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BROADCAST ENGINEERING 
CONFERENCE 

THE SECOND AN NI " A t, Broadcast Engineer-
ing Conference, sponsored by the Depart-
ment of Electrical Engineering, The Ohio 
State University. will be held in Columbus, 
Ohio, from February 6 through 17. 

In view of the distinct success of last 
year's gathering considerable interest is 
being evidenced in this meeting, which will 
bring together industry leaders and prac-
ticing engineers from all parts of the United 
States and Canada. Complete details will 
appear in the January issue of COMMUNICA-
TIONS. In the meantime, remember the 
(lates, February 6-17, The Ohio State Uni-
vcrsitv, Columbus, Ohio. 

WAVE-GUIDE TRANSM'SSION 
FOR TELEVISION 

CONSIDERABLE work has been done by 
Southworth and others on the transmission 
of ultra-high frequencies (around 2,000 
megacycles) through hollow conductors . . . 
or preferably using a conductor filled with 
an insulating material. Good results have 
been obtained experimentally although guid-
ed waves are not yet being used commer-
cially. 

If it is possible to obtain a satisfactory 
insulating material at a fairly reasonable 
cost, this form of transmission might well 
assume considerable importance. This is 
especially true in case of television where 
the problem of program distribution is of 
major importance. It is hardly difficult to 
visualize the broadcast and television net-
works of the future using some such means 
in place of the present program lines. 

NAB PROGRAM STANDARDS 

THE NAB Committee on Procedures recent-
ly made a recommendation on program 
standards and practices to the Board of Di-
rectors. The resolution stated that: 

"(1) In view of the growing complex 
social order of American life, a committee 
he appointed to re-evaluate the NAB Code 
adopted in 1935: 
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- (2) That the committee secure from all 
stations and networks copies of existing pro-
gram policies and practices; 

"(3) That from a comprehensive study 
of these, and with full consideration of those 
program problems for which the industry 
has not yet reached a final, satisfactory solu-
tion, the committee draft a suggested and in-
clusive revised NAB Standards of Practice 
for member stations, and with full provision 
for the method of enforcement included 
therein; 

"(4) That a copy of the Standards of 
Practice, when finally approved by the 
Board of Directors, be submitted to all NAB 
broadcasters for their individual study, prior 
to the next annual meeting, at which time 
the entire membership will consider the mat-
ter in convention." 

This move towards industrial self-regula-
tion would seem to be a step in the right 
direction. 

RMA CONVENTION, 
RADIO PARTS SHOW 

THE FIFTEENTH ANNUAL RMA Convention 
and National Radio Parts Show will be held 
together next June at the Stevens Hotel in 
Chicago. The RMA gathering will be held 
Tuesday and Wednesday. June 13 and 14, 
while the National Radio Parts Show will 
he held from Wednesday. June 14, to Sat-
urday, June 17. 

FACSIMILE TO THE FORE 

AS WE have pointed out before, much in-
terest is being evidenced in facsimile. At 
the present time there are approximately 
sixteen licensed experimental facsimile sta-
tions in this country. Ten of these are now 
on the air, two will soon begin field tests, 
while others are awaiting delivery of equip-
ment. Also, plans for public demonstrations 
of radio facsimile at the New York World's 
Fair are under way. Further, it has been 
rumored that facsimile kits will soon make 
their appearance on the market. 

In view of this and the general interest 
in the subject, it seems safe to predict that 
commercial facsimile is not too far (listant. 



HEW! 
GAS-FILLED CONDENSER 

By LAPP 

SOUND MECHANICAL CONSTRUCTION 

WIDE RANGE of SIZES 

ZERO LOSS 

NO CHANGE WITH TEMPERATURE 

MINIMUM SPACE REQUIREMENT 

PUNCTURE- PROOF 

• Filling a need long unanswered in radio trans-
mission, this Lapp galled condenser is a unit 
designed along entirely new mechanical prin-
ciples, which provides a new degree of operating 

security. Rigid mechanical construction, heavy 
plates. self-sealing gaskets make it a truly 
trouble-free unit. It provides inaximuni capa-

city for given external dimensions. A wide range 
of sizes provides a unit for almost every applica-
tion in your transmitter --there are 54 niodels, 

including 3 types, fixed, adj stable and variable, 
for 3 voltage ratings and capacitance ratings 100 

to 2000 mmf. Price,s range from $140 to 
Complete descriptive data is yours for the ask-

ing. Send the coupon! 

pp INSULATOR CO... 

Lapp variable condenser Y1501/15 

100 amp., 15 KV (carrier RM.S, 100% modulation) 

Capacitance 600-1500 mmf. 

External dimensions: Height, 34", diameter, II" 
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LAPP INSULATOR CO., INC. 

LeRoy, New York, L. S. A. 
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e CLAROSTAT—"The House 
of Resistors" — manufactures a 
complete line of resistors, controls, 
and resistance devices. This as-
sures you getting the unit best 
fitted to your particular job. Re-
member: CLAROSTAT plays no 
favorite types; does not ask you to 
improvise; positively discourages 

makeshifts. So let CLAROSTAT 
study your problem, and finally 
apply the right unit at the right 
price. 

FIXED . . . 
Wire-winding facilit ies second to none enable 
CLAROSTAT to provide any kind of fixed, de-
pendable. accurate resistors. New inorganic 
cement-coated wire-wound power resistors are 
establishing new performance records. Tens of 
millions of CLAROSTAT flexible resistors and 
plug-in resistors in daily use. Precision strip 
resistors for instrument makers. Voltage-divider 
and tapped metal-clad resistors. • 

ADJUSTABLE . . . 
Composit . -element and wire-wound rheostats, 
potentiometers. controls. Single, dual and triple 
units. 'I-pads, I.-pads, faders, hum-halancers, 
attenuators. New Midget Composition Element 
Control sets new standards. 

AUTOMATIC . . 
Lune-s- oltage regulat ing ballasts made for any 
specific purpose. Handy plug-in type for use in 
assembly, and with receptacle for plugging in he-
t. een outlet and any attachment cord plug. 

Loose-Leaf DATA... 
• Complete engineering data tin all tspes 

of CLAROSTAT products, is yours for 
the asking. Meanwhile, he sure to 
submit that problem for engineering aid, 
samples, specifications, quotations. 

C Lil ROS TA T/i‘if tre&tin .,„,. 
285-237 NORTH SIXTH STREET 
EMOOKLYN, NEW YOÍ1K, 

• orpicEs IN PP,INCIPPL CITIES • 
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INS 

ELECTRIC RESONANCE CHAMBERS 

INTRODUCTION 
TUNED CHAMBERS have been used as 

terminations for wit‘eguides. Used 
alone as sources and sinks of electro-
magnetic energy they have other re-
markable characteristics. This paper 
deals only with that mode of excitation 
termed H, by Southworth1 and trans-
verse by Barrow'. 

THEORY 
Consider a nearly closed cylindrical 

chamber as shown in Fig. 1-A with a 
wavefront of energy P advancing from 
left to right. During one transit of the 
chamber AP energy will be taken from 
the wavefront by loss in material of 
which the chamber is constructed and 
that absorbed by the antenna wire L. 
In a properly designed chamber the 
ratio of the latter to the former is very 
large so that the former may be neg-
lected. This wavefront will be reflected 

• at the left and right ends of the cham-
ber with efficiencies e, and ez respec-
tively. Fig. 1-B is a line diagram of 
what happens to the wavefront during 

• successive transits. The vertical arrows 
indicate the energy taken out by dipole 

By GROTE REBER 

TABLE I 

CHAMBER SELECTIVITY AS A 
FUNCTION OF OPENING A AND 

DISTANCE D 

A ( inches) 5/8 1 11/2 2 3 
Chamber Q 

B ( inches) 
3/16 313 145 46 
1/4  216 Ill 35.5 13.9 
5/16 121 60 29.3 10.1 

% 49 24.1 8.1 1.3 
7,116 41 15.4 62 1.0 
1/2  '   26.3 10.7 4.5 . 7 
9/16 8.3 3.6 .6 

% 6.8 2.5 . 5 
Y4 1.8 . 5 
% 1.4 . 5 
1 . .4 
I 3/16 .4 

L and may be , iiitinied up as eqn ( 1). 
e, and ez ar ractions. 

E = AP11 ( 1 -I- ( 1—.)e2) 
(1-41 3el'e2-1- 

(1 — à) 5e,ac,2+ • • • + 
( 1 — )" 'e," ez" -' ) 1 

Section through electromagnetic resonance chamber. 

This expression is convergent for 
<„. A, e,, ez I. When P is taktn 

as unity eqn ( 1) gives the efficiency 
of the chamber. Figs 2-A and 2-B give 
computed efficiencies for various values 
of A, e, and ez. While it is profitable 
to make A as large as possible quite 
good operation can be obtained with 
very small values if the reflection effi-
ciencies are maintained high. 

EQUIPMENT 

Most of the following data was taken 
\tali the equipment shown in Fig. 3. 
The chamber is 3" I.D. and fitted with 
movable piston and an assortment of 
sliding caps which provide various 
diameters of opening A and length B. 
An iris diaphragm was tried hut did 
not work out well due to poor contact 
between leaves and especially from the 
base of the leaves to the %% ails of the 
cylinder. 
The detector was an adjustable 

crystal mounted at the center of a dipole 
2" long. An artificial sphalerite ( zinc 
sulfide) was found most successful. 
Silicon, carborundum and galena were 
also tried and found inferior in order 

Effective path of wavefront. 

-(4 

Fig. la 

2 
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Chamber selectivity as function of 
A and D. 

named. This detector very closely ap-
proximated a current-squared rectifier 
and worked into a 450-ohm micro-
ammeter. All response readings given 
are the square root of actual current 
readings. 
The oscillator was a magnetron oper-

ating in the electronic transit time 
fashion. The radiator consisted of 
merely the transmission line shorting 
bar 5/16" long acting as an effective 
point source. The opening of the cham-
ber was maintained at 16" ( 3 to 5 wave-
lengths) from radiator. 

CHAMBER RESONANCE 

It was found the chamber could be 
tuned to resonance in a large variety of 
manners depending upon the circuit 
parameters as shown in Fig. 4. The 
curves are divided into families 2, 5, y, 
etc. The type 2 is unique while g, y, 
etc., are repetitions of a second type. 
The peculiar crossing over of lines in 
modes g, y, etc., is hard to explain; 
however, the bump in ,14" curve may be 
due to the fact that the crystal cham-
ber \vas diameter and consequently 
large compared to D for small values 
of the latter. Dotted lines indicate the 
transverse and longitudinal cutoff fre-
quencies of 2305 and 3002 mc respec-
tively. The size of the opening A had 
only a small effect upon B. This rela-

. COMMUNICATIONS FOR DECEMBER 1938 

Chamber performance as func-
tion of e, for A= 0.1. 

ti un is shown in Fig. 5. These and 
other readings designated 2, ',i and y 
were made at 2450, 2930 and 3730 mc 
respectively. The radius of the circles 
is the probable error of point using a 
variety of I). 
From tests at 893 me using acorn 

tubes and antennas which could be 
tuned, the following appears to be the 
way in which the chamber acts. If the 
dipole L is maintained with fixed me-
chanical dimensions, and resonance 
noted for maximum current, this will 
occur when net reactance is a minimum. 
The net reactance is a combination of 
antenna reactance and the reflected re-
actance from the chamber. This re-
flected reactance from the chamber is a 
function of wave velocity, such that the 
farther away the operation point is 
above a system of curves the greater 
the inductive reactance, and the farther 
below a system of curves the greater 
the capacity reactance. At some line 
between the system of curves, the re-
actances become infinite and an anti-
resonance condition occurs, such that no 
response whatever is obtained. The 
change in B with change in 1) for fixed 
frequency is merely a compensation to 
bring the reflected reactance back to the 
same value. Actually it has been found 
that any chamber may be resonated to 
practically any frequency above the cut - 

Fig. 3. 
Apparatus 
for 
experiment 
with 
resonance 
chambers. 

Chamber performance as func-
tion of e, for e, = 1.00. 

off frequency, irrespective of A. B and 
1), merely by juggling I. and the an-
tenna tuning to compensate for what-
ever reflected reactance may be present. 
The above mentioned anti- resonance 
points are sharply defined and no re-
sponse can be obtained even when the 
source is placed only a few percent of a 
wavelength from the opening. The 
smaller the opening the sharper the 
tuning and the greater the attenuation. 
Tests were made at 99ci of cutoff fre-
quency and no resonance effects could 
be found. The only response was due 
to leakage into the chamber which with 
small opening was negligible. 

CHAMBER SELECTIVITY 

As B is varied from the resonant 
value, the response will fall off along 

Response of chamber when turned 
axially. 

some curve depending upon the selec-
tivity of the chamber. Typical curves 
taken at 2930 inc. with D = I", are 
shown in Fig. 6. The Q was computed 
from the shape of the nose of the curve. 
A more complete tabulation for 2450 
me is given in Table I. 

Apparently the chamber damping is 
greatly influenced by the size of open-
ing A and only slightly by other 
parameters. This leads to an interest-
ing analogy. The whole device may be 
considered a transformer where the 
space outside the chamber is represented 
as an untuned primary and the space in-
side the chamber is a tuned secondary 
coupled by the opening A. In such a 



device the resultant selectivity is re-
duced as the secondary is more tightly 
coupled to the primary. 
The downward trend of Q with in-

creasing D is apparently due to varia-
tions of A. The results seem to indicate 
a<.1/Q. By using a small opening, 
a short antenna and making the cham-
ber of good conductivity, Q's of several 
thousand can probably be attained. 

CHAMBER RESPONSE 

The response may be calculated by 
multiplying the coupling and the cham-
ber efficiency. Figs. 7-A and 7-B show 
the results obtained for ei =- 1.00 and 
a variety of A ard e,. The coupling was 

e. taken proportional to A and e, =- 1 — 
A2/C2. The measured values are shown 
for mode i and g. No data was taken 
for mode ^! because of the spurious re-
spon›es due to hngitudinal waves being 
present. 

Points above A = 50% C suggest a 
value of à about 0.10. The readings 

• 

cr 0 

.02 .05 .1D .20 
Value of 

1 

Maximum response as function 
of p. 

below A =- 50' C are not particularly 
good and because of critical adjustment 
are somewhat low. The resonant con-
dition used for this data was the com-
bination of B and D producing the 
maximum resporse for any given A. 
While each value of D required a . lif-

ferent B to cause resonance there was 
some value which was the best value. 
Apparently the other combinations were 
not true resonance points but merely 
minimum reactance conditions. 

Reference to Table I shows in general 
the measured Q to be equal or less than 
l/à for A > 50% C. 
The transformer analogy is again of 

interest because here the response in-
creases with increased coupling ( in-
creasing A) to some critical value and 
then decreases similar to the over-
coupled condition. The critical value of 
coupling also increases as the secondary 
damping ( à) is raised. Points M are 
for dipole L at position of opening A 
with chamber removed. Points N are 
the same with the reflecting plate a 
quarter wave behind the antenna. These 
seem to indicate à near 0.10 if the 
chamber efficiency is 50% at A =- 
50% C. See curve for A =- 0.10, 
Fig. 2-B. 

SPACE PATTERN 

The chamber may be turned in three 
manners; each one producing a dif-
ferent response curve. 
When turned on the axis of the cylin-

der always keeping the plane of the 
opening perpendicular to the direction 
of received energy the points of Fig. 8 
are obtained. The solid curve is 
r = cos O. This response curve is in-
dependent of mode of resonance or di-
mensions A, B and D. 
When turned on the axis perpen-

dicular to the dipole through the center 
of opening A the points of Fig. 9 
are obtained. The solid curve is 
r = ( cos 0)". Again this response 
curve is independent of any of the above 
parameters. 
When turned on the axis parallel to 

the dipole through the center of the 
opening A, the points shown in Fig. 10 
are obtained. The solid curve is 

Chamber response as function of coupling. 

Fig. 12. Directional antenna, using 
chamber with parabolic reflector. 

r = ( cos O)'. The response pattern 
sharpens up slightly for the higher 
modes of excitation but again the pat-
tern is independent of A. 
The radius of the circles is the prob-

able error of the point in question. Each 
of the above sets of data is the mean of 
8 to 17 readings taken using various 
combinations of A. B and D in on and 
off resonant conditions. 

These results on space pattern are 
somewhat different from Barrows state-
ment that the ratio of the free space 
wavelength to the aperture will in-
fluence the shape of the radiation pat-
tern. While he gives no experimental 
proof, the horns of his Fig. 22 presum-
ably all have apertures of several 
wavelength,:. In contrast varying the 
aperture of the chamber 5 to 1 below 
one wavelength produces no measurable 
change in pattern. If the data of his 
Fig. 21 is reduced to intensity at con-

Length of chamber as function of D and frequency for A WA, C. 

6 

2 

22 24 26 28 30 32 34 36 38 40 
Frequency in Hundreds of Megacycles 
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stain distance instead of distance at coo 
stain intensity an r = ( cos 0) 2 curve 
will be obtained in close agreement with 
Fig. 10, %, below. There was no meas-
urable effect on pattern with eccentrici-
ties of L up to 10'.;, C. 

CHAMBER USED AS A RADIATOR 

A icw tests at 893 111c using acorn 
tubes as oscillators and a steel drum of 
fixed dimension. C = 11%", B 
12%2", D = 2 7 16") showed the same 
type of space patterns as exhibited in 
Figs. 8, 9 and 10 to exist independent of 
A for values tried 50(.; C?„ 
20(2; C. 

When tubes were adjusted to barely 
oscillate they could be thrown into or 
out of oscillation by mi tying a half-wave 
probe rod around near opening. These 
zones were plotted and found as shown 
in Figs. 11-A and 11-B to be inde-
pendent of A. The solid lines, indicate 
minimum absorption and dotted lines 
maximum absorption. The electro-
magnetic wavefront appears to emanate 
from a point at the center of and in the 
plane of the opening. This point can 
be shifted slightly inside or outside of 
the opening 1)y mistuning L. It is in-
teresting ti) note that considerable 

Above: Length of chamber as 
function of A for modes of tuning. 
Left: Vertical view through plane 
of dipole. Double arrows indi-
cate direction of probe ( electric 

field ) . 
Right: Horizontal view through 
plane perpendicular to dipole. 
Circles indicate direction of 
probe ( electric field) always per-

pendicular to paper. 

TABLE II 
SHIELDING EFFECT OF VARIOUS 

MATERIALS COVERING THE 
OPENING OF THE CHAMBER 

Percent 
reduction in 

Material response 
No cover  
Dry cloth (.24mm thick) 
Water soaked cloth 
Dry crepe paper (. 15mm thick) . 
Water soaked crepe paper  
Dry tissue paper (.04mm thick)   
Water soaked tissue paper  
Dry netting ( 2.5mm mesh)  
Water soaked netting ( no water in 

mesh)   
Water soaked netting ( meshes full of 

water)   35 
Bakelite ( 4.5mm thick)   16 
Asbestos side shingle ( 4.5mm thick) 23 
Aluminum foil (.06mm thick) 90 
Dry oak board ( 19mm thick) 55 
Dry oak board ( 5mm hole) 53 
Window glass ( 2mm thick) 8 
Wind ow glass ( film of water on one 

side   
Human hand 

o 
o 

  48 
o 

28 

o 

14 
75 

Response of chamber when turned in plane of dipole. 
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tighter coupling to the oscillator was re-
quired with a small A to produce the 
same loading. Apparently the coupling 
of the chnunber to space ( also radiation 
resistance of I.) was reduced and to 
radiate the saine power a more intense 
field was required at A. This increased 
field required greater current in L and 
tighter coupling to the oscillator. 
While the chamber will serve as a 

radiator ef moderate directivity in it-
self greatly improved results can be ob-
tained in conjunction with a parabolic 
reflector. The aperture of the chamber 
is effectively a point source so that 
when placed at focal point of the para-
bola a radio beam of nearly parallel 
rays may be obtained. The angle of di-
vergence will be 4> = tan ."' A./R where 
R is the focal length of the mirror. 
When used as a receiver the chamber 
becomes a sink of wavepower at the 
focus. Such an arrangement for the in-
vestigation of extraterrestrial static is 
shown in Fig. 12. 

ADDENDA 

Most uses of the chamber will require 
si tine type of coN-ering for the opening. 
Table It gives the performance of a 

(Col/tinned on page 251 

Response of chamber when turned in plane perpendicular to dipole. 



The Influence of Grid Focusing Effect on 

PLATE DISSIPATION LIMIT 
of a Vacuum Tube 

By I. E. MOUROMTSEFF 

Special Products Engineering Department 

Westinghouse Lamp Divisior 

WESTINGHOUSE ELECTRIC & MANUFACTURING CO. 

IT Is A known fact that the anodes of 
vacuum tubes operated with highly 
negative grids are frequently heated 
non-uniformly, showing some regular 
patterns of hot spots. It is also known 
that such regular "hot spotting" is a 
result of the focusing effect of the nega-
tive grid, compelling the electrons to 
fly through the grid meshes in thin 
sheath formations or electron beams 
concentrated along center lines be-
tween grid wires. A theoretical analy-
sis of this phenomenon is the purpose of 
the present paper. More precisely, we 
are going to investigate the effect of 
divers factors contributing to the non-
uniform heat distribution in the anodes 
in the presence of a pronounced grid 
focusing effect. By way of example, we 
shall apply our investigation to a more 
or less conventional water-cooled tube 
having a cylindrical copper anode and 
perfectly symmetrical grid and filament 

structures. 
The focusing effect in such a tube can 

be expected in two directions: along the 
tube axis, due to the turns of the grid 
winding of thin wire: and in a circular 
direction, caused by the heavy longi-
tudinal grid stay. The important role 
of the grid stays can be demonstrated. 

Let us compare a tube having a very 
low amplification factor to a high-mu 
tube having identical structures except 
for the number of grid turns per inch 
of their winding-s, establishing the 
amplification factor. Suppose that with 
the same high positive voltage on the 
plate, say 10,000 volts or higher, the 
negative grid potential is adjusted some-
what above the cut-off point so that the 
plate current is the same in both tubes. 
Then, in either tube the electrons will 
fly through the grid meshes in thin 
sheath formations representing a stack 
of electron discs co-planer with the cen-
ter lines between grid turns. The pres-
ence of the longitudinal grid stays 
breaks up the electron discs into equal 
number of sectors in either tube. How-
ever. in the low-mu tube the negative 
potential of the stays is much higher 

o 

under the specified conditions than in 
the high-mu tube. If we compare two 
extreme cases of mu equals 5 and mu 
equals 100, the respective negative po-
tentials will be —2,000 and — 100 volts: 
the ratio is 20 to 1. Obviously, much 
wider gaps will be caused by the nega-
tive stays in the low-mu than in the 
high-mu tube. In fact, the electron 
discs in the low-mu tube may be con-
verted into several sets of narrow spoke-
like electron beams arranged along the 
center lines between the grid stays. A 
concentrated stream of electrons may 
produce local overheating of the anode 
wall so that the cooling water would 
start boiling in spots, while rest of anode 
remains at lower temperatures. 

LAW OF HEAT DISTRIBUTION 
Let us consider a cr( section of the 

anode shown in Fig. 1. Under the con-
dition of strong focusing effect, the 
narrow streams of electrons strike the 
anode at points A, B, C,  We 
assume that the impinging electrons 
produce enough heat to raise and main-
tain the temperature at these points at 
the level. where the cooling water 

Fig. S. Focusing effect of nega-
tive grid. Comparison of copper 

and iron alloy anodes. 
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just starts to boil. From these points 
the generated heat spreads on both sides 
through the anode wall and, at the same 
time, it is transmitted to the cooling 
water. Obviously, the temperature, t, at 
any other point of the anode will be 
lower than the assumed maximum, 

and the lowest temperature, Tm.„, 
will occur at the points just half-way 
between adjacent hot points. With this 
picture in mind, we shall try to derive 
a law of temperature distribution 
throughout the anode. \Ve shall confine 
our investigation to a narrow zone, 
p cm. wide in the direction of the tube 
axis, and equal in length to the dis-
tance between the points with the tem-
perature maximum and minimum. Of 
course, we are justified in assuming 
that the temperature gradient at the 
coldest point is zero, as in the state 
of equilibrium there is no heat exchange 
between the adjacent symmetrical sec-
tors of the anode. Thus, we can write 
our boundary conditions as follows: 

t = 
dt 

t T„,,„ and — 0 
dx 

The differential equation describing the 
heat flow in each anode sector in the 
state of equilibrium is: 

Ka—dx=tepdx  ( 1) 
o x' 

By e we denote here the rate of heat 
transfer from the anode to the cooling 
water, in cal./cm2. 1° C; by K—heat 
conductivity of the anode material ; by 
p—the width of the zone to be ex-
plored; by a—the cross section of the 
anode wall corresponding to the same 
zone: and by r—the anode radius If, 
further, we designate by d the wall 
thickness, we can write: 

a = pd  (2) 

The first member of eq. 11 j repre-
sents the rate of heat gain by conduc-
tion due to the existing temperature 
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gradient across the infinitesimal ele-
ment, dx, of the zone; the second mem-
ber is the rate of heat loss by the same 
element to the water. In the state of 
equilibrium both quantities are equal. 
The solution of eq. ( 1) is 

(IX — 
t. AE + Be (3) 

where 

q = Yep/Ka  (4) 

From the boundary conditi.:ms and 
eq. ( 3) we find: 

-= A B 

and 

'I r 
—  - 

4 
= A e 

IT r 
4 

— BE   

Then, by designating 

7C r r 
Q = /ep/K a —   

4 4 

we arrive at the expressions: 

A = 
E 

2 cosh 
(1 

E 

2 cosh Q 

(3) 

(6) 

(7 ) 

(8) 

t. = T... 

For 

r 

4 

'ix — — Q 
+ E 

2 cosh Q 
(9) 

or qx Q  (10) 

r 
cosh\i ep/Ka — 

4 

r 
cosh \/ e/Kd — 

4 

The average temperature can be de-
rived by integrating eq. ( 9) over the 

r 
entire zone from x = 0 to x = — . 

It is: 

77. r 
tanhNi ep/Ka — 

T.. = T.,.  4 

r 
ep/Ka — 

4 

Fig. 2. Focusing effect of negative grid vs. anode wall thickness. 
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wall thickness. 

— T... 
tanh Q 

(12) 

The total heat dissipated through the 
zone one under investigation is propor-
tional to the average temperature, the 
total area of the zone, and to the heat 
transfer figure. e. Hence: 

r tanh Q 
P„ = — pe   

4 
(13) 

7C r 
= Tm.. pVeKd tanh e/K4 — . ( 14) 

4 

The last quantity, expressed in watts 
for the entire heater area of the anode 
represents the permissible plate dissipa-
tion limit for each specific heat distribu-
tion as calculated from eq. ( 9). 

From the expressions (9), (11), 
(12), and ( 14) one can easily derive 
conclusions as to how the temperature 
distribution, the minimum and the aver-
age anode temperature, and the anode 
dissipation are affected by the anode 
thickness, d; by the rate of heat trans-
fer, e; by the heat conductivity, k; and 
by the anode radius, r. 

WALL THICKNESS 

Numerical calculations have been 
carried out for anodes having inside 
diameter 1.5" and wall thickness from 
.030" to 1". The results of the calcula-
tion are represented graphically in Fig. 
2. The anode temperature for different 
wall thickness is plotted here as a func-
tion of the circular distance from the 
nearest shadow of the grid stay. The 
curves show that the thinner the anode 



the less uniform is the temperature dis-
tribution around the anode; this of 
course should have been anticipated. As 
a numerical example it can be men-
tioned that with the anode 60-mil thick 
and the rate of water flow, 3 gal/min 
the minimum temperature is only 55%, 
and the average temperature only 69% 
of the maximum temperature at the 
hottest point. No wonder that at this 
condition water starts boiling in spots, 
while the average temperature, and 
hence, the total dissipation are way be-
low normal. 

RATE OF WATER FLOW 

Of great interest is the inter-relation 
between the temperature distribution 
and the figure of the heat transfer, e. 
The Reynolds formula in heat engineer-
ing indicates that heat transfer depends 
only on physical constants of the cool-
ing fluid—water, in our case—and is 
proportional to the 0.8th power of water 
velocity. Therefore, in vacuum-tube 
operation the heat transfer figure can be 
changed by increasing or decreasing the 
number of gallons per minute fed 
through the water-jacket. It may be 
noted that this is the only quantity in 
the hands of the tube operator; all other 
factors are tube design constants. 

Fig. 3 shows temperature distribu-
tion for the anode of a constant wall 
thickness at variable rate of water flow. 
'We see that the more water we send 
through the jacket the less uniform be-
comes the temperature distribution. 
Therefore, an increased figure of heat 
transfer as a result of a higher water 
velocity is counter-acted by a drop in 
average temperature. The derived ex-

Temperature distribution in wall 
of circJlar tube. 
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pression i,14) for pia te dissipation per - 
wits the conclusion that the dissipation 
limit increases proportionally only to 
0.4th power of water velocity. 

In Fig. 4 anode dissipation is plotted 
as a function of the rate of ‘vater-flow. 
For a better illustration of what has 
just been said about effect of the in-
creased water-flow, let us imagine that 
an operator finds that his tube "boils" 
badly. He wishes to improve dras-
tically the cooling condition of the 
anode and increases the rate of water-
flow 5 times, say from 3 to 15 gal /min. 
He perhaps feels that the anode dissi-
pating capacity is also improved in the 
same ratio. This is wrong, as our 
curve shows that by increasing the flow 
from 3 to 15 gallons the gain in dis-
sipation is only slightly more than two 
times. 

HEAT CONDUCTIVITY 

The third factor affecting the tem-
perature distribution is heat conduc-
tivity of the anode material. If instead 
of copper the anode is made of 
chromium-iron, or of iron-nickel alloy 
with heat conductivity approx. 1/20 of 
that of copper, the temperature distribu-
tion becomes strikingly less uniform 
than with copper anodes of the same 
thickness and with the same rate of 

eater- flow. This illustrated by 
Fig. 5. 

Fig. 6 represents anode dissipation as 
a function of the anode thickness both 
for a copper and iron-alloy anodes of 
the same thickness. The curves speak 
for themselves. 

ANODE RADIUS 

Finally, let us consider the following 
ease. Without changing any detail in 
the design, a vacuum tube is simply 
magnified in the radial direction in the 
ratio 2:1, except for the anode thick-
ness. The average temperature calcu-
lated from the expression ( 12) is now 
equal to 0.41 Tm, instead of 0.69 Tm„. 
with the originat small ata de. At the 
same time, the anode dissipation ( cal-
culated from eq. 14> increases in pro-
portion only 1:1.19. in spite of the 
double cooling area of the anode. In 
order to double also the anode dissipa-
tion figure with the respect to the orig-
inal anode, the average temperature 
must be breught up to its former level, 
69% of the temperature maximum. The 
calculation shows that this can be done 
by making the anode wall 4 times as 
thick as it was originally. 

In conclusion it must be noted that 
the basic differential equation was writ-

(Continued on page 27) 
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A CONTINUOUSLY VARIABLE 

J 11E 0 vrsTANDING limitation of the 
standard signal generator is its small out-
put. At most, this is about two volts into 
:t high-impedance load, and is consider-
ably less with some models. Very often, 

there is need in the laboratory for a 
generator capable of delivering several 
volts into loads of moderate impedance. 
Such a unit should have the tuning flexi-
bility of the standard signal generator, 
;1-c operation, good frequency stability 
unaffected by the load which is con-
nected to it and by line-voltage fluctua-
tions, and should have arrangements for 
modulating its output. It is the purpose 
of this paper to describe a unit meeting 
these specifications which has been de-
veloped for use in the laboratories of 
l'urdue University. 

CHOICE OF TUBES FOR THE AMPLIFIER 

A power tube capable of delivering 
several watts naturally suggests itself 
for use in the output stage of the genera-
tor. However, if anything like the rated 
output is to be obtained from such a 
tube, it must work into an impedance 
which is reasonably near the proper 
value, and must be supplied with ample 
r- f driving power. If the generator is 
to be tuned quickly from one frequency 
to another and if loads of widely differ-
ing magnitudes are to be connected to 
the output, it is very difficult to main-
tain proper operating conditions for the 
power amplifier. Unless we sacrifice 
simplicity of adjustment, we cannot ex-
pect to obtain a power over the whole 
tuning range of more than a small frac-
tion of the rated output of the tube. Fur-
thermore, the grid current which is 
drawn by a tube of a few watts rating 
is large enough to throw a considerable 
load on the tube which drives it. The 
grid current is greatly affected by the 
impedance into which the power tube 
works, and consequently the load thrgnvn 
upon the driver is a function of the 
tuning of the output tank circuit, and 
is also dependent upon the load impe-
dance which the generator feeds. This 
means that a buffer stage must be used 
between the oscillator and the power 
tube, if high frequency stability is to be 
.e.cured. Such a stage requires an ad-
ditional tuning control, as \VIII t s extra 
tuning coils. 

Because of these objections, it was 
decided to use two small receiver-type 

By C. B. AIKEN 

tubes in parallel in the output stage. 
This resulted in a tremendous reduction 
in grid current, and also made it possi-
ble tc employ a power supply uf lower 
voltage and smaller current capacity. 
Experimental work showed that type-78 
tubes function very satisfactorily in this 
manner, and many performance data 
were taken. 

Fig. 1 shows the output power into 
three different load resistances that was 
obtained with one, two and three type 
78's. An ordinary receiver-type tuning 
condenser was used in the tank circuit, 
«and it may be seen that a very satisfac-
tory tuning range is possible with one 
and two tubes. NiVith three tubes, this 
range was cut down somewhat (al-
though not quite as much as indicated in 
the figure), due to the extra capacity. 
In taking these data, a tank-circuit coil 
provided with taps was used, and the 
tap which gave maximum output was 
chosen for each measurement made. It 
may be seen that, with two tubes, a 
power output of 0.6 watt or more can 
be obtained over a range of load resist-
ance of 100 to I. It was also found that 
very useful outputs could be had with 
loads of 1 ohm and of 3000 obtus. 

MODULATION OF THE OUTPUT STAGE 

In deciding upon a method of modula-
tion, it was necessary to choose between 
(a) high modulation capability without 
reduction in power, which would require 
ample power in the audio-modulator, and 
(h) reduced modulation capability ac-
companied by a reduction in carrier out-
put, necessitating only a very small 
amount of modulating pi over. ( a) is 
perfectly feasible, since, when the modu-
lating voltage is applied to both plate 

and screen of the 78, very guml linear 
characteristics can be obtained. How-
ever, this would require s'nne increase 
in the r- f driving- power, which is unde-
sirable, and also calls for ample power 
in the ttudio-nanlulator. It was there-
finte decided to adopt the second com-
promise, and to apply the titi Oulating-
voltage. in series with a negative bias, 
to the suppressor. This bias, of course, 
cuts down the carrier outIttlt. and the 
linear range of the modulation charac-
teristic is not as great as we might wish, 
but is enough to permit 30c,' modulation. 

Fig. 4 shows the output versus 
suppressor- g- rid voltage for frequencies 



RADIO-FREQUENCY OSCILLATOR 

and I. L. LW 

of 30U, lI t and 3000 kc. Fig. 5 shows 
the effect of change in load resistance 
on the modulation characteristic, while 
Fig. 6 shows the effect of two different 
types of gain control. The solid lines 
in this last figure indicate the character-
istics obtained with various screen volt-
ages and a zero aided grid bias. t There 
is, of course, a drop across the grid-leak 
resistanrei The (lotted lines indicate 
the effect of using a fixed screen-grid 
voltage and changing the control-grid 
bias. 1: is to be noted that when the 
screen-grid control is used, a suppressor 
bias of 22.5 volts allows a reasonable 
voltage swing in both directions over a 
wide range of outputs. In other words, 
it is possible to properly modulate the 
stage over a considerable range of am-
plification adjustment. The use of varia-
ble screen-grid voltage together with 
taps on the output coil makes it possible 
to vary the output voltage over a range 
wide Enough fn l' most purposes. 

THE COMPLETE UNIT 

The unit which was finally built has 
three bands, covering the intervals from 
195 to 570 kc, from 525 to 1535 kc, and 
1450 to 44401:c. The oscillator and power 
amplifier are switched by a multi-pole, 
three-position rotary switch, and sepa-
rate tuning condensers are used for the 
oscillator and for the power stage. Thi, 
last is necessary. since the tuning of the 

• power stage is affected by the load con-
nected to the output terminals. A single 
type 78 is used for the oscillator, and 
two type 78's in parallel for the ampli-
fier. 
The power cutput in the low-ire-

quency band for three different load re-
sistances is shown in Fig. 2, and for the 
high-frequency band in Fig. 3. The 
broadcast band output is as illustrated 
in Fig. 1 for the case of two tubes. 
A high value of grid-leak resistance is 

used in the input to the power stage in 
order that the grid current may be kept 
small. Actually, this current is less than 
45 microamperes at all frequencies, and 
consequently the load placed upon the 
oscillator is extremely light. This re-
sults in very satisfactory frequency sta-
bility. In the broadcast hand, the maxi-
mum shift in the oscillator frequency 
which can be produced by changing the 
load and tuning of the output tank cir-
cuit is less than 0.1 percent. and the 

stability is of the same order of magni-
tude in the other bands. 
To avoid frequency changes due to 

fluctuations in a-c supply voltage, the 
oscillator is operated at 90 volts, ob-
tained from a type-874 regulator tube. 
This is very effective, and a change in 
line voltage from 105 to 125 volts causes 
a frequency shift in any band of less 
than 0.01 percent. Most of the change 
which does occur seems to he associated 
with alteration of the filament tempera-
ture, since it happens gradually after the 
change in supply voltage has been made. 
The circuit diagram of the complete 

oscillator-amplifier is shown in Fig. 7. 
Each output coil has eleven taps, the 
number of turns for each tap being dif-
ferent for the three different ranges. 
The maximum number of turns that can 
be included in the output load is eighty 
for the low-frequency band and eighteen 
for the high-frequency band. No effort 
is made to exactly calibrate the output 
tuned circuit, since the effect of the load 
tin the tuning is too great. FIowever, the 
oscillator tuning is independent of load 
conditions, and its dial is therefore cali-
brated directly in kilocycles. The use of 
a tuned circuit in the amplifier output 
makes the waveform better than that 
furnished by many ordinary signal gen-
orators. 

THE OUTPUT VACUUM TUBE VOLTMETER 

A - inewllat ii yel vacuum-tube colt-
meter is incorporated in the generator. 
This utilizes one of the diodes of a 61-16 
in a conventional grid leak-detector cir-
cuit, while the ther diode is used as 
an overload protector for the sensitive 
range. When the half-megohm rectifier 
is used, it is not possible to supply 
enough voltage to damage the meter, 
but the sensitivity is not high eu ugh to 
permit the measurement of sn.all out-
puts. A 50,000-ohm resistance is there-
fore supplied, which nias' be selected by 
a switch, and with this low resistance 
in circuit the sensitivity is, of course, 
greatly increased. In order to make it 
impossible to damage the meter when 
the high-sensitivity range is used, the 
extra diode is connected across the 
main rectifier with reverse po!arity and 
with a delay bias of 10 volts. The result 
is that, no matter how large a voltage 
is impressed upon the voltmeter, the cur-

(Continued on page 27) 
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Albert F. Murray. the author. 

LATE oxE afternoon in 1930, in a meet-
ing is( eml I ill Hotel Astor, New York 
City, a small grciup of television men, 
forming- the RMA Television Commit-
tee, were earnestly debating- the possi-
bility 1,f standardizing 60-line scanning. 
These men represented companies such 
a. : Slit nl Wave and Television Corp., 
of Boston ; American Baird. New York 
City ; Sanabria, Chicago; Hogan. New 
York City; Bell Telephone Lalmratn-
ries, New York City; RCA, New York; 
RCA- Victor Company, Camden; Philco, 
PhiladePphia : Jenkins Television Corp.. 
Jersey City. Connected with the latter 
corporation was our able chairman, D. 
E. Replogle. 

In 1938 we look back and wonder why 
only eight short years ago we believed 
60-line pictures acceptable, when now 
we are using 441-line scanning. We 
wonder, also, as we read the list of tele-
vision companies mentioned, what has 
beet tine of sonic of them. What will le. 

By ALBERT F. MURRAY 
Acting Chairman 

RMA TELEVISION COMMITTEE 

Engineer in Charge of Television 

PHILCO RADIO & TELEVISION 

CORP. 

the fate of our television industry at the 
end of another eight years? No one 
knows. It may be referred to as "an 
infant industry," but it will possess the 
advantage of more than a decade of 
specialized engineering experience. Few 
industries can boast of so much pre-
commercial laboratory and field testing 
and experimentation. \Ve expect, there-
fore, that when ready for the market 
the product should be highly perfected— 
before it enters the customer's honte. 
Certainly with so touch experience we 
should be able to avoid the early mis-
takes of sound broadcasting. 
Unknown to the man in the street— 

and almost unknown to the engineering 
fraternity because of its confidential na-
ture—has been the engineering progress 
in ais tul a half-dozen television labor-
atories. Highly trained researchers are 
busy improving transmission, reception 
and utilization of the fleeting images, 
the repri.duction of which in the Ameri-
can home %yin some day be a major in-
dustry. built upon the union of corn-
municatitm awl visual entertainment. 

Rai lit manufacturers have come to ap-
preciate more and more the importance 
of the formation of television standards 
for the C. S. before commercial tele-
vision arrives. Imagine the situation if 

Upper: Fig. 1. Typical television chanel ( single-sideband). Lower: Fig. 
3. Chart of televisuon frequency assignments. 
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STANDARDS 
COMMENT 

T-101 Already approved by the FCC. This 
band width appears to be the optimum 
considering picture detail and the available 
spectrum. Channels twice this width should 
be available for future research in the 
156-294 mc region. 

T-102 Single-sideband operation is de-
manded if a high-fidelity 441-line picture 
is to be transmitted in a 6-mc channel. 
The spacing of "approximately 4.5 mc" 
hes been stretched to 4.75 mc. in the pro-
posed single-sideband experiments of RCA-
NBC in New York and by CBS. It is also 
the spacing used by Philco in single-side-
band experiments now being broadcast in 
Philadelphia. ( Sept. 1938) 

T-103 See Fig. I. 

T-104 See Fig. I. 

T-105 Negative transmission ( or modula-
tion). Permits simply designed automatic 
gain control. 

T-106 Chosen because most power sup-
plies are 60 cycle, Mu; hum difficulties 
are minimized. No flicker. Interlace ratio 
of 2:1 does not noticeably impair picture 
quality. 

T-107 Approximately the optimum number 
of imes considering picture detail and 
channel width. Exact number 441 chosen 
because it has simple factors 7x7x3x3. 
This simplifies the design of synchronizing 
generators. 

T-108 Standard motion picture practice. 

T-109 Television receiver designers require 
this standard. 

T-110 Title should be "Transmission of Black 
Level." It is important to maintain this 
reference level of black, shown in Fig. 2. 

T-111 See Appendix. 

T- I12 A transmitter performence standard. 

T-113—Televisicn transmitter power is often 
given in terms of peak output. Standard 
T- I i3, however, fixes a rating method 
identical with that of sound transmitters. 

T-114 A ti-ansmitter performance stand-
ard. Also tells receiver designer what 
relative sound field strength to expect. 

RMA Subcommittee on 
Television Standards 

Representative, Company and 
Alternate 

P. C. Goldmark—Columbia Broadcasting Co. 
P. T. Farnsworth—Farnsworth Television—P. J. 

Herbst 
J. Karr—General Electric Co.— R. B. Dome 

H. M. Lewis—Hazeltine Service Cc rp.— 
D. E. Harnett 

R. M. Morris—National Broadcasting Co. 
E. W. Engstrom—RCA Manufacturing Co.— 

R. D. Kell 
A. F. Murray, Ch.—Philco Radio & Television 
—F. J. Brngley 

discussion of the 
proposed RMA 

Television 
Standards for the 

U. S. A. 
receivers built in Chicago would fail 
to operate from transmitters located in 
New York. What would happen if vari-
ous companies were busily turning out 
television receivers and there were no 
accepted transmission standards. The 
result would be chaos! 
As a forerunner of Great Britain's 

commercial television program, the Brit-
ish Postoffice appointed a television com-
mittee, headed by Lord Selsden, to in-
vestigate the entire television situation. 
They visited Germany and the United 
States. Confidential laboratories were 
opened to them. They observed demon-
strations and asked questions. Upon 
their return to England they formulated 
standards for British television. In No-
vember, 1936, the British Broadcasting 
Corporation inaugurated a high-defini-
tion commercial service based on these 
standards. Unfortunately two sets of 
standards were approved, instead of a 
single standard as demanded in the 
U. S., but after months of side-by-side 
comparison the present 405-line inter-
laced system was the one selected for 
use in England. An official promise that 
this standard will be unchanged for at 

Photo of 441-line television image. 
Courtesy Philco. 

least two years guards against this cause 
of early receiver obsolescence. 

In the U. S. the Radio Manufacturers 
Association, through their Television 
Committee ( membership list on next 
page), have been working steadily 
toward the goal of a single set of tele-
vision standards. Through the years, in 
the committee there have been changes 
in the companies represented, in the 
members, and, most of all, in the ideas 
of what constitutes an acceptable pic-
ture. In 1935 there was appointed a 
group of television engineers to form the 
RMA Subcommittee on Television 
Standards. From the personnel list be-
low it will be seen that representatives 
are not restricted to RMA member com-
panies. Recommended standards are 
sent to the main committee for approval, 
then to the RMA Section's Head, V. 
M. Graham, to be voted upon by the 
entire RMA membership. Next. they 

RMA Subcommittee: ( left to right) Somers, Harnett. Bingley, Kell, Karr. 
Goldmark, Murray, Engstrom. Lewis. 
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are placed before the Board of Direc-
tors by W. R. G. Baker, Director of 
Engineering. After approval they are 
formally presented to the Federal Com-
munications Commission. 
With this outline of committee set-up 

as a background we next glimpse at the 
functioning of the group who initiate 
the standards. An inspection of the 
membership of the Sub-committee in-
dicates that a number of the companies 
are competitive. Several operate con-
fidential laboratories around which safe-
guards were placed to prevent television 
information from reaching competitors. 
It was interesting, indeed. to see what 
would happen during the first few meet-
ings of the Committee. It was found 
that regardless of keen company rivalry, 
the various television representatives 
manifest toward one another a feeling of 
friendliness rather than antagonism. 
We could not help from feeling that, 
being brother experimenters in a new 
and intensely interesting field, we be-
longed in a sense to the same frater-
nity—the television fraternity. 
As we got to know each other better, 

as more and more technical information 
found its way into print, and as secrecy 
restrictions were lifted here and there, 
we began to make progress. We could 
understandingly discuss details of vari-
ous television systems and draw engi-
neering conclusions leading toward the 
recommendation of standards—stand-

Fig. 2. RMA synchronizing signal. 

RMA TELEVISION 
COMMITTEE 

Group I. MEMBERS 
Name 

J. E. Brown 
R. D. Brown 

I. J. Kaar 
E. W. Engstrom 
H. M. Lewis 
R. H. Manson 

Company 
Zenith Radio Corp. 
Philadelphia Storage 

Battery Co. 
General Electric Co. 
RCA Mfg. Co. 
Hazeltine Serv. Corp. 
Stromberg-Carlson Tel. 

Mfg. Co. 
H. V. Nielsen Sparks Withington Co. 
H. J. Tyzzer Crosley Radio Corp. 

Group 2. INVITED (not representing 
MEMBERS RMA Member 

Companies) 
R. Bown. 
P. C. Goldmark 
A. N. Goldsmith 
J. V. L. Hogan Radio Pictures 
R. M. Morris Nat. B'dc'fg Co., Inc. 
A. F. Murray ( Ch.) Philco Radio & Televi-

sion Corp. 
P. T. Farnsworth Farnsworth Tel., Inc. 

Group 3. GUESTS 

T. A. M. Craven Fed. Corn. Commission 
Gerald Gross Fed. Com. Commission 
R. A. Hackbusch RMA of Canada 
E. K. Jett Fed. Corn. Commission 
A. F. VanDyck RCA Licensee Labs. 

Bell Telephone Labs. 
Columbia B'dc't'g Sys. 
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ards that will be best, we believe, for 
the interests in the entire industry. 
Now, as in the past, the cooperation 

among the members is to be highly com-
mended. Naturally there are differences 
of opinion. Sonic companies willingly 
make concessions where it is best this 
be done for the common good. 

In order for RMA to present recom-
mended frequency assignments for tele-
vision to the Federal Communications 
Commission at the ultra-short wave 
hearing in Washington, June 15, 1936, 
recommendations for channel width ( 6 
megacycles), number of lines ( 441), and 
other vital television standards, had to 
be decided prior to that date. At the 
specified time the RMA Television Com-
mittee publicly presented their recom-
mendations. These were, to a great 
measure, responsible for the FCC as-
signing channels 6-mc wide for experi-
mental television. The standards recom-
mended at this time were substantially 
those listed as T-101, T-103 to T-108. 
To get competing television interests 

to agree to a single set of standards, and 
to agree unanimously took a considera-
ble amount of negotiation. In fact, some 
of the RMA Board Members said they 
were surprised, and pleased, that the 
Committee could achieve a unanimity of 
opinion. The writer deeply appreciates 
the cooperation of the members which 
made possible this result. 

(Continued on page 28) 



The universal diversity receiver. 

A UNIVERSAL DIVERSITY RECEIVER 

wrrii THE INTRODL;(_ i lox to the general 
market of a receiver that combines 
diversity action with other refinements 
in a single unit of compact size and 
moderate cost, there is every reason to 
believe that the advantages of the 
diversity principie of reception will no 
longer be limited to the large commer-
cial stations. The high cost of develop-
ing diversity apparatus for individual 
installations has up to now been a deter-
ring influence, but with the introduction 
of production equipment this obstacle 
seems to be overcome. 

It is believed that a description of 
this new Hallicrafters Model DD- 1, 
dual-diversity receiver will be of more 
than passing interest, representing as it 
does the fir-4 attempt on the part of a 

By S. GORDON TAYLOR 

manufacturer to provide diversity equip-
ment in a form practical for all types of 
services. 
The receiver, as illustrated in the ac-

companying photographs, consists of the 
tuner flanked at either end with the 
separate power supply and power-am-
plifier units. The tuner dimensions are 
approximately 30 inches wide, 11 inches 
high and 19 inches deep. The other 
two units are each 7V2 inches wide, 11 
inches high and 16%2 inches deep. 
The tuner contains two separate and 

identical 8-tube superheterodynes which 
feed irito a common audio channel. Each 
provides continuous and simultaneous 

. n a frequency range extend-
ing from 540 kc to 46 mc, in six bands, 
selected by push-buttons. 
An outstanding and unique feature of 

the tuner is the use of a single r- f oscil-
lator common to both channels. The 
use of a common r-f oscillator results 
in appreciable economies in both size 
and cost, made possible because of the 
less stringent shielding and buffer re-
quirements. Also the dual-diversity 
model tunes both channels simultane-
ously by means of a single dial; a fea-
ture which is invaluable to many types 
(if service where more or less constant 
tuling from one frequency to another is 
necessary. 
Two tuning controls and dials appear 

un the face of the tuner. One of these, 

Circuit diagram of the diversity receiver. Receiver channel " B" is shown in block form, since it is identical with "A." 
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Image ratio and selectivity curves for the universal diversity receiver. 

fully calibrated in frequency, is the 
main range-setting dial; the other pro-
vides wide band-spreading in this 
selected range. This electro-mechanical 
band-spread system results in non-crit-
ical tuning, even in the ultra-high-fre-
quency ranges, and operates in any por-
tion of any tuning range. 

In addition to single-control tuning, 
a number of other controls are ganged 
for simultaneous adjustment of both 
channels. These include r-f gain, i-f 
gain, the infinite adjacent-channel-inter-
ference rejector, stand-by switch and 
noise-limiter switch. The r-f gain is 
also adjustable for the individual chan-
nels. This is accomplished by a dual 
resistor and serves as a balancing ad-
justment. In its mid-position the gain 
of the two channels js equal but as it is 
rotated to the right from this position 
the gain of channel "A" is increased 
and "B" decreased. Turned to the left 
the opposite action is obtained. In this 
way differences in effective average 
pick-up of the two antennas are readily 
compensated and fullest advantage taken 
of the diversity action. 
The audio channel, beat- frequency 

oscillator and "heterotone" oscillator 
circuits are common to both channels 
and their individual controls therefore 
function simultaneously with both. 
Two meters are built into the tuner. 

The one shown at the left is the overall 

or carrier-level indicator, which 
functions on the combined output of the 
two channels. At the right is the 
"balance" meter which aids in the ad-
justment of individual channel r- f gain, 
and which shows the relative effective-
ness of the two antennas when compen-
sating adjustment is required. As op-
tional equipment the meter unit shown 
on top of the tuner is available. This 
plugs into a receptacle provided in the 
rear of the tuner housing and includes 
an " S" meter for each channel. This 
device is particularly interesting as it 
shows the fading variations of the signal 
in each channel and by observing these 
two and the overall " S" meter at the 
same time the effectiveness of the 
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diversity action is easily demonstrated. 
This is a material aid in determining 
the proper placement of the antennas for 
maximum diversity effectiveness. 
A three-position switch permits either 

receiver channel to be used alone, or the 
two in combination. Thus if the two 
antennas employed have different direc-
tional properties, interference from a 
direction other than that of the desired 
signal may be minimized by using the 
channel that favors the desired signal, 
cutting out the one through which the 
interference signal predominates. 
The functional diagram of the tuner 

is presented. It has been considered 
sufficient to show receiver channel "B" 
in block form inasmuch as it is identical 
with channel "A." For the same reason 
the following brief discussion will be 
limited to one channel and the circuits 
common to both. 

Two stages of tuned r- f amplification 
:ire employed. These utilize the new 
1851 tubes not only for their general 
Isigh-gain characteristics, but particu-
larly for their advantages in maintain-
ing this gain throughout the ultra-high-
frequency ranges. This high gain is 
advantageous from the standpoints of 
both effective sensitivity and improved 
automatic gain control. Also the use of 
two stages, with an intermediate fre-
quency of 455 kc, provides a highly 
favorable degree of image selectivity. 

The 61.7 mixer circuit is convention-
al, but not so the common r-f oscillator. 
This employs a 6K6 power tube to per-
mit the parallel mixers to be connected 
into its cathode circuit where the un-
usually large capacitative load has less 
limiting effect on the oscillator tuning 
range. 
The two-stage i-f amplifier offers two 

s4nnewhat unconventional features. The 
first is the coupling system which con-



stitutes the "infinite adjacent-channel 
interference rejector." In this system 
both inductive and capacitative coupling 
are utilized but so arranged that at some 
frequency close to resonance these two 
types buck each other and cancel out 
interference that may exist at this ad-
jacent frequency. By varying the 
coupling capacity this cancellation may 
be made to occur at any frequency from 
3 to 18 kc off resonance. Thus an in-
terfering signal anywhere in this range 
can be effectively dropped out without 
reduction of the desired signal. The 
coupling capacity is varied by means of 
a control on the front panel and to this 
the i-f systems of both channels are 
ganged. 
The second feature of the i-f amplifier 

is the use of a 6L7 in the second stage. 
This is done to utilize its injector grid 
as a means for feeding in the 1,000-cycle 
output of the common 6J5 "heterotone" 
oscillator for tone modulations of cw 
signals and unmodulated carriers. When 
a beat-frequency oscillator is used for 
this purpose it tends to affect receiver 
sensitivity through its reaction on the 
agc system, particularly when receiving 
weak signals. Also the beat-note inten-
sity varies widely with signal strength. 
The "heterotone" oscillator overcomes 
these difficulties completely and this is 
fortunate because it permits cw recep-
tion with the agc system functioning. 
without which diversity action would be 
nullified. A 3-position switch on the 
front panel provides the choice of beat-
frequency or "heterotone" oscillators. 
or none. 
While each channel has its own agc 

system, the two are so inter-connected 
that both channels are jointly controlled. 
Thus at an instant when the signal is 
strong in one antenna but weak in the 
other the agc system in the correspond-
ing channel takes control of both. In 
this way the noise, which would other-
wise rise to a high level in the channel 
in which the signal is weak, is auto-
matically throttled down and the aver-
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age signal-to-noise ratio much improved. 
Noise limiter circuits are included in 

each channel. These are entirely auto-
matic in their action and do not alter 
the audible received signal in any way. 
The question of suitable antennas is 

important to any consideration of 
diversity reception. This type of recep-
tion provides maximum reduction of 
fading when the antennas are very 
widely separated or are separated a dis-
tance related to the wavelength of the 
received signal. The latter scheme is 
out of the question where the receiver 

Curves showing the effect of the "rejector." 

is to be called upon to cover a range of 
frequencies; also the wide separation of 
antennas is impractical at most receiver 
locations. Moreover, it has been clearly 
demonstrated experimentally that an ex-
cellent degree of diversity reception is 
obtainable even with the two antennas 
mounted within the narrow confines of 
an ordinary housetop, provided they are 
in different planes of polarization. Any 
type of antenna which with an ordinary 
receiver, would be suitable for reception 
,f the desired signals will likewise be 
suitable for use with this diversity re-
ceiver. These may be of the "L" type 
or doublets, provision being made for 
both of these types in the input terminal 
arrangement of each channel. The only 
specific limitations are that the down-
leads be kept at least ten feet apart and 
that the angle formed by the two an-
tennas, whether in the same or different 
planes, be not less than ninety degrees. 

In very confined quarters, a vertical 
antenna working against one that is 
horizontal will prove effective. These 
need not be the same length, as their 

(Continued on page 32) 
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THE WQXR RECEIVER 

By R. LORENZEN 

OF THE THREE broadcasting stations in 

the United States which are licensed to 

operate with a carrier frequency having 

a band width of 20 kilocycles, WQXR is 

the only one which covers the area of 

greater New York. Coupled with the 

fact that such a band width permits 

the faithful transmission of frequencies 

up to 10,000 cycles, the programs eman-

ating from WQXR are mainly devoted 

to the rendition of classical music. 

The WQXR 11 tube receiver, which 

was designed by WQXR's engineering 

staff under the direction of John V. L. 

Hogan and R. M. Wilmotte, is being 

manufactured by the Ansley Radio Cor-

poration. Since the ultimate in high 

fidelity is possible only at such great 

cost as to make such a set prohibitive in 

price to the consumer, it was necessary 

to effect a compromise between these 

two factors. The price of the receiver 

was kept down by eliminating the use-

less gadgets usually found in commercial 
radio receivers. The keynote, "Fidelity 

at a reasonable price," has resulted in a 
receiver which should materially en-

hance the auditor's pleasure in both 

radio programs and the reproduction of 

phonograph records. 

Since, at least for the present, only 

one type of receiver is to be sold, it 

was considered essential that the set 

be usable in the entire metropolitan 

area. This necessitated the manufac-

ture of a so-called universal radio, that 

is, one which could be used on either 

alternating current or direct current, 

as desired. 

In designing this receiver, the flat-
ness of frequency response was con-

Fig. 3. The phase inversion circuit 
used in the receiver. 

ered carefully but more emphasis was 
placed on the minimization of harmonic 
distortion and self-reverberation. Har-
monic distortion not only arises in tube 
circuits but also occurs by virtue of the 
construction of the loud-speaker and the 
manner in which the speaker is housed. 
Unless the receiver is considered in re-
lation to the speaker to be used with it, 
harmonic distortion will result in the 
production of frequencies which did not 
exist in the original sound. Self-re-
verberation is due to a lack of dumping 
in either the electrical or mechanical 

Fig. 1. Block diagram of the WQXR receiver. 

circuits, and results in a boominess of 
the reproduced music particularly at low 
frequencies. 
The WQXR receiver will receive 

stations in the broadcast band only 

(from 540 to 1800 kilocycles). There 

are no short wave bands. 

TUNER 

As can be seen from Fig. 1, the 

radio tuner is comprised of a combi-

nation of a straight radio-frequency 

amplifier and a superheterodyne. One 

stage of radio frequency employing two 

tuned circuits is fed to a detector-mix-

er, this output undergoing one stage 

of intermediate-frequency amplification, 

and then being rectified at a high level 

with a diode detector. 

A stage of straight radio-frequency 

amplification precedes the superhet por-

tion as this results in a substantial re-

duction not only in the inherently high 

noise level of a superheterodyne but 

also in cross modulation. 

A variable selectivity switch is pro-

vided so that broad band tuning is ac-

complished when high fidelity radio re-

ception is desired. This is done by 

overcoupling the i-f coils so that the 

familiar double-hump curve is obtained. 

If interference from another station 

should occur the selectivity switch can 

be thrown to reduce the coupling, the 

resulting single-hump curve then giv-

ing greater selectivity. The curves 

shown in Fig. 2 represent the two con-

ditions. The double-hump is not appar-

ent as it is merged with the single-

hump curve from the r-f stage. 

Automatic volume control is obtained 
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Fig. 5. Showing effect af speaker diffuser. Fig. 2. Selectivity curves. 

from diode load circuit in usual manner. 
The audio channel is comprised of 

four tubes, two 6F5's in a self-balanc-
ing phase inversion circuit, feeding tlre 
two 25L6G output tubes operated as a 
Class AB push-pull amplifier.. 

Previous systems of phase inversion 
suffered from two principle defects. The 
‘ariations in the characteristics of phase 
inverting tubes of the same type was 
sufficiently great, so that if a phase in-
version tube had to be replaced, the am-
plitudes of the voltages impressed upon 
the two push-pull grids would be dif-
ferent. A similar difference in voltage 
amplitude resulted whenever a variation 
occurred in the resistance from which 
the voltage to be inverted was obtained. 

The self-balancing phase inversion 
circuit used in the WQXR receiver is 
shown in Fig. 3. This circuit over-
comes the two disadvantages mentioned, 
and sEtice the circuit is degenerative, the 
stability that is characteristic of degen-
erative amplifiers is obtained. For fur-
ther details reference should be made to 
RCA Application Note No. 97. 
The undistorted power output is con-

servatively estimated at 3 watts. Two 
adchtional tubes may be inserted in out-
put stage in order to obtain total of 6 
watts output. This will necessitate a 
different output transformer to match 
new load. requiting 2 additional rectifier 

tubes. 
The inclusion of a tone control be-

tween detector and audio amplifier was 
in part a concession to public taste. It 
is unfortunately true, as has been 

demonstrated by author on numerous 
occasions, that when a person who has 
been accustomed to listening to the usual 
commercial radio is asked to listen to a 
high fidelity receiver his reaction will be 
ene of dislike. The brilliance of the high 
frequencies makes him feel that the tone 
lacks "mellowness." The inclusion of a 
tone control on a radio so that the few 
lligh frequencies which did come 

through could still further be eliminated 
has resulted in a degeneration of the av-
erage listener's auditory response. He 

will and, however, that with a set funda-
mentally free of distortion. he will want 

to hear the high notes. Ube tone con-
trol may also be used to reduce scratch 
on poor records. 
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Fig. 4. Cross bracing is used to 
dampen eeeee bei-ation. 

The feedback circuit is comprised of 
resistors and condensers and is designed 

John V. L. Hogan, 
radio engineer 
and president of 
WQXR. examining 
tke first model of 
WQXR's receiver. 

to afford less fetilback at the low and 
high frequencies. Since the feedback is 
degenerative, by being less at the low 
and high frequencies, the output re-
sponse curve from radio input to antenna 
to sound output of speaker is substan-
tially flat and is about 6 db from 50 to 
8000 cycles at the output of the speaker. 
The feedback also reduces the harmonic 
distortion to a negligible amount. 

The 12- inch electrodynamic speaker 
is housed as high as possible in cabinet. 
The cabinet is open at back and is so 
proportioned and braced as to improve 
lomispeaker response and minimize the 
cabinet resonance at its natural fre-
quency. To further dampen reverbera-

tion the cabinet is cross-braced as 
shown in Fig. 4. One brace joins the 

centers of the two side walls. As-

suming that the front of the cabinet is 

divided into three vertical sections with 

Continued on page 32) 
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A BIBLIOGRAPHY ON RECORDING 

"Some Notes on the Design of a 
Gramophone Pick-Up"-G. W. Sutton-
Journal Institution of Electrical Engineers, 
1930, pp. 566-577: Mode of vibration of 
pick-up armature. Theory of armature. 
Damping. Method of design. 

"Influence of Eddy Currents on Pick-
Up Characteristics"- 1. S. Rabinovitsch-
lzvestiya Electropromeschlennosti Slabova 
To/ca, 1935, No. 4, pp. 43-47: Eddy cur-
rents developed in iron core of pick-up 
causes drop in h. f. response. In experi-
mental model the needle was used as the 
armature. 
"HP6A: Radical Departure in Phono-

graph Pick-Up Design"-F. V. Hunt and 
J. A. Pierce-Electronics, 1938, March, 
pp. 9-12: Velocity microphone principle 
used. Range 30-18-000 cps ± 3 db. Needle 
pressure 0.17 oz. 

" 'Mass-Less' Pick- Up"-W. H. Weeden 
-Electronics, 1936, May, pp. 36-38: New 
mechanical and magnetic principles em-
ployed. Reduced needle pressure. In-
creased frequency response. Lower noise 
level. 

"Evolution of the Pick- Up"-Commer-
cial Radio, 1935, Nov., pp. 12, 15: Stages 
of development of the electromagnetic type 
of reproducer. 

"Direct Disc Recording"-C. L I e Bel-
Electronics. 1938. May, pp. 22:25 Types 
of drive and feed mechanism. Cutter head 
characteristics. Testing of cutter charac-
teristics by optical method. Importance of 
equalizing. Importance of styli. 

"Disc Recording"-T. L. Dowey-Com-
munications, 1937, September, pp. 11-12, 
68, 70: Field of electrical transcription. 
Transcription industry organization. Studio 
acoustics. 

"Disc Recording"-T. L. Dowey-Com-
munications, 1937, October, pp. 17-19. 58: 
Characteristics of W-E 630 dynamic mi-
crophone. The recording machine. Ad-
vantages of vertical recording. Recording 
system characteristics. Motor system. Re-
producing equipment. 

"Disc Recording"-T. L. Dowey-Loni-
munications, 1937, November, pp. 21-32: 
Steps in the production of the master and 
the pressings. Wax flowing, gold sput-
tering, pre-plating, copper-forming, master 
finishing, cleaning and chromium-plating, 
pressing. 
"Frequenzgang und Plattenbeansprn-

chung Von Tonabnehmern"-M. Kluge-
Flochfrequenstechnik und Elektroakustik, 
1932, August, pp. 55-65; September, pp. 
108-111. Theory and experimental analysis 
of pick-up. Comparison with mechanical 
reproducer. Response vs. load. 
"A New System of Sound Recording"-

H. C. Harrison-1932, July, Bell Laborato-
ries Record, pp. 389-393: Description of 
vertical cut records. Increased dynamic 
range, frequency range. Less noise. 
"Machine for Cutting Master Disk Rec-

ords"-L. A. Elmer and D. G. Blattner 
-Transactions Society Motion Picture En-
gineers, 1929, No. 37: pp. 227-245: Design 
features of W-E D-85264 recorder and 
6-A playback reproducer. 
"Methods of High Quality Recording 

and Reproducing Music and Speech Based 
on Telephone Research"-J. P. Maxfield 
and H. C. Harrison-Transactions Ameri 

By J. G. SPERLING 

can institute of Electrical Engineers, 1926, 
February, pp. 334-348: Studio Charac-
teristics and transients. Frequency require-
ments. Mechanical and electrical record-
ing and reproducing. Mechanical and elec-
trical analogs. Design of recording and 
reproducing apparatus. 

"1.'Enregistrement des Sons sur les 
Disques de Phonographe"- A. Chevalier-
Genie Civil, 1934, March 10, pp. 221-224: 
Principles of reproducing and recording. 
Engraving of wax master. Frequency re-
sponse and tracking error. 
"Ueber Frequenzkurven Von Tonabneh-

mere-H. Emde and O. V ierling-Hoch-
frequenztechnik und Elektroakusiik, 1933, 
June, pp. 210-212: Pick-up frequency char-
acteristics. Relation of frequency response 
to needle and load. 

"Pick-Up Fidelite de Reproduction"-G. 
Varret-Onde Electrique, 1932, October, 
pp. 364-379: Study of forces set up at 
needle tip. Type of introduced distortion. 
Frequency characteristics. 

"Progress in the Recording and Repro-
duction of Sound"-. Whitaker-Journal 
of Sicentific Instruments, 1928, Feb.. pp. 
35-41: Evolution of recording heads and 
reproducers. 

"Instantaneous Recording Head"-G. J. 
Saliba, Communication and Broadcast En-
gineering, 1937, March, pp. 8-9, 16, 25: 
New type mounting in head. Recording at 
112 lines per inch. 4- 16 db level operates 

"1-1 igh-Fidelity Transcription Equip-
ment"-J. P. Taylor-Communication and 
Broadcast Engineering, 1936, March, pp. 
5-8: Description of new high fidelity 
equipment. 

"Damping- Methods for Electrical Re-
producers"-D. G. Blattner-Bell Labora-
tories Record, 1931, March, pp. 329-331: 
Review of methods. Description of oil 
damping principle employed in W-E 4-A 
reproducer. 

"Quality in Disc Reproduction"-C. j. 
I.e Bel-Electronics, 1937, October, pp. 
25-27, 77: Discussion of importance of 
proper turntable and drive mechanism in 
conjunction with proper pick-up for best 
results. Equalization. 
"High-Fidelity Instantaneous Recording" 

-G. J. Saliba-Communication and Broad-
cast Engineering, 1936, January, pp. 11-13: 
Action of cutter. Low and high frequency 
isses. 
"A D 'Arsonval Reproducer for I.ateral 

Recordings"-G. \V. Downs, Jr., and W. 
Miller - Communications, 1938, October. 
pp. 19, 35: Use of D'Arsonval movement 
in head with a permanent stylus. Cone 
weighs .022 gram and the stylus is .0024 
gram. Output level is - 40 db. 

"Electrical Reproduction from Phono-
graph Records"-E. \V. Kellogg-Trans-
actions American Institute of Electrical 
Engineers, 1927, June. pp. 903-912; Com-
parison of mechanical and electrical sys-
tems. Types of reproducers ( electrostatic, 
piezoelectric, electromagnetic, and variable 
resistance). Action of magnetic pick-up. 
Types of magnetic systems. Mechanical 
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behavior. Scratch control circuit. Tone 
arm vibrations. 

"Recent Advance in Wax Recording"-
H. A. Frederick-Transactions American 
Institute of Electrical Engineers, 1928, 
No. 35: Lateral recording head charac-
teristics. Wax record. Processing. Press-
ing. Characteristics of W-E 2-A and -i-.\ 
reproducers. 
"On Distortion in Sound Reproduction 

from Phonograph Records"-J. A. Pierce 
and F. V. Hunt-Journal Society of Mo-
tion Picture Engineers, 1938, August, pp. 
157-182: Thorough treatment and analysis 
of harmonic distortion due to the tip size 
of the reproducer stylus ( called by the 
authors as tracing distortion). 
"Measuring Recording System with 

Limited Equipment"-A. W. Niemann-
Communications, 1938, May, pp. 14-15, 
36-37: Circuit for measuring recorder im-
pedance. Measurement of frequency char-
acteristic, overload point, and non-linear 
distortion by an optical method. 
"Phonograph Tracking Error" - B. 

Olney- Electronics, 1937, November, pp. 
19-23, 81: Data on tracking error vs. wave 
distortion and record wear. Theoretical 
discussion and distortion analysis. 

"Offset-Head Crystal Pickup"-J. R. 
Bird and C. M. Chorpening-Radio En-
gineering, 1937, March, pp. 16-18: Charac-
teristics of crystal pickups. Study of 
tracking error. Curves of tracking error 
vs. offset angle and overhang distance. 

"Offset-Head Crystal Pickup" - D. G. 
Knapp-Communications, 1938, February. 
pp. 28-29: Exact formula for optimum 
value ( for most nearly constant tracking 
error) of Q, the ratio of overhang to arm 
length. 
"A Record-Saving Pickup"- R. P. 

Glover-Electronics, 1937, February, pp. 
31-32: Mechanical design of pickup so 
oriented that tracking error is minimized. 
"Performance of a Direct Lateral Re-

cording System" - F. \V. Stellwagen - 
Communication and Broadcast Engineering, 
1937, July, pp. 12-14, 27: Layout of a 
typical recording system. Test layout for 
checking frequency response of system. 
Typical response and distortion curves. 
"Advanced Disc Recording"-C. J. Le 

Bel - Electronics, 1938, November, pp. 
34-36, 82: Modernization of recording 
equipment. Extension of frequency range. 
Minimization of distortion. Control of sur-
face noise or scratch. 
"A Turntable Wobble Indicator"-W. F. 

Wichart - Electronics, 1938, February, p. 
13: Stroboscopic method for determining 
wows or fluctuation in speed of rotation 
of the turntable. 
"Gramophone Tracking"-F. Record-

Journal of Scientific Instruments, 1932. 
September, pp. 286-289: Geometrical study 
of tracking. Setting for least tracking 
error. 

"Instantaneous Recording Needles"-R. 
H. Ranger-Communications, 1937, De-
cember, pp. 16-17: Characteristics of 
needle. Action of stylus. Effect of needle 
on surface noise and cross-modulation. 
"Measurement of Speed Fluctuations in 

Sound Recording and Reproducing"-A. R. 
Morgan and E. W. Kellogg- Journal 

(Continued on Page 27) 



• AEROVOX engineers are trained to 
think in terms of your ENTIRE assembly 
—tubes, transformers, resistors, as well 
as condensers. To provide the best per-
formance and life at minimum cost for ALL 
components, is the prime object of 
A. A. E. — AEROVOX APPLICATION 
ENGINEERING. • So let us have your 
filter circuit, power pack or other problem. 



OVER THE TAPE . . • 

NEWS OF THE COMMUNICATIONS FIELD 

BEVERAGE RECEIVES ARMSTRONG MEDAL 
In recognition of his pioneer work on 

wave antennae and his continued work in 
this and other phases of the radio art, the 
award of the Armstrong Medal by the 
Radio Club of America was made to Har-
old Henry Beverage. 

Almost from boyhood he has been ac-
tively interested in all phases of radio, his 
first amateur station having been built in 
1910. As a radio engineer and under the 
tutelage of Alexanderson, he rapidly made 
a name for himself in the development of 
radio transmission. 
To both the amateur and professional 

worker his name has been immortalized in 
the Beverage antenna, the precursor of 
wave antennae of all types. His later work 
in the development of spaced diversity an-
tenna systems is of outstanding importance 
in present day radio communication. 

SOUND AMPLIFIER GUIDE 
Just released by Thordarson Electric 

Mfg. Co., 500 W. Huron, Chicago, Illi-
nois, this guide presents practical and the-
oretical information on amplifiers ranging 
from 8 to 120 watts output. Features of 
this guide are a phone-radio amplifier with 
volume expansion and flexible tone con-
trols, and a combination 6 volt-115 volt 
portable amplifier capable of delivering 
high undistorted output. The Sound Am-
plifier Guide No. 346-D may be obtained 
from any Thordarson distributor or will 
be sent postpaid from the factory for 15c. 
It is also included in the Sound Section of 
the No. 340 Transformer Manual, listing 
at 50e postpaid. 

SUPREME CHIEF ENGINEER 
The Supreme Instruments Corporation 

recently announced the promotion of E. G. 
Perkins to the position of Chief Engineer. 
"Perk," as he is known to his many friends, 
has advanced steadily during his stay with 
Supreme. 

PYRAMID METALS PLANT 
Pyramid Metals Company have moved 

their factory and office from 455 N. Oakley 
Blvd., to 1335 N. Wells Street, Chicago, 
Illinois. The new plant offers increased 
production space for the manufacture of 
metal mouldings. Officers are Ira L. Reed, 
President, and Christopher Tonney, Sales 
Manager. 

GRAF OPTICAL APPOINTMENT 
George Silverstone, long identified with 

the radio and printing business, has been 
appointed General Sales Manager of the 
R. Graf Optical Company, 711 West Lake 
Street, Chicago. William Hoffman & As-
sociates have been appointed to serve as 
advertising counsel for this account. Graf 
are manufacturers of lenses for use in 
photographic light projection and scientific 
instruments. 

WESTERN ELECTRIC APPOINTMENT 
Frederick R. Lack, formerly director of 

vacuum tube development at Bell Tele-
phone Laboratories, was appointed Gen-
eral Commercial Engineer of the Western 
Electric Company. He will have charge 
of the sale, through the Company's dis-
tributors, of Western Electric products out-
side of the Bell System, including the by-
products of telephone research such as 
broadcasting equipment; aviation, police 
and marine radio; public-address systems; 
hearing aids ; train-dispatching systems, etc. 

RECTIFIER MANUAL 
The new B-L Rectifier Manual contains 

information on rectifier construction, ap-
plication and performance. Rectifiers and 
filter circuits are discussed, and typical 
ratings shown. New developments include 
heavy - duty single - stack rectifiers and 
forced-draft-cooled units for numerous ap-
plications. Copies of the booklet are avail-
able to engineers, purchasing agents, and 
others addressing The B-L Electric Man-
ufacturing Company, St. Louis, Missouri, 
on their company letterhead. 

JAMES J. WELCH DIES 
James J. Welch, Vice President in charge 

of the Traffic Department of the Western 
Union Telegraph Company, died after an 
illness of two weeks, at Nassau Hospital, 
Mineola, L. I. He was sixty-seven years 
old. Mr. Welch had been with the tele-
graph company for forty-eight years, start-
ing as a telegraph operator at Davenport, 
Iowa. He became the head of the Traffic 
Department of Western Union fourteen 
years ago. 

GENERAL ELECTRIC APPOINTMENTS 
Robert A. Jones, engineer at General 

Electric's Buffalo office, has been appoint-
ed assistant engineer for the company in 
the New York district, it is announced by 
H. H. Barnes, Jr., commercial vice presi-
dent. W. C. Plumer of the G-E Newark 
Office, goes to Buffalo as engineer, and 
L. F. Stone becomes engineer at the New-
ark office of the company. The three ap-
pointments were effective December 1. 

CORNELL-DUBILIER, INTL. STANDARD 
ELEC. AGREEMENT 

Announcement has been made by Mr. 
Octave Blake, Jr., President of Cornell-
Dubilier Electric Corporation, and Mr. H. 
M. Pease, Vice- President of International 
Standard Electric Corporation, 67 Broad 
Street, New York, of an agreement reached 
between their respective companies. Under 
the terms of the contract, the assistance 
of the engineering, manufacturing and 
commercial divisions of Cornell-Dubilier 
for the production and sale of electric 
capacitors becomes available to the Inter-
national Standard Electric through its 
affiliated manufacturing companies abroad. 
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OXFORD TECHNI-TALKS 
A publication titled "Oxford Techni-

Talks" will be released periodically by 
Oxford Tartak Radio Corporation.. These 
semi-technical bulletins containing prac-
tical and helpful information, deal with 
the application and installation of public 
address and replacement speakers. 
The first issue is scheduled for early re-

lease; jobbers, public address engineers, 
and servicemen who would like to receive 
these bulletins may secure them by sending 
their request to Oxford Tartak Radio 
Corporation, 915 W. Van Buren St., Chi-
cago, I llinois. 

FERRIS BULLETIN 
The Model 32 Radio Noise and Field 

Strength Meter is the subject of a bulletin 
recently released by the Ferris Instrument 
Corporation, Boonton, N. J. Complete de-
tails are given. To secure a copy of this 
bulletin write to the above organization. 

SOLAR CHIEF ENGINEER 
Solar Mfg. Corp., of New York City 

and Bayonne, N. J., announces the ad-
vancement of Mr. J. I. Cornell to fill the 
position of Chief Engineer recently va-
cated by the resignation of Mr. N. Schnoll. 
Mr. Cornell came to Solar as Consulting 
and Field Engineer early this year, having 
previously been Chief Engineer and Di-
rector of the Magnovox Company. Prior 
to that he had been with RCA as section 
engineer on components, and with General 
Electric Company. 

GRAHAM TO I.R.E. BOARD 
Virgil M. Graham, tube application chief 

for the Hygrade Sylvania Corporation, was 
re-elected to serve a second term on the 
board of directors of the Institute of Radio 
Engineers at a meeting held in New York 
recently. He was elected to serve his first 
term in 1935. Mr. Graham has been in 
the organization for the past fifteen years, 
having become associate member in 1924. 
In 1927 he became a full member and in 
1935, a fellow. 

McMURDO SILVER JOINS GUTHMAN 
It has been announced that McMurdo 

Silver has joined Edwin I. Guthman & Co., 
Inc., to re-engage in the kit and parts field. 
His latest is said to be a "Diversity Coup-
ler" which turns any set into a dual-diver-
sity receiver. 

INSULATION GUIDE BOOK 
A guide book on electrical insulating 

materials has recently been published by 
the Mitchell-Rand Insulation Co., 51 Mur-
ray Street, New York City. A great deal 
of useful and interesting material is con-
tained in this 38-page booklet, a copy of 
which may be secured from the above 
organization. 



RCA BULLETINS 
Three interesting bulletins have recently 

been made available by the Aviation Radio 
Section, RCA Manufacturilg Co., Inc., 
Camden, N. J. Data Sheet No. 1 covers 
the Model AVA-10 crystal holders and 
crystal units, while Data Sheet No. 2 deals 
with the AVA-11 series of crystal holders 
and units. A description of the Model 
AVA 36 aircraft transmitter test kit is 
contained in the third data sheet. To se-
cure these bulletins write to the above 
organization. 

FILTERETTE CATALOG 
New products for radio noise elimina-

tion, with designs based on original re-
search by Tobe Interference Engineers, are 
described in the latest Tobe Filterette Cat-
alog just off the press. Among the newly 
developed items are an improved unit for 
quelling radio noise from electric shavers, 
a compact Filterette to stop oil burner ig-
nition interference, a group of new utility 
type capacitive Filterettes in steel outlet 
boxes, and the Filterette Selector. Dealers 
and servicemen will find in this catalog 
many helpful suggestions for handling radio 
interference problems. Write to Tobe 
Deutschmann Corporation, Canton, Massa-
chusetts. 

WQXR EXPANDS STUDIOS 
As part of its 1938-39 expansion pro-

gram, station WQXR, New York, has in-
creased its office and studio space at 730 
Fifth Avenue by almost fifty percent. 
The major part of the increased space 

will be occupied by the station's sales de-
partment, which, effective December 1st, 
is under the direction of Robert M. Scholle 
as Sales Manager. Norman S. McGee, 
formerly Sales Manager, has been advanced 
to Director of Agency Relations. 

FINCH PATENT 
W. G. H. Finch, president of the Finch 

Telecommunications Laboratories, Inc., an-
nounced today that William A_ Bruno of 
N. Y. City has taken out a license under 
the Finch Facsimile Patents and will man-
ufacture Finch facsimile receivers in "Kit" 
form. 

• 

ELECTRIC RESONANCE 

CHAMBERS 
(.Continued from page 8) 

variety of materials at 2930 mc for 
A = 2." and D = 1". Further tests in-

dicate the function of water is mostly 
reflection and not absorption. 
When B is adjusted to be near a free 

space wavelength two positions for L 

can be found in the chamber roughly 

a quarter wavelength from each end. 
By inserting two dipoles with proper 
coupling the factor à and resultant per-
formance of the chamber as a sink of 
wave power can be increased. Similarly 
if the chamber is operated in one of the 
higher modes of resonance additional 
dipoles may be inserted for lower modes 

and by properly coupling together the 
factor A may be increased. 
The exact relationships between a, 

Q, A and tuning of L merits further in-

vestigation. 
--

1 '• I lyptr• Frequency Wave Guides.' by G. C. 
Southworth. page 284. April. 1936, Bell System 
Technical Journal. 

2 "Transmission of Electromagnetic Waves in 
Hollow Tubes." by W. T.. Barrow, page 1298. 
October. I ¡' roc. 

MAY WE ASSIST IN YOUR PROBLEM? 

TC's leadership in 
transformer design 

is well indicated by the 
type and number of com-
mercial users. Among 
these are R.C.A., West-
ern Electric, General 
Electric, Western Union, 
Columbia Broadcasting 
System, Department of 
Commerce, etc. . . . 

-fç•Ju_eeâilditilusi2s£ co -fAk4 
72 SPRING STREET • NEW YOU, N. Y 

1- DIVISION VP PUCK SMET NEW YOP K CAS LES 'ARIAS 
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VETERAN WIRELESS OPERATORS 

ASSOCIATION NEWS 

W. J. McGONIGLE, President RCA Building, 30 Rockefeller Plaza, New York, N. Y. H. H. PARKER, Secretary 

GREETINGS 
TO OUR MEMBERS, friends and well-wishers 
we extend on behalf of our officers and 
directors our best wishes for a Merry 
Christmas and a happy and prosperous 
New Year. Our grateful appreciation to 
all who cooperated during the past year 
in making it one of our most successful. 
We look forward with pleasure to a con-
tinuation of this cooperative spirit during 
the coming year. 

JANUARY MEETING 
THE ANNUAL MEETING of the Veteran 
Wireless Operators Association will be 
held at the Hotel Astor, Times Square, 
New York City, at 7 PM on Monday, 
January 9, 1939. The ballots which have 
been mailed the membership will be opened 
and counted by a tellers committee ap-
pointed by the President from among the 
members present. The officers and direc-
tors elected will be announced and will 
assume office immediately. We earnestly 
request your attendance at this meeting as 
it is the last meeting before our Annual 
Cruise and final plans for the "Big" affair 
will be discussed. 

NOMINATIONS 
THE NAMES of those nominated by the 
Board of Directors at a meeting held in 
New York City on Tuesday evening, No-
vember 22, 1938, for officers and directors 
follow: President, William J. McGonigle; 
Vice-President, A. J. Costigan, Paul K. 
Trautwein, A. F. Wallis; Secretary, H. H. 
Parker; Treasurer, C. A. Carney, H. T. 
Hayden, Wm. C. Simon; For Director of 
which eight will be elected: Harvey Butt, 
George H. Clark, A. J. Costigan, W. S. 
Fitzpatrick, R. H. Frey, C. D. Guthrie, 
A. A. Isbell, William J. McGonigle, Fred 
Muller, E. A. Nicholas, Frank Orth, H. 
H. Parker, O. W. Penny, Carl O. Peter-
son, J. R. Poppele, W. C. Simon, Paul K. 
Trautwein, Arthur F. Van Dyck, A. F. 
Wallis, H. P. Westman. 

DINNER- CRUISE 
THE FOURTEENTH Annual Dinner-Cruise of 
the Veteran Wireless Operators Association 
will be held at the Hotel Astor, Times 
Square, New York City, on Saturday even-
ing, February 1 lth, 1939. Simultaneously 
our chapters will hold dinner-cruises to be 
participated in by their local members and 
friends. Each year we add several new 
chapters joining in this annual get-together 
which serves as a stimulus for the further 
progress of our association and makes pos-
sible the renewing of acquaintances made 
in the early days of radio. 
The Dinner-Cruise at the Astor Hotel 

will include a full-course dinner and a 
cocktail to each person. There will be 
dancing from ten to three to the scintillat-
ing rhythms of Lou Lang and his splendid 
orchestra. A short sketch will be presented 

by the VWOA DRAM Arians ; this should 
prove interesting—you will know all the 
characters. 
A prominent feature of the evening will 

be the annual awards for meritorious ser-
vice and it is likely a coast-to-coast broad-
cast will accompany the presentations. 

Tickets will be $4.00—payable in advance. 
In past years our experience has been that 
only a small proportion of those attending 
paid for their tickets in advance. It was 
therefore very difficult to predict the actual 
attendance. Because of this considerable 
losses have been incurred due to our hav-
ing provided facilities for many who had 
promised to attend but failed to do so. 
Guarantee requirements have become more 
rigid and the present practice is that not 
more than ten per cent in addition to those 
guaranteed will be set up. This means 
that unless we know precisely how many 
will be there an attendance prediction based 
on previous years must be made with some 
allowance for overflow. As has happened 
sometimes an overflow considerably in ex-
cess of that predicted attended, making 
necessary a hurried setting up of tables to 
accommodate them and consequent incon-
venience to those already seated. To elim-
inate these hazards we must in all fairness 
to ourselves and those who have made it 
a practice to purchase their tickets in ad-
vance insist that tickets must be purchased 
in advance of the Dinner-Cruise. If this 
practice is followed it will increase the en-
joyment of those attending and will facili-
tate the work of the committees in provid-
ing adequate features for the affair. Will 
you, therefore, please advise us at the 
earliest possible moment as to your ticket 
requirements. The earlier you send in 
your money for tickets the greater will be 
the success of the Cruise. Should you have 
paid for tickets and at the last minute 
conditions arise which make impossible 
your attendance at the Dinner consideration 
will be given your request for a refund. 
We want you to buy your tickets early— 
and be there! The price of tickets is set 
so that with normal attendance expenses 
will be met. We look forward to greeting 
you at the Hotel Astor, Saturday Evening, 
February 11th, 1939. Please be there. 

VITAL STATISTICS 
TO MR. AND MRS. R. H. Pheysey a baby 
girl, Gail, on October 28, 1938. To Mr. 
and Mrs. William J. McGonigle a baby 
boy, John Hugh (the chief reason why 
there was no VWOA News page in the 
November issue) on October 18, 1938. 

BOSTON 
AT THE NOVEMBER MEETING of the Boston 
group, Raymond F. Trop, former Treasurer 
was elected Chairman; Guy R. Entwistle 
was elected Vice-Chairman and Bart Mc-
Carthy was elected Secretary-Treasurer. 

26 • COMMUNICATIONS FOR DECEMBER 1938 

Our cordial greetings to the new officers 
and best wishes for a successful tenure of 
office. 

PERSONALS 

PETER PODELL one of our Charter members 
now has his own automobile agency in the 
Bronx. Look him up in case you are in 
the market. . . . A. I. Yuter writes and 
sends in the necessary. Hope to see you 
at the Astor on the 11th AI Y. . . . Sorry 
to hear of the recent accident in which 
Carl Peterson broke several toes. Hope 
you will be back in the running very soon 
earl. . . . Joseph Hopfenberg at the De-
cember meeting reminiscing with another 
real oldtimer Fred Klingenschmitt. . . . 
Our sincere thanks to Ray D. Rettenmeyer, 
Editor of COMMUNICATIONS, for his splen-
did cooperation during the past year. . . . 
Remember—the secretary will appreciate 
your sending in your dues—for 1938 if you 
owe them, for 1939 if paid up for 1938. 
Your support will aid materially in lessen-
ing the burden on the secretary. Thank 
you. . . . We welcome and introduce to the 
membership new member Archibald Mac-
Intyre, ex-Chief Radioman of the old navy 
in the days of Iron Men. Mr. Maclntyre's 
service included duty on the U.S.S. Penn-
sylvania, U.S.S. Lydonia, U.S.S. Despatch 
and still follows in the radio field. Mac is 
also Commander of the Veterans of For-
eign Wars, Department of Florida. We 
are looking toward a large and active 
Chapter in the Tampa district. . . . Secre-
tary McCarthy of the Boston Chapter has 
advised that a committee meeting for the 
nomination of officers will be held at the 
Hotel Manger, Boston, Mass., on Novem-
ber twelfth at 6.30 P.M. . . . Mr. Geo. P. 
Smith, Jr., has forwarded his dues up to 
and including 1940. Members everywhere 
does your conscience bother you? The 
Secretary will be glad to send 1938 cards 
to those needing them klso—we urge 
all Chapters and members to forward news 
of their activities for publication. How 
about it Honolulu, San Francisco, Chicago, 
Boston, Miami, etc., etc., etc. . . . New 
Members—an old timer Henry F. Wiehr 
became member VWOA Nov. 2, 1938. 
Started Commercial Operating in 1914 with 
Marconi Co. Saw service on approximate-
ly 25 ships. Mentioned in Baarslag's "SOS 
to the Rescue" in connection with the Ad-
miral Sampson disaster. Still pounding 
brass and is now operating on the SS. West 
Planter out of Frisco. . . . George N. 
Mathers formerly U. S. Army R.M.C.A. 
Dollar line Round the World and now 
T.R.T. Co. . . . Merrill G. Dobbs of New 
Orleans and recipient of our Testimonial 
Award, 1938.... W. G. Stedman of Flush-
ing, N. Y. Formerly U.S.N., U.S.S. Pa-
ducah, U.S.S. Mayflower, Swan Island 
and New Orleans, for the T.R.T. . . . 
Associate J. T. Bensley, formerly Bull S.S. 
Line, now a junior at the University of 
Michigan. 



RECORDING BIBLIOGRAPHY 

(Continued from page 22) 

Acoustical Society America, 1936, April, 
pp. 277-280: Design of a -wow-meter" to 
test fluctuations in turntable speed. The 
current generated by a special toothed steel 
wheel is fed to an electric circuit so de-
signed that frequency variations cause de-
flection in a galvanometer. 

"Shellac vs. Synthetic Resin in Phono-
graph Recrods" — J. P. Dunne — Plastic 
Products, 1934, March, pp. 90-92: Proper-
ties of shellac and synthetic resin ( resor-
cinol base) records. Manufacturing details. 
"Recording Waxes" — V. Williams — 

Industrial Chemist, 1935, October, pp. 
400-401: Physical Properties. Recording 
waxes are mixtures of lead and sodium 
soap in stearine and montan wax. Analysis 
shows presence of about 4.5 to 9.5 percent 
lead oxide. 
"New Synthetic Resins in Manufacture 

of Gramophone Records"—E. P. Irany— 
Canadian Chem. and Met., 1936, June, pp. 
193-195: Body and record requirements. 
Description of polyvinyl resins. 
"Unbreakable Gramophone Records"—H. 

C. Bryson—Chem. Age, 1932, Dec. 10, pp. 
546-547: Brief description of natural resins, 
synthetic resins, and cellulose derivatives. 
"High Fidelity Lateral Cut Disc Rec-

ords"—F. C. Barton—Journal Soc. Mot. 
Pict. Eng., 1934, March, pp. 179-182: 
Address and discussion of recording on 
synthetic resin records, surface noise, vol-
ume range, cutting and reproducing meth-
ods. Records directed for home use. 
"La Fabrication des Disques de Phono-

graphe"—G. Worms—Genie Civil, 1934, 
March 17, pp. 243-247: Data on manufac-
ture and stamping of records. Types of 
compounds used. 
"Manufacture of Phonograph Records"— 

R. A. Dimon—Metal Industry ( N. Y.), 
1932, March, pp. 105-107: Description of 
the electroplating process in the manufac-
ture of non-metallic records. 
"Gramophone Record Matrices"—E. A. 

01lard—Metal Industry (London), 1936, 
Aug. 14, pp. 165-169; Sept. 4, pp. 239-242; 
Sept. 11, pp. 265-266: Complete treatment 
of production manufacture of matrices by 
electroplating. 
"Low Noise Recording" — Electronics. 

1936, April, p. 28: Process consists of 
softening nitro-cellulose record in an air 
tight can by means of an organic solvent 
immediately before engraving. Record is 
allowed to stand till it regains its hard-
ness ( after the engraving is accomplished) 
before play-back. Claim of l S (lb improve-
ment in noise level. 

"Disc Recording" — T. L. Dowey — 
Communications, 1937, November, pp. 
24-32: Steps in the production of the 
master and pressings. Wax flowing, gold 
sputtering, pre-plating, copper-forming, 
master finishing, cleaning and chromium-
plating, pressing. 

"Electric Gramophone"—S. F. Philpott 
—Electric Review (London), 1932, July 8, 
pp. 46-47: Mounting systems. Methods of 
driving and governing. 
"Einphasen Induktion Smotern Fuer 

Schalliplattenantriebe" — Elektrotechnische 
Zeitung, 1935, November 14, pp. 1254-1256: 
Design data for 14', 50 cps, 78 rpm motors. 
Comparison of European motors. 
"Einphasen Synchronmotor Saja Fuer 

Sprechmaschinenantrieb" — K. Kaufman — 
Elektrotechinsche Zeitung, 1934, March 1. 
pp. 213-214: Data on Saja 14', 50 cps, 78 
rpm. motor. Torque is 6.6 cm-Kg. 
"The Induction Disc Phonograph Mo-

tor"—C. I. Hall—General Electric Review, 

1921, pp. 218-221: Description of motor. 
Operating characteristics. 
"A Reproducing Machine for Picture 

and Sound" — H. Pfannenstiehl — Trans-
actions Society Motion Picture Engineers, 
1929, No. 38, pp. 253- 261: W-E record 
reproducing unit. Motor drive. Filter. 
Gear system. 
"Synchronization and Speed Control of 

Synchronized Sound Pictures"— H. M. 
Stoller—Transactions Society Motion Pic-
ture Engineers, 1928, No. 35, pp. 696-708: 
Description of speed regulation systems. 
AC and DC speed control methods. 

• 

R- F OSCILLATOR 

(Continued from page 13) 

vent through the microarnmeter will 
never be greater than about 1.2 times 
the full-scale value. 
Another useful feature of the vacuum-

tube voltmeter is the provision of means 
for measuring percentage modulation. 
When the switch marked "Modulation 
%" is open, the effective capacity in the 
rectifier system is 0.001 mfd. The re-
sult is that, even when the meter is on 
the low-sensitivity range, the time con-
stant is so small that the meter reads 
carrier peak voltage independent of the 
degree of modulation. When the modula-
tion percent switch is closed, the effec-
tive capacity is of the order of 0.3 mfd, 
and when the low-sensitivity range is 
employed the time constant is so large 
that the condenser charges up to the 
maximum impressed voltage, and hence 
reads E(1-I- M), E being the carrier 
amplitude. 

In order to determine the percentage 
modulation, the voltmeter is used on the 
low-sensitivity range and the output 
voltage turned up, disconnecting the 
load if necessary. The two readings just 
described are then taken, and from the 
resulting data M may be readily cal-
culated. Changes in the position of the 
output tap switch or of the load impe-
dance will have very little effect upon 
the percentage of modulation. 

• 

PLATE DISSIPATION LIMIT 

(Continued from page 11) 

ten in the assumption that the wall 
thickness is small as compared to the 
anode diameter, and that there is no 
essential temperature drop across the 
anode wall. This is, of course, not 
quite so with the heavy wall anodes, 
especially with those made of poorly 
conducting material. Nevertheless, the 
derived expression in all cases disclose 
correctly what factors are responsible 
for non-uniformity of the temperature 
distribution in the presence of the grid 
focusing effect and what is the trend 
of their individual effects. The outlined 
method is, of course, applicable not only 
to the case of water-cooled tubes, but 
also to the tubes cooled by air blast 
and to those cooled by radiation. 

Lingo Radiators 
STAY UP! 
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There has never been 

a Lingo failure!  
Recent New England 
Hurricane proves the 
"Stormproof Stability" 
of Lingo Radiators 

STABILITY! wI r eN eswuch E sntgolramna," 
are rare . . . or in the tropics where 
they occur frequently, Lingo Vertical 
Tubular Steel Radiators have stead-
fastly withstood the worst the ele-
ments have to offer. In our 40 
years of constructing and erecting 
vertical structures throughout the 
world — THERE HAS NEVER 
BEEN A LINGO FAILURE. 
This record is important to YOU— 
No matter where located. 

SPEED No matter whether it is 
• an emergency or a rou 

tine job, we offer instant service 
and immediate delivery. During the 
hurricane catastrophe we were pre-
pared to offer OVERNIGHT de-
livery to distressed stations. 

Surefy, now you'll want to read 
onr : ntere.cting story. Write 
for folder -"New Standards 
for Vertical Radiators" give 
location, power and frequency. 

JOHN E. LINGO & SON. INC. 
Dept. C12 Camden. N. J. 

LINGO 
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DuMONT 
ELECTRONIC SWITCH 

and 

SQUARE-WAVE GENERATOR 

Permits siniultaneous 

comparison of two or 

more signals on one 

Cathode-Ray Oseillograph 

• 
This latest development of Du Mont 
Laboratories will find wide applica-
tion in the design of both electronic 
and power equipment. 

The Type 185 Electronic Switch operates to switch alternately the outputs 
of two parallel amplifying systems to the input of a cathode-ray oscillo-
graph. The time rate of switching is under control and is usually kept 
high enough to permit the persistence of human vision to cause the two 
patterns to appear as simultaneously on the oscillograph screen. 

In the investigation of power circuits, the Type 185 Electronic Switch 
is advantageously employed to show phase relationships of voltage and 
current in all branches of the network. Two electronic switches may be 
operated in cascade for the study of three-phase circuits. 

Amplitude and phase distortions introduced by amplifiers, filters, equal-
izers, and similar equipment may be most easily studied by the use of 
this equipment. Simultaneous observation of both output and input wave-
forms under actual operating conditions will permit economies in design 
and provide characteristic information which may be obtained in no 
other manner. Operation of the Type 185 Electronic Switch as a variable 
frequency square-wave generator will give an indication of the low fre-
quency and transient response of equipment. 

Write for Bulletin .V15 

ALLEN B. DuMONT LABORATORIES, INC. 

PASSAIC NEW JERSEY 
dele Address: Wesperlin 

TELEVISION STANDARDS 

(Continued front page 16) 

Thus in June, 1936, the first part of 
the job had been completed. We real-
ized other necessary standards had to 
he recommended. However, it is not 
well to standardize too early. Research 
continues. Many experiments were be-
ing carried on daily in various television 
laboratories, yielding new results, new 
methods. Also. the successes and dif-
ficulties experienced in England, where 
daily television programs were being re-
ceived in several thousand homes, served 
as guide pasts to us. Germany was also 
making rapid progress in television. 
Foreign developments were carefully 

watched. Several groups of engineers 
from our Subcommittee visited foreign 
television stations. They returned with 
ideas about standards, both new and old. 
For instance, the Committee reopened 
the question of positive and negative 
transmission. To aid in a decision 
special tests were arranged at RCA and 
at Piffle°, to show comparative receiver 
performance under conditions of vari-
ous amounts of electrical disturbance 
with positive and negative transmission. 
The decision was for negative transmis-
sion, influenced principally by the easier 
automatic-gain-control design. 

Additional standards were added as 
the months passed until there remained 
only ilne iiiiisirtant feature unde-
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cided, the vertical synchronizing signal. 
In May, 1938, pressure was placed on 
our Committee to settle this point so 
that recommended standards, sufficiently 
complete for transmitter and receiver 
development, would be available with-
out delay. Two different types of syn-
chronizing pulses had been in use in 
field tests for several years, namely, the 
"serrated vertical" and the "narrow ver-
tical" pulse. One company recommended 
one, another company the other. By a 
majority vote a modified form of "ser-
rated vertical" was adopted. It permits 
latitude in choice of receiver synchro-
nizing circuits. 

This was the last important standard 
to be recommended for the present, so 
the Sub-committee, feeling that their 
undertaking, for the time being, had 
been satisfactorily completed, forwarded 
the set of standards, printed here, to the 
main Committee. They were speedily 
approved by the various groups, as out-
lined above. They are now being for-
mally presented to the Federal Com-
munications Commission. 

It is realized that additions and 
changes may be required as the art pro-
gresses. The standards, together with 
the "Comments," are given in accom-
panying tables. 

The Sub-committee also has acted as 
spokesman for the industry regarding 
frequency assignments for television. 
The present experimental assignments 
are given in Fig. 3. 

As commercial television approaches, 
RMA Television Committee activities 
increase. Recently the following sub-
committees have been appointed: 

Television Interference, under the 
leadership of J. E. Brown of the Zenith 
Company. The first meeting has been 
held and plans for an important demon-
stration of the effects of automotive in-
terference on television pictures are be-
ing arranged. 

Television Transmitters, E. W. Eng-
strom, RCA, Chairman. 

Television Receivers, I. J. Kaar, Gen-
eral Electric Co., Chairman. Good prog-
ress was made in the first meeting held 
in September. 

A large majority of the leading in-
terests that compose the radio industry 
today intend to enter the television field 
tomorrow. Many of them have ex-
pressed the belief that with the adoption 
of television transmission standards by 
the FCC a serious barrier to successful 
commercial television will be removed. 
Thus, we in the U. S. will be brought 
nearer the realization and enjoyment of 
that long-awaited service, Television. 

APPENDIX 

Comments on Standard T-111, RMA 
Television Signal. 

(Continued on page 33) 



REPORT OF ROCHESTER FALL 

MEETING 

TIIE 1938 Rochester Fall leeting of the 
Institute of Radio Engineers and the 
Engineering Division of the Radio 
Manufacturers Association was held at 
the Sagamore Hotel, Rochester, New 
York, on November 14, 15 and 16. It 
was a large and successful gathering, 
the total registration being in the vicin-
ity of 500. 

It is especially significant to note that 
out of sixteen papers delivered at the 
technical meeting, about six were de-
voted to television. These included 
papers by P. T. Farnsworth, Farns-
worth Television, Inc., on "Image Am-
plifier Pickup Tubes:" I. G. Maloff. 
RCA Manufacturing Co., on "Gamma 
and Range in Television:" S. Goldman, 
General Electric Co., on "Television 
Detail and Selective Sideband Trans-
mission ;" Foster and Seeley, RCA Li-
cense Laboratory, on ' Principles and 
Methods in Televisit in Laboratory 
Technique:" B. C. Gardner and C. Lar-
son, Farnsworth Television. inc., on 
"Production of Image Dissector Tubes 
for Motion Picture Pickup:" and H. T. 
Lyman, General Electric Co.. on "Tele-
vision R-F Input Circuits" In addi-
tion W. R. G. Baker, General Electric 
Co., gave an unscheduled talk on the 
economic and business phases of tele-
vision, pointing out the engineers' place 
in the new field. 

Among the interesting papers was 
that of Hugh Knowles, Jensen Radio 
Mfg. Co., on "Loudspeaker Considera-
tion in Feedback Amplifiers." Mr. 
Knowles analyzed the problem and dealt 
with the application of feedback to loud-
speakers. 

The paper on "Frequency Modula-
tion" by C. B. Fisher, Northern Elec-
tric Co.. was also well received. While 
Mr. Fisher's paper was in the nature of 
a summary on the work that had been 
done on frequency modulation during 
the past few years, it contained . a good 
deal of valuable information. 

Special mention should also be made 
of the paper by Harcld A. Wheeler, 
Hazeltine Service Corp., on "The Inter-
pretation of Amplitude and Phase Dis-
tortion in Terms of Paired Echoes," as 
well as to papers on "Standardized In-
termediate Frequency" by J. E. Brown. 
Zenith Radio Corp.. The Over-Voltage 
Timer and an Example of its Applica-
tion to the Measurement of Radio Inter-
ference" by C. M. Burrill and E. T. 
Dickey, RCA Manufacturing Co., "The 
Measurement of Radio Interference" by 
C. J. Franks, Ferris Instrument Corp., 
New High Transconductance Ultra-
High-Frequency Tube" by A. P. Kauz-
man, RCA Manufacturing Co. 

30 MINUTES WILL PROVE IT 
WE GIVE YOU THIRTY DAYS 

to satisfy yourself that the 

A. C. BRIDGE 
AND 

CONDENSER 
ANALYZER 

does more than we could possibly tell in any advertisement. 
Its accuracy—speed—smoothness—ease of operation can-
not be described. They must be experienced. 
Send us your trial order today and prove to yourself that 
this modern tool needs no extravagant sales talk but sells 
itself on merit alone. 

Price only 532.50 net F.O.B. Canton. Massachusetts 

Send trial orders to 

TOBE DEUTSCHMANN CORPORATION 
Manufacturer, of "Lobe Gunk-I:sr, 'II,. Standard o th, Pioneer The Produrt ii E‘perienc, 

INSTRUMENT DIVISION 

CANTON, MASSACHUSETTS U. S. A. 

TELEVIS ON 

TEST EQLPMENT 

RCA IIAS DEVELOPED a number of pieces 
of television test equipment which it is 
making available to laboratoric.:, cxperi-

This is the RCA 136-13 

special Cathode Ray 

Oscillograph, pro-

vided with amplifiers 

extending over the 

entire video band ot 

30 cycles to two mil-

lion cycles. With it, 

it is possible to ex-

amine the wave form 
of minute impulses 

and to produce a 

large image for pho-

tographic purposes. 

mental television stations and to the in-
dustry in general for carrying forward 
a program of television service. This 
equipment was originally developed for 
use in RCA's own television research 
program but since such equipment was 
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Better Contacts 
are made by 

CALLITE 

W HATEVER your need for contacts or contact materials of 
tungsten, molybdenum, silver, platinum and their alloys, we 
are in a position to fulfill your requirements. Contact points 
must be accurate for the reliable operation of the devices in 
which they are used. Callite contacts are engineered from 
start to finish to give dependability and long life. Rigid 
control and supervision over every phase of manufacture 
insures your getting a product of unsurpassed characteristics. 
Our laboratories check daily the performance of these con-
tacts under operating conditions, thereby maintaining the 
prescribed high standards of quality. Let us help solve your 
problems. 

CALLITE PRODUCTS DIVISION 
542 39TH STREET UNION CITY, N. J. 

useful to others for television work, it 
has been manufactured and offered for 
outside sale. 

In ordinary broadcasting, for the de-
velopment of sound apparatus, it is often 
necessary to check the frequency re-
sponse over the band of 30 to 10,000 
cycles. It is also desirable to check 
the distortion introduced in amplifiers 
and for this reason apparatus of this 
sort has been in general use. However, 
for television purposes, the video-fre-

quency response of circuits extends over 
the range of thirty cycles to two mil-
lion cycles at the minimum and because 
this band is two hundred times as wide 
as that required for present day broad-
casting, very special test equipment is 
necessary to check the operation of ap-
paratus. 
One of the tirst items is a special 

cathode-ray oscillograph, Model 136-B, 
provided with amplifiers extending over 
the video band. Thus it is possible to 

RCA's new square-wave generator. 

examine the wave form of minute im-
pulses and to produce a large image on 
the cathode-ray oscillograph tube for 
photographic purposes. Many cathode-
ray oscillographs have been manufac-
tured previously but few, if any, have 
been able to amplify over such a wide 
band. Oscillographs of this type have 
been used by RCA in the Empire State 
installation and by the Columbia Broad-
casting System for experimental televi-
sion work. 

Another piece of test equipment is the 
video sweep oscillator which enables 
engineers to adjust amplifiers to pro-
vide the necessary wide band response. 
By the use of this equipment and the 
cathode-ray oscillograph, it is possible 
to observe the frequency-response 
curve of the equipment under test and to 
make necessary adjustments to produce 
the desired response. Such equipment 
saves many hours of time over the con-
ventional method of using a beat-fre-
quency oscillator and plotting out re-
sponse curves point by point. 

Perhaps the most unique piece of 
equîpment is the square wave generator. 
Early in the program of RCA's televi-
sion research, it was discovered that by 
transmitting a square wave through the 
apparatus instead of the conventional 
sine wave, engineers could observe the 
wave shape of the impulse at the out-
put of the equipment and could tell the 
deficiencies in the equipment by the dif-
ference in the two forms. For example, 
if the amplifier being tested lacks high-
frequency response, the wave would not 
he reproduced with square corners but 
would be rounded. If phase shift oc-
curs in the amplifier, other distortions 
would take place which would be readily 
recognized. The RCA instrument pro-
duces square waves having exceedingly 
straight sides, at several convenient fre-
quencies over the video band. It also 
possesses the property of making square 
waves out of sine waves which are fed 
into it. 

New video sweep oscillator. 
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RCA has also developed an ultra high 
frequency field intensity meter, the first 
to be offered commercially for checking 
the range of television stations and other 
ultra high frequency transmitters. In 
this way the effectiveness of antennas 
and the service area of the station can 
be determined. The instrument also is 
provided with an attachment for mea-
suring the noise produced by electrical 
appliances throughout the ultra-high-
frequency band. 

Several other RCA test instruments 
have also been developed including an 
r-f signal generator, and an r-f and i-f 
sweep oscillator, which are of interest to 
television receiver manufacturers. 

e 

TELEVISION TRANSMITTER 

TIIE RCA NIAN UFACTURI Nl; COM P NV lias 
recently announced that it Vill make 
available television transmitting equip-
ment for sale to stations desiring to 
enter this field of service. This ap-
paratus includes studio equipment, 
transmitters and television test equip-
ment. 
The 1 kw televi:ion transmitter is 

the first medium powered television 
transmitter to be made available by 
RCA. It is believed that the power of 
this transmitter is sufficient to enable 
experimental stations to render a satis-
factory service over a reasonable area 
without too great an initial expense in 
starting television service. The trans-
mitter conforms fully with the recently 
established RMA standards and is de-
signed for cl-c transmission with nega-
tive modulation. The video response of 
the transmitter extends well beyond the 
range required for present day 441-line 
pictures with equal horizontal and 
vertical detail, thus providing for future 

requirements as to frequency response. 
The transmitter includes many circuits 
specially developed to provide for good 
quality picture transmission. 
The transmitter employs a long line 

controlled oscillator using an irrvar rod 
(which is unaffected by changes in tem-
perature) to maintain the carrier fre-
quency at a stable value. Because of 
the relatively high power output from 
the oscillator, only two buffer amplifier 
stages are necessary in order to drive 
the final power-amplifier stage. Lines 
are employed instead of conventional 
tank circuits in the radio-frequency 
amplifiers. A special modulator circuit 
is employed with the plates of the modu-
lators directly connected to the grids 
of the power-amplifier tubes in order 
to provide for carrier control during 
picture transmission. Rectifier and 
filter circuits have been specially de-
signed to avoid reaction and to provide 
an extremely low impedance at all video 
frequencies. The transmitter includes 
provision for inserting the d-c com-
ponent during the picture transmission 
which provides for variable carrier out-
put in accordance with the light and 
shade tones of the picture. 
The transmitter is arranged for dis-

assembly if necessary in transporting it 
into buildings since in some cases the 
transmitter may be located near the 
roof to be adjacent to the antenna sys-
tem. 

RCA's program of television trans-
mitter development has been carried 
forward for the last five years in order 
to provide satisfactory apparatus at 
reasonable prices. It is felt that the 
1 kw television transmitter will provide 
apparatus which may be used by tele-
vision stations in the initial period of 
service and encourage operation on an 
economical basis. 

The new RCA 1 kw. 
television transmit-
ter. It is believed 
that the power of 
this transmitter is 
sufficient to enable 
experimental stations 
to render a satisfac-
tory service over a 

reasonable area. 

* * * * * * * * * * * 

Another 
Step 

Forward 
* * * * * * * * * * * 

I T is typical of C-D's policy of 

engineering progressiveness, 

that on this, our twenty-ninth 

anniversary, announcement is 

made of the introduction of the 

new and improved type TK broad-

cast transmitting capacitors. 

UTILIZING Dykanol, the fire-

proof high dielectric impreg-

nating and filling medium, the TK 

series combines compactness and 

sturdiness. Designed for high volt-

age transmitting applications TK 

capacitors are available in a com-

plete capacity range in ratings from 

6,000 to 25,000 volts D. C. Special 

units with ratings up to 100,000 

volts can also be fabricated. 

the TK Series 
and other capacitors in the com-

plete C-D line described in Catalog 

No. 160 which will be sent to 

accredited engineers and execu-

tives. 

Product of the 

WORLD'S LARGEST MANUFACTURERS 

OF CAPACITORS 

MICA • DYKANOL • PAPER 

WET & DRY ELECTROLYTICS 

CORNELL-DUBILIER 
ELECTRIC CORPORATION 
1005 Hamilton Blvd., So Plainheld, N. .1. 

Cable Address: "CORDU" 
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aa. 

LIST 
PRICES 
MU- 2 
$29.50 
MU -4 
$39.50 

MULTI-UNIT 

Microphones 

Model T-3 

Microphone 

Maximum amplifi-
cation with greatly 
-educed feedback 
tendencies. Cannot 
be acoustically over-
loaded. Dual dia-
phragm ccmstrue-
tion. Two models. 
Interchangeable 
locking connector. 
25- ft. cable. 

General purpose microphone 
with high quality performance. 
Self - locking. tilting head. 
Directional or non- directional. 
Complete with interchangeable 
locking connector and 25- ft. 
cable. List Price $25.00. 

* * * * * * * * 
ASIATIC 

Microphone Laboratory, Inc. 
Youngstown, Ohio 

Lorensed Under Prush Development Co Patents 

STUDIO QUALITY IN A 
PORTABLE RECORDER 

Recording technicians are amazed 
at the perfect studio quality of 
work produced on the RADIO-
TONE PR-16 Portable Recorder. 
This 16-inch, dual-speed Recorder 
has numerous features that make 
it most flexible as well as giving it 
most faithful reproduction. Write 
today for facts. 

Qaecepte, 
73S6 Melrose Ave., Hollywood, Cal. 
620 N. Michigan Ave., Chicago, 111. 

WQXR RECEIVER 

(Continued from page 21) 

the speaker in the middle one, each of 
the two other braces joins the center 
of its corresponding vertical panel with 
a bar at the back of the cabinet. 

The method of propagation of sound 
waves is a function of their frequency. 
At low frequencies sound waves are 
propagated in all directions, whereas 
at high frequencies they travel in a 
beam. This beam-like characteristic is 
very noticeable as low as 3000 cycles. 
So marked is this phenomenon at high 
frequencies that if a loudspeaker is re-
producing the sound of cymbals, which 
contain strong high frequency compon-
ents, a very decided change of timbre 
will be observed as the listener moves 
from the front to the side of the speaker. 

As it is usually neither practical nor 
convenient to sit directly in front of the 
loudspeaker, Mr. R. M. Wilmotte has 
devised baffle plates in front of the cone 
in order to diffuse the high frequencies. 
An examination of the curves of in-
tensity distribution for a 6000 cycle tone, 
as shown in Fig. 5, for a speaker with 
and without such a diffuser immediately 
makes apparent the enormous benefits 
to be obtained in using this diffuser. 

• 

DIVERSITY RECEIVER 

(Continued from page 19) 

effective pick-up will vary in any case 
and can be compensated in the receiver. 
However, it is obviously desired in any 
installation to make both antennas as ef-
fective as possible so that each will con-
tribute its reasonable share to the com-
bined results. 

In conclusion it might be pointed out 
that no space has been given here to a 
discussion of the principle of diversity 
reception nor to the detailed advantages 
of such a system as compared with 
ordinary single channel reception. It is 
felt that both are too well known to re-

'-(irestuje 

The Blackstone 

is world-famous 

as an address of 

distinction in 

Chicago. Here 

graceful living 

is enjoyed by 

the discrimi-

nating traveler. 

"Where Elegance 
Is Not Extravagance" 

A. S. KIRKEBY, 
Managing Director 

The Dachstone 
MICHIGAN AVENUE • CHICAGO 

JARDUR 5 in 1 TIME-STUDY CHRONOGRAPH 
NON-MAGNETIC — 15 JEWELS — 1/5TH SPLIT-SECOND TIMING 

Exact 
Size if Timer does not meet with your entire satisfaction. return it 

within ten days and your money will be refunded in full. 
Catalog Send $5.00 with order and pay the postulan balance on delivery. 

on Request Regular Price $51.00. INTRODUCTORY PRICE $24.98 DELIVERED 
JARDUR IMPORT COMPANY, 21 WEST 19th STREET, NEW YORK CITY 

Recomanentled by leading radio and research engineers who have 
found this Timer indispensable for their time- study work and for 
everyday wear. The ideal time-piece for every technician in 
Broadcasting. Recording Studios and Laboratories. 

Actually five precision- built watches in one: Regular Wrist 
Watch, Stop Watch, (1/5th split second timing). Time-Out 
Watch, Telemeter (measures the distance lions the observer be-
tween light and sound from simultaneous sources). Tachometer 
(indicates the number of miles per hour any ;aircraft or object is 
moving over a known distance.) 

Enclosed in a handsome stainless steel satin- finish ease a, thin 
as a regular wrist watch. Sturdy enough to withstand ordinary 
rough usage. Leather sweatproof strap. 

Guaranteed for one year against any factory defect, in work-
manship or material. 
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quire additional treatment here. The 
attempt has been limited to describing 
the features of this new receiver which 
make it suitable for diversity reception, 
or which have technical interest in in-
stances where the designers have 
strayed off the beaten paths of conven-
tionality. 

Readers who are interested in discus-
sions of principles and applications of 
diversity reception are referred to 
papers by Beverage, Peterson and 
Moore in the April, 1931, I.R.E. Pro-
ceedings; and to an article, "Recent De-
velopments in Diversity Receiving 
Equipment" by J. B. Moore in the RCA 
Review for July. 1937. 

• 

TELEVISION STANDARDS 

(Contimbod from page 28) 

The reader should refer to Fig. 2 and 
note that the "black level" divides tele-
vision signal into two parts; voltages 
below this level represent the picture 
signal, those above, the synchronizing 

The following are the requirements of 
synchronizing signals: 

(1) Easy separation of picture sig-
nal from synchronizing. 

(2) Continuous signals for horizontal 
synchronization. 

(3) Signals for the vertical deflect-
ing circuits. 

(4) Easy separation of horizontal and 
vertical signals, also vice versa. 

(5) Good interlacing. 
The signal shown in Fig. 2 fulfills 

these requirements, because: 
(1) Simple amplitude selection at the 

receiver is sufficient with the definite 
"black level" to separate synchronizing 
from picture signals. 

(2) A continuous series of sharp 
wave-fronts are provided throughout 
the synchronizing signal. These occur 
at the beginning of each scanning line. 
To permit this the vertical signal is in-
terrupted at intervals called " serra-
tions." 

(3) A series of long pulses, marked 
in the drawing "vertical synch." syn-
chronizes the vertical deflecting circuits. 

(4) Due to the difference beiween 
the short-duration pulses, marked "hori-
zontal synch." and the group of six 
long-duration pulses ( vertical synchro-
nizing) simple electrical circuits of sev-
eral well-known types vil' provide sep-
aration. 

(5) To take care of interlacing equal-
izing pulses ( so marked) are provided. 

Experience has indicated that the 
duration and relative amplitudes marked 
on the drawing provide good synchro-
nization at the receiver. The other fea-
tures in the diagram of the standard 
synchronizing signal are self-explana-
tory. 

ALL NEW RELAYS by GUARDIAN are 

BEFORE PRODUCTION BEGINS 
Guardian's Betas- Assembly line in action pict nett! in thc 
above rated photo, turns out thousands of ltelays «Yen' 
nay. But before any relay goes into production. Guardian's 
Experimental Department must test it In innumerable stays. 
We must know in advance that your relays will perform as 
expected. A uniform, depentlahle, faultless produet Is the 
natural result . . ANY QUANTITY AS YOU W %Nit-
THEM. WISV.N YOU, WANT THEM. No complaints . . . no 
mist - morterns. 

When seeking a better sour, for relays, remember Ire not 
the largest factory Itl"r high quality, fast service, and 
ronservative cost that really count. 

PROVEN 

EXPERIMENTAL DEPARTMENT where a 
hundred variations of one relay are tested un-
der the most extreme conditions before the 
final design reaches Guardian's production lines. 

Ask Us To Make Specific Recommendations To Fit Your Special Requirements. 
Write For Catalog "C" Today! 

GUARDIAN 
1623 W. WALNUT STREET 

ELECTRIC 
CHICAGO, ILLINOIS 

4300" SERIES 
A COMPLETE NEW LINE OF 
SMALL PLUGS—SOCKETS 

2 CONTACTS TO 33 CONTACTS 

PLUGS WITH CAPS PLUGS WITH BRACKETS 

SOCKETS WITH CAPS SOCKETS WITH BRACKETS 

Ask for Bulletin 300 

HOWARD B. JONES 
2300 WABANSIA AVENUE, CHICAGO, ILLINOIS 

Frequency Measuring Service 
Many stations find this exact measuring service 
of great value for routine observation of trans-
mitter performance and for accurately calibrat-
ing their own monitors. 

MEASUREMENTS WHEN YOU NEED THEM MOST 

at any hoar every day in the year 

R.C.A. COMMUNICATIONS, Inc. 
Commercial Dept. 

A RADIO CORPORATION OF AMERICA SE R V ICE 

66 BROAD STREET NEW YORK, N. Y. 
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THE MARKET PLACE 
NEW PRODUCTS FOR THE COMMUNICATIONS FIELD 

U-H-F FIELD-INTENSITY METER 

The RCA 301-A field intensity meter 
has been designed for measuring field in-
tensities of stations operating in the high-
frequency spectrum. The instrument may 
be used in conjunction with a standard 
recording meter for making records of the 
variation in signal intensity and may also 
be employed with a noise meter attach-
ment for indicating the noise level on any 
particular r- f channel. The instrument 
covers the band of 20 to 125 megacycles 
over a considerable range of field intensi-
ties. It is designed to provide either lin-
ear or logarithmic output to facilitate re-
cording. 
The 301-A meter has been designed for 

field use and is arranged for convenient 
operation and for carrying from one loca-
tion to another. It consists of three units 
—meter unit, accessory case and power 
supply. The power supply contains a non-
spillable storage battery and a regulated 
vibrator system. 

Literature is available from the Measur-
ing Equipment Division, RCA Manufactur-
ing Co., Inc., Camden, N. J.—CON' NI UNICA-
TioNs. 

MU-SWITCH 

The Mu-Switch, Pat. No. 1,780,758, is 
a quick-acting precision switch patented 
November 4, 1930. The original applica-
tion was filed in March 1927. Thns, the 
Mu-Switch is not a new development, but 
rather one which has years of commercial 
experience behind its development and 
manufacture. The Mu-Switch has follow-
ing features: ( 1) Predetermined adjust-
ment of total and deferential pressures. 
(2) The spring action is stamped in one 
piece integral and assembled with its con-
tact member. There are no hinges or other 
rubbing surfaces in the switch arm as-
sembly. (3) The switch works on the 
cross center, reverse action principle—first, 
it presses and then it snaps. This assures 
combined positive contact and rapid break. 
(4) The movement characteristics of the 
switch member are accurately determined 
before assembly. ( 5) Working pressures 
as low as four ounces can be supplied. 
(6) The Mu- Switch is regarded as one of 
the fastest mechanically operated switches 
ever offered the trade. ( 71 Adjustment 
is permanent, mounting of the switch in 
any position does not interfere with its 
operation. 
The Mu-Switch call be supplied with 

various types of operating adaptors such 
as spring levers. spring studs, and metal 
cased housings. It is rated at 10 amperes, 
110 volts a-c and will safely carry a non-
inductive load of 1200 watts. On ci-cuits 
controlling lamp loads from "off" to "on." 
the rating is 300 watts of lamps. Induc-
tive loads of V2 hp can be safely handled at 
110, 220, or 440 volts a-c. The d-c rating 
of the Mu-Switch is one ampere at 110 
volts. 
Mn. Switch Corporation, Canton, Mass. 

—COMM I .NICATIONS. 

General Radio Wave Analyzer. 

IRC Resistor 

Mu Switch. 

Cannon Television Connector. 
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WAVE ANALYZER 

The new Type 736-A Wave Analyzer is 
a heterodyne type of instrument similar in 
principle of operation to its predecessor, 
Type 636-A, but having greater sensitivity, 
greater voltage range, and increased con-
venience of operation. 
The principal feature of the new analyzer 

is a broad-band flat-top filter. This inter-
mediate-frequency filter uses three quartz 
bars operating at 50 kilocycles. The pass 
band is 4 cycles wide at the top, and the 
response is down 15 db at 5 cycles. 
The normal input impedance is one meg-

ohm. A 100,000-ohm potentiometer is pro-
vided as an alternative input system. 
Complete a-c operation, linear meter 

scale, a high degree of stability, self-con-
tained calibration means, high input im-
pedance, and freedom from humidity effects 
are a few of the other features. 

Further information may be secured 
from the General Radio Company, 30 State 
Street, Cambridge, Mass—COMMU NICA-

TIONS. 

PRECISION RESISTORS 
Three new types recently added to the 

list of IRC precision wire wound resistors, 
are said to employ an ingenious method 
for bringing both terminals out at one end. 
This is said to eliminate the problems of 
shorting and breakage at terminals fre-
quently caused by exposed resistance wire. 
This is accomplished through a unique de-
sign of the base wherein the resistance 
wire is returned internally through the 
ceramic, yet completely insulated and pro-
tected from windings or mounting bolts. 
End leads of the resistance wire are not 
exposed. Complete descriptive literature 
may be obtained upon request to the In-
ternational Resistance Company, 401 North 
Broad St., Phila., Pa.—Commu NICATIONS. 

BAKELITE RELAY COVERS 

A new cover for Ward Leonard midget-
type relay is now available for use where 
these relays with molded base are mounted 
on a panel. These covers are of modern 
design in molded bakelite and are held in 
place by a "snap on" fit to the base, suffi-
ciently tight to resist accidental loosening. 
They provide protection against dirt and 
possible damage to the relay. Ward Leon-
ard Electric Co., Mount Vernon, N. Y.— 
COMMUNICATIONS. 

TELEVISION CONNECTOR 

A recent development of the Cannon 
Electric Development Company is the tele-
vision connector shown in the accompany-
ing illustration. It includes a 34-pole wall 
plug and cord receptacle. The four center 
contacts are for transmission line and are 
shielded concentrically through the plug. 
For further information write to Cannon 
Electric Development Co., Inc.. J20 West 
Avenue 33, Los Angeles, Calif.—Comm 1. x-
IcArioxs. 
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The heart of the 280 tube® 

WILBUR B. DRIVER CO 
NEWARK, NEW JERSEY 

CALLING ALL ENGINEERS 

I 

Let us help you out the next time you want some needed 
Radio Parts, Tubes, Meters, Racks, Panels, Chassis, etc. . . 
IN A HURRY! Engineers and laboratory technicians know 
that SUN DELIVERS on time! Phone or Wire 

SUN RADIO CO. 212 FULTON ST. — Dept. C-12 
NEW YORK, N. Y. 

MICROPHONE STATION SIGNS 
Any size—any shape—ready to mount—made of cast bronze 
to yo.ir own speciFcations. Submit sketch and dimensions 
cor ot..r low estirnah). Finest workmanship guaranteed. 

MARK SPECIALTY COMPANY 
89 WESTMINSTER ROAD ROCHESTER, N. Y. 

p• Quality crystals for all practical Frequencies sup-
plied SINCE 1925. Prices quoted upon receipt 

—.• of you- specifications. 
.=. 
_ — Our Pledge: QUALITY FIRST 
— 
=_- SCIENTIFIC RADIO SERVICE _ 
= UNIVERSITY PARK HYATTSVILLE, MD. 
.— 

IEZO Electric Crystals Exclusively 

We manufacture a complete line of equipment 

Spot Welders. electric, tram ty to 500 i(VA; 
Transformers. special and standard types; Incandes-
cent L.trnp Manufacturine Equipment; Radio 1 ages. 
Ex. Ras. Cathode Ray, Phnto Cells, Efeetronic 
Equipment Vacuum Pumps. etc. Tungsten Slugs. 
Rod and Wire Manufacturing Equipment; General 
Glass Working Machines and Burners; Cllege 
Glass Ws -kola Units for students and lahoratary; 
Photn•Flash Lamp Equipment; Neon Sign Mann. 
tartur'ng Equipment; Thermos Bottle Equipment; 
Wire Butt Welders. CHAS. EISLER. Pres. 

EISLER ENGINEERING COMPANY 
739-750 So. 13th St. (Near Avon Ave.) Newark, Nev. Jersey. 

BRUSH announces 
MODEL RC- 1 RECORD CUTTER 

In answer to the widespread demand for a 
high fidelity, high impedance record cutter 
at a low price, Brush announces its new 
model RC- I cutter. Some of the features 
'hat make this instrument outstanding in 
value are high fidelity pus or minus 3 db. 
30-10,000 c.p.s., and no change in quality 
with depth of cut. The cutter is adaptable 
-c any carriage, and the crystal element is 
waterproofed in a hermetically sealed case. 
Net price $75.00. 

• THE BRUSH DEVELOPMENT CO. 
3318 PERKINS AVENUE CLEVELAND, OHIO 

GOLD 
CROWN 

BLUE LIAN.OND 

2 NEW 
WINNERS! 

"GOLD CROWN"—HEAVY DUTY Power Plant. Available 

follows: 32 or 110 volts .). C., also 110 and 230 volts A. C., 64g). 
1000, 1500 watts and up. Electiric starting; air or water cooled. 

"BLUE DIAMOND"—COMBINATION A. C. - D. C. Power Plant. 
All new "2.in-1" electric plant supplying 300 watts, 110 volts A. C. 
60 cycles; also 200 watts. 6 volts D. C.; 291 watts, 12 volts D. C., 
or 325 watts, .12 volts D. C. Electric ; taring. 

  — 

• PIONEER GEN -E- MOTOR CORPORAPON 
I Dept. R- 5L. 466 W. Superior Street. Chicago. Ill. I 

I Please arid me lit..rature. [Wee sheeL5 and ii ser informition about the New I 
I -PINi7OR • (101.1) CROWN end 111.1'') PIAAIOND Posses Plants I 

I I 
Name   

1 I 
I Address   I 

II CIO,  Stale II 
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REAR VIEW 

"THAR'S GOLD— 
In them thar hills" 

BUT ARE YOU GETTING IT ? ? 

Yes Sir, Mr. Broadcaster, there are plenty of good American 
dollars in some of those very hills where your sgnal may now 
be questionable, where at night a beat gets the best of it or 
where in areas of man-made static other louder stations have 
the preference. 
You can boost that signal at a mighty small cost by installing the 27-C 
Peak Limiting Amplifier and improve your quality at the same time, as 
the Gates 27-C Limiter does not flatten cyff the peaks or create odd 

sounds under compression. Yes 
the 27-C Limiter is the only equip-
ment of its kind employing a dual 
compression sysl.ern and the only 
equipment that has a self con-
tained power supply that is so 
compact—alt on a 12 1/4 " rack 
panel. 
"We are now competing in signal 
strength with California stations," 
writes a prominent 250-watter 
from Idaho after installing the 
27-C; in fact we can send you the 
story of many stations that have 
boosted their signal the Gates 
27-C Limiter way. 

For Police and Aircraft stations, Gates has a special model at reduced 
prices where voice is used only. 

Write for Bulletin C3120 Today. 

GATES RRDIO&SUPPLY CO. 
MANUFACTURING ENG 1NEE qS SINCE 1922 

QU ! KY, ILLInois,u.s.R. 
CABLE ADDRE ‘t (GATEIRADIO) 

The -time Ptaven ene 
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GRID-CONTROLLED RECTIFIER 

Electrons, Inc., have just announced an 
Xenon gas filled, grid-controlled rectifier, 

type El. Có,J. This tube has the f,,Ilowing 
characteristics: 

D-C Amps Output 
Average   
Peak   77 

Peak Forward Volt,  750 
Peak Inverse Volts  1250 
Average Arc Drop Volt,   9 
Filament 

Volts   2.5 
Amperes   18 

Overall Dimensions, luches 2 by 9 

According to the manufacturer, the de-
gree of reliability of these tubes has opened 
up uses in precise or high-speed control of 
motors and for high-speed switching cir-
cuits. 

Further information ma v be secured from 
Electrons, Inc., 127 Sussex AVC.. X eu-ark, 
N. J.—Com M 1.; N ICAT IONS. 

COAXIAL CABLE KITS 

A convenient kit containing all the neces-
sary components for the construction of 

diameter coaxial cable has 'been made 
available for amateurs, experimenters and 
engineers. These kits include inner con-
ductor, insulators, outer shieldings, clips, 
screws, nuts, eyelets and instructions for 
the assembly of the cable. 
The trade name of the product is CO-X 

concentric cable. Complete details and 

technical information is available from 
Transducer Corp., 30 Rockefeller Plaza, 
New York City.—COMMUNICATIONS. 



AMPEREX 
CARBON ANODE 
TVINSMITTING TUBES 

ELECTRONIC PRODUCTS, Inc. 

79 WASHINGTON ST., BROOKLYN, N. Y. 

HOTEL DRAKE 
SOUTH CAROLINA AVENUE AT PACIFIC 

ATLANTIC CITY, NEW JERSEY 

European Plan Hotel --,Iloderate Rates 
• 150 Outside Rooms Beautifully 
Furnished • Also Small Apartments • 
Fully Equipped. includine Electric Re-
.frh;eration • Convents' 'it to Piers. 
Theatres and Churches • Also Bus 
and Railroad Depot • (;(11Wee .-1 ['-
corn odations. 

For Literature and Rotas, Address 

W. GRAHAM FERRY, Mgr. 

P. FENTS, TRADENI.‘RKS, COPYRIGHTS 
,irrespiiiiiirucc 

EUGENE E. STEVENS 
,11.to•rcel ei! f I. 

Washington Loan and Trust Building Washington, D. C. 

Radio Equipment.. 
for BROADCAST STATIONS — LABORATORIES 

We C5rr i 
at all times a most 
complete line of 

PUBLIC ADDRESS 
EQUIPMENT 

2 Stores in New York City — 6$ West 45th St. • 
VAnderbilt 6-5050 connects both stores. 

cable Address: TERseIRADIO 

Call or write. 

ENGINEERS 

N AL 

80 Cortlandt St. 

BLILEY CRYSTALS 

30 MC to 
20 KC 

ASK FOR 
CATALOG 

G-10 

F fee°8 crr'f : 7:4,717 
POtsCa of &&&&&& rat 

tle e(1,t17-OVit' er‘e 

Put to eerfte feooves Pep, 
e Apfll  11, 1138. 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING ERIE, PA. 

"TOPS' 
FOR RADIO WORK 
Cardiner Rosin- Core Solder Is outstanding for high ten -
aile strength, consistent performance and economy. Quick 
acting flux of pure water white rosin—no solvent added 
—Permits faster, cleaner work by expert or amateur. 

Costs less than even ordinary solders because produced by modern methods and 
equipment of our own development. Gardiner Solders are available in various 
alloys and core sizes and In gauges as small as 1/32 of an inch. 1. 5 and 20-1h. 
spools. 

Eastern Sales Office and Warehouse 

DAVID M. KASSON & CO., 401 Broadway, New York 

41119 S. CAMPBELL AVE. CHICAGO, ILL. 

A COMPLETE SOURCE FOR 
YOUR RADIO NEEDS! 

Our immense stock of radio sets. 
parts and supplies enables you to 
purchase your entire needs on pnr, 
order. The big BA catalog is an 
encyclopedia of the Radio Industry. 
You will find all your Nationally 
Known Favorites shown in this book 
and it's FREE for the asking. BA 
service is better than ever—practi-
cally eeery order shipped the day 
received. 

salsas CI 
/9Sq 

Get This Catalog 

BURSTEIN-APPLEBEE CO 1012-14 McGEE STREET 
. KANSAS CITY, MISSOURI 
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for a real  
Xmas Present 

give your engineer-

friends 12 issues of 

COMMUNICATIONS 
ele»e»wre.».».»-o»-ee»e-ei.eee»mecem. ss 

r. 

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

Please enter annual subscriptions ( 12 issues) 
for each of the undersigned for which pay-
ment is enclosed at the rate of $1.00 each. 
(This rate applies only on 4 or more sub-
scriptions when classifications are given.) 
Foreign Subscriptions are $2.00 each. 

Name 

Address   

City-State   

Classification   

Employed by   

Name 

Address   

City-State   

Classification   

Employed by  

Name 

Address 

City-State   

Classification 

Employed by 

Name 

Address 

City-State 

Classification 

Employed by 
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each gift will 
cost you only $1 

By giving a radio engineer a year's sub-
scription to COMMUNICATIONS you are ac-
tually giving 12 presents in one . . . and at 
the remarkably low cost of $1.00. 

A regular yearly subscription to COMMU-

NICATIONS Costs $2.00 — but when four or 
more subscriptions are entered each will 
be accepted at the half-price rate. ( Foreign 
subscribers pay $2.00 each.) 

For many months the important news 

about all phases of the radio and communi-
cations industry has appeared in COMMU-

NICATIONS first. And, what "scoops" there 
have been!! Our slogan "You will read 
it first in CommuNicATIoNs" has really 
been adhered to in fact. And this is im-
portant to engineers who cannot afford to 

just follow the industry's trend. They 
must keep one step ahead of radio's prog-

ress — and their source of technical data 
must be accurate and complete. That 
means COMMUNICATIONS. 

Fill in the names, tear out and mail 
today with your check or money order. 

Renewals and extensions are acceptable 
also. 



KATOL1GHT 
A new two cylinder, air-cooled, 2t00-

watt a-c Katolight generates standard 110-

volt, 60-cycle a-c. It is self-excited and 
can be furnished with remote control or 
full automatic control or may be started 
manually. It is 28" long x 18" wide x 
23" high and weighs 327 pounds. Engine 
has sensitive governcr giving close voltage 
regulation. Engine has high tension mag-
neto, completely shielded with shielded 
spark plugs and wires. Generator is fil-
tered. The d-c winding has been designed 
to keep commutator ripple to low point. 
Engine is furnished with éther 2Y2 gallon 
gravity tank or with fuel pump. Kato En-
gineering Co., Mankato, Minn.—CommuN-
ICATIONS. 

RECORDING MICROSCOPE 
Universal Microphone has added a new 

item to its recording division in the form 
of an adjustable power microscope which 
consists of 40-50-60 power clear vision ad-
justable microscope with hair lines spaced 

6/1000ths (. 152 min) of an inch apart for 
accurate determination of groove width and 
minute examination of the side walk. of 
the groove. 

It is equipped with electric light bulb 
and reflector, both of which are adjustable, 
for focusing proper illumination at the 
exact point under examination. 
More complete information may be se-

cured from the Universal Microphone Co., 
Inglewo(ul. Calif. -Cost M rxicATIoNs. 

AUDAX PICKUP 

The Audax Model AT-12, a low-priced 
pickup that approximates the Compensated 
Microdyne performance, has been intro-
duced for records up to 12 inches. This 
new pickup is said to feature offset head, 
response to over 6,000 cycles, new needle 
guide, new non- resonant arm, precision 
ball-bearings, 200-500 ohms or high impe-
dance. Details of this and other Atdax 

models may be secured from Audak Corn-
any, 500 Fifth Ave., New York City.— 
COMMUNICATIONS. 

PORTABLE RECORDER 

Radiotone, Inc., manufacturers of home 
and professional recording equipment, an-
nounce a new model portable recorder, the 
HR-16. This machine makes up to the 
16" size record and includes all oi the fol-
lowing features: dual speed, 33V3 or 78 
rpm, changable instantaneously ; outside-in 
or inside-out recording at the flick of a fin-
ger; built-in radio tuner covering the 
broadcast band 550 to 1600 kc. May also 
be used as a public-address system. For 
further information write Radio/one, Inc., 
7356 Melrose Ave., Hollywood, Cal.-0)m-
MU N ICAT ION S. 

ROTARY POWER SWITCH 
The e:invenience and compactness of the 

rotary type power switch are now avail-
able to manufacturers and builders of radio 
and electrical equipment. Much the same 
in general appearance to the usual midget 
potentiometer, the rotary switch operates 
on an arc of only 30 degrees. Fully en-
closed. Dimensions: 1-3/32" dia. by 9/16" 
deep; locking projection on a 17/32" 
radius; 34 by Ya" bushing; Vs" dia, shaft 
extending PA" beyond bushing. Other 
bushing and shaft lengths can be had. 
Switch is available in s-p-s-t, d-p- s-t, 
s-p-d-t, s-p with bushing terminal, s-p re-
verse operation, and 4-wire s-t. Rated at 
1 a 250 y, 3 a 125 v, and 10 a 12 v. Under-

writers Laboratories Inspection label. 
Claros/of Mfg. Co., Inc.. 285-7 N. 6 St., 
Brooklyn, N. Y .—COM SI UNIL ATIONS. 

SYMBOL CHART 

The Frederick Post C(nnpany Ifas com-
piled on a single chart 249 engineering 

SYMBOLS 

drafting symbols which were selected, with 
the co-operation of architectural and en-
gineering societies and groups, from more 
than twice that number. These symbols 
are reproduced on a single chart 26"x35" 
suitable for wall hanging. These charts 
are available without charge from The 
Frederick Post Company, P 0 Box 803, 
Chicago.—Com M U NICATION S. 

HOYT METERS 

o c 

MILLIAMPERES 

are widely used in communication 
work, test equipment, laboratory 
panels, production jigs, P.A., and 
industrial applications. 

Hoyt has built meters since 1904 
and today offers the result of this 
experience in a complete line of 
rugged, dependable, accurate in-
struments in a wide variety of 
sizes, shapes and ranges. Square 
meters are offered in 21/2, 31/2 and 
41/2 inch bakelite cases. Round in-
struments are available in 2, 3, 4, 6 
and 8-inch metal and bakelite 
cases. 

A copy of the Hoyt reference cata-
log will be sent immediately upon 
request. 

BURTON-ROGERS 
S57 It,, Ist,, Street. .Ittston, Mass. 

Sal, Di.. lt,o t Llec. Inst. Werks 

mum" 

ePeCiele 

IF YOU WANT THE BEST 
Monitor Speakers 

Public Address Speakers 

Radio Speakers 

Theatre 
Sound Systems 

Lateral Reproducers 

Field Supplies 

Dividing Networks 
Ask your local LANSING distributor 

or write direct to 

Lansing Manufacturing C. 
6900 McKinley Ave. - Los Angeles, California 

&.114111Maral 
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WAXES 

ANDCOMPUNDS 
FOR 

INSULATION and WATERPROOFING 
of ELECTRICAL and RADIO 

COMPONENTS 

• such as transformers, coils, 

power packs, pot heads, sockets, 

wiring devices, wet and dry bat-

teries, etc. Also WAX SATU-

RATORS for hiaided wire and 

tape and WAXES for radio 

parts. The facilities of our 

laboratories are at your disposal 

to help solve your problems. 

* 120-261h ST., BROOKLYN, N. Y. 

MILLS, Inc. 

FREE TRIA'.! 
New P7iyMilign Copper Fuse Clip 
A. allabie in fou, for. I /4", 9/32", 

13 ,32", 941e, die:. `in' 

Try ohe without charge, in your ow ou 
y. ow.• o• ti. slar Made of 

i•ies «impartible to best 
gal...., "ye! properties make thi, 
new LITTELFUSE Clip Fetter for hey wer:t: 
High fatijue. resistance, high tensile strength, hi",h 
rndulus. Insticity, high cot rosion istance.. 
Co- p' .. spher :woe. 
Is toro4... s. 0,(er,, ',es contact reiistance..-
'res. this eio—you'll find it will give better re-
sults e, . 1. received from any fuse clip. 

LITTELFUSE INCORPORATED 
4242 LINCOLN AVE., CH.CAGO, ILLINOIS 

Please send new Littelfuse B-C Fase Clio 
 Size) for testing. There is no obligation. 

NAME . 

COMPANY 

ADDRESS 

Advertising Index 

Aereviix Corp   23 
Amperex Electronic Products. Inc  37 
Amperite Co.  Inside Cover, 40 
Astatic Microphone Laboratory, Inc. 32 

Bliley Electric CO   37 
Brush Development Co The  35 
Burstein-Applebee Co   37 
Burton- Rogers   39 

Callite Products Division  30 
Clarostat Mfg. Co., Inc.  4 
Cornell-Dubilier Elec. Corp   31 

1) 

Deutsehmann Corp.. Tolie  29 
Driver CO.. Wilbur B   35 
DuMont Labs., Allen B  28 

E 

Eisler Engineering Co   35 

G 

Gardiner Metal Co  37 

Gates Radio & Supply Co  38 
General Radio Co. Inside Back Cover 
Guardian Electric Co.  33 

Jardur Import Co  32 
33 Jones, Howard B. 

Lansing Mfg. Co  

Lingo & Son. Inv.. John E.  
Littelfuse Inc.   

39 
Lapp Insulator Co. Im  

27 
40 

Mark Spech.lty Ce 

P 

35 

Pion .er (1enEniotor Corp   35 

R. C. A. Umumunications. Inc  33 
RCA Mfg. Co., Inc  Back Cover 
Rota() Amateur Call Book  40 
Radiotone, Inc   32 

Sciennific Radio Service  35 
Stevens, -.71uge•te E   37 
Sun Radio Co.   35 

Terminal Radid Coro 

1. 

United Transformer Corp.  

Zophar Mills. Inv. 40 
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ACOUSTIC 

ylVt23 ((OU 

HIGH OR LOW PITCH 
WITH THE SAME MICROPHONE 

With the flip ol a finger you can now (1)lower 
or raise the response of the microphone... (2) 
adjust the microphone for most desirable re. 
sponse for close talking or distant pickup. . 
(3) adjust the system to any "taste", room con-
dition, or equipment. 

MODELS RBH1c, RBMk. with Acoustic Compen-
sator, frequency range 40 to 11000 cps, output, 
-65 db., complete with switch, cable connector 
and 25' of cable  $42.00 LIST 

NEW! MODEL RSHIc (hi-imp); RBSk 
(200 ohms) Frequency range 60 to 8000 

C.P.S. Output -68db.... Chrome or Gun-

metal  $32.00 LIST 

NEW LOW PRICE CONTACT "MIKE" 
Model SEE (hi-imp); SEL (200 ohms) $12.00 LIST 

MODELS RAWRAL, excellent for speech and 
music. Reduce feedback $22.00 LIST 

Write foi Complete Illustrated Bulletins and 
Valuable Sales Helps. 

AMPERITE O. Cable AddreswAlkera.New York SEI BROADWAY. N. Y. 

Radio Engineers 
who are 

RADIO AMATEURS 
buy a fresh copy today of the 

RADIO AMATEUR 
CALL DOOR 

The CALLBOOK is the only publication that 
lists all licensed radio amateurs in the United 
States and over a hundred and seventy-five 
different foreign countries. 
Each issue also contains a world map show-
ing amateur prefixes, press time and weather 
schedules, amateur prefixes listed alphabeti-
cally and by countries and a world time con-
version chart. 

Complete ... Accurate ... Up-to-Date 
Issued Quarterly 

MARCH . . . JUNE . . . SEPTEMBER 
and DECEMBER 

Annual subscription $4.00 
Single copies $ 1.25 

Buy your ropy now from your radio jobber 
or direct from: 

Radio Amateur Call Book, Inc. 
608 S. Dearborn St., Chicago, lii, U. S. A. 



Fterneticeily sealed, 3- electrode quartz cr ostal in rub-

be, cushioned, :cut mounting . rome 

muninge-
Ilturdnoted•inear meter Dried reading erom zero to 

16,00C c7cles wi h au) diary do scale 

Low- impedance, stable, apei,odic amplifies of mois›-

ore proof ccnilruction 

PRECISION ELECTRICAL 

EW WAVE ANALYZER 
IMPROVED SELECTIVITY, INCREASED STABILITY, EASIER OPERATION 

• 

With the new General Radio Type 736-A Wave Analyzer you can determine 
with speed, accuracy and simplicity the harmonic distortion in audio-frequency 
equipment, broadcast receivers, transmitters, public address equipment, tele-
phone lines ard associated equipment, oscillators amplrfiert and vacuum-tube 
circuits of all tipes. 

The nee analyzer . .. a development of the widely dsed Type 636-A instru-
ment introduced- several years ego .. . has these mechanical artil electrical 
ireiovements which contribute to its over-al' seility in analyses -a. o rrnplex 

f 
wiyeforms not eriesily made in any other manner: 

• CRITICAL TUNING UNNECESSARY-Iflat-top tuning choiraci. -iatIc 
cycles wide ( see curse al- ove) 

• IMPROVED SÉLE -.11-/ITY- new 3-crysta filter increases discri-ainatton 
against rinwant.d voltage. Attenuation at 60 cycles from resonanc. 
it 75 db ( O.02%; 

• EASiER OPERATION— improved calibration circuit rakes precise:balanc-
ing unnecesary enc.: cperds up measurements 

• EXTENDED VOkFAGE PANGE--300 micro,•01+i to -rits,fuii-sçaIeeirri 

I megohm input impedance 

• INCREASED siwarry—all ., prote;14' against e4eéia of. 
humidity. Oscillator and amp:TA stbiIitt irr pziP•• nre7irl. 

A-C OPERATION—with hum voltage less than PO u•-• 

NO EXTERNAL MAGNETIC PiCK-UP—oalanced modulator is flikby a 

• 
• 

phase-inverter file instead of a trpheormer 

Type 736-A •Wave Anollyzer.   $64'3.3 

" • oi •rte for duliffin 344 for C-impkrie Data 

New York 

GENERAL RADIO COMPANY 
CAMERIDGE, MASSACHUSE-TS 

Los Angeles 

OR'! APPARATUS ell 



New York: 1270 Steil ATC. • Ch 

20-A De,!: rvith amplifier  e,,iitrol 

em -part ment, doors opened ,fiots-

ing easy ateessibilit 

amplifier unit, 

' 

r q 4 w 80-A RCA Control Desk offers 

broattcast'ng ltat.ions a complete fat-

,.r.; wired and tested ass., inbly of speech 

input equipment !or the efficient opera-

. of 1, 2 err 3 studios. The desk is a 

-enbination 'tef the eliiiipment usually 

o,..,rhed in a rlick anil its associed opera-

(.. Full--iied components, 

II IIt' ›Lindartl anlidilirs and double 

FEATURES OF 80—A 

1 I." ," initial. aild nbstailation 
1 outir: Easily .ami quirk 1, 

/ :el 4 11 riecessiuty fieilitie;..;. tor 
.c •two eifiidios and transcrip-
tion,annouheèliooth. 

*) ET reizingand switching fi., 
s, 1,,,nhira,ting and cueing 
r•rw. .iittedi. 

4 ' - I. lionng of atueli,,.. 
•., ,,,onerflipons 

p...-ea trammisei0n. 

c studime and re. 
mote lin9e with automatic 

is :P.. 

111,1,1, nergeneycbatind 
V qui. 1,1 by meaui 

kt• -ti t1:111.n. 

7 stet.te...gret. liblefe r pad e 

wsittthightidielity itioni-
•-• loriteittid fkIditi(,n men'. 

0 simptiGeri sinoe sttniio de-
7 sign  <Type 8i)-R) available at 
!,.wer cost tar individual con-
,••I rooltiS. 

-in Factory assembled, wired 
and tented. Guaranteed re-liability. 

11 !nstruniehesdesk top pol-
1 I ished black bakelite finish. 

Chromium frame. Control turret 
and amplifier compartment are 
hto-tone umber gray or black. 

Jn Illuminated V/ and plate 
AC current meters. 

jack strips give this desk the same advan-

tages of flexible speech input systems 

usually associated with rack type instal-

lations. With the 80-A desk you'll attain 

a maximum of flexibility and fidelity at a 

minimum of expense. 

Note the many splendid features of this 

desk. If you wish fu rther details w rite to the 

address below. No. obligation, of course. 

Use RCA Tubes in youjetation for quiet, reliable performance. « 

- RCA MANUFACTURING CO., INC., CAMDEN, N.J. • A Service of the Radio Corporation of America 
585 E. Minot, St. • Atlanta, 450 Peachtree St., N. E. • Dell»: Santa Fe Building • San Francineo: 170 Ninth St. • 

lb& 

iloll3wund: 1016 N. Sycamore Ave. 


