

Individual switch sections measure 2t/" 
diameter over the housing, 3r4" over the 
terminal studs, length 44". Bulletin No. 57 
provides complete operating data. 

2S COMMUNICATIONS FOR JULY 1948 

1 
SCOTT SOUND LEVEL METER 

A sound level meter using subminiatures and 
covering the range from 34 to 140 db above 
the standard ASA reference level. has been de- 
veloped by Hermon Hosmer Scott, Inc.. 316 

Putnam Avenue. Dept. C, Cambridge 39, Mass. 
Instrument. type 410 -A, includes all three stand- 
ard ASA weighting characteristics to duplicate 
the response of the ear at various levels. has 
a two -speed meter. provision for using exten- 
sion cable, optional types of microphones, 
vibration pickups, etc.. and analyzers or filters. 
The unit is 101/2" long. 2 14" in diameter. and 
weighs slightly over two pounds including 
hat series. 

RAYTHEON SUBMINIATURES 

Subminiatures. type CR5703 /CK608CX, have 
been developed by the Special Tube Section ci 
Raytheon Manufacturing Company, Newton, 
Mass. 

Tubes are heater -cathode triodes with rated 
mutual conductance of 5,000 micromohos ar.d 
amplification factor of 25. Tubes have a 

3 -watt plate dissipation and capable of an 
output of nearly 1 watt at 500 mc. 

CLARE PLUG -IN RELAY ASSEMBLY 

A dust -tight plug -in relay base and cover has 
been developed by C. P. Clare & Co., 4719 West 
Sunnyside Avenue, Chicago 30. Illinois. 

Assembly consists of an a -c or d -c re'Lay 
mounted on a dust -tight base, the terminals 
brought through a Neoprene gasket, closely 
fitted. The steel cover, secured to the base by 
a thumb nut, can be readily removed for n- 
spection of the relay. Either a standard radio - 
type plug as illustrated or a 15 -point plug of 
different design complete the installation. 
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HEWLETT -PACKARD VTVM 

A vacuum -tube voltmeter. the 4000. which 
provides readings from .1 millivolt to 300 volts, 
throughout a tange of 20 cycles to 2 mc, has 
been developed by Hewlett - Packard Company, 
395 Page Mill Road, Palo Alto, Calif. 

Calibrated linear scale reads directly in rms 
volts or in db based on 1 milliwatt into 600 
'Ions. Special output terminal permits use of 
the 400C as a wide -band stabilized amplifier, 
for increasing gain of oscilloscopes, recorders 
and measuring devices. Maximum gain is 54 
db. In service as a voltmeter. instrument may 
be used for direct hum or noise readings, to 
determine transmitter and receiver voltages, 
audio, carrier or supersonic voltages, power 
gain or network response. 

PHILCO F -M TV VISUAL ALIGNMENT 
GENERATOR 
.\ visual alignment generator, model 7008, 
which includes a cry.s..d -diode h -f probe for 
use in examining the response curve of indi- 
vidual stages and the 4.5 video trap, has been 
developed by Philco. 

Has a crystal calibrator which provides check 
points every 5 mc; an a m (marker) generator, 
operating over a frequency range of 3.2-250 me; 
an f -m generator. covering a range of approxi. 
stately 4 -120 me and 145.260 mc with a vari- 
able sweep width of 15 me maximum deviation; 
an a -f generator, operating at 400 cycles; 
'scope; and a common power supply. 

The cathode ray tube is a 3MP1 type em- 
ploying electrostatic deflection, and is said to 
have a deflection sensitivity of better than 25 
millivolts per inch at maximum vertical - 

amplifier gain. The screen is a medium -per- 
sistence, green- fluorescent type and is supplied 
with a removable crosshatch screen. Screen is 
constructed of laminated sheets of plastic so 
that the .scribed markings are sandwiched in 
between two sheets. and cannot be damaged 
by handling. The cathode -ray tube is mounted 
in a separate swiveled housing which can be 
folded into the main housing. 

G.E. GAS -FILLED THYRATRON 
Anet gas tilled midget thvratnut type GL- 
51x43. 11 has been announced by the tube division 
of G. E. 

The tube, 1%" high, Iras a typical heating 
time of ten seconds, and a peak inverse and 
peak forward voltage rating of 500. The anode 
current ratings are 60 ma instantaneous and 
20 ma average. 

1ROWNING F -M.A -M TUNER 
An iau a-m tuner, model R) ILA, has been 
announced by Browning Laboratories, Inc., 750 

Main St., Winchester, Mass. An r -f amplifier 
is used in both f.m and a -m sections. The af 
response of the f -m section is said to be flat 
from 10 to 15,000 cycles ± 114 db. A drift 
compensating network is said to eliminate drift 
after a two minute warmup period. Less than 
10 microvolts required to produce 30 db noise 
reduction, through use of dual limiters in the 
Armstrong circuit. The a -m section employs 
recently developed triple -tuned i -f transformers 
and a high frequency extending network so 

that the audio response is flat from 20 to 6600 
cycles ± 3 db. Sensitivity is 5 microvolts. 

A connector in the rear of the chassis for 
phono input allows the volume control to be 
employed when playing records. The f -m an- 
tenna input is 300 ohms balanced to ground 
and connected so that the entire f -m antenna 
and feeder system also functions as the am 
antenna. 

TRIPLETT VOLT- OHM -MIL -AMMETER 

A voltohnt- mil -anmte ter, type ó30, featuring 
six d -c volt ranges from 0- 6,000, at 20,O013 

ohms /volt and six a -c ranges to 6,000, at 5.000 
ohms /volt has been announced by the Triplett 
Electrical Instrument Co., Bluff ton, Ohio. 

Available also are five d -c ranges from 0 -60 
microamperes to 0 -12 amps; resistance ranges 
to IOn megohms: db from -30 to +70. 

BROOK ELECTRONICS AMPLIFIER 

A remote -control model amplifier. designed es- 
sentially for custom -built radio -phonographs, 
has been introduced by Brook Electronics, Inc., 
34 DeHart Place, Elizabeth 2, New Jersey. 

Designated model 1003, the amplifier consists 
of two separate units. The smaller of two 
chassis contains preamp stages, input jacks. 
and all operating controls. The larger chassis 
contains a 30 -watt power amplifier and power 
supply. Four input channels are provided, one 
of which is high -gain with internal equalization 
for use with !ow -level magnetic -type pickups. 

Low -inn triodes are used throughout. Fre- 
quency response is said to be flat within .2 
db from 20 to 20.000 cycles. 

PICKERING MICROGROOVE 
CARTRIDGE REPRODUCER 
A pickup. model D -1405, designed for the 
microgroove, fine -line slow- speed, recordings. 
has been announced by Pickering and Co., Inc.. 
Oceanside, Long Island, V. Y. Sharp diamond 
stylus radius is .001 ". 

Cartridge tracks the recordings with a stylus 
pressure of 5 grams, or approximately 1/6 of 
an ounce. 

Has a Keystone (Up Mounting which permits 
conversion from the standard cartridge to 
model D -1405. 

BENDIX FRACTIONAL H -P D -C 
MOTORS 
.\ line i fractional horse -power, d -e motors 
designed for trim -tab actuators, stall -warning 
systems. bank- change switching and other ap- 
plications. has been announced by the Red 
Bank Division. Bendix Aviation Corporation, 
Red Bank, New Jersey. 

These motors, designed to meet the require- 
ments of AN specifications are available in 
various voltage ratings, clock, counter -clock or 
reversible rotation, and with pinions, worms or 
plain shafts. Motor diameter is 14 ", length 
(less shaft) 2 9 16" and weight 12 ounces. 

INDUSTRIAL DEVICES HI -VOLT 
NEON -INDICATOR VOLTMETER 
A voltmeter, covering a range from 1.600 to 
15,000 volts a -c. the Hi-Volt model 500, has 
been announced by Industrial Devices, Inc., 
Edgewater, N. J. Device is intended for test- 
ing high- voltage transformers. It is not recom- 
mended for use on high -power supplies other 
than those of the current - limiting type, except 
by those familiar with the technique of high - 

voltage measurements and the precautions 
necessary. 

The unit utilizes a neon lamp indicator. A 
knob is turned until the neon lamp ex- 
tinguishes. when the voltage is read directly 
off the dial. This device is designed for use 
only with transformers having one side 
grounded. A 15- megohm multiplier is incor- 
porated in a 7" long prod which is integral 
with the meter. The current drawn is less 
than 1 ma. 

(Continued On page 36) 
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* Yes sir, a brand new 
member of the well -known 
Clarostat family of controls. 
Type 47 or 15 ; 16" diameter 
miniature control is smaller, 
handier, yet jus: as tough 
as its bigger brother, Type 
37 composition -element 
control. 

It's a beauty. Note the trim 
lines. It includes the famous 
Clarostat stabilized element 
you can bank on. Nothing 
sacrificed by way of electri- 
cal and mechanical sturdi- 
ness in attaining smaller 
size. Available with (fac- 
tory- equipped) or without 
switch. Available with one 
tap. Choice of tapers. 

Write for 
literature. Let us 
quote on 
your re- 
q u i r e- 
m e n t s- 

egrobRofeeAf 
CLAROSTAT MFG CO., Inc. 2851 h 6ih St., Broalyn. H.1' 

In Canada: CANADIAN MARCONI CO.. Ltd. 
Montreal. P.Q.. and branches 

Preamp Maintenance 

( Continued froid. paye 9) 

be used, the terminating resistance 
shown in the circuit should be chosen 
to properly terminate the attenuator 
used. If the preamp has a given input 
impedance, which is of proper value to 
terminate the attenuator, no terminat- 
ing resistor need he used. The isola- 
tion transformer should provide the 
required impedance ratio to match the 
oscillator to the attenuator which 
should have an impedance correspond- 
ing to the given value. 

The input of the preamp may be bal- 
anced to ground or single -ended. The 
attenuator chosen should be of the cor- 
responding type and should provide a 
maximum loss at least equal to the gain 
of the preamp. The ground connection 
to the input circuit of the preamp 
should be made as recommended by the 
manufacturer. The output circuit of 
the preamp should be terminated by a 
non -inductive resistor equal to the out- 
put impedance of the preamp. The 
Figure 1 circuit is used with balanced 
circuits. In Figure 2 we have a setup 
with unbalanced circuits. 

The oscillator and preamp should be 
permitted a sufficient warm -up period 
to assure stability. The oscillator 
should be set to 1,000 cps and the out- 
put adjusted until the No. 1 vu meter 
(input) reads +4 vu. Sufficient at- 
tenuation should be inserted so that 
the output level as indicated by vu 
meter No. 2 is approximately +4 vu.' 

An alternate method is to insert an 
additional amplifier, having sufficient 
gain for the purpose, ahead of the vol- 
ume indicator. The frequency response 
of this amplifier should be determined 
and used to correct any readings taken. 

Adjustment of Level 

To determine the correct output 
level, preamp operating instructions 
should be studied carefully. The ap- 
propriate test circuit from Figures 1 

and 2 should be selected and the fore- 
going suggestions applied if the pre- 
amp output is insufficient to operate a 
standard volume indicator. The audio 
oscillator should be set on 1,000 cycles 
and the output level adjusted until the 
No. 1 volume indicator (oscillator out- 
put) reads either +4 vu or ±0 db, de- 

If the preamp output level is substantially 
below +4 vu, the vu meter across the output 
load resistance may be replaced by a vtvm of 
greater sensitivity, provided the output of the 
preamp is single- ended. The ground terminal of 
the vtvm should be connected to the grounded 
output lead. 1f the preamp output transformer 
contains a center -tap ground, then a properly 
terminated isolation transformer must be in- 
serted, since vacuum -tube voltmeters require a 
ground on one leg for stability purposes. 
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Adjustable phase 
loops 

Isolation filters 
Sampling lines 
FM and AM concentric lines 
Fixed capacitors 
Variable capacitors 
Phase sampling transformers 
FM iso- couplers 
Standing wave indicators 
Tower lighting filters 
Supports for open wire trans- 

mission lines 
Pressurized capacitors 
Neutralizing capacitors 
Fixed inductors 
Variable inductors 

sampling 

Write for specific information directly or 
through your consulting engineer. 

E. F. JOHNSON CO. 
WASECA, MINNESOTA 

pending on the type of volume indica- 
tor used. 

The attenuator should be adjusted 
until a convenient reading is obtained 
on the No. 2 volume indicator. 

Determining Oveleed Feint 

The output of the audio oscillator 
should be kept constant at +4 vu; the 
attenuation ahead of the preamp de- 
creased in 4 db steps or the oscillator 
output alternately increased and the 
output volume indicator observed. A 
point will be reached where the output 
level increase is less than the corre- 
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sponding increase in input level (lue to 
the amplifier overload. When the over- 
load point has been found for 1,000 
cycles, the audio oscillator should be 
adjusted to 30 cycles, 10,000 and 15,000 
cycles and the overload point at these 
frequencies determined. It play be 
helpful to plot the input level versus 
output level to determine the amplitude 
characteristics of the amplifier. 

The highest value of ,nu put level 
before overloading is detected should 
be not e, I. .-lll subsequent frequency 
response measurements are to he made 
al an output level of approx,nl :Mlr 1l) 
db below this point. 

Frequency Response of the Preamp 

:\ frequency run should be taken 
with the preamp input level adjusted 
as indicated previously, so that the re- 
sulting output level at the 1,000 -cycle 
reference frequency is at least 10 dh 
below the overload point as determined 
above. The frequency response runs 
should be made at output levels of 5 db 
above and below the original value. 
If the runs are in agreement within 
±25 db, it can be assumed that the 
preamp is operating within the linear 
range. 

If the frequency response of the 
preamp is within ±1 db from 511 cycles 
to at least 10 kc it may be considered 
satisfactory for use. If it should de- 
part from the above, the manufactur- 
er's bulletin should be consulted and 
suitable steps taken to correct any de- 
ficiencies. 

Stabilization 
(continued Irma page 8) 

can readily be seen by comparing Fig- 
ure 1 with Figures 5 and 6: One dis - 
advantage, however, should be pointed 
out. The feedback stabilization system 
must be calibrated: that is, it does not 
permit the frequency to be known di- 
rectly as is the case where the source 
of the oscillation is an accurately 
known quartz crystal. Once the cali- 
bration of the unit has been made, 
however, its simplicity and ease of 
operation far surpasses the frequency 
multiplier units. 

Ref 
3 I!icrowave Instrument Blind Landing Sys- 

tem, Electronic Industries; February, 1946. 
Dahl, Ernest A., 2660 Mc Train Communi- 

cation System, Electronics; January, 1946. 
°George, W. D.; 1.yons, H.; Freeman, J. J., 

and Shaull, J. M., The Microwave Frequency 
Standard at the Central Radio Propagation, 
Laboratory, Report CRPI..8 -1, 9 -4, t'. S. De- 
partment of Commerce, National Bureau of 
Standards. Central Radio Propaga Labora- 
tory, Washington, D. C. 

..Straus, H. A.; Rueger, T.. J.; Wert, C. A.; 
Reisman, S. J.; Taylor, M.; Davis, R. J., and 
Taylor, J. H., Fire-Control Radar MPG], Elec- 
tronics; December, 1945. 

5Holdam, J. V.; McGrath, S., and Cole, A. D., 
Radar for Blind Bombing, Electronics; May 

and June, 1946. 

Impedance Matching Techniques 
(Continued from. page 26) 

practical, after ,\ hich the value of N 
should be aulju -red to match these two 
impedances. 

Maximum C t 

The conditions for ntaximunt cur- 
rent through the load impedance, if 
Z, or Z,, is the variable, is most easily 
determined by inspection after dividing 
equation t 1) by Z1,. It is seen that I,. 
is a maximum when either Z,, or Z, 
(or both) is equal to zero or is a 
minimum. If the transformation ratio 
.V is the variable, the criterion is 

dl,. -=0 
d.\" 

The value of . \' is found to be 
(Z,, /Z,) h, demonstrating that N should 
be adjusted to match the fixed im- 
pedances. it is again easily seen that 
to obtain maximum i,,, when all three 
network elements are variable, both 
the load impedance and its generator 
impedance should be made as low as 
practical after which these two im- 
pedances should be matched by adjust- 
ing the value of N. 

Maximum Product of Voltage 
And Current, or Power 

Taking the resistive components and 
the transformation ratio as the vari- 
ables, while the reactive components 
are equal and opposite, the output 
power will be a maximum, when 

dP,. dP,- dP,. -=0,-=0 and -=0 
dR, dR,. d.V 

where 
\',' .\" R1. 

P,,= (r) 
(R,.+,A"R,)` 

in the first case (dP,. 41R, = O) it is 
found that the output power is a 
maximum, if 

R, - -R,./.\'' 

This indicates that R, should be a 
negative resistance which cannot be 
realized physically. However, it is 
readily seen by inspection of equation 
(J) that F,, is a maximum and finite 
when R, is a minimum or equal to 
zero. 

For the two remaining cases it is 
found that for maximum output power 
the load resistance, if the transforma- 

tion ratio .V is the only variable. or 
the two resistances should be matched 
by means of the transformer, should 
be made equal to the generator resist- 
ance. If the load and generator im- 
pedances are complex and have fixed 
angles, the above results are also valid 
when considering only their absolute 
values.- 

Conclusion 

The foregoing results serve to stress 
the fact that the relationship existing 
between source impedance, load im- 
pedance, and degree of match, is deter- 
mined entirely by which network com- 
ponents are variable, and whether it is 
desirable to obtain maximum voltage. 
current, or power across the load im- 
pedance. 

-a 

2 

Z, 
Z.,. 

.V 

Z,=O 
= cc 

Z,. 

Z, 

Z,=O Z,=O 
Z,,=O Z,.=Z, 

Z,. z,. \'=- V'=- 
Z, 

Figure 2 

Tabulation of the results arrived at through 
application of procedures discussed in this paper. 
It may be seen that if all three circuit com- 
ponents are variable. an impedance match should 
he affected only after the source and load im- 

pedances are adjusted for optimum values. 

21.. A. Ware and H. R. Reed, Communication 
Circuits, second edition. pp. .37.38, John Wiley 

Sons. Inc., New York. 

PORTABLE FIELD INTENSITY METER 

Portable field intensity meter recently de- 
veloped by RCA, weighing 12!t pounds with 
batteries and measuring 12" x ßt /t" x 51/2"- The 
meter (type WX -2A i provides direct readings. 
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The No. 50952 

MINIATURE SYNCHROSCOPE 

For Field Service 

The compact design of the Ne. 

90952, measuring only 71/2" x 5s /%" 

x 13 ", and weighing only 17 lbs., 

makes available for the first time a 

tr.rly DESIGNED FO2 APPLICATION 

.ield service" Svnchroscope. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

Tube News 
(Continued from page 14) 

be obtained by increasing the B volt- 
age. 

JANETC Preferred Transmitting Tubes 

A PREFERRED LIST of transmitting tubes 
has also been prepared by the Army - 
Navy committee. 

There are ten classifications: Tri- 
odes, tetrodes, twin tetrodes, pulse 
modulation, magnetrons, vacuum, gas 
rectifiers, grid control, clipper tubes 
and gas switching. 

In the triode group are the 2C39A, 
2C43, 6C22, 9C21, 9C22, 100TH, 
250TH, 450TH, 811, 880, 889RA, 
893A and 893AR. Tetrodes include 
the 4D21, 5D22, 807W and 4X150A. 
The 829B and 832A are recommended 
as twin tetrodes. For pulse modula- 
tion seven types are specified: 3D21Á, 
3C45, 3E29, 4C35, 5C22, 6C21 and 
715C. 

The magnetron group includes the 
2J30 -34, 2J48, 2J51, 2J58, 2J60, 
2J61A -62A, 3J21, 4J50, 4J51, 4J52, 
4J54 -59, 4J78, 5J26, 5586 and 5657. 
In the vacuum group we have the 
2X2A, 3B24W, 371B, 5R4GY, 836, 
1616 and 8020. Gas rectifiers include 
the OZ4A, 3B28, 4B26, 4B32, 6C, 16B, 
857B, 869B, 1005, 1006 and 5517. For 
grid control we have the 2D21, C6J, 
6D4, 393A, 394A and 884. Clipper 
tubes include the 3B29, 4B31 and 
719A. 

Two classifications are used for the 
gas switching approved types, the 
ATR and TR. In the ATR group we 
have nine tubes: 1B35, 1B36, 1B37, 
1B44, 1B51, 1B52, 1B53, 1B56 and 
1B57. There are five types in the TR 
group: 1B26, 1B27, 1B32, 1B50 and 
1B60. 

The 384 

A MINIATURE instant- heating filamen- 
tary type r -f beam -power pentode for 
use in v -h -f portable mobile equipment 
as a class C oscillator, frequency mul- 
tiplier and r -f amplifier, was recently 
announced by Hytron. Typed the 3B4, 
it utilizes a 1.25/2.5 -volt filament, with 
current ratings of 330 and 165 nia, re- 
spectively. 

Can be used as an r -f power ampli- 
fier and oscillator in class C telegraphy 
and f -m with d -c plate voltage of 150, 
d -c screen -grid voltage of 135 and d -c 
control -grid voltage of -75. 

Useful power output, when the tube 
is used as a class C oscillator at 100 
me is about .45 watt with 90 volts 
plate and 1.25 watt with 150 volts on 
the plate, with 2.5 volts on the fila- 
ment. 

Ile 1tew 

JONES 
FANNING 
STRIP 
Connections 
are made 
through Fan- 
ning Strip, 
on bench 
or anywhere 
apart from 
barrier strip, 
and quickly 
slipped into 
assembly. 

Barri-r 
SI'iF 9 -161 

Fanning 

Use with Jones Barrier Ter- 
St 
Pop. Pot. 

urinal ship +. Noa. 141 and applied 
142, for 1 to 20 terminals. for. 

Simplifies soldering. Insures correct con- 
nections. Saves time. Ideal for harness or 
cable assembly. Brcss terminals, cadmium 
plated. Bakelite mounting. Send for com- 
plete data. 

OWARD B. JONES DIVISION 
Cinch Mfg Corp 

460 W. GEORGE ST. CHICAGO IB, ill 

ZOPHAR 
WAXES 
COMPOUNDS 
and 
EMULSIONS 

FOR 

INSULATING and WATERPROOFING 
of ELECTRICAL and 

RADIO COM'ONENTS 

Also or 
CONTAINERS and PAPER 

IMPREGNATION 

FUNGUS RES STANT WAXES 

ZOPHAR WAXES and COMPOUNDS 
Meet all army and navy 
specifications if required 

Inquiries Invited 

ZOPHAR MILLS, INC. 
FOUNDED 1846 

122 -26th ST., BROOKLYN, N. Y. 
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V -H -F Link 

(C nnlinued from page 20) 

per channel for a 1,1110 -cps zero-dbm 
input signal to the two -wire hybrid. 
.\ 30 -db T pad in the receiver output 
line reduced the 20-dbm output to a 

-10 dbm input level for the carrier 
terminal. 

Carrier equipment' used ill this test 
normally operates with a level of -13 
deem at the modulator input and +4 
dbm at the demodulator output. Two- 
wire termination: are obtained with 
four -wire terminating sets which in- 
clude attenuation pads to reduce the 
incoming level from the switchboard 
to -13 dbm. fads are also provided 
to reduce the receiving level at the 
switchboard to the desired yahlc, 

The carrier equipment can be ad- 
justed for any desired transmitting 
level toward the radio transmitter over 
a range from about -f-3 dbm to -43 
dbm and for operation on incoming 
signal levels in the range of -21 dlnn 
to +I11 dbm. The equipment operates 
at 6011 -ohm impedance ou both t'u 
voice- and carrier - frequency sides. 

First operating tests on this instal- 
lation revealed such quiet circuits that 
listeners thought the equipment was 
dead. Signal -tu -noise ratio was 60 dh 
or outre. At all other tintes ratios 
better than 311 db have been maintained. 

Satisfactory conversations have been 
held over the complete '88 -mile circuit 
produced by patching together two of 
the channels at San Jose and talking 
between two stations in the San Fran 
cisco offices of Southern Pacific. 

One of the two telegraph sub -chan- 
nels was used to replace a wire circuit 
between San Francisco and San Jose. 
The other was repeatered at San Jose 
for wire connection to a teletype at 
Watsonville, 10(1 Huiles from San Fran- 
cisco. The teletype circuit to San Itoc 
gave a range ut 8(1 points from Sam 

Francisco to San Jose and 75 points 
in the return direction. 

sLenkhurt typa 42. 

WLWT TV TRUCK 

Thirty two passenger bus converted for mobile 
Iv work at WI.WT, Cincinnati. Bus acenmmo 
dates 2 cameras, over 1,500 of cable. portable 
microwave transmitter. sound equipment, moni 
toeing and switching apparatus and in addition. 
seats for 22. Features of the hus include air 

conditioning and fluorescent lighting. 

PICKERING REPRODUCERS 

THE PICKERING MO3EL 161M PICKUP incorporates all of the require- 
ments for the finest possible reproduct'on of lateral records and 
transcriptions. It is extremely rugged and absolutely stable, ensuring 
long trouble -free service w'th minimum record wear. TECHNICAL 

SPECIFICATIONS include: Perfect :y polished diamond stylus with .0025" 
radius; other radii available on special order at no extra cost * 
Correctly offset head gives negligible tracking error * * Extremely 
rugged, may be scraped across records or dropped from full height 
without damage to pickup * * Tracking pressure adjusted at factory 
to 14 -13 grams * * No mecsurable effect of temperature, humidity 
or age * * Equalized output level -60 dbm * * Frequency response 
flat within 1 db from 30 tc 15,000 cycles per second * * Back- 
tracking will not affect either pickup or record **Convenient finger 
grip permits rap d accurate cueing * * Optimum combination of 
counterweight and spring permits excellent performance on warped 
records * * Convenient to mount, occupies least space of any 
transcription reproducer * * No measurable intermodulation or 
harmonic distortion * * Adaptable for turntables from 1" to 21/2" 
high * * UNCONDITIONALLY GUARANTEED. 

THE PICKERING Model 163A EQUALIZER 

1. Flat high frequency response to over 
15,000 cycles per second. tow frequency 
rise to give full compensation from 500 
to 40 cycles. 

,e 2. Flat high frequency resoonse. Low fre. 
quency response appresi--'nately 5 db be. 
low position 1. 

3. For NAB or Orthocoustic transcriptions. 
4, low frequencies same os position 2. High 

frequencies sharply attenuated to reduce 
surface noise. Attenuation starts at 4000 
cycles. 

5. Low frequencies same as position 1. High 
frequencies some as position 4. 

ó n 

THE PICKERING Model 123H 
EQUALIZER- AMPLIFIER for u.e 

with model 120M PICKERING CAR- 

TRIDGE REPRODUCER -it compensates 

for average recording characteristic, 
raises output voltage to as high as ob- 

tainable from crystal pickups, operates 

from the power supply of amplifier er 

radio set, saving cost of separate power 

supply, very simple to install. 

MADE to a tolerance of ± 
1 db, 

provides five different lateral 

characteristics to equalize properly 

all types of records and transcrip- 

tions. It is designed for use with 

250 to 600 ohm input circuits 
at a level of -60 dbm. 

Hum pickup is less than -120 dbm. 

The model 161M PICKERING PICKUP 

with a 163A EQUALIZER is so 

free from distortion of all kinds 

that it may be used as a 

standard for measurement. 

THE PICKERING 

Model 120M 

CARTRIDGE REPRODUCER 

A compact version of the PICKERING 

PICKUP for high quality reproduction, 

it fits into any arm which 

will accommodate a standard cartridge 

and affords the cleanest and smoothest 

response ever achieved. Its Frequency 

Response is ± 
2 db, 40- 10,000 cps 

... its Waveform Distortion is 1 percent 

maximum ... its Output Level is 

70 millivolts ± 2 db . , , its Tracking 

Pressure is 15 grams maximum at 

40 and 10,000 cps. NO OTHER 

PICKUP CAN MATCH THE PERFORMANCE 

OF THE PICKERING MODEL 120M 

Oceanside, Lon Island, N. Y. 
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HIGH :FIDELITY EV -635 
MICROPHONE 

USES "XL" PLUG 

Electro-Voice has equipped the new 
EV -635 High Fidelity Dynamic 
Microphone for studio and remote 
broadcasting, with the Cannon 
Type XL -3 -11 
Plug - a quality 
plug for a qual- 
ity microphone. 

Shown at left is the 
new XL -3.36 Wall 
Receptacle (pin in- 
sert) engaged with 
an XL -3 -1I Plug. 
XL -3 -36 is priced at 
$5.45 List; and XL- 
3-35 (socket insert) 
$9.95 List. 

For a practical, low cost but high 
quality connector series having three 
15 -amp. contacts, choose the "XL ". 
Four plug types and six repectacles 
with 3 adapter receptacles are avail- 
able. Min. flashover voltage 1500 Volts. 

Above are the two zinc plugs 
(Left) XL -3 -12, List $1.20 and 
(Right) XL -3 -11, List $1.25 

No other small electric connector 
has all the features of the XL, in- 
cluding the safety latch lock. 

XL Connectors are available from 
more than 250 radio supply houses 
throughout the U.S.A. 

For complete information on 
the XL, write for Bulletins 
XL-347 and XL -PRI. Address 
Department G-121. 

Qaaaoai 
MIME 

.a4otezavoff 

SINCE 1915 

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA 8 BRITISH EMPIRE: 
CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting British Empira): 
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO 

Speaker Systems 
(Continued from gage 24) 

compliance of the tangential type may 
he employed where drawing is used 
The greater excursion possible is off- 
set, perhaps, by the fact that linear 
movement is accompanied under tor- 
sion, which may in turn affect re- 
<ponsc. Subjective tests indicate no 
great disparity in operation. 

Mounting the diaphragm should be 
fast, accurate and easy. In the unit 
illustrated mounting is accomplished 
kith no special skill or centering de- 
vices. Annular recesses center the unit 
positively and the diaphragm assembly 
is secured by only three screws. 

The Low -Frequency Assembly 

The low -frequency assembly consists 
of the frame, cone and voice coil with 
compliance. The frame must be strong 
and not subject to warping. Toler- 
ances must be close to eliminate ad 
justments which would slow up pro- 
duction. For this reason no stampingm' 
are used, and the frame is accurately 
machined from non -warping aluminum 
castings of thick section. 

A curvilinear designed cone is em- 
ployed in our models to allow more 
driving area within the 15" diameter 
allowable. It was recognized when 
this choice was made that a straight - 
sided cone might theoretically supply 
more stiffness. Tests proved no dis- 
cernible weave or cone breakup, and 
increased efficiency was apparent from 
the additional driving area, totaling 
over 125 sq. in. 

The low -frequency voice coil in our 
speakers is copper wound. Conduc- 
tivity is higher than for aluminum, 
though mass is greater. The use of 
aluminum in the voice coil is limited 
to the high -frequency unit, where mass 
increase would seriously affect the 
upper limit of response. 

Quality Improvement 

Perhaps because the listening audi- 
ence has been easily satisfied, or more 
likely because the audience has not 
known how to articulate its dissatisfac- 
tion, and perhaps because acoustic de- 
sign must be treated subjectively and 
this violates the objectivity of the 
engineer, speaker research and design 
have been neglected. 

Surveying the art, we find many 
questions still unanswered. Why, for 
instance, have we seized upon flimsy 
paper cones and heavy metal dia- 
phragms as the basis for our ultimate 
design, which to date have fallen far 
short of their goal? 

\Vhat happened to the Klystron con- 
denser speaker? Why was this de- 
sign not pursued to the ultimate? 
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MICO 
2- & 3- DIMENSIONAL 

ENGRAVER 

Permits accurate reproduction of 
three -dimensional master on any 

of four reduction ratios. 

Prompt delivery. Catalogue on request 

Mico Instrument Co. 
88A TROWBRIDGE STREET 

CAMBRIDGE, MASS. 

Where are the ideal piston type 
designs, and the infinite cellular unit 
designs ? 

Even in theater woofers today we 
are content with a folded horn or a 
short straight horn that violates even 
our present acoustic knowledge. 

Yes, the problems are many. Acous- 
tic engineers have quite a development 
and research program facing them. 

SOUND MOVIE PROJECTOR FOR TV 

RCA's 35 -mm sound motion projector, which 
features electronically -triggered, high -intensity 
gap -lamp which is said to be virtually free of 
heat and eliminates the need for a moving shut 
ter. The periodic flashes of the lamp. coupled 
with a specially- designed film drive mechanism. 
make it possible to use standard 35 -mm film, 
which normally operates at 24 frames per sec- 
ond, to provide the 60 interlaced fields, or 30 
frames per second required for tv. Operator is 
shown at the monitor and changeover control 
rack, which contains the switches for the re- 
mote starting and stopping of the projector. as 
well as the remote controls for operating a 

slide projector. 
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Noise Measurements 
(C,aiti)ued from. paye 211 

of the factors is varied, the plut 
would no longer hold and the e.istance 
from source to microphone for a 1 -db 
error would have a different value. 
However, knowing the room condi- 
tions, a set of curves similar tu those 
of Pigure 1 can always be drawn up, 
using the following approximate for- 
mula : 

ER 167c/Y'(1-a) 

E3, S a 
, where ER and 

E are the reverberant and direct sound 
energies respectively, I) is the dis- 
tance in feet from source to micro- 
phone, .5 the interior surface area of 
the room in square feet and a is the 
average sound- absorption coefficient 
of the room surface. A reasonable 
approximation of alpha may be calcu- 
lated from published tables of the 
sound absorption coefficients of build 
ing materials, by multiplying the area 
of each surface material by its absorp- 
tion coefficient to obtain absorption, 
units, totaling the units and then divid- 
ing by the total surface area. Alpha 
may also be more accurately obtained 
by calculation from a measurement of 
the reverberation time of the room. 

The value of U, when ER equals E 
and their ratio is unity, is the point 
where the curves cross to give a total 
3 db higher than either curve. Other 
points on the total energy curve can be 
obtained by converting the plotted deci- 
bel values of ER and EE, to relative 
energies, adding and reconverting to 
decibels. 

A drawing such as this should be 
available in acoustic test rooms where 
precise sound measurements are made, 
as with it, one cantégytidily determine 
the microphone distafice that will give 
an accuracy consistent with the pre- 
cision of other factors affecting the 
measurements. 

Noise measurements are sometimes 
made in power houses, transformer 
sub- stations and other locations where 
high magnetic fields are present. Such 
fields may often be picked up by low - 
k.vel, high -impedance portions of the 
equipment to give erroneous noise 
readings. To guard against this, it is 
advisable to use as short a microphone 
cable as possible, and to check the 
minimum reading by covering the mi- 
crophone tightly. Often orienting the 
microphone or substituting a crystal 
for a dynamic microphone will reduce 
the pickup to a satisfactorily low value. 

A review of the foregoing will dis- 
close many possibilities for results 

(Continued on page 36) 

DESIGNED TO MEET EVER f REQUIREMENT 

MASS PRODUCERS Of A NAS 

SINCE THE START OF>- ADCASTING 
s1,1)EJJ 

Be assured of maximum reception and trouble - 
free operation with Brach FM & TV antennas. They are 
recommended for their simplicity, ease of installation 
and durability by service -men, installation engineers 
and dealers. Brach features a complete line, engi- 
neered for maximum performance and to meet all 
individual problems and requirements. 

All antenna kits are complete, containing a five 
foot steel mast, non -corrosive aluminum elements, 
ample down -lead, all necessary hardware and the 
Brach Universal Base Mount which permits a 360° 
rotation of the mast to any position on any type of 
building after the mount has been secured. Guy wires 
are also included and give complete protection and 
stability to the installation. 

Brach antennas feature a low standing wave 
ratio for peak reception and can be obtained to cover 
all channels from 44 to 216 MC. Each type of antenna 
has been tested to give a uniform pattern over the 
frequency range specified. 

ATTENTION. USERS OF PRIVATE BRANDS 

L. S. Brach Mfg. Corp., experienced in the de- 
velopment and manufacture of all types of receiving 
antennas, offers engineering and mass production 
facilities for the design and production of antennas 
to individual specifications. 

SEND FOR CATALOG SHEETS 

BRACH MULTI BAND 
FOR FMB TV #344 

44.108 MC 174.716 MC 
!Accessory Reflector Kit 
#34-4.12 os IIIuOroted) 

BRACH BROAD BAND 
FOR FM B TV #337 

44 -10B MC 
174.216 MC 

t BRACH STRAIGHT DIPOLE 
FOR FM #33 BB -108 MC 
FOR TV #331 44.88 MC 

Accessory Reflector KI1-- 
Fw FM #334.8 

Accesery ReRecter Kit - 
Pet TV #333.8 

J 
BRACH STRAIGHT DIPOLE 

SHOWN WITH REFLECTOR 

BRACH FOLDED DIPOLE 

FOR FM #330 8B -108 MC 
ROB TV #337 44.88 MC 

Accessory Reflector Kih 
Fer FM #335 -B 

Act..',,, BeRector 
Ter TV #337.8 

BRACH CROSS DIPOLE 

FOR EM #346 
88.108 MC 

BRACH 

UNIVERSAL 

RASE MOUNT 

L. S. BRACH MFG. CORP. 
200 CENTRAL AVE., NEWARK 4, N. J. 

WORLD'S OLDEST AND LARGEST MANUFACTURERS OF RADIO ANTENNAS AND ACCESSORIES 
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High r. f. current carrying capacity 
.50 amps. max. intefmittent load; 30 

amps. steady loac. Low loss factor. 
Sturdy mec-.anical design ... 

M; calex insulation. 
Furnished in cny 

number of 
decks. 

Write for Bulletin No. 472 

Manufacturers of Precision Electrical Resistance Instruments 

335 CENTRAL AVE. JERSEY CITY, N. J. 

A MPERITE 
Studio Microphones 

at P.A. Prices 

Ideal For BP.OAC CASI1N 
RECORDING 
PUBLIC ADDRESS 

"The ultimare in microFhone quclity," says Evan 
Rushing, sand engineer of the Hotel New Yorker. 

Shout right into -he new Amperite 
Microphone -or stand 2 feet away - 
reproduction is always perfect. 

The only type microphone -hat is not 
affected by any climatic conditions. 

Guaranteed to withstanc mere "knock- 
ing around" than any otter type mike. 

Special Write for Special In'roductory Offer, 
Offer: and 4 -page illustrated folder. 

OW 

III 
Models 

RUG -200 ohms 
RdHG-- Hi -ínp. 

_ist $42.30 

AMPER/TE Grnpany Inc. 
561 BROADWAY NEW YORK 12, N. Y. 

In Canada: Atlas Rcdio Corp.. Ltd., 560 King St. W., 

"Kontak" Mikes 
Model SKH, lis- $12.00 
Model KKH, list $18.00 

Tor-ynto 
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(Continued from page 35) 

that, to the uninitiated, might : eem in- 
comprehensible or inconsistent. How- 
ever, with attention to the points 
brought out, the engineer making 
noise measurements for the first time 
can avoid many of the more common 
errors, and can save himself from the 
embarrassing position -of distrusting 
his own equipment. A close scrutiny 
of the results of acoustic measure- 
ments is always profitable, but the 
sound -measuring equipment usually 
deserves questioning last of all. Most 
modern sound meters are well built, 
care having been taken to make them 
dependable, stable, and accurate. 
When one considers the other more 
probable causes of an inconsistent 
reading he will be more incliner', to 
place the meter in the position of 
Caesar's wife -"above suspicion." 

The Industry Offers 
(Continued front page 29) 

FISHER -PIERCE PHOTOELECTRIC 
LIGHT CONTROL 
Photoelectric controls for the control of air- 
craft obstruction lights on towers. have been 
announced by the Fisher- Pierce Company, 72 
Ceylon Street. Boston 21, Mass. 

Controls turn on automatically at 35 foot - 

candles and turn off at 55 foot -candles. One 
model, 61305. is rated to control 500 watts of 
incandescent lamp load. and another model. 
61306, is rated to control 3.000 watts. Both 
operate at 13) volts, 50 to 60 cycles. 

KAY ELECTRIC MEGALYZER 
:1 v -h -f spectrum analyzer, the Megalyzer, has 
been announced by Kay Electric Company. 
Pine Brook, N. J. 

Unit can be used as a monitoring instrument 
for conununication systems studies and anal- 
ysis. and observe simultaneously all signals 
within a frequency sweep band 30 me wide 
within the 30 to 300 me range. Sensitivity said 
to be better than 200 microvolts. Narrow fre- 
quency resolution of 100 kc. 

Megalyzer may also be used as a sweeping 
oscillator for conventional alignment work. 

KURMAN SPLIT ARMATURE RELAY 
A relay with a split armature. type 24. de- 
seloped for automatic controls keying, antenna 
changeover. burglar alarms. and closed circuit 
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applications. has been announced by the Fur. 
man Electric Co.. Inc.. 35 -18 37th St.. Iwntg 
Island City 1. N. V. 

Rated sensitivity. .014 watt d -e: .3 va a -c. 
Adjusts to operate at (*15 watt. :nil from 

.III to 1)5 volts d -c or iie. 

nuM^>to n^ 

24436 

G.E. SINGLE SIDEBAND SELECTOR 
A single sideb:uad selector, tyln VRSi. has 
been developed by the Specialty Division of 
I i. E. 

Device is said to atïord a reduction of dis- 
tortion due to selective Lading for long dis- 
tance recepliou of arms rigs :Js. According to 
it, rge F. Devine, c,.m met cial engineer for 

the division, a complete single sideb:utd sy.s 
tern, tr :msrnit ter and receiver. would permit 
twice as many signals or stations in a band 
and would increase transmitter efficiency by 
up to 75 %. 

Carrier drift. within limits. is followed I,r 
means of a lucked oscillator eliminating an) 
oral to follow small variations in transmitter 
frequency or drift in the receiver's local oscil- 
lator. 

There are four pnshbnttuns on the device. one 
for dual sideb:md reception with reinforced 
carrier, one for normal recent. and one for 
selection of each sideband. Designed for use 
with receivers having aun i -f of :bout 455 kc. 

TURNER MIXES 

A bidirectional velocity type microphone and 
improved cardioid microphone have been de- 
veloped by The Turner Company, Cedar Rapids, 
Iowa. 

Velocity microphone, mush -i 87. has a single 
element ribbon generator supported in an 
Alnico V magnet. lias shielded output traus- 
furmers to exclude hunt pickup. Response i 

said to be held to within +5 db fr NO to 
Id.11)0; level, 1.2 db below I volt /dyne /sq ew 
at high impedance. llas a 4posilinn output 
switch permitting use with 50, 300. 5(X) ohms. 
,.r high impedance inputs. 

Ca rdioid microphone model 77. features a 
wide -range pickup at the front and a sharply 
attenuated output at the rear. Disc ' ation 
between front and rear is said to be approxi- 
mately 15 Ili at all frequencies; response is 
within t 5 db from 70 to 10,000; level. (.? db 
below 1 volt /dyne /sq cm at high impedance. 
Equipped with 4- position output switch giving 
50. 2011, 500 ohms, or high impedance output: 
tilting head- and quick -disconnect cable. 

Turner type 77. 

W. E. REPRODUCER ARM GUARD 
A guard. type 711,.\ for the 5A reproducer arm 
has been amo mnce,l by N'rsten, Electric. 

The guard serves as an :u tomatic latch type 
support for the reproducer arm and reproducer 
during intervals between the playing of records. 

Gnarl consists of two main assemblies. a 
guide housing which mounts on the reproducer 
panel and a follower assembly which is at- 
tached to the reproducer arm. 

(Continued on page 38) 

WGN -TV 
SELECTS ANDREW 

TELEVISION TRANSMISSION 

LINE and ANDREW 
INSTALLATION SERVICE 

Many of America's new television stations are selecting Andrew equip. 
ment because of the efficiency of Andrew's flanged coaxial transmission 
line and the adder advantage of having Andrew consulting en- 
gineers install it. 
Because each television installation poses its own different, individual 
problem, those stations selecting Andrew have two big advantages: 
I) they obtain transmission line and accessories specially designed for 
television, and 2) specialized Andrew consulting engineers are avail. 
able to direct the installation. These engineers have both the special 
instruments and the experience to engineer all or any part of the 
construction of a television station. NO OTHER TRANSMISSION 
LINE MANUFACTURER OFFERS YOU THIS COMPLETE IN- 
STALLATION SERVICE! 
Andrew TV transmission line meets official RMA standards and is 
specially designed for television. Mechanically, it's held to close 
television tolerances assuring an essentially "flat" transmission line 
system. 
Fabricated in twenty foot lengths with brass connector flanges silver 
brazed to the ends sections can be easily bolted together with only 
a couple of small wrenches. Flanges are fitted with gaskets so that 
a completely solderless, gas -tight installation results. Markings on 
the outer conductor indicate where twenty foot sections may be cut to 
maintain the characteristic S1.5 ohm impedance. 

WANT A TELEVISION STATION DESIGNED AND 
BUILT -FROM THE GROUND UP? LET ANDREW 
DO IT! 
Write today for full details. Andrew will get you on the air. 

Television ntenna of WGN -TV Chicago's 
newest and most powerful television station - 
showing Andrew 1.5/8" flanged television trans- 
mission line. 

C O R P O R A T I O N 

363 EAST 75th STREET CHICAGO 19 

TRANSMISSION LINES FOR AM. FM. TV DIRECTIONAL ANTENNA EQUIPMENT ANTENNA 

TUNING UNITS TOWER LIGHTING EOUIPMENTCONSULTING ENGINEERING SERVICE 
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KEEP POSTED ON 
ELECTRON MATES 

Use this convenient coupon 
for obtaining the RCA tube 
reference data you need. 

/ RCA, Commercial Engineering, 
Section GW38, Harrison, N. J. 
Send me the RCA publications checked below. I 
am enclosing $ to cover cost of the books 
for which there is a charge. 
Name 
Address 
City Zone State 

Quick- Reference Chart, Miniature Tubes (Free). [Al 
HB-3 Tube Handbook (510.00)'. [B] 

RC -I5 Receiving Tube Manual (35 cents). [C] 

Receiving Tubes for AM, FM, and Television Broad- 
cast (10 cents). ]D] 

Radiobon Designers Handbook (51.25). [E] 

Quick Selection Guide, Non- Receiving Types (Free). [F] 

Power and Gas Tubes for Radio and Industry (IOcents).[O] 
Phototubes, Cathode-Ray and Special Types (10 cents). [H] 

RCA Preferred Types List (Free). [I] 
Headliners for Hams (Free). [1] 

'Price applies to U. S. and possessions only. 

Irrer OEIAMIM(MT 

RADIO CORPORATION el AMERICA 
MAMM,sow M. -I 

REVOLUTIONARY SOLDERING IRON 1"i. Sol d etron 
Tr. Murk Res., Pat. Pend. 

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

Ready for attachment 
and operation on 110 

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 91 a x 15/16'; shipping 
weight approx. 4 lbs. 

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

PRICE: including transformer and Tip -Head "A", 513.95 
hi411er cc o.; i \I iaiilPl: lair traded 

.4 sk your distributor, or for further information arise to: 

TRANSVISION, INC., Dept. C, NEW ROCHELLE, N. Y. 
IN CALIF.: Transvision of Cal., 8572 Senta Monica BIN if.. tfollywood 46 
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The Industry Offers 
(Continued from page 37) 

ROLLIN V -H -F U -H -F SIGNAL 
GENERATOR 
A standard signal generator. 
in. lei ,;h 5 w:ats nominal r -f output, 
5U -ohns impedance with a 160 -db range of at- 
tenuation (15 volts to .10 µv), and provision 
for cw, a m or pulse operation, has been 
announced by the Rollin Company. 2070 N. 
Fair Oaks Ave., Pasadena 3, Calif. Signal 
generator can be tuned from 40 to 400 inc. and 
has a spiral dial scale nearly 4' long. calibrated 
at intervals of I% in frequency. 

ROBINSON RECORDING MACHINE 
A lathe type recorder for professional work 
in stations and recording studios. has been 
announced by the Robinson Recording Labora- 
tories, 2022 Sansom Street, Philadelphia 3, Pa. 

Improved belt drive and dynamically balanced 
parts are said to reduce the wow factor to 

.01% on both 78 and 33 1/3 speeds. 
Five pitches are available with either inside 

or outside start: 88, 96, 112 120 and 128 lines 
per inch. Quick feed or spiral is obtained by a 

large hand wheel. Provision is macle for eccen- 
trics and safety groove cutting. 

TRIG TOWERS 

Trip Tourers in self -supporting ant guyed types 
have been announced by the' Rgstan Corp., 
203 East 44th Street, New York .1P,' -New York. 

Of triangular design and fabrickted of 61 ST 6 

aluminum alloy. Ladder with 15" rung spacing. 
is integral with one side of tower. 

Produced in 10' sections, the free standing 
type comes in heights of 10'- 20' -30' and 40' and 
the guyed type in heights from 10' to 100'. 

Designed to withstand 90 miles per hour 
winds. Guy towers support 200 pounds with 
a projected area of 10 square feet of round 
members of 6 2/3 square feet of fiat surface. 
The selfsupporting towers will support 200 
pounds with a projected area of 7% square feet 
of round members. 

PEERLESS ELECTRICAL 
AUDIO TRANSFORERS 

_ isfarmers, which are 
ciii w Le dat ,Ith:u I db from 20 to 20,000 

cycles has been developed by the Peerless 
Electrical Products Division of Altec Lansing 
Corporation, 6920 McKinley Ave., Los Angeles 
I, Calif. 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


MEASUREMENTS CORP. 
BROAD -BAND TRANSFORMER 
A broadband transformer, type \t -2lì6, de- 
signed for matching 72 -ohm coaxial to 300"ohnt 
balanced line in the range from 40 to 220 mc. 
has been announced by Measurements Corp.. 
Boonton. New Jersey. 

While the unit was developed 1 arily for 
use with Measurements type fil) standard signal 
generator, in conjunction with a 72 -ohm match- 
ing pad, it is ar "aptable to other signal gener- 
ators in the frequency range of the trans- 
former. It may also be used for matching 
coaxial 72 -ohm lines to receivers having an 
Input impedance of (00 ohms. The transformer 
yields a voltage stint -up of 1:2. 

The 72 -ohm termination of the transformer 
has AN type PO -21 /U (Navy type 49Y,8) co- 
axial fitting; soldering lugs are provided for 
connections to the .1W -ohm termination. 

REK -O -KUT RECORDER 
A 12" disc recorder, the C6allenper, has been 
announced by the Rek -O.Rut Company, Inc.. 
3$ -01 Queens Boulevard, New York. 

Features include a Master -Pro patented over- 
head feed mechanism, dual speed 12" turntable 
and chassis constructed of aluminum castings. 
instantaneous, speed change to 78 or 33 1/3 rpm, 
and a high -fidelity amplifier for recording and 
play back. Has :t 1," pickup arm. 

CANNON ELECTRIC 
UTILITY PILOT LIGHT 
I-1, r,,r ninny r,Irt light,, for signal 

ireoration. and general 
illumination. have Leer developed by Cannon 
Electric Development Company. 3209 Humboldt 
Street. Los Angeles 31. California. 

Available in one type of 8-prism lens to four 
separate lens or more, mounted on a plate 
E$" wide, the depth varying with the num- irr of lens. Lens emne in five colors of tin. 
reakahle plastic, anti are lighted by 93S8 lamps 

for single contact trac -nun base of 12 v, 15 cp: 
Ir 'So candelabra lamps for screw hase in 
15 v types. 
A variation of the pilot light, the DPF9 

uses a 9" n w fluorescent lamp for illumina - 

ion purposes only. 
Bulletin No. UI'L -I contains further data. 

for Radio and Television receivers . , . 

punched, threaded, notched or grooved to meet indi- 
vidual specifications with nominal tooling costs. 

These spirally laminated paper base phenolic coil forms 
and tubes give exceptional performance with the added 
advantage of lower material costs. Note: We also have 

available numerous stock punching dies. 

Partial list of 
Radio and Television 

Receivers 
in which Cosmalite 

is used: 

Admiral 
Arvin 

Belmont 

Bendix Radio 

Colonial 
Farnsworth 

General Electric 
Howard 

Magnavox 
Motorola 
Sentinel 

Stewart Warner 
Warwick 

Wells Gardner 
Zenith 

' "I "' :,,h Mark Rego.te.,,!. 

Your inquiry will receive im- 

mediate and intelligent atten- 

tion. 

Ask also about other Cosmalite 

types ... No. 96 COSMALITE 
for coil forms in all standard 

broadcast receiving sets. SLF 

COSMALITE for permeability 

tuners. COSMALITE deflec- 

tion yoke shells, cores and 

rings. 

* 

Spirally wound kraft and fish 

paper Coil Forms and Con- 

denser Tubes. 

? CLEVELAND CONTAINER a. 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
All -Fibre CansCombination Metal and Paper Cans 
Spirally Wound Tubes and Cores for all Purposes 
Plastic and Combination Paper and Plastic Items 

w + 

MODICTION PLANTS also at npNtl, NIic., Otlaslrrt.N.Y.. 010te,111., Pelts*. YkL, IinslNt.MJ. 
PLASTICS ORION at Plymts, Nlie. ABRASIVE DIVISION At Clerelol, 011r 

'ILES OFFICES c 6n 5132í Grid Cott,I Um. Nn tirl 11,N 'V , nsr 141 W 1. St., Nun ea, CNr, 

CANADIAN PLANT. Tle Closlul Couun Ciao, Ltd., nescnt, Omets 
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.elf f3(ankee 
elle/t¡ytr %ck 

T 
t-Xe 0l//Lu- the rk;y 

It's a far cry from smoke signals to elec- 

tronic communications. And at the heart 

of electronics lies the coil. We wind coils 

of great variety for many uses and our 

30 years of experience is at your service. 

Send us your specifications. We 

shall be glad to quote. 

COTO-COIL CO., INC. 
COIL SPECIALISTS SINCE 1917 

65 Pavilion Ave., Providence 5, R. I. 
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for DISTORTION and BRIDGE MEASUREMENTS 

at 2 to 15,000 CYCLES 

rlsatMOr r Oraö 111400 

!O u PO 40 00 110 ?II 00 IW aA 

The normal range of this os- 

cillator is to to tf,coo cycles. 

The Range Extension Unit 
(above) lowers this range by a 

full decade to z to 15 cycles, 

greatly extending its usefulness 

to frequencies considerably below 

those heretofore practicable. 
With its very high stability, 

unusually low distortion and 
many operating conveniences, 

the Type t;orA Lou-Distor- 
tion Oscillator fills a universal 
need in distortion and bridge 
measurements. 

TYPE 1301 -PI RANGE EXTEN- 

SION UNIT $70.00 

TISn highly stable oscillator with unusual:y low distortion 
is cf the resistance -tuned type and operat.s of the inverse 

feedback princip :e developed by General Radio 
The Type 1311 -P- Low -Distortion Oscillatot is especial :y suit- 

able as an a -f power source for bridge use, for general distortion 
measurements, to obtain frequency characteristics and to make 
rapid measurements of distortion in broadcast transmitter systems. 

FEATURES 

WIDE FREQUENCY RANGE - 20 to 15,000 cycles (with Range Extension 
Unit, 2 to 15,00( cycles) 

CONVENIENT TO USE - 27 fixed frequencies, selected by two push -button 
switches in logarithmic steps - any desired frequency between steps obtained 
by plugging in eternal resistors 

THREE OUTPUT IMPEDANCES - 600 -ohm balanced to ground; 600 -ohm un- 
balanced; 5,000 ohm enbalanced 

EXCEPTIONALLY PURE WAVEFORM - Distortion not more than the follow- 
ing percentages: with 5,000 -ohm output 0.1% from 40 ro 7,500 cycles; 0.15% at 
other frequencies. With 600 -ohm output 0.1% from 40 to 7,500 cycles; 0.25% 
from 20 to 40 cycles and 0.15% abc ce 7,500 cycles 

HIGH STABILITY - Frequency is not affected by charges in load or plate 
supply voltage. Drift less than 0.02t'í per hour after a few minutes operation 

ACCURATE FREQUENCY CALIBRATION Adjusted to within 1;¡% ± 0.1 

NO TEMPERATURE OR HUMIDITY EF1°ECTS - In ordir.ary climatic changes, 
operation is unaffected 

TYPE 1301 -A LOW- DISTORTION OSCILLATOR $395.00 

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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RUBBER RECIPE 

Rubber compounds to the tune 
of some 35 million pounds a year go into 
Bell System plant. Each compound 
must meet many requirements for re- 

sistance to humidity, oxygen, ozone, 
light and abrasion. The right properties 
depend on skillful selection and com- 
pounding of ingredients; this is one of 

the jobs of Bell Laboratories. 

Sulphur, one essential ingredient 
of rubber, can also be corrosive. That 
seemed to rule out rubber on telephone 
cords. But Bell chemists found that if 

they held sulphur to the bare minimum, 
corrosion ceased. Now your handset 
cord has long life, is less susceptible to 
moisture as, for example, from a wet 
umbrella. 

Connecting your home to the 
telephone wire on the street is a "drop" - one hundred feet or more of rubber - 
insulated wire. Once this wire was pro- 
tected from ozone, light and abrasion by 

an impregnated cotton braid; but water 
leached the impregnant, and the braid 
rotted. Bell chemists tested scores of 

synthetics, and selected neoprene as an 
exterior covering with many times the 
life of braid. 

Rubber is only one of many types 
of insulation developed by the Labora- 
tories for the Bell System; insulation is 

only one of the Laboratories' problems 
in providing a quick, economical path 
for your voice. 

BELL TELEPHTNE LABORATORIES 

EXPLORING AND INVENTING. DEVISING AND PERFECTING FOR CON- 

TINUED IMPROVEMENTS AND ECONOMIES IN TELE'HONE SERVICE. 
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