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78 NATIONS ASK 
and only ONE Answer . . 

"How can we identify the BEST tube 
made "...asked the people of the earth. 
And in their score of different tongues, 
seventy -eight Nations unanimously 
answered ... BLUE ... the BLUE 
tube ... ARCTURUS BLUE. 

Indisputable PROOF of the outstand- 
ing superiority of Arcturus Blues lies, 
not alone in this POPULAR acclaim, 
but also in the fact that they are Stand- 
ard Equipment with more set manu- 
facturers than ANY OTHER tube. 

RCTURUS BLit) 
ARCTURUS RADIO TUBE CO.. NEWARK. N. J. 
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"It's the . 
Twisted 
Teeth that 
LOCK" 

Explain THIS to YOUR P.A. 

Type 12. Internal. For S. A. E. 
and Standard Machine Screws 

Type I1. External. For Stand- 
ard Bolts and Nuts 

Type 15. Countersunk. For all 
Countersunk Screws 

Type 20. Locking Terminals. 
For Radio and Electrical Work 

U. S. Patents 
L419,564-1,604.122 
1,697,954 -1,782,387 

Other r.,Pm.Iemmnx. e.,r.ù,n c.,.,,t.. 

"Sure! There are other lock washers that cost less than 
Shakeproof, but that's no reason we should use them. I speci- 
fied Shakeproof because it's the only lock washer with twisted 
teeth -the only lock washer that will really hold nuts and con- 
nections tight. It's going to cost us a lot more to use an inferior 
washer because we are bound to have more service trouble and 
a lot of dissatisfied customers. Let's not fool ourselves by buy- 
ing on price alone -let's decide this thing on performance and 
give our product the extra protection that Shakeproof provides!" 

P. S. Maybe a test in your own shop will be more 
convincing -mail the coupon for samples today! 

Shakeproof representatives are 

located in the following cities: 

New York City 
Philadelphia 

Boston 
Pittsburgh 

Schenectady 
Detroit 

Cleveland 
Toledo 

Cincinnati 
Birmingham, Ala. 

Dallas, Texas 
Milwaukee 

Los Angeles San Francisco 
Seattle 

Toronto. Ontario, Can. 1 By Title 

SIIAKEPROOF 
LockWirsherCompany 

(Division of Illinois Tool Works) 
2509 N. Keeler Avenue Chicago, Illinois 

Coupon Gentlemen: Kindly send us your complete catalog and 
price list. Also, please send us testing samples as indicated. 

Type Size 

Type Size. 

Firm Name 

Address 

City State 
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A GOOD SIGN 

AMIDWESTERN manufacturer of tube 
sockets a few days ago received from a 

large eastern manufacturer of radio receivers 
a letter containing the following paragraph : 

"We have just noticed your advertisement in 

the current issue of RADIO ENGINEERING. in 

which you are featuring the large socket which 
you furnished us during the 1930 season. Of 
the many sockets we have used, we feel that 
this particular one gave us the best results of 
all." 

The socket referred to, being a dependable. 
well made unit of proven materials, sells for 
about twice the net price of certain other makes. 

It is a good sign in the radio business that 
set manufacturers are now alive to the economy 
of well designed and properly made parts and 
accessories. Manufacturers who have adhered 
to safe standards are beginning to hear the hum 
of industry around their plants. 

BRYAN S. DAVIS 

President 

JAS. A. WALKER 

Secretary 

Published Monthly by 

Bryan Davis Publishing Co., Inc. 

19 East 47th Street 

New York City 
Chicago Office -1221 Rosemont Ave. -Charles H. Farrell, Mgr. 
St. Louis Office -505 Star Building -F. J. Wright 
Kansas City, Mo. Office -306 Coca Cola Building -R. W. Mitchell 
Cleveland Office- Millard H. Newton, 416 National Bldg. 
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Advertising Manager 
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Entered as second class matter August 26, 1931, at the Post Office at New York, N. Y., under 
Act of March 3, 1879. Yearly subscription rate $2.00 in United States. $3.00 in Canada 

and foreign countries. 
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Broadcasting equipment 
by Western Electric. . . from 
the smallest to the LARGEST 

There are now over 175 Western Electric equipped 
radio broadcasting stations. These range in power from 50 
watts to 50 kilowatts -an indication of the wide selection 

4 which Western Electric offers in broadcasting equipment. 
In addition to transmitters Western Electric broad- 

casting products include: 
Speech Input Equipments for station and for studio. 
Tubes which maintain their characteristics through- 
out an unusually long life. 
Pick -up apparatus, of which the Moving Coil 
Microphone is an outstanding example. 

All Western Electric radio broadcasting apparatus is 
recognized for its highly efficient operation. Into every 
piece of equipment goes the long experience of Western 
Electric in making telephones and other sound transmis- 
sion apparatus. 

Whatever your broadcasting requirements, make 
Western Electric your standard. For detailed informa- 
tion on broadcasting equipment to best meet your needs, 
address the distributors, Graybar Electric Company, 
Graybar Building, New York. 

Western Electric 
RADIO TELEPHONE BROADCASTING EQUIPMENT 

Distributed by GRAYBAR Electric Company 

GRAYBAR ELECTRIC CO. 
Graybar Building, New York, N. Y. 

Gentlemen: We are interested M Western Electric Radio Broadcasting 
Equipment, transmitter tu have power mango( 

Include information regarding: 
Moving Coil Microphone 
Speech Input Equipment p 

OTT 

1 

( 

J 
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T HE very creditable 
HUM FROM I progress made dur- 
BROADCAST STATIONS ing the past three years 

by design engineers in 
radio manufacturing establishments, in im- 
proving selectivity, accounts for the excel- 
lent performance of radio receivers now be- 
ing marketed. The manufacturers also have 
met the demand for receivers which repro- 
duce the lowest required frequencies. This 
has cost a lot of money. 

It is but a few years since in radio engi- 
neering circles one frequently heard the plea 
that radio manufacturers produce receivers 
that would bring in all that the broadcast 
stations sent out. Today, the situation in 
this respect appears to be somewhat embar- 
rassing for the broadcasters -modern re- 
ceivers are bringing in more than they need 
of what is sent out. The large amount of 
húm from various broadcast stations is dis- 
turbing in receivers and, where the source 
of the hum is not understood, causes criti- 
cism of really good receivers. 

No doubt the engineers of the Federal 
Radio Commission have the subject in the 
basket for live problems. No doubt, also, 
the engineers at the well equipped broadcast 
stations are aware of the disturbance widely 
observed, and plan to work toward mini- 
mum hum at as early a date as possible. 

I T would appear that the 
ELECTRIC RAYS most recent observa- 
FROM BEYOND tions of the astro- physi- 

cist have in some measure 
robbed some of the so- called cosmic rays 
of their claim to cosmic origin. Late reports 
are to the effect that some of the more easily 
distinguishable radiations from the upper 
terrestial reaches have been localized as to 
their source and that this corresponds ap- 
proximately with the height above the earth 
of the primary and secondary Kennelly - 
Heaviside ionized areas. 

The persistence with which several inves- 
4 

tigators are pursuing inquiry into the nature 
of and the source of irregular manifestations 
observed at the earth's surface, the birth of 
which coincides with spontaneous effects of 
unknown cause, or is a regeneration effect 
of non- periodic characteristics, may yet be 
rewarded by important discovery. 

The comparatively local origin of the 
most frequently observed ray effects and 
their relation to the discoveries of Professor 
V. F. Hess, formerly of the United States 
Bureau of Mines, now in Vienna, in the field 
of cosmic ultra- radiation, may point to the 
conclusion that there are families of rays. 

Recalling the life history of other discov- 
eries which over a long period of years pro- 
gressed from the speculative stage to useful 
reality, we may believe that extensions of 
knowledge and of truth are unceasingly, pa- 
tiently tapping upon the windows of human 
intelligence seeking entrance and under- 
standing. 

Man, lacking super sense -perception, with 
which to interpret all things, and being fa- 
miliar with but a few of nature's codes, 
gropes in the dark until his exploring senses 
encounter substance susceptible of transla- 
tion into understandable terms and quan- 
tities. 

CHRISTMAS 

GOOD citizens whose 
sunny dispositions 

enabled them in 1932 
to go through the time 

honored formalities of Thanksgiving Day, 
should have no difficulty in approaching and 
overcoming the full stocking demands of 
Christmas. The sox appeal must be met. 
Let every man believe that any deficit nego- 
tiated at Christmas will be obliterated soon 
after the advent of the New Year. 

0..)c;,, a11,4_//12511,Cot, 
Editor. 
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WE M A K E A 

GOOD LINE -NOT 
POOR EXCUSES! 

The Clarostat Mfg. Co. 

This short phrase sums up Clarostat's sales policy. Unless you too follow this line of 

reasoning, it will be impossible to enjoy ultimate success and outstanding leadership. 

High quality is the foundation upon which our organization has been built. As a 

pioneer in the radio and electrical fields, we set that course, and it has brought us 

acknowledged International Leadership. 

Clarostat controls cost no more than others; in the long run, they cost much less. 

Break -downs in the volume control circuit of receivers are eliminated when our con- 

trols are factory installed. You won't lose customers, you won't have to make 

excuses and costly replacements when a Clarostat is in the job. 

By eliminating replacements due to faulty materials your overhead is considerably 
reduced -a most important factor in building towards the future. This we learned 
from experience. Clarostats are made better ... they perform better! 

You do not have to experiment or solve any of your control problems. Our engineer- 
ing department will do that for you, as we have done for many others. Our modern 
tool and machine shop, complete in every detail, our stock of standard and special 
parts for assemblies -all are yours for the asking. There are no catches, this is a 

regular part of Clarostat's service -it is a further reason why leading receiver manu- 
facturers use Clarostat Controls, and consider them the Standard by which other 
controls are judged. 

Let Us Know Your Control Problems! 

Page 5 

Type P -185 Control 
Fitted With Switch 
Dustguerd Cover Plate 

This type wire -wound 
control is available with 
or without coverplate 
switches. These potenti- 
ometers are provided with 
three terminals and may 
be had in any taper de- 
sired. By using the center 
contact arm terminal and 
one of the resistance ele- 
ment terminals, they mag 
be used as rheostats. 

Type P -58 Control 
Without Switch 

This standard type control 
provides minimum volume 
at its extreme left setting, 
and tapers smoothly and 
efficiently to maximum 
volume by clockwise rota- 
tion. Model P58 is avail- 
able in single, dual and 
triple control units on one 
shaft - with or without 
switches built -in. 

©L1©STAT MFG, CO 
285 NORTH 6th STREET 

N 

O C. 

BROOKLYN, N. Y. 
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Compare the Performance I 
of these Two Receivers, 
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This Receiver Has 
Ordinary Volume Control 
NO Tone Compensation 

From the upper curves (No. 1), it is obvious 
that with the conventional type of audio level 
volume control, all frequencies are attenuated 
equally when the volume is reduced. Owing to 
the charccteristics of he ear, this results in an 
unequal change in loudness of tones, as shown in 

the lower curves (No. 2). These curves show that 
the low and extremely high frequency tones are 
reduced in loudness as compared with the middle 
register. This makes the set sound thin and un- 
satisfactory except when operating at high levels. 

\---/ This Receiver Has 
Bradleyometer Volume Control 
WITH Tone Compensation 

From the upper curves (No. 3), showing results 
with the Tapped Bradleyometer connected as 

shown in the lower diagram, it is obvious that all 
frequencies are not attenuated equally when the 
volume is reduced. This results in an equal change 
in loudness of all tones as shown by the lower 
curves (No. 4). By using tone compensation, made 
possible with the Tapped Bradleyometer, an out- 
standing improvement in reproduction at low 
levels is achieved.lnvestigate the Tapped Bradley - 
ometer by writing for further details, today. 

ALLEN-BRADLEY COMPANY, 126 W. Greenfield Ave., Milwaukee, Wisconsin 
Manufacturers of Bradleyunits, Bradley Suppressors, 
and a complete line of industrial control apparatus 
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Triple grid power 

O 
L TYU "l' vacuum tubes for 
audio - frequency amplifiers 
have always been of major 
interest in modern radio and 

other sound reproducing apparatus. Un- 
til a few years ago, the most satisfac- 
tory system made use of two triodes 
connected in opposition, each operated 
at a point somewhere near the center of 
their working characteristic. The oper- 
ating efficiency of such amplifiers was 
inherently low especially when utilized 
for the amplification of speech and 
music which encompassed a large range 
of amplitudes. High output powers 
were obtained only by the use of large 
output tubes, capable of withstanding 
the comparatively large plate dissipa- 
tion necessary. About two years ago 
the power pentode was introduced in 
this country. This development almost 
doubled the efficiency of the output tube 
and increased its power sensitivity tre- 
mendously. Both of these factors led to 
its widespread adoption both singly and 
in push -pull fashion. A more recent de- 
velopment which has received much at- 
tention is the use of two tubes con- 
nected in opposition and operated at a 
point very near cutoff. With the use of 
vacuum tubes operated in this fashion. 
which is defined as class B operation, 
very high operating efficiencies are ob- 
tained and a large power output is ob- 
tained from relatively small vacuum 
tubes. 

Since each of the above methods of 
operation has certain advantages not 
found in the others, all three are still 
in use and the manufacturer of vacuum 
tubes is faced with the problem of de- 
signing tubes for each purpose. Class B 

operation is becoming increasingly im- 
portant because of the advantages men- 
tioned above and tube designs of par 
ticular merit for class B use have been 
developed. Many, however, advocate 

Research and Development Laboratory, RCA 
Radiotron Co., Inc. 

amplifier tubes 

By E. W. HEROLD` 

New type tubes provide 
large power output in class 
B operation. 

the conventional pentode as an output 
device, so that there is also a need for 
this type of vacuum tube. The low dis- 
tortion which may be obtained by the 
use of triodes connected in push -pull 
makes this combination attractive to 
others. It will be seen, also, that a 
power triode is still necessary to those 
who wish to use the increased output 
obtained from class B amplification by 
swinging the grid positive, thus draw- 
ing grid current and consuming grid 
power which must be supplied by the 
preceding amplifier stage. The desider- 
atum of negligible harmonic distortion 
(in amplifiers which cannot make use of 
a sharply tuned plate circuit to suppress 
the harmonics) because of the non - 
linearity of the grid- current -grid volt- 
age characteristic, requires the use of 
an input having very good regulation. 

1111111191111111111111199111119111911111911191111111 

Fig. I. 
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The latter requirement is most easily 
met at the present time by the use of a 
fairly low impedance power triode in 
the preceding stage. 

Many New Tube Types Confusing 

The greatly increasing number of 
tube types, of late, involves certain 
disadvantages to manufacturer and con- 
sumer alike. For this reason it has been 
deemed advisable to combine, wherever 
possible, several functions within the 
single glass envelope and in the single 
mount structure of a vacuum tube. The 
recently introduced 57 and 58 line of 
vacuum tubes exemplifies the practice in 
connection with tubes used at radio fre- 
quencies. It will now be shown how 
similar causes have led to the develop- 
ment of an audio -frequency power out- 
put tube which fulfills each of the 
three dissimilar requirements mentioned 
above. 

It will be noticed that the lately in- 
troduced 46 tube, by bringing out con- 
nections to two grids, may be used in 
either of two ways. By using the first 
grid as a control element and connect- 
ing the second grid to the plate, a low 
mu triode capable of fairly large power 

AVERAGE PLATE CHARACTERISTICS 
CLASS A OPERATION - PENTODE CONNECTION 

TYPE 89 
E f = 6.3 VOLTS 

SCREEN VOLTS=EcZ=16r- 6411 O 
Eb Ib 

Ul. PEN 
ECA ` 'MIMI .. 

{/ , e. WON. Eci 

-25 

NIMINNIMI r ea:»a __-- 3' 

o 

Page 7 

100 200 300 400 
PLATE VOLTS (E 6 ) 

50) 
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output is obtained. By connecting the 
two grids together and using them as 
the control element, a very high mu 
triode is obtained having characteristics 
making it particularly suitable for class 
B operation. If a third grid be intro- 
duced and a connection brought out 
from it, the usual suppressor grid pen- 
tode may be obtained without apprecia- 
bly impairing the efficiency of the first 
two functions should it be desired to 
use the tube in either of these ways. 
This is accomplished by connecting the 
third grid to the cathode when using the 
tube as a suppressor grid type pentode 
and connecting it to the plate when the 
tube is used as a triode of either the 
low mu or the class B variety. The 
result is a tube which can be used in a 
multiplicity of ways and which is par- 
ticularly suited for operation as a class 
A output pentode, as a zero bias class 
B triode, or as a low mu triode. 

Multiple Purpose Tubes 
The triple purpose feature has been 

incorporated in the design of the RCA - 
59 and C -59, a high output 2.5 volt 
heater type tube for a -c. operation, and 
the RCA -89 and C -89, a heater type 
tube designed for the output stage of 
automobile receivers. The 59, because 
of its heater type construction, permits 
low hum levels to be attained without 
difficulty in audio -frequency applica- 
tions. Using two of these tubes in a 
class B connection, a power output is 
obtained sufficient to satisfy the most 
critical, whereas, a decidedly higher 
power sensitivity may be obtained in the 
pentode connection at a sacrifice in 
power output. The tube may also be 
used in low mu triode fashion, either 
as a driver or as an output tube, offer- 
ing the usual possibilities of extremely 
low harmonic distortion when connected 

DYNAMIC 
TRANSFER CHARACTERISTICS 

CLASS B OPERATION 
TYPE 89 A 

Ef =6.3 VOLTS D.C. 
PLATE VOLTS -180 

_12 RATIO RSIDERED 
TO ONE SIDE 
OF PRIMARY iis; 

_TUBE, TUBE 
YY 

NEE° 
"ffinimasArig 

EVAN 
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A 
10 

INSTANTANEOUS GRID VOLTS (eci 
Fig. 2. 

in push -pull. The triple purpose feature 
is of particular value in the type 89, 
the automobile output tube, inasmuch as 
the high efficiency possible with two of 
these tubes in a class B connection 
makes dry battery plate supply feasible 
even with high output power. On the 
other hand, for those finding pentode 
or triode operation desirable, the 89 de- 
livers considerably more power output 
than heretofore possible with the plate 
voltages used. Other applications of the 
59 and the 89 can, of course, be discov- 
ered by those familiar with the particu- 
lar problems at hand. 

The tubes will now be discussed in the 
light of their three major applications. 

Suppressor Grid Output Pentode 
For use in this fashion, the third grid, 

the one adjacent to the plate, is con- 
nected to the cathode and used as a sup- 
pressor grid for the secondary electrons 
which would otherwise reduce the plate 
current at low plate voltages and intro- 
duce undesirable curvature in the plate 
volt- ampere characteristic. This method 
of eliminating the effect of secondary 
emission is well known and needs no 
elaboration. The second grid is used as 
an accelerating grid and is tied to a 
high voltage, usually as high as the plate 
voltage. The first grid is the control 
grid and has a negative biasing poten- 
tial applied. 

As a pentode, the 59 has been de- 
signed to deliver approximately 3.0 
watts of audio power per tube with a 
plate and screen voltage of 250, whereas 
the 89 is capable of delivering over 1.5 
watts per tube using a voltage of 180 
applied to plate and screen. 

The general characteristics may be 
tabulated: 

Tube Ef 
59 2.5 
89 6.3 

If Eb & Ec2 
2.0 A. 250 

.4 135 
163 
180 

Ecl 
-18 
-13.5 
-17 
-18 

The usual characteristic curves for 
this type of operation of an average 89 
are shown in Fig 1. 

Class B Zero Bias Output Tubes 

For use in this manner, two tubes are 
connected in opposition. The third grid 
of each tube is connected to the plate 
of the same tube and the first two grids 
of each tube are connected together and 
used as the control element of that tube. 
The result of this combination is a tri- 
ode having such a high amplification 
factor that with zero bias on the con- 
trol element, the plate current is quite 
low, being near the cutoff point of the 
transfer characteristics, as shown in 
Fig. 2. This is the normal operating 
point of the tube and an alternating 
signal applied to the grid causes the 
plate current to rise on the half cycle 

RADIO ENGINEERING 

AVERAGE PLATE CHARACTERISTICS 
CLASS B OPERATION 
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in which the grid is positive, and to 
decrease almost immediately to zero 
during the other half cycle. Since the 
tubes are connected in opposition, the 
other tube of the pair operates in op- 
posing fashion; i. e., when the grid of 
one tube is negative and the tube is 
virtually inoperative, the grid of the 
opposing tube is positive and causes the 
plate current to rise in correspondence 
with the half cycle of the incoming sig- 
nal. The combination of the outputs of 
these two tubes in the proper manner 
gives an output essentially similar to 
the input in wave shape. The control 
grids of the tubes when operated un- 
der the above conditions draw an ap- 
preciable current and because of the 
non -linearity of the grid voltage, grid 
current characteristic, a signal source 
of very good regulation must be pro- 
vided. Such a source is most easily ob- 
tained by the use of a low impedance 
driver triode operating the grids 
through a step -down transformer. 

A more detailed discussion of this 
type of operation may be found in two 
papers by L. E. Barton (Prot. I. R. E. 
19, 7, July, 1931, and 20, 7, July, 1932). 

The general characteristics of the 59 

Ib 
35 m.a. 
13.2 
17.0 
20.0 

]c2 
8 m.a. 
2.0 
2.5 
3.0 

Sm 
2700 
1500 
1575 
1635 

Load 
6000 

10000 
9000 
8000 

P.O. 
3.0 
.75 

125 
1.50 

and 89 as zero bias class 
are: 

B amplifiers 

Heater voltage 2.5 
Heater current aO 
Plate voltage 300 
Grid Voltage (No. 1 & Na 2 

grids tied together) 0 
Plate current 7 -10 
Maximum peak plate cur- 

rent 150 

59 89 

6.3 
.4 a. 

400 180 

0 0 
1045 3-4 m.a. 

200 75 

A pair of 59's when driven by a third 
OPTIMUM OPERATION CHARACTERISTICS 
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59 connected as a triode will deliver 
well over 20 watts of power output. 
The 59's used as class B will deliver 
approximately the same output as a pair 
of 46's with similar driving power, but, 
of course, permit low hum levels to be 
attained with greater ease than is pos- 
sible with the filament type tubes. 

Fig. 2 shows the transfer charac- 
teristics of a pair of 89 tubes when 
plotted with various loads, in such a 
fashion as to indicate approximately the 
resultant characteristic (shown by the 
dotted portion) of the two tubes when 
connected in opposition. 

Fig. 3 gives a family of plate and 
grid current curves of much more gen- 
eral value. 

To give an approximate estimate of 
the power output and the best operating 
conditions of two 89's when connected 
in opposition, Fig. 4 has been prepared. 
These curves were computed from the 
static characteristics of Fig. 3 and show 
the power output, peak plate current, 
load resistance and peak a -c. grid re- 
sistance as functions of the peak grid 
power at optimum conditions. Under 
the conditions indicated, the total plate 
harmonic distortion at full signal input 
is less than three per cent, so that the 
distortion is largely determined by the 
driver harmonic distortion and the dis- 
tortion due to the non -linearity of the 
grid voltage, grid current curve, both 
of which are minimized by the use of a 
large step -down ratio in the input trans- 
former, although the use of too great 
a step -down ratio in the transformer 

Bureau 
THE annual report of the director 

of the Bureau, of Standards, Wash- 
ington, covering the past year lists 
the following projects as having 

had the attention of the Bureau: 
Primary frequency standard. The ac- 

curacy of this standard was further in- 
creased to 1 part in 10,000,000. Precise 
studies were made of the functioning 
of the various elements of the standard. 
An auxiliary unit was constructed to 
guard against stoppage of the four 
original oscillators, and special equip- 
ment was installed to protect against 
failure of the power supply. 

Secondary frequency standards. New 
piezo oscillators were designed and con- 
structed and were found to be remark- 
ably constant in frequency. They are 
of wide application as standards and, as 
control units for radio transmitters. 

Standard frequency dissemination. 
The standard frequency service was ex- 
tended and improved. Regular trans- 
missions were provided on a frequency 
of 5,000 kilocycles per second for four 
hours every Tuesday. The accuracy 

AVERAGE PLATE CHARACTERISTICS 
CLASS A OPERATION TRIODE CONNECTION 
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results in a considerable sacrifice of 
power output. In a particular case, if 
the driver tube is the 89 connected 
triode fashion and operated at a plate 
voltage of 160, the power output of the 
class B stage will be 3.5 watts, the 
ordinate of the power output curve cor- 
responding to an abscissa of 480 milli - 
watts peak (the peak input power is 
twice the rated r.m.s. power output of 
the driver multiplied by the input trans- 
former efficiency, assumed 80 per cent). 
The output of 3.5 watts has been 
checked experimentally with a trans- 
former ratio of such a value as to give 
an overall distortion of about eight per 
cent. To reduce the distortion to an 
overall value of five per cent, it is nec- 
essary to increase the transformer ratio 
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approximately halves the output of the 
driver and gives a power output of 2.5 
watts from the class B tubes, a figure 
which is checked by Fig. 4 (reading the 
ordinate corresponding to a peak input 
power of 300 milliwatts multiplied by 
a transformer efficiency of 80 per cent). 

It should be noted that the power 
output -power input relationship shown 
in Fig. 4 is approximately half of the 
parabola. 

Power output = k (peak power in- 
put) 1/2 in which the constant k would 
be expected to contain some function of 
the plate voltage. From the static char- 
acteristics, it has been found that ap- 
proximately, 

k = .005 (plate voltage)'/' 
This formula enables approximate cal- 
culation of the power output with other 
plate voltages than that used in the 
preparation of Fig. 4. 

Class A Triode 

As has already been indicated, the 
use of either the 59 or the 89 as a low 
impedance triode is made possible by 
connecting the second and third grids 
to the plate. Negative bias is now nec- 
essary on the first grid for proper oper- 
ation. The characteristics of the tubes 
when used in this way are: 

Tube Er Ir ED Ec1 Iu rp S Load U.P.O. 
59 2.5 2.0 250 -28 26 m.a. 2300 ohms 2600 6 000 .25 
89 6.3 .4 160 -20.0 17.0 3000 1560 4.7 7000 .300 

180 -22.5 20 2750 1710 4.7 5000 .430 

until the driver tube is operated into a 
load of three times the normal load as 
a power output tube. This procedure 

Fig. 5 shows the plate 
for an 89 when used as a 
triode. 

of Standards radio work 
was better than 1 cycle per second (1 
part in 5,000,000). Some of the trans- 
missions were controlled by wire -line 
transmission of a frequency from the 
national primary standard. 

Measurement of radio field intensity. 
Methods and apparatus developed for 
the automatic recording of field intensi- 
ties of distant radio stations were ap- 
plied to a study of effects produced by 
the synchronization of two pairs of 
broadcasting stations. Research on the 
accuracy of measurement of field in- 
tensity and on short -distance absorption 
of radio waves was completed. 

Measurement of height of ionized 
layer. The ionized layer in the atmos- 
phere, more than 70 miles above the 
ground, has been determined to be the 
major determining factor in the long - 
distance transmission of radio waves. 
The measurement of the height of this 
layer is of primary importance in inter- 
preting transmission conditions and in- 
creasing our knowledge of radio - 
wave propagation. Such measurements 
were made on one day each week, using 

voltage family 
low impedance 

improved equipment. This included an 
automatic recorder, which will allow 
continuous measurement of the height 
in the future. 

Radio research facilities. Two experi- 
mental radio stations were established 
in the suburbs of Washington. One is 
a transmitting station located on the 
animal husbandry farm of the Depart- 
ment of Agriculture near Beltsville, 
Md. The other is a receiving station; 
for this 200 acres of land were pur- 
chased near Meadows, Md. Six small 
frame buildings were erected. Facili- 
ties are thus provided for an improved 
standard frequency transmission service 
and for researches on radio -wave trans- 
mission. 

RADIO HOUSE, LONDON 
IN Broadcasting house, the headquar- 

ters of B. B. C., London, there are 
approximately 660 vacuum tubes in 
service; the average filament heating 
load is 1,700 watts, and the plate load 
1,300 watts. 
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Useful equipment for 
receiver tests in 

shop or field 
By J. A. MYERS, JR. 

FROM time to time, due to the in- 
troduction of new types of tubes 
and to changes in radio receiver 
design, the radio service depart- 

ment is confronted with the necessity 
of purchasing new test equipment or of 
remodeling that already in use. New 
equipment is in some instances rather 
expensive, and peculiarities in the de- 
sign of commercial instruments make 
changes difficult, to say the least. 

The analyzer shown schematically in 
Fig. 1, was developed to fit the needs 
of servicing both in the shop and in 
the field. The switching arrangement 
is such that meter ranges may be added 
or changed with a minimum of diffi- 
culty. Almost all the parts are standard 
merchandise and are easily procurable. 
This instrument will make every es- 
sential d -c. test on a radio receiver as 
well as measure a -c. filament and line 
voltage. A high a -c. voltage range was 
not included because it was felt that 
the need of such an instrument did not 
warrant the added expense. 

The ranges of the d -c. meter are ade- 
quate for measuring all plate, grid and 
screen -grid currents, and plate, con- 
trol grid, screen grid and cathode volt- 
ages encountered in sets using modern 
tubes. Screen -grid tubes, both power 
pentodes and r -f. pentodes and full - 
wave rectifiers may be tested without 
the use of adapters. The d -c. meter is 
a Weston type 301, 0 -1 milliammeter. 
The a -c. meter is a Weston type 476 
triple range voltmeter. The multipliers 
for the d -c. voltmeter are 1 -watt re 
sistors of the precision type. 

By the use of separate push -button 
switches for each range the danger of 

Ár 
gai 

Fig. 2. 

4f 

damaging the meters by overload is re- 
duced to a minimum and the operation 
of the instrument is speeded up. There 
is a total of sixteen of these switches 
used; thirteen of them are standard 
double -pole single -throw push- buttons, 
the other three are special six -blade 
push- buttons used to break into the 
plate, grid and cathode circuits for cur- 
rent measurements. There are eight 
other switches on the panel: S,, S,, a 
meter reversing switch and an a -c. to 
d -c. switch, which are jack switches; S S and S;, and a voltmeter return 
switch which must be closed for ex- 
ternal use of the d -c. voltmeter. The 
multiplicity of switches might seem to 
be confusing. Actually, however, the 
operation of the analyzer is quite sim- 
ple and for speed and thoroughness 
compares favorably with modern com- 
mercial instruments. 

Current Measurements 

For current measurements three mil- 
liampere ranges are available, the 1 

ma. range of the meter and through the 
use of shunts, two others of 10 ma. and 
100 ma. These ranges were chosen be- 
cause they are very good ranges for 
measuring the currents of practically 
all receiving tubes and because they 
can be read directly from the meter 
scale without re- calibration. The mil - 
liammeter range changing switch S, is 
a double -pole double -throw jack switch 
with a zero center position. The Wes- 
ton type 301, 0 -1 milliammeter has a 
resistance of about 27 ohms. The shunts 
used have resistances of approximately 
3 ohms for the 10 milliampere range 
and 0.3 ohm for the 100 milliampere 
range and can be made from a dis- 
carded rheostat or filament resistor. 
For calibration of the shunts the meter 
itself can be used as a standard if no 
other is available. With a battery and 
a variable resistance connected in series 
with the meter, adjust the voltage un- 
til the meter reads full scale. Connect 
the resistance wire for the 10 milliam- 
pere shunt in its proper position in 
the circuit and vary its length until 
the meter reads 0.1 milliampere. The 

RADIO ENGINEERING 

same procedure can be used in going 
from the 10 milliampere to the 100 
milliampere range. 

The d -c. voltmeter has ranges of 10, 
100, 300, 500 and 1,000 volts. These 
scales may be calibrated or not as the 
user chooses. The 10, 100 and 1,000 - 
volt scales may be read directly from 
the milliammeter scale and it will be 
found that a little practice in using the 
other ranges will make calibration quite 
unnecessary. 

Resistance Measurements 

There are two additional features of 
interest, an output meter and a double 
range ohmmeter. 

The ohmmeter, using a 4.5 -volt C 
battery as a power supply and the mil - 
liammeter of the analyzer, covers a 
range of resistance values from about 
0.3 ohm to 450,000 ohms. The two 
ranges overlap and give readings, suf- 
ficiently accurate for service require- 

Fig. 3. Output meter circuit. 

o 

N 

ments, over the entire band. The two 
circuits used are shown in Fig. 2. In 
operation the test leads of Fig. 2a are 
shorted and the resistance R is adjusted 
to give full scale deflection of the meter. 
When the unknown resistance R. is 
connected in the circuit the value of 
R. is given by the formula : 

1 1 

R. = E ( - --). 
i I 

Where: 
E = Voltage in the circuit. 
i = Meter reading with R. in the 

circuit. 
I = Full scale reading of the meter. 

When S. is closed the circuit of Fig. 
2a becomes that of Fig. 2b and the test 
leads are connected directly across the 
meter. R is first adjusted so that the 
meter is reading full scale. Then the 
unknown resistance is connected as 
shown. The value of R. is given by the 
formula: 
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iR R,,, 
R, - 

E - i (R + R,) 
Where: 

i = Current through the meter 
with R. in the circuit. 

R = Compensating resistance. 
R,,,= Resistance of the meter. 
E = Voltage in the circuit. 

Using a 199 tube as a rectifier, the 
d -c. milliammeter makes a very useful 
output meter. The circuit is shown in 
Fig. 3. The filament of the tube is 
heated by the current from a 4.5 volt C 
battery and is controlled by switch S. 
Since this type of output meter requires 
a fairly high voltage to give a good 
deflection of the meter, it must be con- 
nected across the primary of the out- 
put transformer in sets using dynamic 
speakers having low impedance voice 
coils. 

For external use of the meters tip 
jacks are provided. When the d -c. 
meter is to be used the voltmeter re- 
turn switch must be closed. For all 
other operations this switch is left 
open. 

The cathode current and voltage 
ranges are connected to read, nor- 
mally, currents and voltages that are 
positive with respect to the filament; 

for example, screen voltage and cur- 
rent of pentodes. In testing pentodes, 
S. should be thrown to the filament 
position. 

A 199 tube was used in the output 
meter because there were several on 
hand and because of the low power con- 
sumption of the filament. Any other 
small tube could be used with equally 
good results. 

S,, Ss, and S. are miniature toggle 
switches. 

The six -blade push -buttons used for 
making current measurements serve to 
speed up the operation of the analyzer. 
Possibly other arrangements may sug- 
gest themselves to the builder. 

For normal operation of the an- 
alyzer, open the voltmeter return switch, 
place the test plug in the tube socket 
and the tube in the proper socket on the 
panel and proceed as follows : With 
the a -c. to d -c. switch in the d -c. posi- 
tion: 

Plate current : S, to desired range 
and press plate Ma. button. For sec- 
ond plate of full -wave rectifiers press 
S. G. Ma. button. 

Screen -grid current: S, to desired 
range and press S. G. Ma. For screen - 
grid current of pentodes press cathode 
Ma. button. 

RrY e177c--- R 

Plate voltage : S, to center position 
(normal). Press button for desired 
range. Voltages may be measured with 
respect to either cathode or filament by 
throwing S. to cathode or filament posi- 
tion. 

Normal grid volts : All switches nor- 
mal. Press desired grid volts button. 

Control grid volts on S -G. tube : Re- 
verse S,. Other switches as before. Use 
regular grid volts ranges. 

Screen -grid volts : Reverse meter. 
Other switches normal. Use regular 
grid voltage ranges. For screen grid 
voltage of pentodes -all switches nor- 
mal. S. to filament side. Use cathode 
voltage ranges. 

Cathode voltage: Ss to filament po- 
sition. Use cathode volts ranges. 

D -C. filament volts: Use d -c. fila- 
ment button reversing meter if neces- 
sary. 

A -C. filament volts : a -c. to cl -c. 
switch to a -c. position. Use one of the 
a -c. filament volts ranges. 

Output meter : Close the switch S._. 

Connect the output of the receiving set 
to the terminals marked output. The 
rectified output can be read on the d -c. 
meter. To extend the range connect the 
10 milliampere shunt in the circuit. 
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A radio transmitter 
for the itinerant flyer 

WITH the rapid growth of 
the aviation industry in the 
last few years a need arose 
for a light weight radio 

transmitter to enable airplanes to 
communicate with their ground sta- 
tions by telephone. The need was 
most urgent for the large transport 
planes carrying passengers over es- 
tablished routes, and as a result the 
No. 8 type radio transmitter was 
developed. It has proven highly 
satisfactory for the service for which 
it was designed but it is not par- 
ticularly suitable for the lighter types 
of aircraft, such as are commonly 
used by the itinerant flyer. For these 
ships with their already limited load - 
carrying capacity, reduction in size and 
weight is even more important than for 
the larger ships, although the range of 
the transmitter need not be so great. 
To meet this need, the Laboratories 
have developed the 11A radio trans- 
mitter, which weighs scarcely eighteen 

Radio Development Department, Bell Tele- 
phone Laboratories, Inc. 

By J. B. BISHOP* 

pounds, occupies little more than three - 
quarters of a cubic foot of space, and 
may be expected to furnish ample signal 
strength to a radio receiver located 
within a radius of 30 to 40 miles. 

The pilot whose radio equipment in- 
cludes this transmitter as well as a 
weather and beacon receiver, such as 
the Western Electric 9D radio receiver, 
has many advantages over the pilot 
flying with the receiver only. He may 
ask for and receive special information 
pertinent to his flight at any time with- 
out waiting for a scheduled broadcast 
of general weather information. As 
weather conditions change rapidly and 
vary greatly from place to place, the 
exact knowledge of the progress of a 
storm is extremely important to the 
pilot and will often enable him to pro- 
ceed with assurance and safety around 
the storm area. In case of fog there is 
frequently sufficient "ceiling" for a safe 
landing at the port of destination or a 
nearby emergency field while the sur- 
rounding country is completely "closed 
in." With these conditions accurately 
known, the pilot may safely fly above 

the clouds to his destination and land 
without delay or danger. On arrival 
at a strange airport, the itinerant flyer, 
before landing, may wish to know the 
condition of the field, the direction and 
velocity of the wind and what obstruc- 
tions, if any, are liable to interfere with 
his landing. Equipped with the radio 
telephone, he merely calls the operator 
of the airport station for this informa- 
tion. By no means the least important 
safety feature of the radio telephone is 
realized in the ability of the pilot to 
secure immediate assistance from a 
nearby airport should he be forced 
down at some point other than his des- 
tination. 

The Federal Radio Commission has 
provided for this radio telephone ser- 
vice to itinerant aircraft by assigning 
the frequency of 3105 kc. for transmis- 
sion from plane to ground and the fre- 
quency of 278 kc. for transmission from 
ground to plane. This assignment for 
ground to plane transmission permits 
the use of the weather and beacon re- 
ceiver in the plane for reception from a 
suitable airport radio transmitter. The 
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higher frequency of 3105 kc. is more 
satisfactory for plane to ground trans- 
mission, as it allows the use of a fixed 
type of antenna on the plane with satis- 
factory transmission for day and night 
operation. Although operated at this 
frequency for the itinerant flyer service, 
the new airplane radio transmitter may 
be used for other services on any fre- 
quency from 3000 to 6500 kc. When 
operating on 3105 kc. a flyer will be 
heard not only by the airport stations 
in the vicinity but also by aeronautical 
ground stations operated by the Depart- 
ment of Commerce whose attendants 
are instructed to stand watch on this 
frequency for emergency communica- 
tions. 

Although the new transmitter has 
been reduced to diminutive proportions, 
no features important to the service it 
has to render have been omitted. The 
carrier frequency is determined by a 
temperature controlled quartz crystal 
and the set may be quickly adjusted to 
transmit on any frequency within its 
range of 3000 to 6500 kc. by inserting 
the proper crystal and making a few 
simple adjustments. Substantially com- 
plete modulation is obtained during loud 
passages of speech and the response 

AUDIO 
AMPLIFIER 

d 
Q 0 

o o o o o 

O 
FILAMENT INDICATOR 

O 
S.T. MIC. 

characteristic is practically flat from 
300 to 6000 cycles. The output circuit 
is arranged to work into almost any air- 
plane antenna that would be practicable 
to erect. One of the outstanding fea- 
tures of the design, and one which has 
done much to make possible the reduc- 
tion in size and the simplicity of the 
new transmitter, is that it employs only 
three vacuum tubes. 

The schematic diagram of the trans- 
mitter is shown in Fig. 1. One vacuum 
tube, a 205D, serves as a combined os- 
cillation generator and frequency 
doubler by selecting the second har- 
monic of the oscillator frequency with a 
tuned circuit for input to the second 
tube. The second 205D tube, operating 

Fig. 2. The extremely compact arrangement of 
the transmitter is evident when the sides and top 
are removed. The bulb at the left is the ballast 
lamp used to control current to the filaments. 
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Fig. I. Schematic diagram 
of the IIA transmitter. 

as a power modulating amplifier, is 
neutralized by the Rice method with a 
fixed condenser and supplies modulated 
power to the antenna through a series 
tuned circuit consisting of a tapped coil 
and a variable condenser. A stopping 
condenser and static leak resistors pro- 
tect the antenna from plate supply volt- 
age and static charges. A copper- oxide- 
disc rectifier located in the output cir- 
cuit is connected to an external d -c. 
meter which indicates the amount of 
antenna current as well as the degree 
of modulation present at any instant. 
The third tube, a 252A, is used as a 
speech amplifier with transformer coup - 

(Concluded on page 17) 
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A note on grid -bias modulation 
By L. B. HALLMAN, JR. 

IT is a well established fact, experi- 
mentally, that the capacity of a class 
B amplifier modulated by varying 
the grid -bias must be approximately 

ten times the carrier power to allow for 
peaks at, or near, 100 per cent. modula- 
tion. The writer has never seen a de- 
tailed explanation of why so compara- 
tively large an amplifier is necessary. 
Because of the small amount of modula- 
tor power required this type of modu- 
lation has attracted considerable at- 
tention. 

Assuming that the tube is to be used 
to its maximum capacity, it is clear 
that, with no modulation, the plate cur- 
rent waveform would closely approxi- 
mate that shown in Fig. 1. Here the 
plate current is a sine wave for the 
first half -cycle and zero for the suc- 
ceeding half cycle. I. represents the 
saturation plate current. Expanding 

27r 
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this function in a Fourier series we 
find the amplitude of the fundamental 
component (that is, the component to 
which the plate tank circuit is tuned) 
to be I,/4. Thus if the resistance of- 
fered by the tank circuit to this com- 
ponent is R, the power output is 

(I, /4V2)'R = RI; /32 
At this instant, however, the tube is 

operating as a straight class B ampli- 
fier biased near cutoff. Consequently 
we may expect an efficiency, in prac- 
tical operation, of around 70 per cent. 
Assuming this value we find the power 
input to be 

P = RI,/22.4 (1) 
If now a modulation depth of 100 per 

cent is applied the grid -bias is shifted, 
on peaks, from cutoff to the mid -point 
of the characteristic. Choosing the in- 
stant of maximum swing we have the 
plate current waveform shown in Fig. 2. 

Here the amplitude of the funda- 
mental is, of course, I, /2 and the power 
output is 

(I, /2V2)'R = RI; / 8 

It is clear, however, that the tube is 
now operating as a straight class A 
amplifier. Consequently the efficiency 
in practical operation will hardly be 
over 40 per cent. The power input is 
then 

Pm, = RI,,'/3.2 (2) 
The ratio of the tube capacities re- 

quired on 100 per cent. modulation 

Fi y, 2 

peaks and with no modulation will' then 
be given by dividing (2) by (1). This 
gives 

(RI; /3.2) (22.4/RI;) = 7.0 

If the efficiency of the class B ampli- 
fier is 60 per cent. and the class A 
amplifier 30 per cent., this factor works 
out to be 8. It is clear then, when 
taking into consideration normal vari- 
ations in efficiency between different 
practical setups, that the value of 10 
is probably none too large. Also it 
should be pointed out that when work- 
ing the tube up to its maximum capac- 
ity, which was assumed in the fore- 
going analysis, the grid will be swung 
positive and draw current for a good 
portion of the positive half -cycle. This 
draws power from the modulator, and 
unless it is large enough to supply the 
load distortion will result. For this 
reason it may be desirable not to utilize 
the full capacity of the tube. 

WHEN TELEVISION COMES 

T 
ELEVISION promises to open 
up new fields for the broadcasting 
industry, which has increased its 
income even during this period of 

depression, according to The Index, 
published by The New York Trust 
Company. 

"Perfection of television," The Index 
states, "with its myriad of possibilities, 
will possibly open up a new field in the 
manufacturing industry similar to that 
enjoyed during the past decade by the 
manufacturers of radio receiving sets. 
At the same time it may necessitate the 
investment of millions of dollars in new 
television equipment by the broadcast- 
ing industry, which, as organized at 
present, will probably form the basis 
for such a commercial development. 

"Last year the gross receipts of the 
various individual (broadcasting) sta- 
tions ranged from a few hundred dol- 
lars to over $1,600,000. The revenues 
of the two major companies rose from 
$10,253,000 in the year 1928 to $27; 
600,000 in the year 1931. Advertising 

revenues of one of these companies in- 
creased approximately 22 per cent dur- 
ing the first six months of this year as 
compared with the corresponding 
period in the year 1931, while the in- 
crease for the other amounted to 33.9 
per cent. 

"In the year 1930 the number of cli- 
ents utilizing the advertising facilities 
of the two major broadcasting systems 
closely approximated 300 and this num- 
ber increased to some 350 in the year 
1931. 

RADIO RECEIVER DISTRIBUTION IN 

NEW YORK AREA 

AREPORT just released by the 
Merchants' ;,Association of New 

York, states'that in the matter of radio 
sets, there is,not nearly so much dif- 
ference in habits of ownership inside 
the city and optside the city. 61.6 per 
cent of the families in the area had 
radio sets in 1930. Again this average 
outstrips that for the United States 
as a whole where only 40.3 per cent 

of the families had radio sets. In New 
York City 59.1 per cent of the families 
had radio sets. In New York State 
counties outside of the city, 68 per cent 
of the families had radio sets. In New 
Jersey counties 64.4 per cent of the 
people had radio sets and in Fairfield 
County, Conn., 61.2 per cent of the peo- 
ple. Summing up the statistics which 
are contained in the Merchants' Asso- 
ciation analysis, it is found that in 
1929, 810,925 persons in the New York 
trading area made income tax returns: 
that in 1930 there were 1,834,475 fami- 
lies who had radio sets and that there 
were registered in the area in 1931 
1,662,854 passenger automobiles and 
288,459 commercial motor vehicles. 

THE CANADIAN PLAN 

What has been referred to as the 
"Canadian plan" of broadcast frequency 
allocation, presented at the recently held 
Madrid conference, proposes that seven 
additional channels below 540 kc. he 
assigned to broadcast service. 
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A receiver that esem- 
bles a set of books. 

Crosley production increases - 
New receiver models introduced 

THE radio division of the Crosley 
Radio Corporation, Cincinnati, 
Ohio, has been increasing its em- 
ployment steadily for the past four 

months and at present has more than 
1,000 persons on its payroll, an increase 
of approximately one hundred per cent 
over last month. 

Production at the Crosley plant is to 
be stepped up to 20,000 sets weekly, it 
is reported. Though the operation of 
full time day and night shifts produc- 
tion thus far has reached a 2,000 sets 
per day output. Inability to obtain raw 
materials promptly coupled with ne- 
cessity of carefully training new em- 
ployees for more than a week before 
they are qualified for the work assigned 
are given as factors making it impos- 
sible for the Crosley concern to attain its 
revised production schedule immediate- 
ly. 

In order to meet this greatly in- 
creased schedule, additions to both day 
and night shifts are being made as 
rapidly as new employees can be 
trained, rather than forcing present em- 
ployees to work overtime. 

"We have inaugurated this policy in 
order to provide jobs for as many un- 
employed as possible," Powel Crosley, 
Jr., president of the Crosley Radio 
Corporation said recently, pointing out 
that in his opinion industry's chief obli- 
gation at this time is that of giving 
work to as many individuals as possible. 

In the matter of securing materials 
the Crosley concern has been forced to 
take extraordinary measures even to at- 

tain its present 2,000 sets per day pro- 
duction. Important materials and parts 
are being shipped into Cincinnati by 
airplane and express while special 
trailer trucks make as many as fifteen 
to twenty deliveries daily. Recently, in 
order to avoid shutting down assembly 
lines and sending workers home, it was 
necessary to press Mr. Crosley's per- 
sonal plane into service to rush a de- 
layed shipment of materials to the fac- 
tory from a nearby city. 

"The pronounced increase in demand 
for radio receiving sets, particularly the 
new lower priced models we are now 
featuring, is definite evidence that gen- 
eral business conditions are on the up- 
grade and that a marked improvement 
will continue to be noted throughout the 
fall and winter months," declared Mr. 
Crosley. 

"The fact that our recent large com- 
mitments for materials found practically 
all sources of supplies unable to fill our 
orders promptly indicates these various 
allied industries have been operating 
with virtually empty warehouses and 
awaiting signs warranting a revival of 
production activity. 

"Now that these industries are being 
stimulated by these orders for supplies 
from our own plant and those of others, 
thousands of men and women through- 
out the country are being called back 
to work," he added. 

New Models 
Distinct departures from the tradi- 

tional in radio cabinet design, new 
Crosley sets have been built with the 

II a II IME1 

object of bringing the radio receiving 
set into the "package merchandise" and 
gift -shop field. Officials of the Crosley 
company are of the opinion that this 
heretofore neglected outlet is well worth 
considerable promotional effort and 
they plan an intensive campaign to de- 
velop this field which in the past has 
been for the most part overlooked by 
the radio industry. 

The Crosley "Book Case" (Library 
Universal) is another novelty designed 
receiving set which is expected to catch 
the eye of the "over- the -counter" buyer. 
Appropriately, this cabinet represents a 
beautiful set of antique leather bound 
volumes titled "Music," "Religion," 
"Education," "News," "Politics," 
"Sport," "Entertainment" and "Hu- 
mor." 

Placed on a table or on a shelf among 
other books there is nothing about this 
unique cabinet to lead one to believe it 
to be anything other than a set of fine 
old books. The book backs are 
mounted on two swinging doors which 
when opened reveal the switches and 
dials of the conventional table model 
receiver. Its dimensions are : 10% 
inches high, 13% inches wide, and 
8 9/11 inches deep. 

This model houses the 5 -tube super- 
heterodyne chassis in which is incor- 
porated such exceptional features as: 
balanced image suppressor pre -selector, 
combined volume control and on -off 
switch, new heater type tubes, illumin- 
ated hairline shadow dial with vernier 

( Concluded on page 20) 
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One more step 
in universal 
communication 

FRO\I the laboratories in the RCA 
Victor Company, at Camden, 
comes word of the development of 
a tiny two -way radio telephone 

and telegraph receiver and transmitter, 
in one unit, for emergency and mobile 
communications over short distances. 

Weighing only 22 pounds together 
with a battery unit, and taking up 
scarcely as much room together as two 
moderate sized "B" batteries, these re- 
markable little units, which have been 
named transceivers, are expected to 
find an immediate application wherever 
other means of communications are im- 
practicable or uncertain. 

The new RCA Victor transceivers 
will find a ready use in the police work 
of large cities where mobility and adap- 
tability are especially important. They 
can easily be placed in police emer- 
gency wagons for use in handling large 
crowds or answering riot calls. By this 
new means, police reconnoitering a dis- 
orderly mob, or a building harboring 
desperate criminals, could maintain con- 
tinuous contact with a central base of 
operations from which instructions can 
be issued to meet changing conditions. 

In fire fighting, the new transceivers 
are especially useful for communication 
between firemen in the interior of a 
burning structure and the officers di- 
recting operations outside. It is often 
necessary to send firemen into a burn- 
ing building to warn their comrades to 
leave when the walls show dangerous 
signs of crumbling. Because of their 
negligible weight and size, the trans- 
ceivers can easily be strapped to a man's 
back without hampering his movements. 

The new units may be called on to 
play another interesting role in the sub - 
way transportation systems. In subway 

THE situation with regard to new 
vacuum tubes for radio, due to the 

large array of tubes listed in various 
charts published, is confusing. The 
number of tube types of early manufac- 
ture still in use and the newer tubes 
now being installed in modern radio 
receivers total over two hundred. 

So far as the tube manufacturers are 
concerned a large number of these tube 

disasters, similar to the kind that have 
occurred in the last few years, it is im- 
perative that workers in the tunnels be 
in communication with surface rescuing 
parties. In the past, it has been neces- 
sary to run long telephone wires 
through the streets and drop them into 
the tunnel, with a great loss of valuable 
time. The transceivers would be a so- 
lution to this problem. 

In Forestry Patrol 

Recently, the New Jersey forestry 
service acquired a number of the new 
transceivers as of invaluable aid in 
spotting and reporting forest fires. 
Very instructive tests have also been 
made with communication between the 
front and rear of long freight trains. It 
was found that substantial saving in 
time can be effected by the little trans- 
ceivers in this way. The U. S. army, 
too, has shown great interest in the 
RCA Victor transceivers and has made 
numerous successful experiments with 
them in army maneuvers. Transceivers 
have even been placed in saddlebags, 
with a cavalry officer holding the an- 
tenna like the long lance of the cru- 
saders. 

The operation of the transceivers is 

simple. The changeovers from "trans- 
mit," "receive" and "telegraph" posi- 
tions are accomplished with a single 
changeover key switch. The circuit of 
the transceivers is of the super regen- 
erative type which has been found to 
be most efficient below 10 meters. The 
tubes, which include three RCA -230's 
and an RCA -231, have interchangeable 
functions in the circuit. In the trans- 
mit position, two RCA -230's act as os- 
cillators in a push -pull circuit with an 
RCA -231 as modulator and an RCA -230 

TUBES FOR RADIO 

types are now listed as obsolete. 
Of the new types of tubes, the follow- 

ing have been described in RADIO EN- 
GINEERING in this year's issues SO far. 
In most cases the characteristics were 
given: 

Triple Twin, Cable ; R. C. A. 239, 
Arcturus 36, 37 and 38, Sylvania 239, 
in January. Arcturus 766 and 772, in 
February. Arcturus 136A, 7, 8, 9, and 

RADIO ENGINEERING 

New Transceiver, weight 22 pounds with battery 
unit. One -half watt power. Five meter wave- 

band. 

as audio amplifier. In the receive posi- 
tion, the two -230 tubes act as oscillat- 
ing super regenerative detectors and 
the other -230 acts as the first audio 
amplifier, with the -231 as an output 
amplifier. For code transmission, the 
-230 speech amplifier oscillates at an 
audio frequency of approximately 1,000 
cycles, which is keyed with a telegraph 
key. 

The antenna is usually of the di -pole 
type, each section being approximately 
yt wavelength long, which for five 
meter transmission is about 40 inches. 
For plane, auto and other mobile use, 
it may be desirable to utilize a zeppelin 
antenna with a transmission line. The 
units have a range up to three miles, 
depending on the nature of the sur- 
rounding terrain, although it is possible 
to increase this range by raising the 
transmitter to a greater height above 
the ground. 

The extremely low wavelength and 
low power of the transmitter insure 
against any interference with existing 
radio services, all of which, with the 
exception of experimental television 
broadcasting, operate at higher wave- 
lengths and much greater power. 

R. C. A. 234, in March. Wunderlich, 
and Sylvania Sx 82, in April. R. C. A. 
46, 56, 57, 58, 82; Arcturus 703A; 
Speed 256; Sylvania 56, 57 and 58, in 
May. Arcturus 46, 56, 57, 58, 82, in 
June. Raytheon 49; R. C. A. 46, 55; 
Sylvania 41, 42, 44, 46, 82, 866; Cun- 
ningham C -57, in July. R. C. A. 55, 82, 
83 ; Arcturus 58, in September. R. C 
A. 48, November. 

s 
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AIRWAYS RADIO 

ORDERS for nearly $100,000 
worth of newly designed avia- 
tion radio -telephone appara- 
tus have just been placed by 

five air lines, it was learned from the 
Western Electric Company. The orders 
were placed by United Air Lines, 
American Airways, Transcontinental 
and Western Air, Western Air Express 
and National Parks Airways. 

The progressive policy of the coun- 
try's transport operators in keeping 
their equipment abreast of latest im- 
provements is indicated in the fact that, 
although the new type of radio -tele- 
phone equipment was announced cnly 
eight weeks ago, the latest orders bring 
the total already purchased up to 
$150,000. 

More than half of the new orders are 
devoted to a refinement in one piece of 
apparatus alone, an improved quartz 
crystal unit which keeps the radio trans- 
mitters within the frequency channel 
assigned to them with an accuracy of 
about .01 per cent. Nearly 600 of these 
units will be shipped to United Air 
Lines, American Airways, Transconti- 
nental and Western Air and Western 
Air Express for installation in their 
planes and ground stations and for re- 
serve. 

National Parks Airways has ordered 
two 400 -watt transmitters and two of 
the new superheterodyne receivers to 
establish ground stations at its fields at 
Pocatello, Idaho, and Butte, Montana, 
and complete high frequency radio -tele- 
phone equipment for its seven planes. 
These installations will place the entire 
National Parks route from Salt Lake 
City, Utah, to Great Falls, Montana, 
and all its flying stock on a complete 
two -way communication basis. 

Western Air Express has ordered a 
400 -watt transmitter to replace the ex- 
isting 50 -watt transmitter at its Den- 
ver field. It will also install new super- 
heterodyne receivers in all of its nine 
ground stations at Burbank, California; 
Salt Lake City, Utah; Las Vegas, Ne- 
vada; Cheyenne, Wyoming; Denver 
and Pueblo, Colorado; Albuquerque, 
New Mexico; El Paso and Amarillo, 
Texas. The eight planes on the Denver 
division will also be completely equipped 
with the improved type radio -telephone. 

PATENT PROTECTION DEMANDED 
BY RADIO INDUSTRY LEADERS 

Al' meetings of radio industry leaders 
in New York recently, including 

the board of directors and receiving set, 
tube and parts divisions of the Radio 
Manufacturers Association, several im- 
portant and vigorous measures to im- 

prove merchandising conditions and 
prevent unfair competition were 
adopted: 

Chief among these was unanimous 
adoption by the RMA board of di- 
rectors of a formal resolution calling 
on radio patent licensors, including the 
Radio Corporation of America, to take 
adequate action against unlicensed 
manufacturers. The resolution follows: 

"Inasmuch as the manufacture and 
sale, without royalty payments, of un- 
licensed radio apparatus which in- 
fringes patents under which members 
of this Association are licensed and pay 
royalties, subjects such members to seri- 
ous disadvantages in competition; 

"THEREFORE, BE IT RE- 
SOLVED, that the owners of patents 
under which members of this Associa- 
tion are licensed and pay royalties be 
requested by this Association to en- 
force in every proper manner respect 
for their patents by the manufacturers 
and vendors of competing apparatus 
which infringes such patents." 

This action immediately follows re- 
cent numerous lawsuits instituted by 
holders of loudspeaker patents against 
prominent chain -store, furniture and 
other purchasers of unlicensed prod- 
ucts and is expected to result in similar 
action to protect receiving set manu- 
facturers against unlicensed and irre- 
sponsible manufacturers. 

HIGH POWER TRANSMISSION 
AND RECEPTION AT ONE 

STATION 

THE new Marconi beam station at 
Salisbury, Rhodesia, which was 

opened recently for the operation of 
,high speed telegraph services between 
Great Britain and Northern and South- 
ern Rhodesia and Nyasaland is notable 
for a new feature of particular interest. 

The one station is used for both 
transmission and reception, the equip- 
ment for both services being installed 
in the same building and using side by 
side aerial arrays instead of being 
housed in separate stations at a distance 
of some miles in accordance with the 
usual practice. This innovation has con- 
siderable advantages from the point of 
view of economy, and has also proved 
technically satisfactory. 

In addition to the telegraph service, 
the Salisbury Station is capable of 
utilization in the near future for over- 
seas telephone services, and also for re- 
broadcasting services. 

300 KW. TUBES 
It appears that the first European 

broadcast station to employ 300 -kw. 
tubes is a station in Vienna. 

ELECTRONIC DEVICES 

AT a meeting of the American Insti- 
tude of Electrical Engineers, Power 

Group, held in New York, November 
29, interesting papers were presented 
by C. A. Butcher, of the Westinghouse 
Electric and Mfg. Co., and by W. S. 
Hill, of the General Electric Co., on the 
subject of electronic devices. 

The term "electronic devices" has 
come into use to include mechanical 
systems operated or controlled by means 
of vacuum tubes or photoelectric cells. 

While it is true that less than one- 
half of one per cent of the vacuum tubes 
manufactured are used in industries 
other than radio, there is growing a 
new technology based upon the use of 
power rectifiers and control tubes which 
in the future may present a considera- 
ble market for large size vacuum tubes 
of a type in principle only related to 
radio tubes. 

At the A. I. E. E. meeting the 
speakers dealt with the practicability of 
mercury arc rectifiers in low -voltage 
commercial service and possible appli- 
cation to metropolitan networks; pres- 
ent applications and possibilities of elec- 
tronic devices in power and control 
fields ; the Kenatron, Pliotron, Phano - 
tron, and Thyratron; their distinctions 
and uses. 

NO TRADE SHOW IN 1933 

T HERE will be no RMA trade show 
in 1933, according to a decision of 

the Association's board of directors at 
their meeting in New York, recently. 
After considerable discussion the board 
of directors voted to "skip" the annual 
trade show next year and learn decisive- 
ly if business is impaired or retarded by 
the holding of a show. On this point 
there are conflicting opinions and the 
board decided to omit the 1933 trade 
show in order to determine whether 
business is hurt or helped by this an- 
nual industry event. 

I. R. S. M. MOVES 

THE Institute of Radio Service Men 
moved its general headquarters office 

on November 1, to the Boyce Building, 
510 North Dearborn Street, Chicago. 

The board of direction states that the 
Boyce Building office has been selected 
after an investigation covering several 
months, during which time it was found 
necessary to move into temporary quar- 
ters twice in order to keep pace with the 
expansion of the association. The Insti- 
tute issues a cordial invitation to every- 
one connected with the radio industry 
to visit them at any time. 
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PLAN OFFERED TO WIDEN BROAD- 
CAST BAND 

SUBSTANTIAL progress is re- 
ported in the effort at the Madrid 
International Radiotelegraph Con- 
ference to widen the broadcast 

band. Bond Geddes, executive vice- presi- 
dent and general manager of the RMA 
joined with broadcasters and others in 
a conference in Washington at the 
State Department on October 24 re- 
garding a definite proposal from the 
Madrid conference. Undersecretary of 
State William R. Castle presided over 
the Washington meeting and presented 
a compromise proposal on widening the 
broadcast spectrum. It would provide 
for addition of 70 broadcast kilocycles 
below the present broadcast minimum 
of 550 kc. and would displace some ma- 
rine and other frequencies. The plan 
was presented to the Madrid Conference 
by Canada, Mexico and Cuba and is 
designed to provide these countries 
with sufficient broadcasting space, thus 
avoiding serious interference by Mexi- 
can and Cuban broadcasters with Amer- 
ican radio listeners and stations. 

The American delegation at Madrid 
asked the approval of the State De- 
partment to support the proposed treaty 
change, sponsored by the Canadian dele- 
gation and endorsed by Mexico and 
Cuba. The National Association of 
Broadcasters, the Federal Radio Com- 
mission through Commissioner Star - 
buck, and radio communication interests 
also favored the "Canadian compro- 
mise" and RMA support was given in 
conjunction with that of other radio 
interests, although the plan was op- 
posed by Navy, Coast Guard and Amer- 
ican shipping interests. 

Paul B. Klugh of Chicago, who is 
the RMA representative at the Madrid 
Conference, was cabled of the State De- 
partment conference and he is known 
to be working vigorously toward a re- 
sult at Madrid which might be highly 
beneficial not only to the American 
radio public but to radio manufacturers. 

CLASS B AMPLIFICATION 
HE inclusion of class B amplifi- 
cation in certain of the 1932 radio 
receivers appears to be an experi- 
ment along the line of giving 

more for the money, or of finding out 
whether the extra manufacturing cost 
involved may agreeably be passed along 
to the ultimate purchaser. 

The principle of operating two 
vacuum tubes in a quasi -push -pull out- 
put system close to plate current cutoff 
at no signal input, the incoming signal 
rendering the grids positive, sounds 
complex, and in fact is relatively expen- 
sive because special accessories are re- 
quired. 

Those who have not kept pace with 

T 
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HIGHER POWER FOR CLEAR 
CHANNELS 

Broadcast stations now using 
the higher powers granted by 
the Federal Radio Commission 
are: 

WBZ, Boston, 25 kw. 
WHAS, Louisville, 25 kw. 
WCAU, Philadelphia, 50 kw. 
WSM, Nashville, 50 kw. 
WBT, Charlotte, 25 kw. 
WCCO, Minneapolis, 50 kw. 
Stations granted powers 

higher than used at present, and 
which will have much new con- 
struction to do before they can 
employ the higher ratings are: 
WOR, Newark, N. J.; WSB, 
Atlanta; KVOO, Tulsa, Okla.; 
WAPI, Birmingham; WHO - 
WOC, Des Moines; KFAB, 
Lincoln, Neb.; KOA, Denver; 
KSL, Salt Lake City, and KPO. 
San Francisco. 
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the technical development of class B 
amplifiers are puzzled to distinguish 
class B from class A amplification by 
viewing a receiver diagram. 

Where there are two tubes shown in 
the output stage, usually the presence of 
a by -pass condenser across the bias re- 
sistor denotes class B amplification. 
The absence of this condenser denotes 
class A. Of course measurement of 
the plate current when no signal is be- 
ing received will disclose a much 
smaller current value in the case of 
class B than in class A. 

In the matter of design for class B 
amplifiers a method is to plan using an 
input transformer with such stepdown 
ratio as to make the impedance the 
source of the driving power plus the 
transformer impedances appear as an 
impedance in the grid circuit (negli- 
gible in comparison with the internal 
grid resistance of the tube.) 

The new 46 tube with its two grids 
is applicable either to the output or 
driver stages of class B amplifiers. The 
tube has five base pins -one for the 
extra grid. The two grids connected 
together serve for class B purposes. 

TO REDUCE NEW TUBE MODELS 
COOPERATION between leading re- '- ceiving set and tube manufacturers 
to reduce the number of new tubes 
brought into the market was effected 
at recent meetings, in New York, of the 
RMA set and tube divisions and at the 
meeting of the board of directors. 
President Fred D. Williams, of Indian- 
apolis, presided over the directors' 
meeting which was largely attended and 
largely devoted to the serious tube situ- 
ation. 

RADIO ENGINEERING 

Chairman S. W. Muldowny, of the 
tube division, held a perliminary meet- 
ing of prominent tube manufacturers to 
discuss the burdens not only on manu- 
facturers, but on jobbers and dealers 
evolved from the promotion of new 
tubes. At the RMA directors' meeting, 
when a joint conference of set and tube 
manufacturers was held, it was decided 
that Chairman Murray, of the set di- 
vision, should formally and in detail 
advise all receiving set manufacturers 
and their engineers of the serious diffi- 
culties, including loading up of dealers, 
involved in the promotion of numerous 
new, unnecessary and minor tubes. Set 
manufacturers will be urged to reduce 
their demands on tube makers for prod- 
ucts embodying only minor or special 
developments. 

DR. CADY ADDRESSES COPEN- 
HAGEN CONVENTION BY 

RADIOPHONE 

ARADIO 
exhibition was recently held 

at Copenhagen, Denmark, to cele- 
brate the twenty -fifth anniversary of the 
invention of the Poulsen arc transmitter 
for radio telephony and also the tenth 
anniversary of the first Danish broad- 
casting. As a sample of the effective- 
ness of modern communications sys- 
tems, it is interesting to note that Dr. 
W. G. Cady, President of the Institute 
of Radio Engineers transmitted via 
transatlantic radio telephone, a short 
address at this exhibition in honor of 
Messrs. Valdemar Poulsen and P. O. 
Pederson who played a large part in 
the development of Danish radio. Dr. 
Cady spoke into a line telephone at his 
home in Middletown, Conn., and his 
speech was heard by a large assembly 
in Copenhagen. 

CROSLEY PRODUCTION INCREASES 
(Concluded from page 15) 

drive and full floating moving -coil dy- 
namic speaker. 

"As we analyze the radio market to- 
day", Mr. Crosley said in discussing the 
new models, "we feel that a successful 
radio line must incorporate two features. 
First, of course, is the utmost in value 
at the lowest possible price and the sec- 
ond vitally important feature is novelty, 
newness and definite appeal to the eye. 
We are confident these two new models 
meet those requirements admirably. 

"Both the new 'Jewel Case' and the 
'Book Case' have virtually a ready - 
made market and for Christmas, birth- 
days, anniversaries and other occasions, 
these two models have an exceptional 
appeal. Art stores, gift shops, book 
stores, jewelry stores and a score of 
other retail outlets should find the 
'Jewel Case' and the 'Book Case' 
leaders in their merchandise stock." 
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THE Group Subscription 
Plan for RADIO ENGINEERING 
enables a group of engineers or 
department heads to subscribe 
at one -half the usual yearly 
rate. 

The regular individual rate is 

$2.00 a year. In groups of 4 
or more, the subscription rate 
is $1.00 a year. (In Canada and 
foreign countries $2.00.) 

The engineering departments of 
hundreds of manufacturers in 
the radio and allied industries 
have used this Group Plan for 
years, in renewing their sub- 
scriptions to RADIO ENGINEER- 
ING. 

Each subscriber should print 
his name and address clearly 
and state his occupation - 
whether an executive, engineer, 
department head, plant super- 
intendent, or foreman, etc. 

Remember this Group 
Plan when Your 
Subscription Expires 

(Radio Engineering) 

Bryan Davis Publishing Co, Inc. 
19 East 47th Street 
New York, N. Y. 

Los Angeles Chicago St. Louis 
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A chronological history of electrical communication 

-telegraph, telephone and radio 

This history was begun in the January, 1932, 
issue of RADIO ENGINEERING, and will be 
continued in successive monthly issues through- 
out the year. The history is authoritative and 
will record all important dates, discoveries, in- 
ventions, necrology and statistics, with numer- 
ous contemporary chronological tie -in references 
to events in associated scientific developments. 
The entries will be carried along to our times. 

Part XII 

1874 (Cont.) 

(442) Plans are made to build a telegraph line along the 
Canadian Pacific Railway, Canada. It is reported 
that a contract to build a western section of 750 
miles has been awarded to F. J. Barnard for 
$750,000, and $50,000 per year for five years for 
maintenance. 

(443) Moritz Herman Von Jacobi dies. (Born Germany, 
1801.) 

1875 (444) Thomas T. Eckert is elected president of the 
Atlantic and Pacific Telegraph Company, Jan- 
uary 14. 

(445) The offices of the Western Union Telegraph Corn - 
pany are moved from 147 Broadway to 145 Broad- 
way, New York, February 1. On the sixth floor of 
the building 15,000 cells of primary battery are 
located. 

(446) The number of telegrams handled daily in the main 
operating room of the Western Union Telegraph 
Company, New York, now amounts to 35,000. 

(447) The Western Union's employees in the United 
States number 9,200 males and 750 females. 

(448) A. G. Bell's patent number 161,739 is granted April 
6, covering a system of double telegraph transmis- 
sion over a single wire. 

(449) Wallace and Sons, Ansonia, Conn., begin the manu- 
facture of dynamos. 

(450) The International Telegraph Convention is held at 
St. Petersburg, Russia. 

(451) Sir Charles Wheatstone dies. (Born in England. 
1802.) 

(452) The first railroad interlocking signal plant in the 
United States is installed (February) at East 
Newark, N. J., on a line which subsequently became 
a part of the Pennsylvania System. Later in the 
year a plant was installed at Spuyten Duyvil, N. Y., 
on the New York Central Railroad. 

(453) Ducretet employs an electrolytic rectifier to change 
alternating current into pulsating direct current. 

(454) Clark standard cell brought out by Latimer Clark. 
in England. 

(455) Montreal Telegraph Company, Canada, has 1,400 
offices and 20,000 miles of line wire in service. 

(456) Direct United States Cable Company lays a cable 
between Ireland and the United States. 

(457) G. M. Phelps' printing telegraph system placed in 
service on a line between New York and Wash- 
ington. 

(458) Georges De Infreville is granted a patent (U. S. 
No. 157,469) for a system of duplex Morse 
telegraphy. 

(459) Western Union Telegraph Company leases the lines 
of the Great Western Telegraph Company, Chicago. 

(460) W. F. Channing, Providence, R. I., and Moses G. 

(461) 

(462) 

(463) 

(464) 

(465) 

(466) 

(467) 

1876 (468) 

(469) 

(470) 
(471) 

(472) 

(473) 
(474) 

(475) 

1877 (476) 

(477) 

(478) 

(479) 

(480) 

(481) 

(482) 

(483) 

(484) 

Farmer, procure several patents covering improve- 
ments in fire alarm telegraph apparatus. 
Professor Crookes, in England, produces X -rays. 
(These, however, were not identified accurately until 
twenty years later.) 
Dane Sinclair, of the North British Railway Tele- 
graphs, England, is selected to proceed to Japan 
in the service of the Japanese government, as 
inspector of telegraphs. (Remained in Japan five 
years.) 
Dr. Stephan, head of the German post office depart- 
ment, takes provisional charge of German telegraph 
facilities, with a view to consolidating the two 
services. 
Dr. H. C. Nicholson, Cincinnati, Ohio, invents a 
Morse quadruplex system which is later given a 
tryout in service and found to work well. 
Sholes and Glidden typewriter introduced in Ameri- 
can telegraph service by operators, for receiving 
from wire. 
Cable rate from New York City to points in Great 
Britain is reduced to fifty cents per word. 
I. D. Purkis retires as general manager of the 
Dominion Telegraph Company, Toronto, Canada, 
and is succeeded by Mr. Swinyard. 
The Phelps telegraph printer is operated between 
New York and Chicago at ,a speed of fifty -five 
words per minute. 
Elisha Gray and A. G. Bell, on February 16, file 
respectively patent applications covering the inven- 
tion of a system for transmitting sounds tele- 
graphically. 
A. G. Bell transmits speech by telephone, March 10. 
The Phillips Code is introduced by Walter P. 
Phillips. 
Lines of the Franklin Telegraph Company taken 
over by the Atlantic and Pacific Telegraph Com- 
pany, June 15. 
The phonograph is invented by T. A. Edison. 
The first practical ozonator is constructed, by 
Berthelot. 
Pneumatic despatch tubes are laid underground 
between the Western Union main office and the 
stock exchange building, New York. 
Early in this year Charles F. Brush invents and 
constructs his first arc.lamp, exhibiting it in con- 
nection with one of his new type dynamos at the 
Franklin Institute, Philadelphia. 
The Fuller bichromate of potash primary battery 
is introduced. 
Emile Berliner, of Boston, files a patent application 
(June 4) covering the invention of combined tele- 
graph and telephone apparatus. (Patent No. 463,569 
granted November 17, 1891.) 
Edison files a patent application (July 20) covering 
the use of carbon as an electrode contact in 
telephone transmitters. 
A. G. Bell delivers a lecture before the Society of 
Telegraph Engineers, London, October 31, giving 
an account of his telephone experiments in the 
United States. 
Professor Eli W. Blake, Dr. W. F. Channing, Pro- 
fessor John Pierce and Edson S. Jones, of Provi- 
dence, R. I., construct a practical portable telephone, 
embodying the hand receiver. 
The first long- distance telephone line is constructed, 
between Boston and Salem, Mass., a distance of 
sixteen miles. 
Vacuum -gap lightning arresters are experimented 
with on European telegraph lines. 
Sir William Preece visits America, and on his return 
to England introduces "sound" reading on Morse 
lines, and the quadruplex system of operation. 

(To be continued) 
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If you want dependable 
condenser performance 
. . . Specify the new 
ACRACON SEMI -DRY 
ELECTROLYTIC UNIT 

Compare These 
Characteristics: 

peak operating voltage 500 

surge voltage 600 

low initial leakage 

leakage current at 500 volts 
less than .2 mils per mfd. 

constant capacity; does not 
decrease with use 

stable power factor; does not 
increase with use 

non -corrosive connections 

metal or fibre container 

standard and special sizes 

Write Today for Catalog! 

Type DC-S 
Atracos. 

Semi -Dry Unit 

Patents Pending on All Acracon Features 

Condenser Corp. of America 
259 CORNELISON AVENUE 

JERSEY CITY, N. J. 

Factory Representatives In: 

Chicago Cincinnati St. Louis San Francisco Los Angeles 

AND OTHER PRINCIPAL CITIES 

Toronto 

104 s F ON*? 
tip ft 11 
Transformers up -to -date ... that's the way Thordar- 

son serves the manufacturers of receiving sets. For 

instance, whenever new tubes are announced - 
Thordarson is ready with a transformer to meet their 

characteristics. An intensive and continuous study 

of your requirements keeps us in step with every new 

development in the radio field. And our purchasing, 

production and distribution facilities keep costs low. 

Radio manufacturers are invited to consult Thordar- 

son engineers on the adaptation of our transformers 

to their particular requirements. Let us work with 

you. The experience of nearly 40 years' leadership 

in quality transformer production is at your service. 

THORDARSON ELECTRIC MFG. COMPANY 
500 WEST HURON STREET, CHICAGO, ILL. 

1IIORDARSON 
TRANSFORMER 
SPECIALISTS 
SINCE 1895.. . 
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MATERIALS HAVING INSULATING AND 
MECHANICAL PROPERTIES 

An engineering data book has been made 
available on the general subject of lami- 
nated phenolic materials. The information 
contained in its forty pages is of particu- 
lar value to engineers and mechanics en- 
gaged in the manufacture of radio re- 
ceivers, transmitters and accessories. 
Copies may be procured by writing the 
Continental Diamond Fibre Co., Attention 
Nelson W. Sieber, Newark, Delaware. 

C. R. C. EXPANDS 
In line with its extension of service to 

jobbers and service dealers, Central Radio 
Corporation, Beloit, Wis., announces the 
appointment of the following new repre- 
sentatives: 

Gerber Sales Company, 94 Portland 
Street, Boston, Mass., covering Maine, 
Vermont, New Hampshire, Rhode Island 
and Connecticut. 

Samuel K. Macdonald, 217 Riggs Bank 
Building, Washington, D. C., covering 
Maryland, Virginia, Delaware, Pennsyl- 
vania, New Jersey and Washington, D. C. 

William T. McGary, 3800 N. Grand 
Ave., St. Louis, Missouri, covering the St. 
Louis territory. 

NEW RESISTOR REPLACEMENT GUIDE 
The service engineering department of 

Continental Carbon, Inc., 13900 Lorain 
Ave., Cleveland, Ohio, has just completed 
a new book of resistor replacement data 
for over 900 popular receivers. Much valu- 
able general resistor servicing data are also 
included. An entirely new method of list- 
ing resistor data has been developed that 
greatly simplifies selection of the proper 
replacement value. Both resistance and 
wattage ratings are given for each unit. 

Servicemen who have used this new sys- 
tem in tests before its adoption by the 
service engineering department, report that 
it speeds their work and eliminates the 
uncertainties frequently causing mistakes. 

The Continental replacement resistor 
guide may be secured for $0.50 from any 
Continental jobber or from the factory. It 
is supplied at no extra cost with every 
Continental resistor kit. 

CHICAGO STUDIO OPENED BY WORLD 
BROADCASTING SYSTEM 

The World Broadcasting System an- 
nounces the opening of a production studio 
at 400 West Madison Street, Chicago. This 
studio is located on the 25th floor of the 
Daily News Building -well known in radio 
circles as Station WMAQ. This is the 
third in a coast -to -coast series opened by 
World Broadcasting System. The others 
are at New York and Hollywood. Equip- 
ment has been installed for recording 
transcriptions under Western Electric li- 
cense. This method, known as Western 
Electric wide range noiseless recording is 

a recent development in the production of 
transcriptions. Over 170 broadcasting sta- 
tions throughout the country have been 
equipped through Electric Research Prod- 
ucts, Inc., with installations specially de- 
signed to broadcast the new discs. The 
field organization which services sound re- 
production in moving picture theaters will 
service the radio stations. 

A. J. Kendrick, president of Sound Stu- 
dios, is directing the opening of the new 
Chicago plant. Mr. Kendrick will welcome 
visitors who are interested in the new 
facilities of radio as an advertising me- 
dium. He will be glad to show the new 
recording equipment in operation and to 
accord visitors an opportunity to listen to 
transcriptions of the new vertical wide 
range type. 

PACKING, GASKETS AND WASHERS 
The Felt Products Manufacturing Com- 

pany, 1508 Carroll Avenue, Chicago, has 
recently issued a very complete handbook 
on industrial packing materials. This in- 
teresting book not only contains descrip- 
tions and lists of uses for which each ma- 
terial is suited, but also actual samples 
of thirty -six different materials, for gas- 
kets, washers, strips, etc. 

RESISTOR DATA 
The series of loose -leaf data sheets is- 

sued by the Erie Resistor Corporation, 
Erie, Penna., are becoming deservedly 
popular among radio engineers. These 
data sheets contain dependable and useful 
technical information of permanent value. 

TUBE PARTS 
Goat Radio Tube Parts, Inc., 33 Thirty - 

fifth St., Brooklyn, N. Y., announces a 
complete line of parts for modern tubes, 
including plates, collars, caps, getters, eye- 
lets, discs, screens, shields, rivets, etc. 

MULTI -ELEMENT TUBES INCREASE SET 
EFFICIENCY 

Modern radio tube construction, accord- 
ing to W. L. Krahl, chief engineer of the 
Arcturus Radio Tube Company, Newark, 
N. J., reverses the old adage that the sim- 
pler a device the more efficient it is. 

Inversely, the more complex tubes have 
been made by the addition of an extra grid 
or cathode or other element, the more ef- 
ficient they have become. And their im- 
proved effectiveness has been reflected in 
the increased efficiency of radio receivers. 

"The early three- element filament tubes," 
continued Mr. Krahl, "were efficient as 
far as they went. But when a screen, grid 
or cathode was added, either individually 
or in combination, tube operation and re- 
sultant set performance were considerably 
improved. 

"Now comes a new seven -prong tube 
which we have developed, embodying a 
filament, cathode, control grid, suppressor 

grid, screen grid and plate. All of these 
elements within one bulb result in one 
of the most versatile tubes ever made. By 
various connections, this new Arcturus 
tube can be used as a class A amplifier, 
triode driver -output tube, class B triode 
or a pentode output tube. 

"Here is a definite example where a 
multielement tube, involving difficult man- 
ufacturing processes, results in improved 
performance of a radio receiver." 

ENLARGED QUARTERS FOR HYGRADE 
SYLVAN IA 

Announcement has been made by the 
Hygrade Sylvania Corporation that 
larger offices will be opened at 500 Fifth 
Avenue, New York, on January 1. The 
entire fiftieth floor has been leased and the 
work of laying out and furnishing the 
offices is going ahead. 

For the present the following will make 
their offices in New York as of January 1: 
E. J. Poor, chairman of the board ; B. G. 
Erskine, president ; Walter E. Poor, vice - 
president ; Stanley N. Abbott, Charles G. 
Pyle, H. P. Gilpin and P. S. Ellison. The 
main lamp sales offices will be at Salem, 
Mass., and the main tube sales offices at 
Emporium, Penn., as heretofore. 

The Hygrade Sylvania Corporation is 
a result of a consolidation which took 
place in the spring of 1931 when the Hy- 
grade Lamp Company, the Sylvania 
Products Company and the Nilco Lamps 
Works were brought together in one cor- 
poration. All of these individual corn - 
panies had a history of highly successful 
and profitable operation over a period of 
from fifteen to thirty years. Since the 
consolidation, the company has been among 
the leaders in the radio tube industry. 

RADIO NOISE ELIMINATOR 
The filterizer kit has been developed for 

radio set owners who have serious re- 
ception difficulties that are due to radio 
noises of unknown origin or to man -made 
static created by apparatus beyond the 
control of the individual broadcast lis- 
tener. When the filterizer kit is correctly 
installed, it should enable anyone to obtain 
clear, interference -free radio reception. 

The filterizer kit includes one antenna 
filterette RF-1 ; one a -c. line filter RF -2 
and 75 feet of special filterized shielded 
leadin wire. 

It is being marketed by the Newark 
Electric Co., 226 West Madison St., Chi- 
cago, Ill. 

WORLD'S FAIR AMATEUR RADIO 
COUNCIL 

The Amateur Radio Exhibit Co., Not 
Inc., has been formed to negotiate all com- 
mercial arrangements for the World's Fair 
Radio Amateur Council, Not Inc., and has 
the whole- hearted cooperation of this 
body. Mr. Paul H. Davis, president of 
the Chicago Stock Exchange, is trustee of 
all funds collected for the radio amateur 
exhibits. 
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STRENGTHENED 
IN THE CRUCIBLE 

OF FLAME 

STRENGTH: the secret of their popularity with manufacturers; 

experimenters and with service -men. No wonder they are 

strong . . for they are baked in a terrific heat ... 2700 de- 

grees. Baptized with Fire! As a result CENTRALAB 

Resistors will withstand many times the overload of the ordinary 

"composition" resistor. 

True to CENTRALAB tradition they are built 

for service and not for price alone. 

CENTRAL RADIO LABORATORIES, MILWAUKEE 

Centralab 
RESISTORS 
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Plate - Supply 
Transformers 

-Built to Meet Every Radio 
and Amplifier Application 

ABOVE- AmerTran AirCooled 
Plate Transformers are available for 
all requirements in amplifiers and 
small radio transmitters; sizes up to 
5 kva; voltages up to 2000. 

LEFT- AmerTran Oil -Immersed 
Plate Transformers for use in large 
broadcast transmitters are made in 
sizes from 5 to 500 kva., and for 
potentials up to 100,000 volts. 

RIGHT- AmerTran Power Trans- 
formers for radio sets and amplifiers 
supply plate and filament voltages. 
Stock sites for all standard tubes. 

With a background of thirty years' experience 
in supplying apparatus to meet the special re- 
quirements of the radio industry, AmerTran 
offers more than high quality transformers - 
we provide an experienced engineering staff 
to assist in solving your transformer prob- 
lems. 

Take Plate Transformers as an example: We 
have built hundreds of different types for 
every conceivable application, and we are de- 
veloping new designs daily. Whether it be 
for use in a radio set, amplifier, amateur 
transmitter or 50 kw broadcasting station, we 
would welcome the opportunity of recom- 
mending equipment for your needs. 

AMERICAN TRANSFORMER COMPANY 
Transformer builders for over 31 years 

178 EMMET ST. NEWARK, N. J. 

aMfk R AMERTRAN 
TRANSFORMERS 
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OF THE 4DNJI± 
VACUUM PUMPS 

A line of vacuum pumps, including a 
hand -driven duo -cycle pump for pressure 
and vacuum, a new Deka- micro -pump with 
pressure to twenty pounds per square 
inch and a vacuum to .005 atmosphere, and 
a new two -stage Wegner movement 
vacuum pump, is announced by the M. W. 
Welch Manufacturing Company, 1515 
Sedgwick Avenue, Chicago, Ill. Descrip- 
tive literature will be mailed upon request 
to the company. 

ROTARY SNAP SWITCH 
The Wirt Company, Germantown, Pa., 

announces a new rotary snap switch, sin- 
gle pole, single throw, No. 711. It is rated 
at 3 amperes, 125 volts. Simplicity of 
working parts and ease of mounting make 

this switch especially applicable in radio 
receiver design and assembly. 

A GENERAL PURPOSE METER 

A wide range of electrical measurements 
may be made with the general purpose 
meter No. 610, recently announced by the 
Shallcross Manufacturing Co., Collingdale, 
Penna. Uses and measurements cover the 
following ranges: 

D -C. voltage ranges -5 -50- 250 -1000 volts. 
D -C. current ranges -1 -10- 100 -1000 ma. 
A -C. voltage ranges -5 -50 -250 -1000 volts. 

Resistance (d -c.) ranges -100- 1000 -10,000 
ohms. 

Resistance (a- c:IMP) ranges- 10,000- 
100,000 -3,000,000 ohms. 

Inductance (a -c. -IMP) ranges -1 to 100- 
1000- 10,000 henrys. 

Capacitance (a -c. -IMP) ranges -.001 to 
0.1- 1.0 -10 pfd. 

Output meter (Approx. 5,000 ohms) - 
5-50 -250 volts a -c. 

NEW ECONOMICAL PHOTOELECTRIC 
CELLS 

Longer life and more uniform operation 
of a photoelectric cell are made possible 
by patented processes developed by the 

Continental Electric Company, of St. 
Charles, Illinois. 

The Cetron photoelectric cell is available 
in types to operate in any sound head. New 
descriptive literature has just been pre- 
pared. 

NEW CINCH RADIO PLUG 

Another addition to the line of Cinch 
radio products has been announced. It is 
a new radio plug which provides positive, 
dependable contact in both male and fe- 
male types. The plugs are available in 
4, 5 and 6 -prong types. Easy assembling 
is provided by a neat, positive locking cap 
of moulded bakelite. Ample room for sol- 
dering is likewise provided. The female 
plugs are equipped with standard "floating 

contacts." Prices are economical in keep- 
ing with present -day requirements. For 
samples and prices address the Cinch 
Manufacturing Corp., 2335 W. Van Buren 
St.. Chicago, Illinois. 

A NEW CRYSTAL HOLDER 
General Radio Company has recently 

introduced a new crystal holder, Type 
580 -A. The holder will accommodate 
crystals up to 1¡fi inches in diameter, and 
of thickness to 4 millimeters. Three blank 
retention plates of fabricated Bakelite lam- 
inated are provided so that the user may 
readily cut out the blanks to accommodate 
crystals of various shapes. Pressure on 
the top plate is provided by a flat spring, 
the tension of which is adjustable. Both 
electrodes are chromium plated. The case 
of the holder is of Bakelite molded. 

ELECTROLYTIC CONDENSERS 

A. M. Flechtheim & Co., Inc., 136 Lib- 
erty St., New York City, announce the 
addition of a complete line of dry electro- 
lytic condensers rated at 500 volts d -c. 
peak in the inverted, upright and cardboard 
containers. Their new catalogue No. 25A 
listing a wide range of capacities will be 
sent to anyone requesting same. Two types 

St/PRIOR 

® 
"e:;. "` .. . 
Iu,.deP C 

tubular dry electrolyte condensers rated 
at 30 and 55 volts d -c. peak are also in- 
cluded in this catalogue. 

WIRE WOUND CONTROL 

A new wire wound control herewith 
illustrated has been announced by Clarostat 
Manufacturing Company, Inc., 285 -N. 6th 
St., Brooklyn, N. Y. 

The resistance range is from 0 to 100,000 
ohms. The body diameter is 1% inches, 
the depth 1 inch. The shaft is insulated. 

FULL WAVE "B" ELIMINATOR 
The Electronic Laboratories, Inc., In- 

dianapolis, Ind., are marketing a "B" bat- 
tery eliminator for use with automobile. 
police car, marine and other radio re- 
ceivers. 

The features of the eliminator are: 
automatic load delay circuit which delays 
the application of the high voltage to the 
rectifier tube and to the radio set until 
all of the tubes in the radio set and the 
rectifier tube have reached normal tem- 
perature. Also, available for manufac- 
turers or distributors, both types of recti- 
fier tubes, the mercury vapor type and 
the high vacuum type. 

The eliminator has an efficiency of 55 
per cent or over and a regulation of ap- 
proximately 85 per cent. 
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"AGLOW with FRIENDLINESS" 
... succinctly expresses the atmosphere Hotel Fort Shelby 

has created and maintained through its vigorous and 

untiring devotion to the guests' welfare and comfort. 

The major percentage of Hotel Fort Shelby patron- 

age embraces people who stop there every time they 

visit Detroit. They are genuinely appreciative of Fort 

Shelby's ability to administer to their needs courteously 

and efficiently. Hotel Fort Shelby's location in the heart 

of Detroit's shopping, theatre, financial, insurance and 

wholesale districts is a happy one; no other large hotel 

is so near the principal railway terminals, airports and 

steamship piers. 900 units ... all equipped with servidor, 

private bath and circulating ice water. Rooms as low 

as $3.00 per day ... suites $10.00 and upwards. 

Motorists ore relieved of their automobiles at the door without 
service charge. Write for free road map, and your copy of 
"Aglow with Friendliness," our unique and fascinating magazine. 

o,f 1=ort Shdb 
"AGLOW W I T H F R I E N D L I N E S S ' ' 

E. J. BRADWELL, Manager 
D E T R O I T 
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STRIDES 
made by AUTO -RADIO 

are matched by 

HAMMARLUND - 

SINGLE 
DUAL 

TRIPLE 

MIDGET CONDENSERS 
THESE UNITS are as vibration proof as con- 
densers can be made. Especially designed 

for mobile purposes, automobile, police, gov- 
ernment and aircraft applications. Single 
(illustrated) dual and triple models -20 to 
325 mmf. per section. Soldered brass plates, 
riveted frame, phosphor bronze rotor con- 
tact. Isolantite insulation. 

Over 3,000,000 
used last year .. 
ADJUSTABLE 

PADDING CONDENSERS 
THE finest imported mica is used. In design 

and quality of raw materials -there is no 
equal to these efficient, trouble proof Ham - 
marlund condensers. Seven years of experi- 
ence, specializing in this type of equipment, 
permits us to offer this substantially improved 
line. Learn more about their technical advan- 
tages, -get our catalog! 

Mail Coupon for Catalog and 

cc is sTodA 

u0t. 3.Q1IRh 

" Itammarlund 
PRODUCTS 

Quotations 

,,So ;el`° a 
5 . Co4` 

9`<<;c` 
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. 
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STOP RADIO NO /SES WITHA 

New rtrrtz 
New 

PRICE COMPLETE 
4.65 

RADIO ENGINEERS! 
SERVICE MANAGERS! 

11411IO NOISES 
From Oil Burners 

Elevated Trains 
Street Cars 
Elevators 
Motors 
Sign Flashers 
Home Electrical Appliances 

CAN BE ELIMINATED FROM ALL SETS! 
Dealers send money order or check for $2.95 

We ship postpaid. Illustrated Folder on request. 

NEWARK ELECTRIC CO. 
Distributors of Radio Parts Only 

230 West Madison St. Chicago, Ill. 

7 //e7e cue 

SHURE AUTOMATIC 
MICROPHONE 

FLOOR STAND 
At Last! A real Floor Stand that is Silent and 
Automatic! No Thumb Screws! No Wing -Nuts! 
No Rattling! Lots of Tension Prevents Sudden 
Dropping! Raise, Lower, or Turn in any direction 
without adjustments. Special Mechanism (patent 
pending). Guaranteed Indefinitely. 

Write for De +ails!! 

SHURE BROTHERS COMPANY 
° S n.. 

537 WEST MADISON ST CMICAC,O. ILLINOIS 

Waxes and Meltable Insulating and Weather- 
proofing Compounds 

IMPREGNATION -Condensers, Colla, Rubber- Covered and Weather- Proofed 
Wire, Telephone. and Electrical Cables, Etc. 

SEALING COMPOUNDS -Coils, Condensers, Batteries (Wet and Dry). Pot 
Heads. Cables, Wiring Devices and Speciale. 

FINISHING -All grades of Weather -Proof and Rubber- Covered Wire. 
SPECIAL COMPOUNDS made up on specifications. 

CANDY & COMPANY, INC. 
35th STREET and MAPLEWOOD AVENUE CHICAGO. ILL. 

High Grade New and Used 

ELECTRON TUBE EQUIPMENT 
Vacuum Pumps, Stem. Sealing, Flare and Basing Ma- 
chines: Welders, Blowers, Rheostats, Transformers, etc. 

Specialists in Equipment and Methods for Manufacture of Neon 
Tubes, Radio Tubes, Incandescent Lamps, Photo Cells, etc. 

Write for Bulletin Showing Savings from 20% to 80% 
320 KAHLE ENGINEERING CO. UnioMan 

h`ttanNAve. 

RADIO ENGINEERING 

NE1vvORK'S 
BIGGESTVALUE 

FINE ROOMandBATH 

50 
SINGLE 

$300 DOUBLE 

A modern, new hotel located in heart of 
New York, 100 feet West of Broadway 
yet quiet and cool. Each room has 
bath, circulating ice water, electric fan, 
Beauty -rest mattresses, exceptional 
furnishings and atmosphere. 

otet 
tttabtttJ? 

227\VEST45eiST. NEWYORK, 

HOTEL LENOX 
NEW LOWER RATES 

-but +he same dependable service, comfortable 
rooms and excellent meals that have made this hotel 
famous among seasoned travelers everywhere. 
Convenient location: 3 minutes from Peace Bridge 
to Canada, 20 miles from Niagara Falls. 

Rates: Single, $2 to $3.50; Double, $3 to $6, Family 
suites $6 up. 

For booklet and tree official AAA road map write 
CLARENCE A. MINER. President. 140 North St. near Delaware 

BUFFALO, N. Y. 

TUNGSTEN AND MOLYBDENUM 
ROD -SHEET -WIRE- SPECIAL SHAPES 

Special Helical Filament Coils, Cathodes 
and Oxide Coated Wire -All Types 

CALLITE PRODUCTS DIV. 
UNION CITY NEW JERSEY 

When You Renew Your Subscription to 
RADIO ENGINEERING 

Remember the Group Rate -1.00 a year for 
four or more subscriptions. 

Regular Rate -$2.00 a year in U. S. A. -$3.00 in foreign countries 
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BRASS -BRONZE- COPPER 

NICKEL SILVER -ZINC 
PHOSPHOR BRONZE 

In Gauges .001 and Thicker. 1/16" to 16" Wide 

HOT TIN COATED METALS IN COILS AND STRIPS 

THE BALTIMORE BRASS CO. 
1206 WICOMICO ST., BALTIMORE, MD. 

MORAL 

USE A 

LITTEL- 
FUSE 

INSTRUMENT LITTELFUSES will positively protect your 
meters and other delicate equipment. Stock sizes 1'100, 1/32, 

1/16, ' /s, 14, 34, ' /a, 44, I, and 2 amps. Get yours now -before you 
lose another meter. 
Littelfuses are also made in High Voltage ranges -1,000, 5,000, and 
10,000 volts. 
Write today for instructive bulletin. 

"QUICKER THAN A SHORT CIRCUIT" 

Littelfuse Laboratories, 1778 Wilson Ave., Chicago Ill. 

NEW! 
MORRILL 

Uncased Condensers 

Especially compact. A prod- 
uct of outstanding quality. 
The ultimate in reliability. 
Send for circular E -1. 

2 MFD-600 Volts- 
Size: 2" x 1%" x T/d'. 

MORRILL & MORRILL 
30 CHURCH STREET NEW YORK CITY 

Sole U. S. A. Distributors of the Siemens & Halake 
condensers and resistors. 

FREE 
13th ANNIVERSARY RADIO CATALOGUE 

13^ANNIVERSARY 

c7,1.!]Ll 
CATALOG 

IAMOUfiH Snus Co 

124 pages containing thou- 
sands of the greatest radio 
and electrical values at real 
bargain prices. 

Send for tour copy now! 

American Sales Company 
Wholesale Radio Distributors 

RE -44 West 18th Street 
New York, N. Y. 
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. for Tubes Resistors Relays . 

Carbonized Nickel 
Selvage Mesh 

(Detested) 

Filament Wire 
Grid Wire 

TdadOdO 

OPHET 
oe 

TOP HEAT 

GILBY WIRE 

RESISTANCE 
WIRE 
Nickel Chrome 
Copper Nickel 
Nickel Wire 

and Ribbon 

: 
: 

MEANS 
MAXIMUM PRODUCTION 

With MINIMUM SHRINKAGE 
GILBY WIRE COMPANY 

150 Riverside Ave., Newark, N. J. 

WAXES, COMPOUNDS 

and VARNISHES: 
for insulation of condensers 

transformers, coils, power packs, pot heads, 
sockets, wiring devices, wet and dry batteries, 
etc.... WAX SATURATORS for braided wire 
and tape. WAXES for radio parts ... Com- 
pounds made to your own specifications if you 
prefer. 

ZOPHAR MILLS, INC. 
FOUNDED 1846 

Court and Lorraine Streets Brooklyn, N. Y. 
Agents: Ralph B. Clark, 2007 Calumet Ave., Toledo, Ohio 
H. A. B. Sneve Co., San Francisco, Seattle, New Orleans 

PIEZO- ELECTRIC CRYSTALS 

Since 1925 we have been recognized as the 
RELIABLE PRODUCERS of POWER CRYSTALS. 
We ere at your service to supply your needs. 
Special prices for quantity lots. Your request will 

bring our price list. 

SCIENTIFIC RADIO SERVICE 
"The Crystal Specialists" 

124 JACKSON AVE. (University Perk), HYATTSVILLE, MD. 

O 

,o 

for Audio & Power Transformers 
SPECIALIZED METIIODS- YEARS OF EXPERIENOH 

Wide Variety of Stock Standard Sizes 
Dimension and Price Sheets on request 

We Also Make 
PERMANENT MAGNETS- DIES -TOOLS- 

METAL STAMPINGS 

Facilities for prompt service 

E 

i 

Thomas ` Skinner 1100 to 1120 
E. Twenty -Third St. 

Steel Products Co. INDIANAPOLIS, IND. 
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USERS 
Bell Telephone 
Brandes 
Crowley 
De Forest 
DeJur -Amsco 
General Instrument 
Westinghouse 
Zenith 
R.C.A. Victor 
Radio Condenser 
United Amer. Bosch 
Stewart -Warner 

TRIMMER 
ADJUSTMENT 

NUTS 
Rough handling will not put 

your trimmers out of adjustment 
when Elastic Stop Nuts are used. 

Elastic Stop Nuts will keep the 
trimmer plate at the proper ad- 
justment. Broadcast and special 
receiver manufacturers testify 
that Elastic Stop Nuts used on 
this application help maintain the 
sensitivity and selectivity of 
their sets. 

Improved performance on ap- 
paratus subject to vibration such 
as on aircraft or automobiles 
makes the use of Elastic Stop 
Nuts on this and other applica- 
tions practically indispensible. 

Samples and data on request 
MM. by Elastic Stop Division 

A. G. A. COMPANY 
ELIZABETH, N. J. 

EXTREMELY ACCURATE, 
DEPENDABLE High 
Resistance Units that 
are better ... yet 
cost no more 

Used by the 
leading man- 
ufacturers. 

Try our 48 hour 
sample service. 

Precision Type 
"A ", "B ", and "C" resistors 

are wound with the best grade 
of double baked enamel insulated 

wire, checked for diameter and tempera- 
ture coefficient. The resistance element is 
not merely imbedded or soldered to the 
terminal... Precision resistors are welded 
with non -corrosive flux by a special 
process. We have made Precision Type 
Resistors the finest available. 25 ohms 
to 5 megohms. 

TYPE "A' 
Normal Ratina t Watt 
Maximum Length 2Y." 
Maximum Diameter 5G" 
Furnished with standard 
raps. 

Max. resist. 2.5 mes. 

TYPE "B" 
Normal Rating 2 watts 
Maximum Length 2%" 
Maximum Diameter 4" 
Furnished with standard 
rape. 
Max. resist. 150.000 ohms. 

TYPE "C" 
Normal Rating 5 Watts. 
Maximum Length 4" 
Maximum Diameter 5s" 
Furnished with standard 
eaDS. 

Max. resist. 5 mimes. 

T - L - H - PADS MADE TO YOUR SPECIFICATIONS 

PRECISION RESISTOR COMPANY 
113 -115 FRELINGHUYSEN AVE., NEWARK, NEW JERSEY 

RADIO ENGINEERING 

You can Rely on 

ICsllNo)C 
Resinox quality is dependable - 

assuring molded parts whose 
good looks attract attention and 

whose rugged strength guar- 
antees satisfactory service. 

MOLDING RESINS MOLDING COMPOUNDS 

LAMINATING VARNISHES 

RESINOX CORPORATION 
A SUBSIDIARY OF COMMERCIAL SOLVENTS CORPORATION 

AND CORN PRODUCTS REFINING CO. 

230 PARK AVENUE NEW YORK CITY 

MODULATION MEASUREMENTS 

TYPE 457 -A 
MODULATION 
METER 

High percentage modulation means increased 
coverage, but may be accompanied by serious 
distortion. You can check the performance of 
your transmitter at high- percentage modulation 
by means of a General Radio modulation meter. 
It not only measures accurately your per- 
centage modulation, but it shows up the distor- 
tion due to asymmetrical modulation of the 
carrier. 

Price : $125.00 

For full details, address the 
General Radio Company, Cambridge A, Maas. 

NERAL Rwio 0). 
INSTRUMENTS OF PRECISION AND DEPENDABILITY 
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ACME WIRE 

P R O D U C T S 

All Acme Products are made to recognized com- 
mercial standards, including those of National 
Electric Mfrs. Assn., Radio Mfrs. Assn. and Ameri- 
can Soc. for Testing Materials. 

COILS 
MAGNET WIRE WOUND 

AERIAL WIRE 
STRANDED AND SOLID 

MAGNET WIRE 
ALL INSULATIONS 

PARVOLT CONDENSERS 
FILTER AND BY -PASS -ALSO FOR 

POWER FACTOR CORRECTION 

VARNISHED INSULATIONS 
CAMBRIC, SILK, PAPER, TAPE 

THE ACME WIRE CO., NEW HAVEN. CONN. 
For over 25 years, suppliers to the largest 

radio and electrical manufacturers 
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The New 
SHALLCROSS 
General Purpose Meter 

No. 610 

provides facilities for a wide range of electrical measurements not 
usually possible in one instrument. 
Employing a No. 610 Shalkross Register Kit and the Weston 
Model 301 Universal Meter, this combination meter measures 

4 D.C. Voltage Ranges Inductance measurements. I to 
4 D.C. Current Ranges 10,000 henrys 
4 A.C. Voltage Ranges Capacity measurements. .001 to 10 
Resistance measurements of I ohm mid. 
to 3 megoh ms 

eas 
Output Meter 

Send 6r a stamps for 13ulletia 152 -M which contains a diagram of 
tilts nru,it m,d information on its construct in,, 

S! iiitrass Pdbt®my, a LI) 

ELECTRICAL 
700 PARYLE0. AVENUE...... 

accurate 
'Ig INggtTln 

RI SOUND 

IESISTIINS 

INDEX OF ADVERTISERS 

A G P 

Precision Resistor Co ., 
Acme Wire Co., The 31 

A. G. A. Company 30 
General Radio Co 30 

Gilby Wire Co 29 Allen- Bradley Co 0 

American Sales Co 20 R 

American Transformer Co 25 H 
ltesinox Corporation 30 

Arcturus Radio Tube Co.....Second Cover 

Ilaaunarland Mfg. Co 27 S 

Scientific Radio Service 29 

Shakeproof Lock Washer Co 1 
B K 

Shallcrosa Mfg. Co 31 

Bakelite Corp Back Cover Kahle Engineering Co 28 Shure Brothers Co 28 

Baltimore Brass Co.. The 29 

1. T 

Thomas & Skinner Steel Products Co. 29 
Littelfuse Laboratories 29 Thordarson Elec. Mfg. Co 23 

C 

Callite Products Co 28 M 
Candy & Co 28 

Central Radio Corp Third Cover Morrill & Morrill 29 Western Electric Co 3 

Central Radio Labs 23 

Cinch Manufacturing Co 32 N 
Z 

Clarostat Mfg. Co 5 Zenon Company 32 
Condenser Corp. of America 23 Newark Electric Company 28 Zophar Mills. Inc 29 
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These two Zapon fa- 
vorites are increasing 
in popularity on sheer 

merit. Available in all popular 
shades, they are finding greater 
acceptance wherever high gloss 
and durable finish are desired at 
a low cost. Both these enamels 

Spray evenly 

Give maximum coverage in 

one application 

Adhere tenaciously to metal 
or wood surfaces 

Dry with a high gloss. 

Their economy is emphasized by the 
fact that best results are obtained 
when the enamels are thinned 30 to 
40 percent. 

S -52- BAKING TIME 
2 HOURS at 225° F 

S -53 -AIR DRYING TIME 
sets in half an hour, and hardens 
overnight to a tough flexible finish. 

ZAPON LABORATORIES are prepared 
to supply specific information to all 
your questions about lacquers and 
enamels. This service is FREE TO YOU. 

"The Standard of Quality Since 1884" 

THE ZAPON COMPANY 
A Subsidiary of Atlas Powder Company 

Stamford Connecticut 

RADIO ENGINEERING 

NO. 17211-A 

N0. 1720 

LOW COST! 
NOW YOURS WITH THE 

NEW CINCH BINDING POST 

Here's the binding post that's 100% 
dependable ... yet priced to help you 
economize. The new Cinch Binding 
Posts, No. 1720, is provided with ma- 
chine screws. No. 1720 -A comes with 
knurled head screws. Both give quick, 
positive contacts ... at all times. Both 
are low -cost Cinch quality products! 

1- 11/16" standard mounting centers. 
Lugs sturdily mounted in bakelite plate 
1/16" thick. Lugs and screws are 
Cinch Solder Coated to resist corrosion 
and oxidization. Any size wire can be 
accommodated. Write today for sam- 
ples and prices. 

CINCH PRODUCTS : 

Standard and Midget Size Radio Sockets 
with the new "Floating" Contacts ... Binding 
Posts . . . Soldering Lugs . . . Insulated 
Mounting Strips ... Tip Jacks ... Small 
Intricate Metal Stampings. 

CINCH 
MANUFACTURING CORP. 
2335 W. VanBuren St. Chicago, III. 

SUBSIDIARY OF 

UNITED -CARR FASTENER CORP. 

31 Ames St. Cambridge, Mass. 

441 
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Service! 
In order to better serve manufacturers, and to provide for the growing 

jobbing demand for CRC sockets, additional CRC representatives have been 
appointed. Below is a complete list of present representatives and their 
territories: 

Lew Bonn Company, 2504 University Ave., St. Paul, Minnesota. 
Territory served: Minnesota, North Dakota, South Dakota. 

George R. Clarke, 5551 Vancouver Ave., Detroit, Michigan. 
Territory served: Michigan, Northwestern Ohio, Northern Indiana. 

L. A. Dernier, 408 F. P. Fay Building, Los Angeles, California. 
Territory served: California. 

Gerber Sales Co., 94 Portland St., Boston, Massachusetts. 
Territory served: Connecticut, Maine, Massachusetts, New Hamp- 
shire, Rhode Island, Vermont. 

L. H. Jackman, 2043 E. 77th St., Cleveland, Ohio. 
Territory served: Cleveland. 

R. C. James Co., 2319 Second Ave., Seattle, Washington. 
Territory served: Oregon and Washington. 

Samuel K. Macdonald, 217 Riggs Bank Building, Washington, D. C. 
Territory served: Delaware, Maryland, New Jersey, Pennsylvania, 
Virginia, Washington, D. C. 

William T. McGary, 3800 N. Grand Ave., St. Louis, Missouri. 
Territory served: St. Louis, Missouri. 

Murphy & Cota, 70 Spring St., N. W., Atlanta, Georgia. 
Territory served: Alabama, Florida, Georgia, Louisiana, Mississippi, 
Tennessee, North Carolina, South Carolina. 

Additional representatives are now in process of appointment. 

CRC SOCKETS ARE MECHANICALLY AND ELECTRICALLY 

CORRECT! 

CENTRAL RADIO CORPORATION 
Beloit, Wisconsin 
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Unusual beauty at moderate cost 
in this Barelite Molded receiver case 

Radio Receiver with Bakelite Molded case, made by International Radio Corp., Ann Arbor, Mich. 

cIS midget portable radio re- 
eiver, completely housed in a 

duo -tone Bakelite Molded case, 
strikes a new note in set design. 
Provided in a range of lustrous 
colors it is exceedingly attractive. 

The box -like compartment for re- 
ceiver and speaker, with panel dec- 
oration on the front, is produced in 
a single molding operation, and the 
back panel in another. These parts 
with handsome Bakelite Molded 
control knobs to match, complete 
the entire case. Accurately formed 

and ready for assembly, they require 
no further finishing operations. The 
receiver ready for use weighs but 
five and one half pounds. 

For the insulation parts of radio 
receivers Bakelite Materials are 
standard practice, and for exterior 
parts, where attractive appearance 
is so important, they possess many 
advantages. Bakelite engineers and 
laboratories always welcome oppor- 
tunities to cooperate with manufac- 
turers in advantageously adapting 
Bakelite Materials to their individ- 

ual needs. We will also be glad to 
mail a copy of our illustrated Book. 
let 12 M, ̀ Bakelite Molded" to any- 
one interested. 

BAKELITE CORPORATION, 247 Park Avenue, New York, N.Y 43 

BAKELITE CORPORATION OF CANADA, LIMITED, 163 Dufferin Street, Toronto, Ontario, Canada 
East Ohio Street, Chicago, III. 

BAK 
T H E M A T E R I A L 

LITE dá W.- 
OF A T H O U S A N D U S E S 
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