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* The output network in the 231 Series Transmitters does several things that have never been

done so successfully before. It covers. the frequency range 2.5 - 20 ‘mc continuously with only 3 controls. No

Y

taps or coils are changed for any combination of operating frequencies. It efficiently matches a push-pull ampli-

fier to a balanced or unbalanced antenna load and accommodates a wide range of amtenna resistances and im-

N

pedances. It, of course, embodies the Autotune System of automatic frequency shift. T 5 L 2
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EPENDABLE INSULATION

FOR MORE THAN 25 YEARS

INCE 1913 Formica has concentrated on just one product

laminated sheets, tubes and rods. It equipped itself
early with a well manned and efficient laboratory which has
worked steadily on the development of new grades and the

improvement of old grades of laminated insulating material.

There are now available special variants emphasizing
nearly all of the useful properties of the sheet for special
purposes — and one can be selected that will meet your

exact requirements. Send us your blue prints for quotations.

The Formica Insulation Co., 4612 Spring Grove Ave., Cincinnati, 0.

ORMICA
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COMMUNICATIONS

APR'L Inc¢luding Television Engineering, Radio Engineering, Communication & VOLUME 20
Broadcast Engineering, The Broadeast Engineer.
| 9 4 0 Registered U. 8. Patent Office
Member of Audit Bureau of Circulations

cContents-

COVER ILLUSTRATION

The directional antenna for the 132-megacycle frequency-modu-
lated relay station WEOD atop the Yankee Network studios
in Boston, Mass. This station is used for sending programs to
WIXOJ, Paxton, Mass.—an airline distance of approximately 45
miles. See article on page II.

7 GROUND WAVE PROPAGATION CHARACTERISTICS
By Carl E. Smith

|1 NOTES ON F-M TRANSMITTERS By Frank A. Gunther

14 A UNIVERSAL AUDIO BROADCASTING AMPLIFIER
By L. C. Sigmon
17 "SOUND" IDEAS By S. Gordon Taylor

19 FUNDAMENTALS OF TELEVISION ENGINEERING —

Part VIIi: Television Transmission By F. Alton Everest
22 THE MARKET PLACE

24 A LIGHT PATTERN CALIBRATION CHART
By A. James Ebel

29 AUTOMATIC TIME SIGNALS By Roy Batteau
34 VETERAN WIRELESS OPERATORS ASSOCIATION NEWS

40 OVER THE TAPE

44 INDEX OF ADVERTISERS

RAY D. RETTENMEYER

NUMBER 4

-Editorial
Comment-

THE Spring Convention of the Society of Motion
Picture Engineers is being held from April 22 to 25
at Haddon Hall, Atlantic City, N. J. In addition to a
very interesting program featuring many technical
papers dealing with the motion picture art, some five
television articles have been scheduled.

And while on the subject of conventions, it should
be noted that the Institute of Radio Engineers are
holding their annual gathering at the Hotel Statler,
Boston, Mass., on June 27, 28 and 29. Although no
details are available at this time, an unusually good
program is promised. Further data will, of course,
appear in a later issue of COMMUNICATIONS.

It should also be noted that the convention of the
National Association of Broadcasters is being held in
San Francisco, California, August 4-7. Arrangements
have been made to hold this meeting at the St. Francis
Hotel. Details are not available at this time.

MUCH aHention is being given to the action of
the Federal Communications Commission re-
garding television.

Following extensive hearings and tours of television
laboratories earlier this year, the Commission decided
not to set standards but to permit limited commercial
sponsorship of television programs beginning Septem-
ber I. Hence their more recent decision to suspend
the above ruling and to hold further hearings came
as a distinct surprise. The reason for this action by the
FCC was apparently based upon certain promotional
activity in connection with the sale of television re-
ceivers which did not meet with the Commission's
approval.

After having received such a setback, it is needless
to say that the entire radio industry is much concerned
over the action of the Commission. On the whole, the
trade and press seem to feel that the FCC has ex-
ceeded its authority in this matter. Further develop-
ments will be watched with interest.

Copyright 1940, Bryan Davis Publishing Co., Inc.

Published Monthly by the

BRYAN S. DAVIS

[N s O BRYAN DAVIS PUBLISHING CO., Inc.

PAUL S. WEIL
Advertising Manager

19 East 47th Street
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New York Telephone: PlLaza 3-0483
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Woellington, New Zealand—Te Aro Book Depot
Melbourne, Australia—McGill's Agency

Entered as second-class matter October 1, 1937, at the Post Office at New York, N. Y., under the act
of March 3, 1879. Yearly subscription rate: $2.00 in the United States and Canada, $3.00 sn foreign coun-
tries. Single copies: twenty-five cents in United States and Canada, thirty-five cents in foreign countries.
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No wonder broadcasters like the A Reproducer.

It plays both vertical and lateral recordings with
highest fidelity—can be used with any equipment—
priced within reach of all. Ask Graybar for Bulletin

T1630—equip your present transcription tables with 4 'y
sk yowr engineer aboul lhe

this pace-setting 2-in-1 pick-up!

ermrons nos oo, WOSTOIH ElOCITIC

New York, N. Y. In Canada and Newfoundland:

Northern Electric Co., Ltd. In ofher counries: 9 A REPRODUCER
International Standard Electric Corp.

COMMUNICATIONS FOR APRIL 1940 o 3
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ISOLANTITE INSULATORS

WITHSTAND EXTREME /7B RA 7704

Strenuous Laboratory Tests

Show Isolantite’s Indifference to Jolis,
Jars and Jitters

HE shocks of bad landings and the bumps of
Trough roads are all in a day’s work for radio
equipment designed for today’s needs. And efh-
cient, trouble-free service under the extremes of

operating conditions are ‘“musts.”

To insure rigid adherence to these standards in
both design and materials, complete radio appara-

“*shake-down” treatment at

tus is given severe
General Electric’s Radio Engineering Laboratories.
On the formidable vibration table illustrated here
the “daylights” are shaken out of radio assemblies

to learn what gives way first and why.

Among the parts which prove they can take more
punishment than ever would be anticipated in actual
use are Isolantite® Insulators. For Isolantite pos-
sesses great structural strength which assures me-
chanical protection against the shocks and stresses

of actual use, and permits small, compact insulator

design with thin, weight- and space-saving cross- X Marks the spot on this merciless Vibration
Table where, in completed radio assemblies,
Isolantite Insulators show that they can
take more physical punishment than will
be encountered in extreme military and

sections.

Electrically, too, Isolantite is extremely efficient
because of its low loss properties at high frequen- . civil flying gonditions.

cies. Impervious to the effects of moisture and tem-

perature, it assures stability under all conditions

e . * 2 lantite Inc.
that may be encountered in service. Registered trade-name for the products of Lsolantite Inc

Isolantite is readily adaptable to new forms. Special
parts — as well as standard insulators — are economically

manufactured. If you are planning apparatus that may

ISOLANTITE

engineers. Their specialized knowledge of the industries CERAMIC INSULATOR S

that Isolantite serves will enable them to suggest an an-

benefit from new insulator designs, call on Isolantite’s

ISOLANTITE INC. FACTORY: BELLEVILLE, NEW JERSEY

swer to your ‘Present needS and antidpate your future SALES OFFI CE: 233 BROAD WAY, NEW Y OR Kl N. Y.

requirements.

4 ® COMMUNICATIONS FOR APRIL 1940
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..+« RCA AIR-RADIATOR
TRANSMITTING TRIODES

Hundreds of RCA-891-R’s and 892-R’s in daily service in
leading broadcast stations testify to the sound economy of
operation made possible by these popular RCA Air-Radiator
Transmitting Triodes. Lower first cost—simplified installa-
tion—no water-cooling worries—ample output for general
broadcast requirements!

Similar in construction to water-cooled units, these tubes
are equipped with highly efficient air radiators which pro-
vide great cooling areas in a minimum of space. Anode heat
is dissipated quickly, quietly and efficiently.

Double-unit filaments permit operation from two-phase
a.c., thus minimizing hum. Filaments used in these types
operate at lower-than-ordinary temperatures and contribute
materially to exceptionally long tube life. Ask the station
that uses these tubes!

Both the RCA-891-R and 892-R are designed for class B
and class C services. The 891-R may also be used in class A.
Amplification factor of the 891-R is 8; the 892-R, 50. Max-
imum ratings of the 891-R for plate modulated class C tele-
phone service are: d-c plate voltage, 8500 volts; d-c plate
current, 1 ampere; plate input, 8 kw; plate dissipation, 2.5
kw. Typical power output is 3.5 kw. Net replacement costs
compare favorably with water-cooled tubes of equal size.

Complete technical information gladly sent upon request.
Write to RCA Mfg. Co., Commercial Engineering Section,
RCA Manufacturing Company, Inc., Harrison, N. J.

@ This Triode Takes its Full Rated
input of 50 Watts up to 500 Mc.

i i i es make the
ing engineering features, e
Oeuvtvsmn(giA-%GZS Transmitting Tnoldgl;r:g:t
e o its class. A double-helical Blament
has a center-tap lead that is l;lmgi éoonnec‘ing
through a separate seal. g
?tl:gl:hree filament leads in parallel _thrlotlz)grtrl‘in-
by-pass condensers, 1t 1S now pragthca Dy
irz’]ize the effect of filament lead m',du:l:nd S
Uhm'hifh fbrequegcxest. t?l?&?é?\ ggmrate seals,
so brought out € eals,
L??x:i;l’i?y neutralizationin r-famplifier service
= the ultra highs by eliminat-
ing common impedances
between, tank and
neutmlizmcgl cnrcuntcs
Y o
within the tube. Close sp
ingofgridand platedecreases
electron transit time, thereb
improving efficiency at hig
frequencies.

Data bulletin on request

1
3
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ECONOMY

VAVARAVATANA
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Experiments
Here!

As essential to the operation of
Air-Radiator tubes as good tube
construction itself, is the design
of the finned radiator with which
they are equipped. Pioneered and
perfected by RCA, each radiator
supplied with RCA-891-R’s and
892-R’s carries the fine reputa-
tion which has been established
through more than four years of
extensive use in many of the
country’s leading high-power
broadcasting stations. Exception-
ally low operating temperatures
are assured at all times.

Forreal economy, it paysto invest
in experience—not experiments!

FIRSTIN METAL—FOREMOST IN CLASS—FINEST IN PERFORMANCE

RCA MANUFACTURING CO., INC., CAMDEN, N. J. A Service of The Radio Corporation of America

e A o i
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A graphical method of determining the field intensity
as a function of ground conductivity, ground induc-
tivity, radial distance, operating frequency, and
operating power or unattenuated field intensity at
one mile.

SIS AP S A PSSP

P AL LLP A s
R -t IS--S PSS SN N NN NN TN NN NN NN S

[ e e e e

By CARL E. SMITH"
Assistant Chief Engineer
The United Broadcasting Company

Ground WAVE PROPAGATION

']‘HI . most important type of ground wave 1s a
vertically polarized wave such as radiated from a
vertical antenna over a perfect conducting earth. In
vertically polarized waves the electrostatic lines of force
are normal to the surface of the perfect conducting earth,
hence are not absorbed or reflected. Such a wave has as-
soctatedd with it a charge density which travels along in
the surface of the earth and a magnetic field which travels
alonig above and parallel to the sutface of the earth. In
this case, the surface is the guiding conductor just as the
case of propagating energy along a transmission line of
metal conductors, with this exception—that the surface of
the earth is continuously increasing and the vertically
polartzed field must diminish in magnitude inversely with
distance from the transnutting antenna.

For the practical case of an imperfect earth, the wave
front (electrostatic field) has a slight forward tilt which
results in a downiward component of energy to supply
earth losses. The same thing happens to the wave front
along a transmission line to supply the conductor losses.
Since the earth losses are such an important factor in
determining the field intensity at a distance, it is para-
mount that they be given adequate consideration.

The field intensity can be determined from the well
known equation :

KVP A

T e L A SN 3.

Where E = millivolts per meter field intensity. _
K = antenna constant which is the unattenuated field in
millivolts per meter at ornie mile when the power

input is one watt.

—

:Fresidem. Smith Practical Radio Institute.

= 5.9 for a vertical doublet ¢lose to the surface of the
earth.

6.17 for a vertical quarter-wave antenna with its
base at the surface of the earth.

P = power input to the antenna in watts.

KW/ P = the unattenuated field intensity at one mile in milli-
volts per meter.

A = Sommerfeld Attenuation Factor which takes into
account earth losses.

d = radial horizontal distance from the transmitter in
miles.

It the power is expressed in kilowatts, then the an-
tena constant K — 186.4 millvolts per meter, the unat-
tenuated field at one mile for one kilowatt input for a
vertical doublet or stub antenna near the surface of the
earth. For a vertical quarter-wave antenna this constant
is K = 195 millivolts per meter- per kilowatt input at
one mile.

The Sommerfeld Attenuation Factor is a complicated
function of the conductivity, dielectric constant, fre-
quency, and distance from the transmitting antenna.
With certain simplifying approximations and modifving
assumptions A can be expressed graphically in terms of
the numerical distance p for various values of the phase
constant b. Such a set of curves appears in Fig. 3.

A fair analvtical approximation given by Van der Pol
with a correction factor given by Norton is:

24030 [
AN T sinb4l — e™ (2)
24 p+06 p* 2

le
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Where
rdcosb rdsinb
) o 3
A A (e 4 1)
tan b (4
180 108
(5]

conductivity of the earth in emu

€ = inductivity (dielectric constant) of the earth in esu.
(e =1 for air)

frequency in megacycles
d/M = distance from transmitting antenna in wavelengths
base of natural logarithms

From these equations it is readily seen that a number
of things must be taken into consideration. A simplifying
approximation at low frequencies is to treat the earth as
a pure resistance, hence b = 0° and Equation (3) simpli-
hes to

for a resistive earth when b - .. (6)
A

There is a radio engineers slide rule designed by Mor
rison based upon this approximation.

At frequencies in and above the standard broadcast
band the phase constant b becomes effective until ar the
higher frequencies the impedance of the earth is pri
marily capacitive and Eq. (3) simplifies to:

d
ior a capacitive earth when b = 90 A7)
€ 1) A

The approximate equation for A as given in Eq. (2)
has been ploited as a fine dotted line in Fig. 3 for the
case of a pure resistive earth (b =0) and for the case
of a pure capacitive earth (b =90°). For a pure re-
sistive earth this approximate equation gives values too
small when the numerical distance p is less than 5 and
it gives values too large for values of p greater than 5.
For a pure capacitive earth this approximate equation
gives values too large when p is less than 0.65 or greater
than 5.2. Between these values of p the values of A
are considerably too low. An inspection of Fig. 3 will
reveal the magnitude of these errors for various nu-
merical distances.

Since the object of this paper is the presentation of a
graphical method, the more exact curves replotted from
K. A. Norton’s paper! on “Propagation of Waves” can
be utilized. Then in order to eliminate computations
several curve sheets have been perpared. By the use of
these curve sheets ground wave characteristics can
readily be determined for most conditions existing in
practical radio communication.

This graphical solution is superior to using the ap-
proximate equation of Van der Pol even with the correc-
tion factor given by Norton. It also gives more accurate
results than the radio engineers slide rule based upon
the assumption of a pure resistive earth.

\ sample computation has been carried through the
curve sheets with a dashed line. The arrows have been
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drawn along the dashed line indicating the direction to
follow the line through the curve sheets. The typical
example illustrated in the curve sheets is as follows:

EXAMPLE: It 1s desired to determine the theoretical
held intensity at a radial distance of 10 miles from a
transmitter operating on a frequency of 1000 kilocycles
and a power which produces an unattenuated field at
one mile of 100 millivolts per meter. The conductivity of
the soil 1s 10" emu and its inductivity is 13 esu.

GIVEN: From the example

fwe = 1 megacycle
¢ = 10™ emu.
€ =15 esu.
d = 10 miles

K\/;: 100 mv/m.

DETERMINE: The field intensity E in mv/m.
Solution:

Fig. 1~ fmc=1-+>0=10""+ x= 180+ €= {5~ b=54°
Fig. 2- fmc=1+0=10"">y=326+2-0.98+d=10

Fig.3-2=098+b=5.{>>p=0.96+>b=5.1>a=0.62

Fig. 4- A=0.62>d=10>Y19A-0.25+KyP-100~E =
Answer: E =0.62 mv/m 0.62 mv/m

In the above the equal sign gives the value of the
variable to use and the arrow indicates the direction to
proceed along the dashed line through the respective
curve sheets.

If the assumption is made that b = 0° the result from
Fig. 3 gives A = 0.67 and from Fig. 4 E = 0.66 my/m,
It is interesting to note that the radio engineers slide rule
for this problem gives A = 0.672 and E = 0.66 mv/m.
This shows that even at 1000 kilocycles, in the middle
of the standard broadcast band, the error due to this as-
sumption may be 6 to 8 percent.

It 1s also interesting to note that for this case the
Van der Pol approximate equation for A as indicated by
the fine dotted line in Fig. 3 gives A — 0.64 a value that
is fairly accurate and if the Norton correction for b is
used, the value becomes A — 0.61 which is a more ac-
curate value. However, in other cases the maccuracy of
this approximate equation may increase to approximately
40 percent.

This example bears out the fact that the phase constant
b should be taken into consideration in most problems
even though it necessitates the use of one more curve
sheet (Fig. 1.). This is also in line with the tendency
of good engineering practice today to consider both the
inductivity and conductivity of the earth over which
the field intensity is to be determined.

In the foregoing analysis the curvature of the earth
has been neglected. If this correction is taken into ac-
count the calculated field will be slightly less. However,
in most practical cases it is of little consequence since
the sky wave usually becomes the dominant factor at
these distances and tends to increase the field intensity—
thus minimizing the effect of this error.

1Pyoc. I.R.E., Vol. 24, pp. 1367-1387; October, 1936.
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Notes oN F-M  TRANSMITTERS

By FRANK A. GUNTHER

Engineering Department
Radio Engineering Labs., Inc

N November, 1935, Major Edwin H. Armstrong
announced and described a system of frequency modu-
lation as a new method of reducing the effect of all kinds
of disturbances in the communication art; and it is the
purpose of this article to review some of the progress
that this invention has made in the broadcast field since
its inception five years ago.

For such a revolutionary development, it created very
little comment at the time. Certainly, the art did not
accept it for its worth, nor did it attempt to investigate
its advantages. The Yankee Network in New England
were the first to see the vast potentialities of frequency
modulation, and launched their program with the build-
ing of a relay transmitter in Boston, and a broadcast sta-
tion at Paxton, Mass., 43 air miles distant. Time, how-
ever, has created quite a different picture, and since
then, many other broadcasters have started operations.

F-m has been known to the radio art practically since
its beginning. But, it was not until Armstrong’s de-
velopment of wide swing frequency modulation, plus nu-
merous other developments of his, particularly in the re-
ceiving circuits, that this new system of communication
came into its own.

In the Institute of Radio Engineers Proceedings of
May 1936, the transmitting and receiving arrangements of
the system, together with the theory regarding the
process of noise reduction, were discussed in full detail.
In this paper Armstrong has listed five laws which must
be fulfilled to place frequency modulation on a compara-
tive basis with amplitude modulation. These are very
important, and we are, therefore, enumerating them:
(1) It is essential that the frequency deviation shall be

about a fixed point. That is, during modulation
there shall be a symmetrical change in frequency

with respect to this point and over periods of time
there shall be no drift from it.

(2) The frequency deviation of the transmitted wave
should be independent of the frequency of the modu-
lating current and directly proportional to the
amplitude of that current.

(3) The receiving system must have such characteristics
that it responds only to changes in frequency and
that for the maximum change of frequency at the
transmitter (full modulation) the selective charac-
teristic of the system, responsive to frequency
changes, shall be such that substantially complete
modulation of the current therein will be produced.

(4) The amplitude of the rectified or detected current
should be directly proportional to the change in
frequency of the transmitted wave and independent
of the rate of change thereof.

(5) All the foregoing operations should be carried out
by the use of aperiodic means.

All of these rules, pertaining either to a f-m transmitter

or a f-m receiver, must be incorporated in order to secure

the full capabilities of this system.

At this point it should be said that there are two
systems with which to obtain wide band frequency modu-
lation. One is known as the free oscillator type of
modulator, which consists of a tuned circuit controlled
oscillator with a reactance tube for varying the inductive
or capacity reaction of the circuit. The frequency of this
free oscillator is therefore varied in accordance with the
modulating frequency. On account of the drift of cir-
cuits of this type, it is necessary to have some controlling
means for holding them on the proper frequency. This
is accomplished by means of a crystal controlled oscillator
as a reference point and a discriminating circuit for hold-

Ant. Height Length

Hrs./ Cycles height above trans-
Date of Installation Freq. Power Proposed day  varia- Antenna Polar- above sea mission Type trans-
and Call Letters Location MCS output power av. tion Type ization ground level line mission line
Nov. 1936—W2XAG Yonkers, N. Y. 117 3 t{()w SKwW Inter- 7 bay turnstile Horizontal 130" 430/ 80 400 ohm open
5 mittent
Apr. 1938—W2XMN Alpine, N. J. 42.8 30 KW 40 KW 7to8 1000 6 bay turnstile Horizontal 400’ 900" 600’ 450 ohm open
wire line
May 1939—WEOD Boston, Mass. 132 250 W 250 W 18 4 bay 3 element Horizontal 170 180 220/ Dual %" con-
L (see cover) centric
June 1939—W1XOJ Paxton, Mass. 43 50 KW 50 KW 18 1000 4 bay turnstile Horizontal 400/ 1800 900 4. %" con-
centric
June 1939—WI1XPW  Meriden, Conn. 43.4 1KW 7 50 KW 8 1000 6 bay turnstile Horizontal 100 1200 100" open un mast
and 7%’ con-
centric under
= . . gnd.
Aug. 1939—W3XO I\)’Vacshington, 43.4 1 KW 1 KW Inter- 10000 WE KS.10017 Vertical 75¢ 1200 74" concentric
+-Cs mittent
Nov. 1939—W2XQR Lon\g Island City, 43.2 1 KW 1 KW 2000 1 bay turnstile Horizontal 125" 135 3000 600 ohm open
N wire
Nov. 1939—W8XVB ]{oc:‘};ester. 43.2 1 KW 2]K\V 8 500 WE KS-10017 Vertical 2007 225 4" concentric
N. Y, plus
Jan. 1940—-W9XAQ 1‘\{,i_1waukee. 42.6 1 KW Plus 6-8 300 to RCA MI-7823 Vertical 3200 60° 78" concentric
i<, 2000
Jan. 1940—W8XAD %Oc\"]eSter. 42.6 1 KW ZIKW 18 1000 RCA MI-7823 Vertical 350 750"  7%”" concentric
. plus .
TFeb. 1940—-WIXEN Chicago. T 43 1 KW Plus 12 1000 WE KS-10017 Vertical 500/ .o 125 74" concentric
Feb. 1940—W2XOR Carteret. N. T. 43.4 1 KW 50 KW 12 1000 Half wave dipole Horizontal 1000 110 2000 74’ concentric
Mar. 1940—W2XWTF New York City 42.18 1 KW 1 KW 16 1000 Half wave dipole Vertical 458’ .. 60° 74"’ concentric
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ing the free oscillator at a fixed frequency difference from
the crystal controlled oscillator. The main oscillator is
not, therefore, crystal controlled, but is controlled by a
discriminator circuit using a crystal controlled oscillator
as a point of reference.

The other system is known as the true Armstrong
phase shift method of generating f-m signals. It is the
only crystal controlled method of producing f-m. It is
this latter system that we will further discuss.

Iig. 1 shows a block diagram arrangement of the
entire system. [Panel 1, starting at the top left, contains
the audio equipment. It consists of a studio line ampli-
tier and a pre-distorter amplifier. This latter unit empha-
sizes the higher audio frequencies and by means of a
corrector or equalizing network in the broacast receivers,
an appreciable increase in signal-to-noise ratio is further
obtained over the system without the use of pre-distor-
tion. Finally in Panel 1, a corrector amplifier is in-
cluded. This 1s incorporated to conform with Arm-
strong’s rule No. 2, and insures that the frequency devia-
tion will be independent of the modulating audio fre-
quency, and directly proportional to the amplitude of
this audio current.  This is accomplished by correcting
the audio frequency amplifier in such a manner that its
output will be mversely proportional to increases in audio
frequency.

Panel 2 1s the “heart” of the modulator and contains
a 200-kc temperature crystal controlled oscillator with
the necessary buffer amplifier. A balanced modulator
1s employed at this point, it being excited by the source
of fixed frequency, namely, the 200-kc crystal oscillator.
With no modulation, the balanced modulator has zero
output, but with modulation it produces side bands only
and arrangements are made for selecting these side fre-
quencies at the output of the modulator and combining
them n the proper phase with the unmodulated current
secured from the original 200-kc carrier source.

The phase relations which must exist where combina-
tions of the modulated and unmodulated currents take

Fig. 1. Block diagram of Armstrong circuit as applied in
equipments from 1 to 50 kw.

FREQUENCY 43.2 Mc.
MULTIPLIERS P.A.
2-450TL for { KW.
3200 2-1500T " 2w
Ke.

2-2000T v S v
or

I.PA.
2-{500T for S50KW.

3200 Kc. 12800 Kc. 43.2 Mc.

FREQUENCY | | CONVERTER I.RA.
muLTiPLIERS| | 13890 To 2-RK4T for | kw.

. 2-RK48 1 2 o
CRYSTAL e

osC. X
11900 Kc.

FREQUENCY
MULTIPLIERS

900
Ke.
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place, are such that at the moment the upper and lower
side frequencies produced by the modulator are in phase
with each other, the phase of the current in the crystal
controlled carrier frequency with which they are com-
bined is different from these by 90 degrees.

This phase shift represents a very linear but small
frequency change, which must be multiplied through a
series of frequency doublers in order to produce the re-
quired frequency change in the radiated wave. The ini-
tial frequency, which of course is 200 kc in all trans-
mitters, is multiplied through a series of six doublers
to 12.8 mc through Panel 3 and into Panel 4.

Here in Panel 4, a second temperature controlled
crystal oscillator is employed to heterodyne down the
frequency to 1/48th of the output or working frequency
desired. For the 40-mc band this is the order of 900
ke, which enters Panel 5. Here it is multiplied by four
doublers and a tripler up to the 40 mc operating fre-
quency.

With this arrangement of beat back or heterodyne fre-
quency created by the second crystal, sufficient multipli-
cation 1s secured to permit the required wide band f-m
at the operating frequency. It also greatly facilitates pro-
duction of all modulator units in that every one is built
exactly around a 200 ke crystal, regardless of the output
frequency.  Furthermore, if it becomes necessary to
change the working frequency, it merely involves sub-
stituting another frequency in the crystal employed in
Panel 4, and making the slight changes in the stages
thereafter. One never has to adjust the circuits involved
anywhere in Panels 2 and 3 for this purpose.

The output of the last doubler in Panel 5 is arranged
to supply about 10 watts of radio-frequency energy at
the output frequency. This is sufficient to drive a 300-
watt screen grid intermediate power amplifier in the
right-hand or power portion of the layout in Fig. 1.
Beyond this, it i1s merely necessary to employ the neces-
sary well designed Class “C” power amplifier stages to
develop the power required.

All of the tubes in the modulating equipment up to
the two final output stages, are low power receiving
tubes of the glass type operating at a maximum of 180
volt plate supply, so that a condition of reliability is al-
ways maintained. These same tubes are employed in
broadcast receivers with 250-volt plate potentials, and
n many cases with much less ventilation. The two final
output tubes are type 807’s.

Due to the fact that both oscillators are controlled only
by the crystals themselves, and not by any intervening or
interdependent circuits, it is not possible for the trans-
mitter to jump frequency and the only drift which can
occur is the drift of the crystals themselves.

After all the multiplications, a stability of at least twice
as good as that required by the Federal Communications
Commission is being obtained in the transmitters now
in the field. In several transmitters, a stability of four
times as great as required by the regulations is regularly
obtained, and steps are being taken whereby this figure
will be improved.

The Armstrong type phase shift frequency modulator
has in the past been termed a “Frankenstein” by some,
who, incidentally, were not too familiar with the inner
workings of the unit. This was probably due to the
number of tubes employed. As a matter of fact, we
have sufficient evidence under actual operating condi-
tions in the field, that this modulator system is excep-
tionally fool-proof, and it has won for itself the reputa-
tion of being the most trouble-free portion of the entire
broadcasting system, not excluding studio equipment,


www.americanradiohistory.com

telephone lines and other appurtenances that engineers
in the art have become accustomed to believe were the
height of reliability.

The design of the entire modulator equipment is such
that it permits extreme flexibility in operation. If
changes in development occur, it is merely necessary to
remove a single panel containing the section to be re-
placed, thus permitting an economical means of keeping
up with the advances in this art.

The modulator unit as manufactured, is a well shielded
and well filtered device. These two latter items are
very important when it is considered that in practically
every case, the frequency modulator unit will have to
be operated in conjunction with fairly high powered
ultra-high-frequency power amplifiers and antenna
arrays.

One does not have to stress the imagination too far
to realize the necessities of this efficient shielding and
filtering, particularly when increases in power can and
very likely will be made once operation has commenced
on a large scale.

Fig. 2 shows a photograph of the modulator unit with
power amplifier for outputs of 1, 2 or 5 kw at the 40
mc band. This modulator unit, which contains the true
Armstrong type crystal controlled phase shift unit, when
used in conjunction with any power amplifier from 1
to 50 kw, will have under actual every day conditions in
the field, the following performance characteristics:
Frequency Stability—Will maintain frequency to within

better than 4,000 cycles of the assigned frequency.
Fidelity—Flat within plus or minus 1 db—From 30 to

16,000 cycles.

Fig. 2. WHEC's f-m transmitter, WBXAD, in operation at
Rochester, N. Y.

Distortion—Less than 2% and usually in the order of
1% as measured at 400 cycles with 150 kc frequency
swing.

Noise Level—66 db or better as measured at the output
of a monitor receiver.

Frequency Swing—Maximum 150 ke.

Many of the stations in operation are operating at

1 kw due to present experimental license limitations ; but

it has been proven that power will pay big dividends to

this system. Therefore, we can expect wider use being

made of high power with f-m transmitters.
Fundamentally, it is economical to secure these in-

creases in power because all amplifiers at the operating
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Fig. 3. Service area of WTMJ's 1-kw f-m transmitter,
W9XAO, Milwaukee, Wis.

frequency are operated in Class “C”. Another advantage
is that the tubes in the final amplifier can be operated to
the extreme limit of their usefulness, inasmuch as they
are operating in a similar manner to a telegraph service
with the key locked. No longer will the final amplifier
filaments be required to furnish sufficient emission for
four times the carrier power in order to take care of
100% modulation peaks. Many a high-power amplifier
tube that is no longer useful in an a-m broadcast station,
would furnish hundreds of hours of use in f-m service.

Fig. 3 shows a map of a typical 1-kw f-m installation
at Station WIXAOQO, Milwaukee, Wisconsin, Station
WTM]J’s experimental f-m transmitter. The antenna is
located 320 feet above the streets of Milwaukee, and is
of the single bay vertically polarized type. The map
shows the 10 micro-volt per meter line drawn at the
considered limit of the service area for the present power,
antenna system and location.

10 micro-volts per meter furnished extremely satis-
factory service in all but unduly noisy locations with the
more sensitive tvpe of f-m receivers. By the end of the
calendar year 1940, it is safe to say that most f-m re-
ceivers will have incorporated in their design the neces-
sary features to permit satisfactory noise-free reception
under practically all conditions with 10 micro-volts per
meter at the receiver antenna terminals.

The 10 micro-volt line denoting the limit of WONAO’s
service area will be greatly extended due to an increase
in the power and antenna improvements. The vertical
directivity will be lowered considerably and an array will
be incorporated to remove the circular horizontal pat-
tern in order to discontinue serving whatever audience
resides in Lake Michigan.

The accompanying table shows a list of the trans-
mitting stations now in operation, employing the Arm-
strong phase shift modulation system. This table gives
other factors which is felt will be of interest to those
contemplating installations of f-m equipment.

At the present time, there are four f-m transmitters
regularly serving the New York area, all of which em-
ploy the Armstrong Modulator described in this article.
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Fig. 1. Input circuit.

HE high-fdelity audio amplifier

described in the following article
should prove of interest to broadcasting
and recording engineers, as the author
believes it is the first time an input and
output circuit of this particular design
has been used. There are many applica-
tions for such a circuit arrangement and
no doubt readers of this article will
think of a number of varied uses.

The amplifier has the following fea-
tures: (1) high fidelity, (2) twelve
watts of undistorted power, (3) six in-
put channels, (4) push-pull operation of
audio tubes, (5) regulated voltage on
the first two stages, (6) universal output
circuit whereby a remote broadcast
line mav be fed simultaneously while
feeding monitor speakers and a recorder
cutting head, (7) amplifier is portable.
Figs. 9 and 14 show the amplifier.

Specifications
Gain: 118 decibels.
Input Impedance:

(1) 500 ohms.

(2) 500,000 ohms balanced to ground.

(3) 30 ohms.

Output Impedance:

(1) 500 ohms (12 watts) distortion

less than 5%, or

(2) 250 ohms (6 watts each).

Power Qutput: (433 db are 12 watts)
(46 db are .023 watts for remote
line).

Noise:

—18 db below zero level at maximum

gain.

Noise level in normal operation —60
to —75 db below zero level. (6-mw
reference level).

FFrequency Response: 30 to 15,000 cycles
per second within 2 db.

A UNIVERSAL AUDIO
BROADCAST AMPLIFIER

Tubes Used: (5) 6J7; (2) 6C5; (2)
6N6G; (1) 2A3; (1) 5V4G; and (1)
G10 one-watt with base resistor re-
moved.

Power Required: 110-120 volts, 60 cy-
cles.

Fig. 2. Amplifier circuit.
Fig. 3. Output circuit.
Fig. 4. Power supply circuit.

By L. C. SIGMON
Chief Engineer

KCMO Broadcasting Co.

Input

The input channels are No. 1, 500
ohms, No. 2 and No. 3, 500,000 ohms,
balanced to ground. These channels No.
2 and No. 3 are used primarily as input
channels from crystal pickup play-back
heads, but may also be used for bridging
broadcasting lines. Channels No. 4, No.
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is the Manufacturer rcspon-

sible for this outstanding 10

channel, non-attentive, remote:

_ ly controlled, multifrequency
transmitter.

In use by practically every major Air Line

EVITEL-McCULLOUGH, INC. - SAN BRUNO, CALIFORNIA
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5, and No. 6 are 30-ohm input channels
to be used with dynamic microphone
with a level as low as —90 decibels.

The first two 6]7 tubes in push-pull
are the pre-amplifier tubes for all six
input channels. The unconventional part
of the input circuit is that three addi-
tional channels are shunted across the
secondary of the input transformer HA-
130X through Pi-Pads. Experimental
circuits were first tested to determine if
there was any reaction between the cir-
cuits or a loss of gain or any reaction
on any frequency when using 1-megohm
resistors as shown in the input circuit
(Fig. 1). Naturally, there is a loss in
the Pi-Pads matching networks and
with the values used, this was approxi-
mately —46 decibels per channel. This
loss was desirable in channels No. 1,
No. 2 and No. 3 where the input level
was high as compared to channels No.
4, No. 5, and No. 6. The input Pi-Pad
circuit is not restricted to push-pull op-
eration or three channels, and may be
used with a single stage. The purpose
of the two condensers in series with the
Pi-Pad bridging network is to isolate
the grids of the first two 6]7 tubes so
that their bias will be obtained through
the HA-130X transformer and resistors.
A low capacitance shielded cable was
used to connect the network circuits so
that frequencies as high as 15,000 cvcles
can be transmitted without attenuation.
It will also be noted in Fig. 1 that the
25-mfd. series condensers of the bridg-
ing circuit have their outside foil con-
nected away from the grid circuit. This
was done to eliminate shielding of the
condensers,

The volume controls in channels No.
I, No. 2 and No. 3 are of the dual type
with a left-hand taper, and are mounted
so that they mav be easily removed
should they hecome noisy. The original
controls are still in use without any
trouble after a year of service.

The Amplifier

I'ig. 2 shows a simplified diagram of

the amplifier circuit minus the input,

output, and power-supply circuit. The
anplifier is of the push-pull design

Fig. 14. (Above) Amplifier in use.
Fig. 9. (Below) The amplifier.

throughout. The operation of tubes in
push-pull has several advantages over
the single-ended stage. There is low dis-
tortion of harmonics. By the balancing
of hum from power supply the size and
cost of filter components are reduced.
Also, there is no fundamental or odd
harmonic current through the d-c power
supply to the cathodes provided the
push-pull stage is balanced. The push-
pull circuit has the advantage of not
“motor-boating” as freely as the single-
ended stage because of the impedance of
the circuit. Another very important ad-
vantage of a push-pull stage is that

Figs. 6 and 7. Frequency response
curves of amplifier.

push-pull tubes can be made to deliver
more power to a load for a given amount
of distortion than tubes in parallel.

The disadvantages of push-pull stages
are as follows: Larger grid bias is re-
quired than for a single-ended stage,
and, therefore, push-pull stages also re-
quire a higher input voltage; in this
particular amplifier it was necessary to
add additional push-pull voltage ampli-
fication stage. A good input trans-
former is needed for push-pull stages
because the secondary voltage of the
input transformer must be equal in mag-
nitude and opposite in phase for all fre-
quencies. If the transformer is not of the
better grades, one side of the intput may
deliver more voltage to one tube of
the push-pull circuit than to the other.
Since even harmonics add up in the
common return to the cathodes the self-
biasing resistor should be shunted with
a capacitance sufficiently large to by-
pass the even harmonics.

It must also be borne in mind that re-
sistance-coupled push-pull operation is
not the same as transformer-coupled
push-pull in that in the former case the
two sides of the circuit are not coupled
to each other through the mutual in-
ductance of the primary of the push-pull

(Continued on page 37)
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HE editors report wide ¢ ce of

interest in the special se of the
February issue, in which ti# vantage
to sound men of “keeping WKAr ears to
the ground ” as a means ¢¥ keeping up
with the parade was emph#sized. There
were described a number of modern
sound installations, with some discus-
sion of trends.

It is the purpose of this article to
present a number of other installations
which have recently come to attention.
These have been selected to include in
almost every case some feature of nov-
elty.

One of the first that comes to mind
is the sound installation in a trailer
church employed by the Catholic Dio-
cese of Richmond, Va., to carrv The
Gospel to the remote mountain conimu-
nities where churches are the exception
rather than the rule.

The sound equipment was installed
during construction of the trailer
which is special principally in that the
rear end is reserved for the altar and

O U

By S. G TAYLOR

d by the rear wall
vin m the Fig. 1.
jounted 1 a wall
he altar.

pulpit, the latter
when opened, 3
This equipment
cabinet just behir

Included in the @ick is a standard 30-
watt amplifier, ®cord player, radio
tuner and monitor speaker. Microphone,
phono and radio inputs provide for
speech reinforcement, recorded musical
accompaniment for hymns, chimes, etc,,

and the radio input serves to bring in

educational and religious lectures for
distribution through the external loud-
speakers. These loudspeakers are Dbuilt
into the roof over the pulpit, with a
cover over the open ends which protects
the speaker units from dust while travel-
ing and drops down to form an acoustic
screen between speaker openings and
microphone when the trailer 1s in service
as a chapel.

Power not only for the sound system

Fig. 3 (Above). A 60-watt mobile sound

system. Photo from University Labs.

Fig. 1. The sound equipment (left) in-
stalled in the trailer church (right).

Radio Wire Television photos.

b for the main lighting is ob-
tah S om a 110-volt gas-driven gen-
erato ated in place of the rear scat
in the ch which serves as the tow
car. TI system is fully automatic,
with the r@ult that when the sound sys-
tem or main lights are turned on the
generator starts itself, and cuts off
when the equipment is turned oft. This
generator also charges an auxiliary
storage battery which supplies power
for the ordinary internal needs of the
trailer. Provision is also made for op-
erating the entire system from an ex-
ternal  100-volt a-c source when in
trailer camps or other locations where
line supply 1s available.

Contrasting with this rather preten-
tious job is the one shown in Fig. 2.
This represents a new type of equip-
ment  just introduced which converts
any car into a sound car, yet is 10 more
cumbersome than the ordinary car radio.
As shown, the amplifier mounts under
the dash with its controls within casy
reach of the driver. The miniature but
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highly efficient marine tvpe speaker niay
be mounted under the hood as shown,
or on the outside of the car if preferred.

A novel feature of this equipment is
that although its rated normal output
is only 5 watts, its cffective output is
said to be equivalent to that of a stand-
ard 12-18 watt system. The speaker de-
sign contributes materially to this hut
also important is the amplifier design
which cuts off frequencies below 250
cycles. The relatively large proportion
of the power normally dissipated in the
reproduction of these low irequencies
is thus concentrated in the normal voice
and higher irequency ranges with their
much greater carrying range.

Equipment such as this is destined
to nd manv applications as mobile
ballyhoo  equipment, in  police  and
safety crusade cars, as a street an-
nouncement system in busses, and per-
haps e¢ven in private passenger cars
whose drivers yearn for some means
stronger than  mental  telepathy for
transferring their  thoughts to slow
moving pedestrians who take delight in
holding up tratlic  while they amble
across street interscctions against the
lights.

Another mobile svstem of more than
passing interest is one installed Dy
John 1. Brown of the All-State Dis-
tributing Co., Omaha, Nebr,, in the
ballyhoo car of Jimmy Lynch’s Death

Fig. 6 (Left). Equipment at LaGuardia
Airport for dedication. Radio Wire
Television photo.

Fig. 5 (right). Pagingsystem at LaGuardia
Airport. Western Electric photo.

Dodgers. (Fig. 3.) Although installed
m a standard passenger car, the sys-
tem s capable of 60-watts output for re-
production of voice or records through
three large horn units on the roof.
Power is supplied from a 600-watt gas
driven generator mounted in the car
trunk. The speakers are mounted on
adjustable brackets which permits them
to be trained in any direction during
operation, but are so positioned that
when not in use the horns do not extend
beyond the width of the car and can
even be folded back ji desired when
travelling.

Fig. 4 offers a highly practical sug-
gestion to sound men who have oc-
casional calls for sound car rentals, but
not often enough to warrant tving up
amplifier and generator equipwment in a
permanent truck installation. When this
small delivery truck of the Will County
Radio Service, Joliet, 111, is required as
a sound car the 30-watt combination
amplifier-phono unit shown on the step
is mounted inside in a twinkling and
draws all operating power from the car
battery through the medium of the dual
6/110-volt built-in power supply. At all
other times the amplitier is available for
normal indoor rental jobs, operating

Fig. 2. Showing horn (left) and ampli-
fier (right) of compact Lafayette
sound system.

Fig. 4 (Below). The dual 6/110-volt
Clarion system described above.
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from the 110-volt light lines. The am-
plifier provides a sufficient variety of
inputs and outputs to meet practically
any rental requirements. Thus it com-
bines real economy with diversity in
application, doing its bit to keep “ol’
man overhead” on a perpetual reducing
diet.

Turning from mobile applications, at-
tention is directed to what is belicved
to be one of the most comprehensive
paging systems of modern times, re-
cently mstalled by the Langevin Co. at
New York’s new LaGuardia Airport.
Through 15 microphones and 85 loud-
speakers announcements of plane ar-
rival and departure times are carried
to every part of the great field where
passengers and their firiends congre-
gate. IFrom the control tower (Fig. 5),
which is in constant touch with planes
headed for the field comes information
as to the arrival times, departures are
announced from the ticket desks of the
ditferent airlines and from microphones
at the gangways which also are used to
call taxis and porters for incoming pas-
sengers,

A unique feature of this installation
is the push-to-talk hutton on each micro-
phone which makes the entire loud-
speaker svstem available to but one
microphone at a time and thus elimi-
nates interference and interruptions.

(Continued on page 36)
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ENGINEERING

FUNDAMENTALS OF TELEVISION ENGINEERING

HE television picture transmitter,

although utilizing the same basic
radio principles as the aural broadcasting
transmitter, has demands made upon it
that place video transmission in a class
by itself. In the first place, the fre-
quency of operation based upon the re-
cent tentative television channel alloca-
tion imposes severe handicaps. At the
present state of the art it is very much
more difficult to obtain a few kilowatts
of radio-frequency energy in the range
44-108 mc than at the lower frequencies.
This is near the boundary region beyond
which the efficiency of the conventional
triode and multi-element thermionic
tubes decreases at an alarming rate.
True, there are special circuits and
modes of operation which tend to extend
this region, but the fact remains that it
takes a finite time for an electron to
travel to the anode and at these high fre-
quencies this transit time decreases the
oscillator or power amplifier efficiency
of the conventional vacuum tube. De-
creasing the physical size of the tube
appears to have definite practical limits,
although for the above mentioned fre-
quency range recently developed tubes
of special design are serving well.

Band Width

A rather illuminating comparison can
be made between sound broadcast trans-
mitters and television transmitters in the
matter of frequency band width. In the
former, “high fidelity” is often the
claim for transmitters that will repro-
duce faithfully frequencies up to the
order of 10 or 15 kec. As far as the
frequency range of the video signal is
concerned, we have seen in Part II*
that necessary energy resides in. fre-
quency components as high as 5 mc. To
retain this band width throughout the
modulator, modulated amplifier, and the
linear stages is no small task.

Modulation System

The usual method of plate modulation
has been largely abandoned for tele-

*Part 1I of this article appeared in May, 1939,
CoMMUNICATIONS, p. 26.—Editor.

Part Vill: Television Transmission

By F. ALTON EVEREST

Department of Electrical Engineering

OREGON STATE COLLEGE

vision transmitters® * ¢ because of the
difficulty in developing sufficient video
power fully to medulate the radio-fre-
quency amplifier and to obtain a modula-
tion reactor having proper characteris-
tics over a wide band. A low-level plate-
modulation scheme would entail the need
of many wide-band linear amplifiers
which are about as costly as the wide-
band modulating channel necessary for
high-level plate modulation. The reasons
underlying these difficulties are bound
up with the necessity for low amplifier
load impedances in order that the wiring
and tube capacitances do not unduly dis-
criminate against the high frequencies.
The system of grid modulation has
been adopted almost universally in this
country, for with this system the side-
band energy is derived from the modu-
lated amplifier itself by the mechanism
of changing its efficiency over the modu-
lation cycle. The low power output per
tube in the modulated stage is a limiting
factor with this system of modulation, so
it is not uncommon to see television

Fig. 3. Diagram of RCA 1-kw
television transmitter.

transmitters having modulated amplifier
tubes apparently far too large for the
carrier power involved. This arises
from the plate dissipation limit of the
tubes and from the fact that a large volt-
age drop must be tolerated across the
tube during low modulation periods in
order that the modulation peaks be cared
for. In spite of this low over-all effi-
ciency of the grid system of modulation,
for television purposes it offers the most
economical and satisfactory combination
at the present time.

D-C Component

In voice transmission the wave shape
is essentially symmetrical with the axis
at all times, the axis being defined as the
line which equally divides the area under
the wave. In television transmission this
is usually not the case. The degree of
symmetry is determined largely by the
image being scanned at that instant!.
This continuous axis shift may be con-
sidered as a varying d-c component. To
improve the transmitter efficiency by
reducing the dynamic modulation range,
this d-c component may be used to shift
the average carrier to follow the average
illumination of the picture. At the re-
ceiver this d-c component is re-inserted
at the cathode-ray tube grid so that a
faithful video reproduction results. The
d-c insertion at the transmitter is only

BUFFER FINAL
SR OR TripLer | | POWER | | POWER ] | PowER SIDE-
* T 1oouBLERE] ’ - 1 AMP I FIBG'%%
1-807 1-814 2-808's 2-834's 2-833's 2-899's
A
N Grid
MOOULAT- “Modulation
Video \QDEO VIDEO NG
Input ] AMP. ] AMP AMPLIFIER
2-807's 4-807's 10-813's
D.C.
INSERTION
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Fig. 7. Television transmitting an-
tenna atop Empire State Building.

for more efficient operation of the trans-
mitter, however.

Vestigial Transmission

With the tentatively allotted television
channels including an overall width of
6 mc, only a relatively low-definition
image could be transmitted by the con-
ventional double side-band system. Con-
sequentially, it is the practice to send the
upper side-band completely and the
lower side-band “vestigially.” That is,
as much of the lower side-band as eco-
nomically feasible is cut off. Here again
is a relatively complex feature of the
television transmitter which is not com-
mon to sound broadcasting. This side-
band is removed by means of a filter in
the antenna circuit. Coaxial transmis-
sion line segments of suitable lengths to
give the required capacitance, induct-
ance, or impedance are used as the ele-
ments of the filter.

Distortion Requirements
The hum-level requirements of a tele-
vision transmitter are essentially the

Fig. 9. Optimum proportions of
single radiator modified for sup-
porting bracket.

A% Input
Impedance
Approx. 110w

same as those of a high-quality broad-
cast transmitter. The harmonic distor-
tion requirements for visual broadcast-
ing are much less severe than for sound
broadcasting. This arises from the fact
that the detail of the picture will not
suffer particularly from a non-linearity
of the system, but only one degree of

s SN~
. ; ‘-. ﬁﬂ“ t-- b‘.‘. Ly

Fig. 6 (Above). Synchronizing im-
pulse generator (RCA photo).

Fig. 5 (Below). Monitoring image

and wave shape of video signal.

See tubes above control panel of
Fig. 4.

halftone reproduction at the reproducing
tube. That is, details of the image trans-
mitted through a non-linear system, al-
though appearing in their proper posi-
tion and size, may not have the proper
degree of light and shade as compared
to the other parts of the image. This
relative insensitivity to a modest degree
of nonlinearity also makes grid modu-
lation more attractive.

Fig. 1 is a photograph of a 1-kw tele-
vision transmitter recently placed on the
market by RCA. Fig. 2 is a rear view
of one unit of this same transmitter. Fig.
3 is a highly simplified block diagram
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of the radio-frequency and video-fre-
quency sections showing the tube com-
plement utilized.

Fig. 4 shows video control position in
the National Broadcasting Company’s
television studio 5. The operator has
command of the studio floor through
windows before him which are tinted to
minimize glare from the highly lighted
studio. The three knobs at the operator’s
left control the electrical focusing of the
iconoscopes in the studio cameras. The
operator is adjusting the brightness and
video gain controls for best contrast and
brightness in the image. The group of
knobs to the right of the operator insert
voltages of various shape and phase into
the video signal to counteract the effect
of spurious “shading” signals generated
in the iconoscope. These spurious sig-
nals apparently are due to the fact that
more secondary electrons are generated
at the iconoscope mosaic than are sup-
plied by the beam and a shower of elec-
trons falls back on the mosaic. These
electrons cause a random charge distri-
bution over the mosaic which has no
relationship to the video signal, but
causes the ‘“dark-spots.” These dark
spots are neutralized as well as possible
by the adjustment of the knobs shown
in Fig. 4. These spurious signals can-
not be entirely eliminated as shown by

B o o — S—

| | L]
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the image of Fig. 5, which is the image
appearing on the monitor tube above the
operator of Fig. 3. The dark areas and
the white borders on the picture are a

Fig. 10. Cutaway view of coaxial
transmjssion line (RCA photo).

o
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result of these effects and the attempt
to neutralize them. The waveform of the
video signal is constantly monitored by
means of the oscillograph beside the im-
age tube.

Fig. 6 shows a view of the synchro-
nizing pulse generator which generates
the pulses for both horizontal and ver-
tical synchronization. The required
regulated power supplies and amplifiers
are included within the other cabinets.

Television Transmitting Antennas

The antenna to be used with a tele-
vision transmitter presents a problem in
the relative difficulty in attaining con-
stant characteristics over the necessary
frequency band. Attaining these constant
characteristics over a given band width
becomes easier the higher the frequency
of operation. Therefore, we can expect
considerable simplification of vision an-
tenna structures between the 44-50 mc
channel and the 102-108 mc channel. As

Fig. 1 (Right). A view of the
1 kilowatt television transmitter
recently placed on market by RCA.

Fig. 2 (Below). A rear view of
the 1-kilowatt television trans-
mitter shown in Fig. 1.

Fig. 4 {Above). The video control
desk of the NBC television studios.

Fig. 8 (Below). Experimental steps
in determining optimum propor-
tions of antenna in Fig. 7.
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the trend is toward the higher frequen-
cies, the extent of the experimental work
that has been done is highly justified.
Fig. 7 shows a novel approach to the
problem of attaining constant character-
istics over a wide frequency band. This
is a photograph of the vision and sound
antennas atop the Empire State Build-
ing. The vision antenna is of particular
interest and the neat experimental evo-
lution of the final shapes as reported by
Lindenblad is illustrated in Fig. 8,
which is taken from his paper. In gen-
eral, elliptical shapes of all of the radi-
ator surfaces seemed to give the most
constant impedance characteristics. In
order that the protruding portion of the
ellipsoid and the collar radiate equally,
their relative lengths should be in the
ratio of 7 to 5 as illustrated in’ Fig. 9,
which is also taken from Lindenblad’s
paper. This gives an input impedance
in the order of 110 ohms. The best ratio
between major and minor axes of the

ellipsoid is 15 to 6. The optimum ratio
of mean collar diameter to ellipsoid
diameter was found to be 3 to 2. The
ellipsoid is bonded to the collar by a
specially designed bracket for lightning
protection. For vertically polarized
waves, a single unit could be mounted
vertically. For the desired horizontal
polarization, 4 units were arranged
around the tower excited in progressive
phase quadrature as a ‘‘turnstile” an-
tenna. It was found upon completion
that this antenna had uniform charac-
teristics over the range of about 30 to
60 mc, or 6 to 10 times that obtainable
with other conventional designs with
complicated correction networks. This
truly represents a real advance in an-
tenna technique.

Interconnecting Links

In the near future the problem of si-
multaneous network operation of a multi-
plicity of local television stations must
be faced. This will be a particularly dif-
ficult economic problem in the United
States because of the great distances and
relatively low population density in most
areas. The economic phase is even a

(Continued on page 36)

Fig. 11. 177-mc u-h-f transmitter
linking Radio City studios with
Empire State Building transmitter.
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NEW PRODUCTS FOR THE COMMUNICATIONS FIELD

WIRE STRIPPER

A new, low cost, power-driven, brush-
tvpe wire stripper, known as the Ideal 9-C
Model, is announced by the Ideal Commuta-
tor Dresser Company, 4025 Park Avenue,
Sycamore, Ill. This new unit greatly
speeds up production work in stripping
wires., A vacuum attachment draws the in-
sulation materials into a drawer in the base
of the unit, thus eliminating dust and dirt
of stripping operations. The Ideal No. 9-C
stripper strips cotton and enamel, silk and

enamel, string ashestos and other light in-
sulations from round, flat or rectangular
solid or stranded wire. It is especially ef-
fective in cleaning fine “Litz” wires, in
removing gummy insulation imbedded in
stranded wires and in cleaning the new
“Formex” magnet wire.

SQUARE-WAVE GENERATOR

The Hewlett-Packard Co., 481 Page
Mill Rd., Palo Alto, Calif., has recently
announced a square-wave generator for
audio-frequency testing and development
work. This instrument has a square-wave
output of 50 volts peak-to-peak over the
frequency range from 20 to 20,000 c-p-s.
The time of rise of the voltage on each
wave front is considerably less than one
microsecond so that a square wave as high
as 100,000 c-p-s can be obtained with suf-
ficient squareness for many applications,

MIDGET ELECTROLYTICS
For applications calling for high-capacity
values at low voltages, seven values and
voltage ratings are now offered in the mid-
get metal-can electrolytics by Aerovox

Corp., New Bedford, Mass. The capacities
range from 1000 to 3000 mfd, with working
voltages of 6, 12 and 15 d-c.

MULTIMIKE

By rotating a flush type selector switch
imbedded in the rear of Western Electric’s
new ‘“multimike,” sound engineers may
choose a sensitivity pattern suited to the
acoustic characteristic of each studio or
location. The diagrams illustrate how the
sensitivity decreases (light to dark) in any
plane drawn through the horizontal axis
of the instrument for each switch position.
Engineers designate the patterns as (left to
right, upper row): bi-directional, non-
directional, and cardioid directional. (Left
to right, lower row) hyper-cardioid posi-
tions 3, 2, and 1. Note that in all but the
non-directional and cardioid directional
patterns, two areas of insensitivity exist.
Western Electric Co., 195 Broadway, New
York City.
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TETRODE POWER AMPLIFIER

_The RK-65 is an ultra-high-frequency,
high power gain tetrode having a thoriated
tungsten filament, tantalum plate, grids, and
shield and a hard glass bulb. Short heavy
leads, directly through the bulb reduce the
inductance and resistance of the grid leads
as well as the plate lead. Reduced induct-
ance and resistance of the screen grid lead
allows for more effective screen by-passing
in th u-h-f region. Lower input and out-
put capacities, combined with low induct-
ance, low resistance leads allow for opti-
mum u-h-f circuit design and lower charg-
ing current lead losses. External grid seals
eliminate grid dielectric losses in the stand-
ard stem, base and socket construction.
The external seals also have the advan-
tage of better ventilation and accessibility
for forced air cooling, when necessary.
Raytheon Production Corp., 55 Chapel St.,
Newton, Mass.

UNIVERSAL WELDER

The Eisler Engineering Co., 740-770 S.
13th St,, Newark, N. J., has recently de-
veloped a universal spot welding machine
known as the Universal Welder No. 310,
This new type of spot welding machine is
similar to a standard 10-kva spot welder
with sliding horns adaptable for all kinds
of sheet metal work. The new features on
this machine are that on one machine not
only spot welding, but also push welding,
gun welding and arc welding can be per-
formed.
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POLICE TRANSMITTER, RECEIVER

In the accompanying illustration are
shown the Doolittle & Falknor 15X trans-
mitter- and PR-2C and PR-3C receiver for
police use.

The 15X mobile transmitter uses fila-
mentary-type tubes that require no power
during standby periods. The 15X has 20

watts power output and operates on fre-
quencies between 30 and 40 mc. The Q-188
control unit supplied with each 15X pro-
vides centralized operation of the 15X and
also the PR-2 or PR-3 receivers.

The PR-2C and PR-3C receivers are
for fixed frequency station use on 1600 to
3000 kc and 30 to 40 mc respectively. Both

have integral power supplies, crystal con-
trolled oscillators, squelch and noise elimi-
nation circuits Relay rack or cabinet
mounting is optional.

Further information may be secured by
writing to Doolittle & Falknor, Inc., 7423
S. Loomis Blvd., Chicago, Il

UNIVERSAL METER
An all-purpose portable multimeter for
engineers, television technicians, industrial
electricians, radio service men, auto elec-
tricians and radio amateurs, is announced
by Radio City Products Co., Inc., 88 Park

Place, New York City. This model 411P
Supertester offers a full array of a-c and
d-c voltage measuring ranges to 5000 volts,
alternating and direct high-current ranges
up to 25 amperes and a direct-current
micro-range which permits measurement
down to 4 microamperes. These are in ad-
dition to the more usual a-¢ and d-c mil-
liampere, resistance, and decibel ranges.

PRESTO offers a new

Dual Turntable Transcription Recorder

complete in a single unit

~ . |

HIS new, moderately priced

Presto Model F recorder
makes the perfect installation for
broadcasting stations, colleges, ad-
vertising agencies and personal
recording studios. It records con-
tinuously, without interruption, on
records up to the 17!4” master
size and also rerecords from one
record to another. The quality of
the recordings made on the model
F recorder make them suitable
for use by any broadcasting
station.

Note these operating con-
veniences:

® The exclusive Presto rubber-rimmed
turntable driven directly by a steel pulley
on the motor shaft, a drive system that
eliminates idler wheels, belts and gears
and other parts subject to rapid wear.
Speed shift-lever changes instantly from
78 to 33-1/3 R.P.M.

® Tables equipped with the Presto 1-C
high fidelity cutting head which records

PRESTO

uniformly a range from 50 to 8000 cycles
and completely modulates the groove at a
pitch of 112 lines per inch.

® A vertical damper eliminates vertical
modulation in the groove and prevents
rapid changes in groove depth due to sur-
face irregularities in the disc.

® A time scale on the cutting arm shows
the correct starting point for all sizes of
discs and elapsed recording time at both
78 and 33-1/3 R.P.M.

e Amplifier gain 125 DB, output 10 watts.
Amplifier controls include two microphene
mixers, playback gain control, combination
control for increasing the high frequency
response for 33-1/3 R.P.M. recording and
attenuating the high frequencies for playing
commercial records, low frequency equal-
izer and a switch for changing instan-
taneously between cutters and for re-
recording.

® The complete equipment mounts in a
wood table (Length, 67" — Depth, 21" —
Height, 49") attractively finished in two
tones of gray with silver trim. Height of
turntable above floor level, 32".

For descriptive folder and price quota-
tions, write:

RECORDING CORPORATION

242 West 55th St., New York, N. Y,
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Crystal Mcrophone

A public address favorite that also fills a long
standing demand for a really good low priced
microphone for universal use. Wide range Jart-
30) and voice range (JT-40) available. See
Astatio Jobber.

List Price $16.50

ASTATIC MICROPHONE

LABORATORY, INC.
YOUNGSTOWN, OHIO

In Canada: Canadian Astatic Ltd., Toronto, Ont.

Crystal Products Licensed Under Brush
Development Co. Patents

CORPORATION
178 Prince St. New York, N. Y.

MARINE RADIO

The Harvey-Wells Model MR-25 ma-
rine radio will provide general radio tele-
phone communication for vessels making
extended coastwise trips or cruising con-
siderable distances off-shore. This model
embodies features such as separate crystal
holders for each channel, seven-tube super-
heterodyne receiver, noise-suppression cir-
cuit, single vibrator power supply for both
transmitter and receiver, new type handset
and choice of two cabinet colors. The
MR-25 measures 1614"” wide x 1114” deep
x 12" high, The power supply, which is
mounted on a separate chassis, operates
from all standard d-c inputs as well as from
any 110-volt a-c outlet. A new output cir-
cuit lends itself to easy and efficient load-
ing of the ship’s antenna. Harvey-Wells
Communications, Inc., Southbridge, Mass.

RCA 829

The RCA Radiotron Division, RCA
Manufacturing Co., Inc., Harrison, N. J.,
have announced the RCA-829, a new push-

pull beam-power amplifier tube having a
total maximum plate dissipation of 40
watts. A single 829 operated in push-pull
Class C telegraph service is capable of han-
dling a power input of 120 watts with less
than a watt of driving power at frequen-
cies as high as 200 megacycles, Further
information may be obtained from the above
organtzation.

(Continued on page 30)

A LIGHT-PATTERN CALIBRATION CHART

(See page 26)

By A. JAMES EBEL

Chief Engineer
WILL

HE art of instantaneous recording
has advanced so rapidly in the
past few years that today stand-
ards for recording equipment are on a
level with those of other reproducing
equipment. No longer can the recorder
employ hit and miss methods in deter-
mining the characteristics of his record-
ing equipment. Much has been written

Fig. 1. A photograph typical of a
frequency response pattern.
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concerning the light pattern method of
determining the frequency response
characteristics. Less has been written
concerning methods of determining
amplitude distortion using the same
method. In either case it is necessary
to know what power level is represented
by the widths of the various bands.
Fig. 1 is a photograph typical of a fre-
quency response pattern. While in-
spection will show that the head records
up to 10,000 cycles and has a peak at
5,000 cycles, the amount of equalization
necessary can only be determined after
evaluating in terms of db the power

NEW
UNIVERSAL

Full Frequency

CUTTING
HEAD

Electrically, magnetically
and mechanically balanced
cutting hea% “(l)}eal;’ }&rlap 4
recordings. Brilllant highs .

and full bass, No rubber [IIfo 5-2(%%&‘35"‘{

or substitutes, nothing to 0

deteriorate. Records freq. 30 to 30,000 cycles and
over. Imp. 15 ohms. Requires plus 14 db. 2 to 3
watts. Climatically sealed. For replacement or new
installations. Guaranteed uninterrupted service for
life. Prof. discounts and llberal exchanges.

UNIVERSAL MICROPHONE CO., LTD.

INGLEWOOD, CALIF.
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These
BRUSH PICKUPS

establish new standards
of performance in

*PL'SO —Where the finest reproduction is de-

a lI O O n l o .

sired, this pickup is recommended.
® l'vn: 0 adaptable to all types of instantaneous recording ma-
elimination of record wear Even wax masters may be played back to a

limited extent without damage to the master.

terials.

® immediate playback of recordings
without damage to soft or hard
materials

output than the PL-50 and is adaptable for use on any
of the commonly used instantaneous recording mate-

*PL'ZO —This pickup has considerably greater J

® use of a permanent stylus

stant amplitude recording"

rials as well as on shellac pressings.

Write for our catalog on

® adaptability both to commercial "'con-
stant velocity recording' and to "con-

The BRUSH DEVELOPMENT Co.

3315 PERKINS AVENUE, CLEVELAND, OHIO

phonograph pickups

et —
——
— —

THE

HOTEL STATLER
JUNE 27-28-29

YOU CAN'T AFFORD TO MISS

NATIONAL IRE CONVENTION

BOSTON, MASS.

INDIVIDUAL
ADVICE ON SPECIAL
OR STANDARD AMPLIFIERS

17-31 West 20th Street,

New York, N. Y.

levels represented by the band widths.

In 1930 Buchmann and Meyer® de-
scribed a method whereby the recorded
velocity can be determined by inspection
of the light pattern formed when oblique
light falls on the record. It was shown
that

WaN

60
where

N =

V stylus velocity in cm/sec.

W Band width in cm.

N RPM at which recording was made.
A pickup device will, when playing the
recording represented by (1) above,
generate a voltage which is given by

K,WzN

E =
! 60
where

E = voltage generated by pickup de-
wice,

1E.N.T., 147, 1930.

K, = transformation constant of pickup
device.

Since N is essentially constant during
the recording, the constants may be com-
bined and (2) written as

E=KW ... ... .. 3
where K represents the combination of
all the constants in (2). If width, W,,
gives rise to a voltage, E,, then the con-
stant, K, may be evaluated as follows:

[+]

W,

Therefore, the voltage generated by any
width band may be expressed in terms
of E; and W,. Assuming for width
W, zero level output, we can express the
output in db represented by any other
lightband width.
Recorded level (db) = 20log W, - (5)

The chart on page 26 shows the
plot of this function when zero level
equals one centimeter. It might be well
to point out here that the chart is also
valid for zero level equals one inch if

K =

the ordinates are taken as inches instead
of as centimeters. It is not necessary,
of course, that the 1,000-cycle value be
at zero level since a frequency response
curve can be drawn at any level.

The curve in Fig. 2 was taken from
the pattern in Fig. 1. Since the picture
was reduced in printing the levels scaled
from the printed picture will not be the
same as those scaled from the original
but the frequency response curve will be
exactly similar.

In a like manner the amplitudé char-
acteristics of a recording head can be
obtained. At any given frequency,
record a group of bands, each band
representing a definite increase over the
previous band, say in 3-db steps. Then
by plotting the input as abscissas and
the outputs, scaled from the light bands
on the record, as ordinates, an ampli-
tude response curve can be obtained.
Auy departure from linearity indicates
the presence of amplitude distortion in
the recording system.
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250-A
TRANSMITTER

‘The GATES Companies—

— GATES AMERICAN CORPORATION
— GATES RADIO & SUPPLY COMPANY

QUINCY, ILLINOIS, U. S. A. CABLE ADDRESS . .. GATESRADIO.
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_fH'ecxring aid units combining microphone and v
pum tube amplifier have been reduced in size to a poin v,
Where they are no larger than a package of cigarettes.: :
Part of this program was made possible by the UIC:
utput reactors providing 75 HYS.-.S MA. in a 6/108
O UNCE unit. Ber.

15

now being manufactured with
e

B One of the devices,
. UTC transformers makes possible physical measure- =

L ments of ONE MILLIONTH INCH.

_ Brain wave amplifiers require negligible phase shiﬂ_i';

¥ond amplitude distortion down to one-half cycle. Out-
. put coupling for these units has been made possible &
= by new UTC transformers suitable for HALF CYCLE
. operation.

P

=

: ‘ Power transformers for aircraft equipment must __"-'-
= light. A typical 100 WATT UTC unit now weighs 12"

. POUNDS.

o

[ One special UTC output reactor weighs only '
Z¥OUNCES PER 100 UNITS, yet employs 8,000 TURNS of

xire in the coil.

A

)

= -
§ A
s

A still unparalleled UTC aircraft filter weighs - i

1% POUNDS, yet contains TWO OUTPUT TRANS-

| FORMERS, SIX HIGH "Q" CHOKE COILLS, and SIXES
& CONDENSERS totalling FOUR MFDS. > ST

e capacity loss of shielded cable is e_u'- & \ i -

*important only at high frequencies. In a special hig

rg‘ in SIXTY CYCLE UTC transiormer, howevk g
loss of the shielded lead is over 2 DB

. COAXIAL CABLE is needed in this cas

JNITED TRANSFORMER, GORP.

W YORK,
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Automatic Time SicNALs

AVING on hand the problem of

putting automatic time signals on
the air, the engineering staff of WSAZ,
after considering some of the more com-
plicated circuits and devices, evolved the
unit described in the following para-
graphs. Since simplicity was the main
object, no split-second accuracy is
claimed for the signals put out by this
unit, the accuracy depending upon that
of the clock and the reliability with
which the local utility company main-
tains the proper power-line frequency.

Perhaps a brief description of meth-
ods used to ascertain and correct any
frequency deviation would be of interest.
The usual method is to use a clock with
two second hands. One of the second
hands is controlled by a frequency stand-
ard and the other is controlled by the
power-line frequency, just as any other
electric clock. As long as the two hands
indicate the same time all is well and
good, but any deviation between the
two indicates a slight shift of the power-
line frequency. At regular intervals the
speed of the generators is shifted slightly
so that after a short time the two second
hands will again coincide and the power-
line frequency is back to normal. This
of course corrects all the clocks being
operated- from that particular power
line. The latest method uses a clock
very much similar to the one described
above, but in addition gives a continu-
ous, automatic regulation of the fre-
quency, thus assuring the correct time
at any and all times.

The clock we used is a Telechron
(six-inch dial) and to the date of this
writing has never been more than one
second off, compared to Arlington’s
time signals. The error is usually a very
small fraction of a second.

Perhaps, strictly speaking, this is not
a time signal, since it does not indicate
the time, but it does give an ‘“on the
nose” tone, which, preceded by a suit-

By ROY BATTEAU

Engineering Staff
WSAZ, Incorporated

A simple method for placing automatic
time tones or signals on the air. The
accuracy will depend upon the stability
of the power-line frequency as well as
the accuracy of the clock.—Editor.

able announcement, serves the purpose
quite well. At times this may even De
considered more satisfactory than a
time-indicating signal, since it lasts only
a fraction of a second, thus rarely in-
terfering with the regular program or
station break, and it is easily under-
stood by any listener. Also, it is readily
worked into spot announcements using

To Osc. Terminals

To Program Line

(A) Diagram showing connections
to clock from oscillator terminals.
(B) Side view showing contact points
for the second and minute hands.

time signals, requiring only the co-
operation of the announcer in timing the
spot.

The constructional details are so few
and simple that it seems hardly neces-
sary to do more than refer to the dia-
grams. The contact points used were

size six, round head machine screws, in-
sulated from the metal clock face by
fiber washers. The contact point for the
second hand is farthest from the center
and is so placed that the second hand
touches it very lightly as it passes the
sixty-second mark. It is quite important
that this contact be light and the contact
point very smooth, as any roughness will
result in a harsh, scratchy tone. Also, if
the contact is too heavy it may cause a
drag on the second hand, and since this
contact is made once every minute, it
would soon have the clock running far
behind the correct time. This detail is
not so important for the minute hand.
To prevent interference with the other
hands of the clock, either this contact
point must be slightly higher than the
others, or the hand curved down a bit
at the tip to meet the contact point, as
shown in the diagram, (B). The other
four points are placed one-fourth of an
inch nearer the center, at the fifteen,
thirty, fortv-ive and sixty - minute
marks. It may be necessary to shorten
the minute hand slightly, but this will
in no way impair the value of the clock.

In operation, the circuit is completed
through the hands of the clock. Although
the second hand closes that part of the
circuit once every minute, there can be
no signal unless the minute hand is also
making contact with one of the other
four points. The four external switches
were used in the circuit so that the sig-
nal could be omitted at one or more
points without eliminating the others,
as, for instance, during a thirty or sixty-
minute program in which the time sig-
nal would be undesirable.

Any oscillator with a suitable tone
may be used and it might be desirable
to use a transformer or pad between
this unit and the program line. We are
using a 400 c-p-s oscillator adjusted to
modulate about fifty-five percent. This
modulation level seems to be the most
satisfactory of several tried.
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ABOVE: ULTRA-HIGH FRE-
QUENCY TRANSMITTER
INSTALLED FOR WNYC

HIGH FIDELITY

FOR BROADCASTING

can be achieved only +Hrough
long experience in the design
and building of Transmitters.
We have built Transmitters for
Broadcast and the Govern-
ment services in frequencies

from 200 Kec. to 1500 Mc.

Transmitters also byilt for aeronauti-
cal and marine applications in the

intermediate and ultra-high fre-

quencies.

Submit your problems and ask for literature.

RADIO RECEPTOR CO., Inc.

251 West 19th Street New York, N. Y.

25.27 Megacycles

Cablc address: Receptrad, N. Y.

THE MARKET-PLACE
(Continued from page 24)
U-H-F STATION UNIT

The Harvey PF-100C is an ultra-high-
frequency communication unit designed for
central station use by police, fire, public
utility and emergency services. The fre-
quency range is from 20-80 mc, while
power output is 100-125 watts. It consists
of a standard PF-100 transmitter and a
tvpe PER-10 u-h-f superheterodyne re-
ceiver. The PF-100C is designed prima-
rily for local control of the transmitter
and receiver, but can be modified when de-
sired for full remote-control operation. A

Antenna towers of WWL, New Or-
leans, La. Photo from International
Derrick & Equip. Co.

modulation monitor is provided to show
visually percentage modulation on both
positive and negative peaks, to show car-
rier shift and to provide an aural monitor
so that the operator may listen to trans-
mitter carrier. An automatic volume com-

Showing Harvey Radio transmitter
(above) and remote-control unit
(below).

30 ® COMMUNICATIONS FOR APRIL 1940

ol AT e L e

A 300-foot u-h-f tower installed by
American Bridge Company at
Cleveland, Ohio.

pression circuit is also incorporated. A re-
mote unit is supplied which contains a
microphone preamplifier, audio output stage
and necessary control circuits. Harvey Ra-
dio Labs., Inc, 25 Thorndike St., Cam-
bridge, Mass.

WESTINGHOUSE APPOINTMENT

Two new directors of the Westinghouse
Electric & Manufacturing Company were
elected at a recent Board meeting of the
company. They are George A. Blackmore,
President of the Westinghouse Air Brake
Company of Pittsburgh and of the Union
Switch and Signal Company of Swissvale,
Pennsylvania, and Arthur W. Page, a
Vice-President and Director of the Ameri-
can Telephone and Telegraph Company of
New York, and a Director of the Conti-
nental Oil Company. The announcement
was made by A. W. Robertson, Chairman,
following a meeting of the Board of Direc-
tors at the Westinghouse New York of-
fices, 150 Broadway.

The 700-foot Truscon tower at
KFYR, Bismarck, N. D.
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FOR NEW TEST REQUIREMENTS OF

Mwﬁ"/

WESTON Model 787
U.H.F. Oscillator

WESTON Model 776
direct-reading Oscillator

WESTON Model 772
Super-Sensitive Analyzer

1. F.M. assigned channels 40 to 44 mc.
— band width 100-200 kc.

2. F.M. intermediate frequencies 2 to 5 mc.
— each stage aligned at exactly the same point.

3. Checking limiter and discriminator circuits.

HERE ARE THE ANSWERS:

'I The WESTON Model 787 is the only service Oscillator which reads
® 40 kc. per division at 40 mc. This precise tuning is absolutely essen-
tial to test the band width of F.M. receivers. Each instrument is individu-
ally hand calibrated at 2 mc. intervals. (The broad frequency coverage
of Model 787...from 22 to 150 mc. fundamental frequencies...safe-
guards against obsolescence in the event of changes in assigned channels.)

2 The WESTON Model 776 Oscillator supplies an absolutely stable
* signal source. Laboratory tests have shown that the frequency drift
is less than .05% at 5 mc. for an operation period of several hours. This
stability is the result of newly improved control circuits. With Model 776,
too, an individually hand calibrated scale insures dependable accuracy
over its entire frequency range of from 50 kc. to 33 mc.,, fundamental
frequencies.

3 Because of frequency limitations of present visual aligning equip-
® ment, current measurements down to 1 microampere offer the only
means of checking L.F. alignments, cut-off point on limiter tube, and ad-
justment of discriminators. WESTON Model 772 Super-Sensitive Analyzer
offers all ranges necessary to make these sensitive measurements; plus
additional ranges for all customary voltage, current and resistance meas-
urement needs.

Full particulars on the above instruments are available in bulletin form,
and will gladly be sent on request. Weston Electrical Instrument Cor-
poration, 612 Frelinghuysen Avenue, Newark, New Jersey.

WESTON Justruments

COMMUNICATIONS FOR APRIL 1940 ° 3]
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One tngineer

7ells Another...

“Unattenuation
field of station is

equivalent to 270
mvm for a power

of 1000 watts....”

Here is more evidence of the
excellent efficiency of Lingo
Vertical Tubular Steel Radia-
tors. Such statements, and
others from letters in our files,
testify to the fact that Lingo
Radiators are not only living
up to claims, but are creating
new ones! More and more
alert engineers are becoming
aware of the unusual results 1
made possible by Lingo’s fine
quality design and construc-
tion.

Lingo “Tube” Radiators are
constructed of new full-weight
copper-bearing seamless steel
tubing, which provides a
considerably higher tensile
strength than is found in
other types. Combined with
this assurance of stability, goes
43 years of experience and
single responsibility in con-
Structing and erecting our own
radiators. There are many
other features of interest. . . .

May we send you a complete
technical report?

Simply send us the location, power
and frequency of your station. We I

will send you full details without
obligation,

JOHN E. LINGO |
& SON. INC.

Dept. C-4, CAMDEN, N. J. 24809

LING

VERTIC

MODULATION MONITOR

A recent bulletin issued by the Triplett
Electrical Instrument Co., Bluffton, Ohio,
describes the 1696-A modulation monitor.
Designed primarily for amateur use, the
instrument opcrates from 100 to 130 volts,
50 to 60 cycle line. Copies of the bulletin
may be secured from the above organiza-
tion.

U-H-F TRANSMITTER-RECEIVER

A complete six-tube transmitter and re-
ceiver mounted in a small cabinet has been
announced by Radio Transceiver Laborato-
ries of Richmond Hill, N, Y. This 112-mc

unit has been designed along the lines of
previous 56 mc units. The parts have been
arranged for easy conversion to 224 mc
by substitution of smaller inductors.

AMPEREX TUBES

Amperex Elec-
tronic Products,
Inc.,, 79 Wash-
ington St.,
Brooklyn, N.Y.,
have recently
made available a
series of high-
power air-cooled
transmitting
tubes which are
capable of ope-
ration at high
frequencies,
These tubes are
designated as the
HF3000, HF3100
, and ZB3260. The
HF3000, shown in
the accompany-
ing illustration, is
an all-glass radi-
ation air cooled
1 triode suitable
for use as Class
C plate modu-
lated r-f power
amplifier (fre-
| quency limit 45
me), Class C
unmodulated or
negatively modu-
lated r-f power
amplifier (fre-
quency limit 60

Class C teleg-
raphy r-f power
amplifier (25 mc).
The ZB2200 is
also an all-glass
radiation plus
forced air-cooled
high-power triode
especially  suit-
able for use as
a zerg-bias Class
B modulator,
Class B r-f pow-
er amplifier, and
Class C teleg-
raphy r-f power
amplifier.
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MONITOR SPEAKER

A new monitoring loudspeaker employ-
ing a newly-designed permanent magnet
mechanism and housed in a cabinet which
is said to permit a wide angle of sound dis-
tribution has been announced by the RCA
Manufacturing Co., Camden, N. J. The
loudspeaker (Model 64-B) is designed pri-

il

marily for broadcast control room moni-
toring, but its reproducing qualities make
it suited for many other applications.

TRANSMITTER CAPACITORS
The Cornell-Dubilier Type' TK Dykanol
capacitors provide characteristics suited to
high-voltage transmitter applications. The
d-c working voltages range from 6000 to
25,000 in a wide range of capacity values.

Aluminum foil is employed in the construc-
tion, contributing to low r-f resistance.
Multi-laminated kraft tissue provides high
insulation resistance and high voltage
breakdown. Dykanol “A” is used to im-
merse, seal and impregnate the foil-tissue
assembly. Cornell-Dubilier Electric Corp.,
S. Plainfield, N. J.

IMPORTANT!

BE CERTAIN TO
ATTEND THE

IRE
CONVENTION

®
HOTEL STATLER
BOSTON
®
June 27-28-29

e
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" FREQUENCY MODULATION

(ARMSTRONG SYSTEM)

\ Now REL First to Develop

MODEL 521 Original equipment at W2AG (Yonkers, N. Y.) and at
50 KW E-M WZ)_(MN .(Alpine‘,‘ N. J.) was .developed at REL in collab-
oration with the inventor, Major E. H. Armstrong.

Transmitter

First to Produce
F-M Equipment for the following:

15-W. Portable Mobile Transmitter 1000-W. High Fidelity Broadcast Transmitter
50-W. Portable Broadcast Relay 2000-W. High Fidelity Broadcast Transmitter
50-W. High Fidelity Studio-Station Relay 5000-W. High Fidelity Broadcast Transmittec
200-W. High Fidelity Studio-Station Relay 50000-W. High Fidelity Broadcast Transmitter

PN P

Now in Daily Service

REL F-M Transmitters are no longer in the experimental
stage, as proved by the following list of stations which are
now servicing the public daily:

STATION LOCATION OWNED BY
W2XMN ....Alpine, N. J............ Maj. E. H. Armstrong
W2XAG..... Yonkers, N. Y. ........ C. R. Runyon, Jr.
W1iXO0J..... Paxton, Mass. ......... Yankee Network
WEOD...... Boston, Mass........... Yankee Network
W3iXO0 ...... W ashington, D. C....... Jansky & Bailey
WS8XVB ..... Rochester, N. Y........ Stromberg-Carlson
W2XQR.... Long Island City, N. Y. . J. V. C. Hogan
WO9XAO..... Milwaukee, Wisc....... The Journal Company
WB8XAD..... Rochester. N. Y........ WHEC, Inc
W2XOR..... Newark, N. J........... Bamberger Broadcast Service

and the following are now being built by REL:

STATION LOCATION OWNED BY
WGAN...... Portland, Me. ......... The Portland Broadcast. System, Inc.
WWJ........ Detroit, Mich. ......... The Evening News Association

A large percentage of the construction permits now on file
with the FCC calling for F-M equipment specify REL
Transmitters.

We invite engineers and executives to profit from our expe-
rience as the pioneer builders of successful F-M Transmitters.

t“f."“l‘-"r

Various components of the REL
50 KW F-M Transmitter are here
illustrated.

Above—top—shows the power amplifier unit
before it is mounted in its shielded room.
Immediately beneath is the central control
desk. which contains all monitoring equip-
ment.

To the right—

1st—Power control.
Next—Rectifier Unit.

These units are only part of the com-
plete station. All units are assembled
in a building particularly designed for
the purpose.

RADIO ENGINEERING LABORATORIES, INC.

Phone RAvenswood 8-2340
35-54 36th STREET £ N LONG ISLAND CITY, N.Y.
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VETERAN WIRELESS OPERATORS

)

ASSOCIATION NEWS

A

W. J. McGONIGLE, President

RCA BUILDING; 30 Rockefeller Plaza, New York, N. Y.

GEORGE H. CLARK, Secretary

Tribute

UR Association paid tribute to the

broadcasting industry of the country
as the “IFinest in the World” by the pre-
sentation of awards to the leaders of the
industry on the occasion of our Fifteenth
Anmniversary-Cruise on February 21, 1940,
at the Hotel Astor, New York City. The
Marconi Memorial Service Award, a beau-
titul bronze plaque—an enlargement of our
medal design—was presented to Neville
Miller, President of the National Associa-
tion of Broadcasters for the industry. Hon-
orary memberships were tendered Mr.
Miller; Lenox R. Lohr, President of the
National Broadcasting Company; Alired
J. McCosker, Chairman of the Board of
the Mutual Broadcasting System; William
S, Paley, President of the Columbia
Broadcasting System. Marconi Memorial
Medals of Achievement were presented to
the engineering heads of the three major
networks of the country: O. B. Hanson,
Vice-President and Chief Engineer of the
National Broadcasting Company; J. R.
Poppele, Chief Engincer of WOR-Mutual ;
and E. K. Cohan, Vice-President in charge
of Technical Operations of the Columbia
Broadcasting System.

A Marconi Memorial Medal of Merit
was awarded to Admiral Stanford C.
Hooper for his outstanding contributions
in developing the radio communications
service of the U. S, Navy to its present
high standard.  Admiral Hooper was
aboard the S. S. Brazil enroute to New
York from the Inter-American Radio Con-
ference at Santiago, Chile, and was notified
of the award by a message tapped out by
David Sarnoff, President of RCA and
transmitted over the facilities of the Radio-
marine Corporation and RCA Communica-
tions after which Admiral Hooper handled
the key in the wireless cabin of the Brasil
in acknowledgment. Both messages were
heard over the public address system in
the banquet hall. The exceptionally fine
code work of Mr, Sarnoff and Admiral
Hooper was applauded by those present,

A portion of the presentation program
was broadcast over NBC-Blue and the
Mutual Broadcasting System. Qur Presi-
dent, William J. McGonigle, made the
presentations and the program was con-
cluded hy Dr. Lee de Forest, our Hon-
orary President, who delivered his annual
message to the Cruise from the NBC
studios in Hollywood,

World's Fairs

The West Coast Chapters of our Asso-
ciation will sponsor a “De Forest Day”
at the San Francisco Exposition of the
Pacific during the first week in August.
All interested in this tribute to the “Father
of Radio” should communicate with Gilson
Willets, San Francisco Chapter Chairman
at 1434 Twenty-sixth Avenue, San Fran-
cisco, Calif.

A “Wireless Pioneer’s Day” at the New
York World’s Fair 1940 will be sponsored

by our Association sometime in August or
September of this year. [Further details
will be included in this page. All in-
terested should communicate with us at
Radio City, N, Y.

Membership

Our hard working Secretary, George H.
Clar}c, will appreciate your cooperation in
sending in your 1940 dues. If you are not
sure of your status just send along a year’s
dues and he will send the appropriate dues
card. There are innumerable details in
connection with our Association’s activi-
ties and we earnestly request your whole-
hearted cooperation and indulgence.

Honolulu

A very interesting communication from
our energetic Honolulu Chapter Chairman,
George Street, Superintendent of R. C. A,
Communications in the Territory of Ha-
waill.  George writes :

“The Honolulu Chapter will hold a
meeting on the evening of April 6th, 1940,
to do honor to John Adian Balch, who is
to be retired from the Presidency of the
Mutual Telephone Company (of Hawaii)
at the end of March.

“All of the old timers in this part of
the world have a great deal of respect and
admiration for Mr. Balch, who is in his
own right a pioneer in wireless communi-
cation. We should like to nominate Mr.
Balch for an award to recognize his pi-
oneer wireless work in the Territory of
Hawaii and the linking of these islands
together in what is one of the oldest con-
tinuous service wireless telegraph and
telephone companies in the world.

“Mr. Balch was born in San Francisco
on August 6, 1876, and educated in the
public schools of that city. Son of a
prominent mining engineer he began work
with his father in California mining com-
panies, Later he was a chemist and
superintendent of smelting for the Moun-
tain Copper Company in California.

“His attention was turned definitely
from mining to communications upon his
arrival in Hawaii on March 15, 1907. 1In
June of the same vear, with others in-
terested, he purchased the Wireless Tele-
graph Company operating between the Ha-
waiian Islands and became its Vice-Presi-
dent and Manager, Mr. Balch devoted
all his interest to improving this system
and erected at Kahuku., Oahu, the first
Hawaiian ship-to-shore station which was
completed in 1908. In 1909 he assisted in
effecting the amalgamation of the Wireless
Telegraph Company and the Mutual Tele-
phone Company, becoming Vice-President
of the combined companies. Later he was
elected to other offices and to the board
of directors. The past fourteen vears Mr.
Balch has held the office of President of
the Mutual Telephone Company.

“During his regime not onlv have the
islands of the Territory been brought to-
gether by communication facilities un-
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dreamed of by early residents, but the
whole world has been linked to Hawaii by
wireless telephone. In the first days of
ultra-high-frequency  experiments Mr.
Balch undertook the construction of an
nter-island radio telephone system and
by extensive experimentation definitely
established that such a service was pos-
sible. This system which has been suc-
cessfully operating for more than a decade
employs high-frequency transmitting and
receiving links situated on mountain tops
offering unobstructed vision of the islands
of the group. He has realized a life-time
ambition in fulfilling his intense interest
in communications whereby telephone sta-
tions on any part of the local island sys-
tem is successfully linked to practically the
entire world.

“During the World War Mr. Balch was
Chairman of the Draft Board for the Ter-
ritory. He also accepted a commission of
Lieutenant in the Naval Reserve and
served as district radio superintendent of
the 14th Naval District. He is a member
of the Engineering Association of Hauwaii,
the Institute of Radio Engineers and of
VWOA.”

On behalf of the entire membership of
our Association we salute a true “Wire-
less Pioneer,” John Adrian Balch. It was
a genuine pleasure to dispatch a Wireless
Pioneer Medal to Chairman Street for pre-
sentation at the dinner honoring Mr. Balch.

Los Angeles

The Los Angeles-Hollywood Chapter
was inaugurated in February of this year
under the guidance of Messrs. de Forest,
Chapple, Styles, Bremmer and Stoddard.
In the month of March further impetus
was lent to VWOA activities in that area
by a meeting of the leading lights in the
various fields in which veteran wirelessmen
of Southern California have engaged.
Among those present at the March meeting
—and then elected to their “Board of
Strategy”—were: L. H. Bowman of the
Columbia Broadcasting System: A. H.
Saxton of the National Broadcasting Com-
pany; C. O. Slyfield of the Walt Disney
Studios; Ed Hansen of the 20th Century
Fox Studios; H. Duke Hancock of Broad-
cast Station KGFJ; W. H. Beltz of RCA
Manufacturing Company; J. F. Dunn of
Mackay Radio; James Chapple of the
Federal Communications;: T. M. Gardner
of Radiomarine Corporation of America:
Roger Bunce of Globe Wireless, 1td.;
A. E. Jackson of RCA Manufacturing
Company; Frederic H. Stevens of the
Civil Aeronautics Authority; Harrison
Holliway of Broadcast Stations KFI-
KECA ; M. J. Schaefer of Lvon and Lyon;
H. E. Austin of RCA Communications.
The meeting was held in the studios of
KFI-KECA and a fine picture of the as-
sembled veterans was taken and reproduced
in a Bulletin issued by their Secretary Le-
roy Bremmer. Those interested in mem-

(Continued on page 36)
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ECTIFYING TUBES

AMPEREX ELECTER
79 WASHINGTON STREE

Export Division: 100 VarickStrel

IC PRODUCTS, Inc.

BROOKLYN, NEW YORK
ew York, U.S. A. Cables: "ARLAB”

ONAN ELECTRIC PLANTS

SERIES e ONAN A.C. ELECTRIC
PLANTS are used by Radio
Operators all over the world for
primary or Emergency power
Bupply.

40 DEPENDABLE MODEILS
350 to 10,000 watts, ready for

immediate shipment and opera-
tion.

LIGHTWEIGHT, COMPACT
PLANTS for Mobile, Pickup,
Transmitter Trucks. 1500 watt
OTC, weight. 120# ; 4000 watt
OTA, weight 200#.

Built by speclalists in Electric
Plant manufacturing for 14
years. 15,000 in operation on
land, on sea, and in the air.

WRITE FOR DETAILS

D. W. ONAN & SONS

1251 Royalston Ave., Minneapolis, Minn.

ALLIED ;eeovinee RELAYS

The maximum air space insulation
is used throughout.

Designed for antenna change-over,
switching of band, crystal or tank cir-
cuits. All parts are plated. The
insulating material on the standard
relay is “Lucite.”” Layer wound,
impregnated coils are standard. The
contacts are fine silver. Relay dimen-
sions are 3”x214”'x115".

Stock items are double pole double throw in 6, 12, and 125V
AC 60 Cycle, or DC.

Jobber stocks throughout the country.

227 FULTON ST.
NEW YORK

ALLIED CONTROL COMPANY, Inc.

trom Coast 10 Coast
poiths 7
Surer Deriant SX'

Amateurs from coast to coast acclaim this new, de luxe
model, amateur receiver as the finest ever developed for
anywhere near this price. And orders have been pouring
in far beyond our expectations.

The SUPER DEFIANT, at $50 less, offers even better per-
formance than that of the famed SX-17. lis general
circuit is based on the proved efficiency of America’s
BEST selling receiver, the Skyrider DEFIANT, and, in
addition, it has important improvements and refinements
of its own that definitely step up all former standards of
value.

You wanted more preselection. Now you can have it
You wanted more and better audio. The SUPER DEFIANT
gives it to you. You wanted less noise, less distortion,
easier tuning. All this, and more, you get in this new
Hallicrafters triumph.

Your Distributor is now ready to supply you with the
new SUPER DEFIANT on time payments if you wish. See
him and learn for yourself why there is such a demand
for this exceptional amateur receiver.

Note These Outstanding Features

] Two Stages Pre-Selection.
540 ke to 42 me in 4 bands.
Calibrated bandspread dial
for 10 to 80 meter ama-
teur bands provides fre-
quency meter tuning.
Compensation in Oscillator
I Circuit for Frequency
Stability.
Better Signal-to-Noise
Ratio.
Improved Crystal action.
Automatic Noise Limiter.

COMPLETE with Speaker
Crystal and Tubes . . . .

12 Tubes.

8-Step Variable Selectivity.

S Meter calibrated in “S”
and “DB” Units.

Push-Pull output.

All  functions controlled
from front panel.

115 volt 50-60 cyecle AC
operation.

Battery or Vibrapack
socket for DC operation.

Dimensions: 193, x 1118"”
X 9%’ high.

399.50

the La”icra[{'ers inc.

CHICAGO, U.S.A

WORLD'S LARGEST BUILDERS OF AMATEUR COMMUNICATIONS EQUIPMENT
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KNow YOUR FREQUENCY

USE THE FD-8 MONITOR X
By @

FEATURES:
® Provides direct reading of frequency
deviation.

® Temperature controlled crystal cham-
ber.p Y ® Accuracy of the monitoring frequency

® Monitors four frequencies. is .002 per cent.

® Operates on any frequency—I500 to ® Three ranges of measurement—1000,
50,000 KC. 5000, and 10,000 cycles.

WRITE FOR FURTHER DETAILS

DOOLITTLE & FALKNOR, Ine. 742! o Loomis Boulevard

*Chicago, lllinois

300> SERIES

A COMPLETE NEW LINE OF
SMALL PLUGS-SOCKETS
2 CONTACTS TO 33 CONTACTS

PLUGS WITH CAPS w PLUGS WITH BRACKETS
SOCKETS WITH CAPS “¥7 SOCKETS WITH BRACKETS

Ask for Bulletis 300

HOWARD B. JONES
2300 WABANSIA AVENUE, CHICAGO, ILLINOIS

SQUARE-WAVE
GENERATOR

A New Approach to Audio Frequency
and Network Testing

. A simplified routine or production test
for audio equipment

2. A to detect and study ph
SPECIFICATIONS shif’:ea“‘ o detect and study phase

SQUARE WAVE OUTPUT—50 volts peak to 3.
peak from 20.20,000 cps.

A way to investigate transient effects

in networks and amplifiers.
DRIVING VOLTAGE—5 volts into 25,000 . .
ohms or internal 60 SDSl.n o ° 4. A simple system to study transient

OUTPUT ATTENUATOR—O0-75 db. phenomena in school and college
laboratories.

The Model 210A, only $104.50 f.0.b. Palo Alto

HEWLETT-PACKARD CO. ii.0"50" v
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VWOA NEWS
(Continued from page 34)
bership or the activities of the Los An-
geles-Hollywood Chapter should contact
the secretary at Suite 212 Hollywood
Studio Building, 6560 Hollywood Boule-
vard, Hollywood, Calif. Dr. Lee de

Forest, our Honprary President, is Chair-
man of the Advisory Council,

"SOUND'" IDEAS
(Continued from page 18)

Seven amplifiers are used in all, four
of them power amplifiers to provide the
driving power for different speaker
groups.

Another system at this airport on the
occasion of its dedication is of interest
as representing an application of stand-
ard equipment to the specialized require-
ments of a vast crowd of well over
100,000 visitors, a small portion of
which is shown in Fig. 6. The instal-
lation was made by the New York City
sound engineers, who have the happy
knack of doing big jobs in a simple
way. The setup consisted of three 100-
watt standard amplifiers (one of which
was for reserve use) and eight heavy-
duty dynamic units in horn baffles raised
above the crowd on telescoping stands.
Four speakers were operated from each
amplifier and the speakers alternated in
position so that should anything go
wrong with one amplifier complete cov-
erage would still be obtained, although
at decreased level.

The pick-up of speakers’ voices was
obtained through the microphone of
WNYC, the city’s own broadcast sta-
tion, which was one of the battery of
several surrounding the speaker’s table.

TELEVISION FUNDAMENTALS
(Continued from page 21)

limiting factor in bringing to reality the
proposed Birmingham provincial station
outside of London in a relatively highly
populated area.

At the present time there seem to be
two general methods of approach to the
interconnection problem. One is the use
of transmission lines. Over relatively
short distances a selected pair in an
ordinary telephone cable has been used
withcorrection for remote television pro-
gram pickups. The coaxial cable is well
adapted to the transmission of video sig-
nals because the attenuation is fairly low
and quite uniform over a wide frequency
range. Unattended amplifying units lo-
cated in manholes at proper intervals
have been used successfully in a 100-
mile trial section between New York
and Philadelphia. A lead sheathed co-

e .
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WAXES
COMPOUNDS

INSULATION and WATERPROOFING

of ELECTRICAL and RADIO
COMPONENTS

. such as transformers, coils,
power packs, pot heads, sockets,
wiring devices, wet and dry bat-
teries, otc. Also WAX SATU-
RATORS for braided wire and
tape and WAXES for radio
parts. The facilities of our
laboratories are at your disposal
to help solve your problems.

FOUNDED 1846

73442&. MILLS, Inc.

120 - 26th ET., BROOQKLYN, M. Y.

NEW MIDGETS

MIDGET ATTENUATORS built

upon twelve years of specialized
engineering experience in this

field.
They are NOISELESS o o «
LAST LONGER ¢ o »
LESS CLEANING REQUIRED

Prices have not been raised de-
spite increased production costs.

Write for Bulletin 401

TECH LABORATORIES

7 LINCOLN ST., JERSEY CITY, N. J.

axial cable suitable for such purposes is
shown in Fig. 10,

The second approach to the problem
is that of ultra-high-frequency radio link
transmitters. At high frequencies very
efficient and highly directional antenna
structures can be cheaply constructed.
By the use of such antennas for both the
receiving and transmitting functions,
low transmitter power acquirements and
a minimum of interference may be at-
tained. It is conceivable that an exten-
sive network could be built up of many
such units located on strategic geo-
graphical points at distances depending
upon the line-of-sight range obtained. It
is also possible that sufficient reliability
could be realized in an unattended sta-
tion or at least by remote control.

Fig. 11 shows an experimental link
transmitter operating on a frequency
of 177 mec. It is located on the 10th floor
of the RCA building and serves as an
alternate to a coaxial transmission line
between the NBC television studios in
the RCA building and the television
transmitter located in the Empire State
Building, a distance of somewhat less
than a mile. It will be noted that such
transmitters can be made compactly,

(To be continued)
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BROADCAST AMPLIFIER
(Continued from page 16)

transformer. The two sides, therefore,
behave exactly as if they were two sep-
arate single-sided amplifiers as far as
plate-load impedances are concerned.
Nevertheless, 'if the push-pull tubes in
the resistance-coupled circuit are
matched, cancellation of the even-order
harmonics is obtained, and for this rea-
son all push-pull tubes should be care-
fully selected so that their characteris-
tics are identical, if full advantage is
to be had from this amplifier. It will
be noted in the circuit diagram, Fig. 2,

- that all coupling and filter condensers

are of sufficient size for the amplifica-
tion of low frequencies as well as high.

OHMITE

Ho = 5471

* Engineered for Your Needs.
Our engineers are specialists in resistance
control for all types of applications.
They'll work out exactly what you need,
most economically.

%* Many Stock Units for Quick Delivery.
Here's the largest, most complete stock
of close-control Rheostats, wire-wound
Resistors, and high current Tap Switches
in the world—ready for quick shipment.
Saves vou time and money!

* Built Right in Every Way. You get
time-tested, time-proved construction in
Ohmite vitreous - enameled Resistors,
smooth-action Rheostats, compact Tap
Switches.

* Trouble-Free Performance. You can
depend on every Ohmite product for con-
tinuous trouble-free performance on the
toughest jobs in any climate from the
tropics to the arctic!

* Prompt and Certain Shipment.
Every order is acknowledged with a defi-
nite shipping date—and this shipping
promise is faithfully kept!

Write Today for Catalog 17.

OHMITE MANUFACTURING CO.

4869 Flournoy Street, Chicago, U. S. A,

RHEDSTATS RESISTORS TAP SWITCHES
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A CRYSTAL CONTROLLED

SINGLE FREQUENCY RECEIVER

AIRLINES, POLICE, AND GOVERNMENT SERVICE

SPECIFICATIONS

Frequency Range: 1.5 MC to 20 MC

Selectivity: 40 db down at 6 KC off frequency

Sensitivity: 1 microvolt, 30% modulation at 400 cps for 6 milliwatts
across 500 ohm load )

Signal to Noise Ratio: 4 to 1 in voltage

Automatic Gain Control: Output variation less than 3 db with
input from 5 microvolts to .1 volt (telephone operation)

Image Rejection: 50,000 to 1 in voltage at 5,000 KC

Power Output: Plus 10 db maximum across 500 ohm load
Audio Noise Control: Audio clectrically shorted out in absence

of received signal (telephone operation)

Panel Size: 314 inches by 19 inches

Power Requirements: 115 volts, 60 cycles, 40 watts, with self-
contained power supply

WILCOX ELECTRIC COMPANY

4014-16 STATE LINE KANSAS CITY, KANSAS

l

WRITE FOR CATALOG G-11 DESCRIBING COMPLETE LINE

BLILEY ELECTRIC CO., ERIE, PA.

IEZ0 Electric Grystals Exclusively

® Quality crystals for all practical frequencies sup-
plied SINCE 1925. Prices quoted upon receipt
of your specifications.

Our Pledge: QUALITY FIRST
SCIENTIFIC RADIO SERVICE

UNIVERSITY PARK HYATTSVILLE, MD

We manufacture a complete line of equipment
Spot Welders, electric, from Y4 to 500 KVA:;
Transformers, special and standard types; Incandes-
eent Lamp Manufacturing Equipment; Radlo Tubes,
Ex-Ray, Cathode Ray, Photo Cells, Eleotronie
Equipment Vacuum Pumps, eote. Tungsten Slugs,
Rod and Wlire Manufacturing Equipment; General
Glass Working Machines and Burners; College
Glass Working Units for students and lahoratory;
Photo-Flash Lamp Equipment: Neon 8ign Manu.
facturing Equipment: Thermos Bottle Equipment;
Wire Butt Welders; A.C. Are Welders from 100 to
400 Amps. CHAS. EISLER, Pres.

EISLER ENGINEERING COMPANY

741 So. 13th St. (Near Avon Ave.)

Newark, New Jersey

A stmple tone control is connected
across the mput of the power stage to
be used mainly for public-address work,
but it has been found very convenient
tor recording. IFig. 8 shows the attenua-
tion curve of the tone control.

The power stage of the ainplifier
consists of two 6NO-G tubes in push-
pull. The 6N6-G tubes were chosen be-
cause of their characteristics. The
6NO-G tube comprises two triode units
mounted in a single ST-14 bulb. The
smaller, or input section, acts as a
driver tube for the larger output units
and is directly coupled to it, therefore,

eliminating coupling condensers and re-
sistors. Fig. 6 and Fig. 7 show the fre-
(uency response curves of the amplifier
in conjunction with the individual input
and output channels.

Fig. 10 shows the arrangement of
parts in the amplifier with the front
panel removed.

The output circuit of the amplifier is

Fig. 12, (Above) Showing physi-
cal layout of power pack.

Fig. 13. (Left) The power pack.

Fig. 5. (Right) The voltage-requ-
lator circuit and voltage requla-
tion curve.
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also universal in that two headphone
jacks, a 500-ohm remote broadcast line,
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The versatile RCE-X receiver combines fixed-frequency
operation with wide-range tuning. Basically the re-
ceiver is a high performance superheterodyne covering
from 200 to 400 KC in one range and from 1.3 to 28.0
MC in four ranges. At the turn of a switch, the HF
oscillator may be brought under crystal control, giving
high stability. Two crystals are provided in a special
holder which plugs into the front panel. When crystal-
controlled, the main tuning condenser serves to peak
the RF stages, and its setting does not affect the
crystal frequency. Likewise, with the switch set for
wide range tuning, the crystal does not affect the per-
formance of the receiver.

The RCE-X is a high grade instrument in every sense.
Typical of its high quality construction is the use of
a large cast aluminum shield in the base of the receiver

CRYSTAL-CONTROL
PLUS
WIDE RANGE TUNING

<>

The New

RCE-X

RECEIVER

with a separate shielded pocket for each of the RF and
oscillator coils. This shield moves bodily on a track
when ranges are changed, bringing the desired coils
directly below the tuning condenser and tubes, thus
providing the shortest possible leads. Other details
include a precision geared condenser, micrometer dial,

carrier-off noise suppressor, amplified and delayed
AVC and beat oscillator.

The RCE-X is already in
wide use by leading com-
munication organizations
and has proved its versa-
tility and high perform-
ance. Correspondence is
invited.

NATIONAL COMPANY, INC., MALDEN, MASS.

and two 500-ohm output impedances are
provided.

Either one of the two high-level 500-
ohm outputs may be used individually or
simultaneously as selected by the output
selector switch S.W. (Fig. 9). When
the switch is in No. 3 position the two
circuits are paralleled, giving 250 ohms
as well as connecting the output circuits

ks Input
fram tron, LS 61

Input leve
Tol

Frr:--'_] LBFCY ~ ':-_':."':lE'E [rr Sec.

Fig.8

Fig. 8. Attenuation curve of tone
control.

of the transformer to match the load. This
"has the following advantages: When the
switch is in position No. 1 it may be
feeding a monitor speaker, and when
switched to position No. 2 may be feed-
ing a recording cutting head or moni-
tor speaker, but this is not recommended
for high-fidelity recording unless the
reflected impedance of both the speaker

Fig. 11. (Above) Back view of
amplifier showing physical layout.

Fig. 10. (Below) Showing layout of
parts.

and recorder head is known.

Bridged across the output circuits of
the output transformer are headphone
jacks and radio remote line (Fig. 3).
The resistance of bridging circuits is

so high that it does not affect the out-
put circuit and allows a means of vary-
ing the input to both headphone jacks
and radio remote line. These controls
are mounted on the chassis because once
set there is no need for readjustment
under normal operating conditions.

The V.I. decibel meter that indicates
the power in the radio remote line is
also used for indicating recording levels.
When the meter reads +2 db it is peak
level for both the broadcasting line and
recorder head. This level holds true
whether the output selector switch is in
position No 1, No. 2 or No. 3. The
meter reads +6 db for full undistorted
power output of the amplifier, and if it
is necessary to use the amplifier for
public-address work where more than
12 watts are required and over 5% dis-

BLACK

BROWN

GREEN ) J
WHITE ) o

RED
BLACK
YELLOW
BLUE

Fig.15
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PILOT LIGHT ASSEMBLIES

® ENGINEERS:Drake assemblies are engineered
with extreme precision for greater dependability.
They are built to highest standards of materials,
workmanship and performance. Our own engi-
neers will gladly cooperate on any special designs
or pilot light problems. No obligation.

® MANUFACTURERS: You will find a most
complete line of stock assemblies in the Drake
line. Standard-Special-“‘Underwriters Approved”
Bayonet-Screw-Bracket and Jewel Types avail-
able, at moderate cost. Most leading radio and
electrical appliance manufacturers specify Drake
products. Quick, efficient service in any quanti-
ties assured.

® SERVICE MEN: Sec Drake assemblies at
your jobbers. No other assembly surpasses it for
quality and performance. It pays to be particular

. to insist on Drake. Prices are low for such
precision products.

Drake Pilot Light Assemblies cost no
more yet give better, more depend-
able performance. Get all the facts!

WRITE FOR CATALOG TODAY!

DRAKE MANUFACTURING CO.

1713 W. HUBBARD ST. « CHICAGO, U.S. A.

“TENSITE"”
made only by

WILBUR B. DRIVER CO.

NEWARK, NEW JERSEY
=

tortion may be tolerated, it will be
necessary to readjust the potentiometer
so that the meter will not be damaged.
It is also necessary to have a 500-ohm
resistor connected across the output cir-
cuit of the radio remote line when not
feeding the 3500-ohm line so that the
V.I decibel meter will read correctly.

Power Supply

The power supply is constructed sep-
arately from the main amplifier so as to
eliminate any possible hum that might
have been introduced in the input trans-
former of the amplifier. The power-
supply circuit is a conventional circuit
with the exception of the voltage regu-
lator circuit (Fig. 4). This is shown
separately on Fig. 5. Fig. 5 also shows
the voltage regulation curve.

The principle upon which the voltage
regulator circuit of the power supply
operates is fairly simple and can be ex-
plained by referring to Fig. 5. A high-
gain voltage amplifving tube (such as
the 6J7, 57, and 6S]7) is connected in
such a way that a small change in the
input voltage to the voltage-regulator
circuit causes a change in the grid bias
and thereby a corresponding change in
plate current.

The plate current of the 6J7 flows
through a resistor, the voltage drop
across which is used to bias a second
tube —the ‘“‘regulator” tube — whose
plate-cathode circuit is connected in
serics with the d-c line. The regulator
tube, therefore, functions as an auto-
matically variable series resistor in the
power supply. If the output voltage in-
creases slightly, the bias on the control
tube becomes more positive, causing the
control tube’s plate current to increase
correspondingly. The bias on the regu-
lator tube, therefore, becomes more
negative and the effective resistance of
the regulator tube increases, causing
the terminal voltage to drop. A de-
crease in the output voltage causes the
reverse action. This principle is the
familiar a-v-¢ action.!

1).S.T., August, 1937, p. 14.

OVER THE TAPE

CLAYTON APPOINTED IRE COMMITTEE
CHAIRMAN

John M. Clayton, General Radio Co., has
been appointed Chairman of the Publicity
Committee for the National IRE Conven-
tion. This gathering is to be held at the
Hotel Statler, Boston, Mass., on June 27,
28 and 29.

C. A. WHITE DIES

Charles Arthur White, Secretary-Treas-
urer of the Leeds & Northrup Co., died
on March 2 at the Germantown Hospital
in Philadelphia, after two weeks illness.
Mr. White was ffty-eight years old. He
joined the Leeds & Northup Co., in 1920.
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You and your associates
cen obtain a year's subscrip-
tion to COMMUNICATIONS
(12 issues) for only $1.00 each
by using the Group Subscrip-
tion Plan.

A regular yearly subscription to COM-
MUNICATIONS costs $2.00 — but
when four or more men sign up at one
time, each one is entitled to the half-

price rate. (Foreign subscribers on the
"G-S-P" only pay $2.00 each).

COMMUNICATIONS
19 E. 47th St, N. Y. C.

Please enter annual subscriptions (12
issues) for each of the undersigned for
which payment is enclosed at the rate
of $1.00 each. (This rate applies only
on 4 or more subscriptions when oc-
cupations are given.) Foreign Sub-
scriptions are $2.00 each.
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Why This New Littelfuse Mounting
DOES A REAL JOB!

No. 1237 Littelfuse Mounting

Llock nut staked Lock nut Insulated frbre
/nfo cover Always| | slotted for | |lined cover for
there. Never | |screw driver 110-115 ‘
or pliers volt lines
? 4 Metal
\ shielded
A cover
v~ hi #
Double pole for| ¥ g,;?(,?/,,";:
fwo 3A4G base.
fuses Con't get
V4 lost

parts are
all cadmium

Termina/

Meets Underwriters
mounting requirements
extends thru on many
insuloted base applications

Typical of the 100 ot more special and standard
Littelfuse Mountings, the No. 1237 offers en-
gineers and designers the practical solution of
some particular mounting problem.

HERE ARE THE SPECIFICATIONS: 25" x
114" x %" high above panel. Requires 15" x 114"
knockhole. Two 6/32” x 5/16’ mounting studs at
214" centers. SEND FOR FREE SAMPLE.
Specify probable use and name of your company.

LITTELFUSE INC.

4751 RAVENSWO0OD AVE. CHICAGO, ILLINOIS

Individualized to meet ¥y
specific instrument design
specifications.

your

Clare Relays are available in
innumerable coil, contact, ad-
justment and timing combina-
tions—accurately made of
quality material.

Clare engineers welcome an
opportunity to assist you in
your problems. Personal at-
tention will be given your
inquiry.

Ay e
ELECTRD MECHARICAL SPECIALTIES CLARE RELA Y
R'El.pY'i LITERATURE

C. P. CLARE & CO.

LAWRENCE & LAMON AVES. - - - - GCHICAGO
{5 East 26th St., New York City

The 160-foot radiator of

W. Va.

ARMOUR'S SUMMER [NSTITUTE

Armour Institute of Technology, Chi-
cago, according to the announcement made
by Dr. L. E. Grinter, vice-president and
dean of the graduate division, will conduct
a three-term Summer Graduate Institute
for engineers, professional men, industrial-
ists, and educators in engineering and sci-
ence beginning with the summer of 1940.
[t is planned, according to Dr. Grinter,
who is in charge of the Summer Institute
beginning with this year, to invite scientists
of distinction to lecture each summer on
modern developments in engineering and
science.

This Summer Institute is divided into
seven separate and distinct divisions and
the program of specialized classes has
been arranged to provide an opportunity

Lingo
WGKY, Charleston,

| for graduate work on the highest possible

plane. These divisions include Advanced
Mechanics, Chemical Engineering and
Chemistry, Civil and Sanitary Engineer-
ing, Electrical Engineering and Physics,
Mechanical Engineering, Industrial Engi-
neering and Applied Mathematics. The
first term of the Summer Institute will ex-
tend from June 17th to July 13th; the
second term from July 15th to August 10th,
and the third term from August 12th to
September 7th.

It was also announced that the Summer
Institute will be conducted in future years
under the direction of Armour College of
Engineering of Illinois Institute of Tech-
nology. This will result from the merger

of Armour and Lewis Institute, expected

to become effective as of September, 1940,
and the subsequent changing of the name of
the new combined colleges to Illinois In-
stitute of Technology.

RCA BULLETINS

Two interesting bulletins have recently
been made available by the RCA Manu-
facturing Co.,, Inc., Camden, N. J. One
bulletin covers the Type 311-A broadcast
frequency monitor—circuit and technical
data are given. The second bulletin is de-
voted to a description of the Type MI-
7823-A ultra-high-frequency antenna. Both
bulletins may be secured by writing to the
above organization.

NEW OFFICES FOR RADIO DEVELOPMENT

Radio Development & Research Corp.
announces the removal of their offices, lab-
oratory and factory to 136 West 52nd
Street, New York, N. Y. The new tele-
phone number will be Clrcle 5-7971.

COMMUNICATIONS FOR APRIL 1940 e 4

wwWwW americanradiohistorv com

|
ANNOUNCING
A CHANGE OF NAME |
MICROVOLTS

INCORPORATED

will in the future be known as

MEASUREMENTS
CORPORATION

| OF BOONTON, N. J.

| There will be no change of
personnel or policy, and the
present line of radio measur-
ing equipment will be con-
tinued, including

THE MODEL 54
Standard Signal Generator
100-25,000 kc. 1.0 volt
output. MOPA circuit.
Modulation to 1009, with
low distortion. Accuracy
plus economy.

THE MODEL 65
Standard Signal Generator

All the features of the
Model 54 plus 2.0 volt out-
put and internal high power
modulating amplifier with
pure 400 cycle oscillator.

THE MODEL 58

Television Noisemeter
15-150 megacycles. |-
100,000 microvolts. For
noise and field-strength
measurements.

Write for complete
details and prices of
these instruments.

-
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Ferris Model 32 Radio Noise and Field
Strength Meter

A Universal Direct Reading Micro-
voitmeter for Measuring all Types

of Radio Noise and Carrier Fields.

Coverage 150-350 and 550-20,000 kilocycles
—direct reading logarithmic scale on ‘out-
put meter—built in calibrating generator.
Send for bulletin C 32 for complete details.
Circulars on Signal Generators are available
on request.

FERRIS INSTRUMENT CORP.

BOONTON, NEW JERSEY
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PIONEER GEN-E-MOTOR CORPORATION
Dept. R-5D, 466 W. Superior St., Chicago, .

Please send me complete information on Pincor
Rotary Converters.

The 313-foot Wincharger tower in-
stallation at KVFD, Ft. Dodge, lowa.

NEELY HOST TO ENGINEERS

Over one hundred engineers attended a
technical meeting held by Norman B.
Neely in Hollywood on Thursday, March
21st. A paper entitled, “Square Waves and
Their Application,” was delivered by Bill
Hewlett of the Hewlett-Packard Company
of Palo Alto, California. The paper was
demonstrated by photographic slides of os-
cilloscope patterns and demonstrations
showing square-wave phenomena as applied
to audio equipment.

After the paper and demonstrations were
completed the meeting was opened to ques-
tions and a half hour of very interesting
discussion followed. Then the meeting was
adjourned from the assembly hall to Mr.
Neely’s offices next door for a buffet sup-
per. A display of radio, sound, and labora-
tory equipment had been arranged by Mr.
Neely and his staff and the first copies of
his new catalog were distributed, Special-
izing in technical representation, Mr. Nee-
Iy’s business is rather unique in the field
of manufacturers’ agencies.

CINEMA ENGINEERING BULLETIN

The Cinema Engineering Co. have re-
cently published a bulletin on “Precision
Sound Equipment.” It covers wire-wound
resistors, variable attenuators, fixed attenu-
ators, gain sets, decibel meters, VI units,
power supplies, relay racks, jacks, jack
mounting and strips, etc. Write to the
above organization at 1508 S. Verdugo
Ave,, Burbank, Calif.

Showing Isolantite insulators em-

ployed in power-amplifier of 50-kw

f-m transmitter. Photo courtesy
Radio Engineering Labs.
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PLAN TO ATTEND

the
NATIONAL

IRE CONVENTION
JUNE 27-28-29

Hotel Statler Boston

T A GRACIOUS HOST -

FROM COAST TO COAST

The Drake

The Blackstone

'_ Belleview i|te

A. S. KIRKEBY, Managing Directer

N T, >
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Transcription equipment in studios
of WKBN, Youngstown, Ohio. Presto
Recording Corp. photo.

SHURE LITERATURE TIME TESTED AND PROVED-A SMALL
Shure Brothers, 225 W. Huron Street, RELAY FOR GENERAL APPLICATIONS

Chicago, have recently made available two

bulletins covering their “Uniplex” (Crys- * Bring your control problems to Guardian Electric where experience gained through
tal) and “Unidyne” (Dynamic) uni-direc- | the design, development and production of thousands of electrical control units—
icnal microphones. Rather complete infor- from simple small relays like the well-known Series 110 AC Relay by Guardian, illustrated
mation is given on both units. Write to above, to intricate combinations—can turn your seemingly impossible control problems
the above organization. into quick, easy answers.

RELAYS BY GUARDIAN....

CHANGE OF NAME ] ] )

Microvolts, Inc., of Boonton, N. J., an- Designed snr.ugly or in complete control assemblies from 3,700 standard Guardian
nounces a change of name to Measure- ‘ parts—synchronized each to the other and to your machine. High-speed production lines
ments Corporation. The personnel and turn out ANY QUANTITY AS YOU WANT THEM WHEN YOU WANT THEM—with a
policies remain unchanged, and new models, plant within a plant to produce those one, two or three control units you must have now.

Quantity control orders produced in three days’' time—faster if necessary—with overnight shipping service

with emphasis of the high frequencies, will to every industrial center.
be added to the present line. Ask Us To Make Specific Recommendations. Whrite
DRIVER TO EXHIBIT AT FAIR GUARDIAN ELECTRIZC
The Wilbur B. Driver Co., of Newark, 1623 WEST WALNUT STREET CHICAGO, ILLINOIS

N. J., manufacturers of Tophet nickel-
chromium resistance wire, again are exhib-
iting in the Hall of Industries at the New
York World’s Fair. A feature of the ex-
hibit will be a complete display of the new-
est electrical appliances for the home.

UNIVERSAL MICROPHONE BULLETINS

Universal Microphone Co., Inglewood,
Calif., have issued 3 new leaflets. One is the
annual issue of the microphone catalog and
another a catalog on recording machines
and accessories. Both are in loose-leaf
form. The third, leaflet No. 165, is on re-
cording and playback turntables. Copies
may be secured from the above organiza-
tion.

The 640-foot Lehigh vertical radiator
at WCCO, Anoka, Minn.

NEED formed parts for some specific application? Callite "delivers
the goods" exactly to specifications. That's because Callite engineers are
specialists in the fields of Tungsten, Molybdenum and other refractory metals.
Take advantage of over 20 years experience and the most modern laboratory
facilities. Call in Callite if you want real service and dependability in formed
parts. For further information, write for Bulletin No. 30.

CALLITE :i¢poc
DIVISION

EISLER ELECTRIC CORP. e 542 39th ST. e UNION CITY. N. ].
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DOWN WITH

HIGH COSTS !

Don’t take our word for it—See for your-
self how this super-powered hand cleaner
prevents costly shut-downs and power
losses. Frees electrical equipment and pre-
cision machinery from the ravages of dirt,
dust, litter and moisture.

JUMBO
II3-in-l "
ELECTRIC CLEANER

VACUUMS - BLOWS - SPRAYS

Air at high velocity (24,200 ft. per min.) insures
superior clcaning action—Ilow pressure prevents
damage to delicate parts. Vacuums or blows dirt
out of hard-to-get-at places. Attachments avail-
able for all kinds of cleaning jobs. Other model
“3-in-1" cleaners available to suit your every
requirement.

lASK FOR FREE TRIAL DEMONSTRATIONI

Electrical Products Division

IDEAL COMMUTATOR DRESSER CO.

1062 Park Avenue Sycamore, Illinois

In Canada—IRVING SMITH, Ltd.. Montreal

INCHBRGER
CORPORATION
Iowa
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AMINATIONS

for Output TRANSFORMERS
of Highest Permeability

Standard stocks in a wide range of

sizes for Audio, Choke, Output and

Power Transformers. Write for dimen-
sion sheets.

permanent

AGNETS

ALNICO (Cast or Sintered)
COBALT-CHROME-TUNGSTEN

Cast, formed or stamped permanent

magnets for all purposes. Engineering

cooperation backed by 38 years ex-
perience in magnet making.

TOOLS » DIES » STAMPINGS
HEAT TREATING

Thomas & Skinner

Steel Products Co.

1113 E. 23rd St. Indianapolis, Ind.

EXPERIENCE
ALONE
DOES NOT
ASSURE

® Experience PLUS Technical Training
Prepares You for Advancement in

RADIO & TELEVISION
ENGINEERING

Years of experience on a routine job does not
in itself prepare a man for a more advanced
position. Radio, Facsimile, Television . . . are
continually offermg new opportunities through
new developments. But, experience alone can-
not qualify you for a job that demands ability
based on specialization and modern training.
The better job that you want must be earned
in your spare time. Hundreds of men in every
branch of the radio industry are lmprovmg
their knowledge and jobs by training in their
spare time. CREI home-study courses prepare
you for a definite career by backing up your
experience with modern technical training.

Write for F R E E

New lllustrated booklet
“A Tested Plan for
A Future in Radio”

In our effort to intelligently
answer your 1inquiry — please
state briefly your background,
education and present position.

CAPITOL RADIO

ENGINEERING INSTITUTE

Dept. CO-4, 3224-16th St., N.W., Wash.,D.C.



www.americanradiohistory.com

T

TYPE 475-C

| Mc

i ‘
FREQUENCY MONITOR

WITH |

2 TYPE 376-L

QUARTZ PLATE-

B

FREQUENCY DEVIATION — CYCLES

cycle G-R Broadcast Frequency Monitor, taken from stock and

run continuously for seventy days from October 2, 1939 to Decem-
ber 12, 1939. The maximum deviation was less than one cycle! Remem-
ber, this was a STOCK model, not one especially tricked up, and is
typical of the performance reported to us by many owners.

The G-R Broadcast Frequency Monitor assures your complying with
Rule 3.59 of the F.C.C. at all times. The new deviation meter now
reads to =30 cycles and is direct reading to one cycle.

Many new electrical and mechanical features are incorporated in the
G-R Monitor, which bears F.C.C. Approval No. 1461.

ELECTRICAL FEATURES

1—High-stability crystal oscillator circuit as used in primary
standards

2—Amplifier to isolate crystal oscillator

3—Input amplifier to isolate transmitter

4—Diode voltmeter to adjust input level

5—New foolproof temperature-control system

6—Improved highly stable frequency-deviation-meter circuit

7—AVC circuit on deviation meter

8—Simplified operation

9—New inside layout for simplified replacements

THE CURVE above shows the frequency deviation of a 1 mega-

G-R Monitors are now equipped with dress panels so that you can
now secure a monitor to match any of five standard broadcast-equip-
ment panel finishes from stock. Unfinished panels can be supplied for
finishing by the user and subsequent assembly by us so that your
monitor can have ANY panel finish desired.

You can’t go wrong in selecting a G-R Monitor. G-R has pioneered
in the broadcast frequency measuring field since broadcasting started.
G-R Monitors are used by hundreds of the leading stations.

TYPE 475-C FREQUENCY MONITOR ............ ... $330.00
TYPE 681-B FREQUENCY DEVIATION METER. ... $145.00
TYPE 376-L. QUARTZ PLATE ........................

BROADCAST FREQUENCY MONITOR .$560.00
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