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WHETHER you are interested 
in Industrial Rectifiers from 1 

volt to 250,000 volts and from 
1 Ma. to 2,500 Amps 

OR if you are interested in 
small transformers in our Ultra - 
Compact, Ouncer or Sub -Ouncer 
types (our smallest units weigh 
only one -third ounce) . 

R if you require high power O 
transformer equipment for a 

500 Kw. transmitter 

OR an industrial application 
or a special Varitran or Voltage 
Regulator to suit a specific re- 
quirement 

Putt 
WpYE 

UARITRAN 

MAY WE ASSIST YOU IN YOUR PROBLEM? 
A note to our Engineering Division will bring a quick 
response with details on units to your requirements. 

. .- . 150 VARICK STREET * 
X P O R T D I V I S I O N : 1 0 0 VA R I C K S T R E E T 
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*///s 44/ 
S-12 
S-14 

S-I5 
S-Ió 

S-17 

S-18 

S-I9R 

S-20 R 

S-21 

S-22 

SX-23 

SX-24, 

5X-2 

5-2 

SX-2 

S -1 ... A Good Receiver! 
Wien we :irst made the S -1 eight years ago it was a good com- 

muúcations receiver and we knew it contained every possible 
im :rovement known to our engineers. Eight years is a long time 

.. - many improvements ha *-e been made, our laboratories have 
besn constantly engaged in research for better communications 
reception. Our work has bn .ewarded by your confidence in 

Hcilicrafters communications equipment. 

the inalli[raiters C®_ 
CHI 'AGO, L. S. A. 

04%4P amotwe,:i O,eot 

The SX -28 ... A Good Receiver NOW... 
Incorporating mcny years o. engineering research the SX-28 has 
had world wide acceptance The fifteen tubes, six bands with a 
frequency range of from 551 kc. to 42 mc. give a new high in 

q- nlity performance. 
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EDITORIRE 

POST -WAR 
I There is a strong temptation in all walks of life to 
dwell upon the Utopian aspects of science as it will 
influence the post -war world. The automotive people, 
for instance, are bright -eyed over the prospects of 
magnesium -alloy cars with plastic bodies, and motors 
running on 90- octane gas. The housing people see 
prefabricated dwellings made of plastics and metals. 
mass -produced for the masses. What the aircraft 
manufacturers have in mind is even more startling. 

These are mighty satisfying dreams, and it may be 
that they will come true, but war or no war, we are 
undergoing a social revolution, and the social prob- 
lems to be solved are even more stupendous than the 
brilliant mind- pictures of the future. And so it is 
that we wonder about radio. 

That there will be a huge market for new and im- 
proved radio and electronic equipment goes without 
saying. Television will open a new field, and another 
field will develop around electronic control equip- 
ment for homes as well as commercial establishments. 
The electron can, and may, govern our lives. 

But it is our fear that the radio field may drift back 
to its old ways after the war is over. If it does, the 
bright picture most of us in the engineering field hold 
for the future may never materialize. 

Part of the radio field has been cheap -John from 
its very beginning. And this can be attributed in a 
large measure to management. Management, on the 
whole, has been short -sighted, and has not shown the 
responsibility to society that one would expect from 
leaders of a field our size. 

It is our hope that the war effort will serve as a 
proper education for the men who have, these many 
years, thought more in terms of the great I rather 
than the great US. If it does not, then it is our hope 
that these men will he displaced when the war has 
ended. 

The men who make the technical advancements 
possible in our field have a right to hope for some- 
thing better from radio in the post -war world. And 
so has the public. 

4 

REPLACEMENT POOL 
I The Defense Communications Board has recom- 
mended to the \ \Tar Production Board approval of 
the plan initiating a co- operative "pool" of replace- 
ment equipment for the broadcast industry. The 
DCB further recommended that the FCC be dele- 
gated authority to administer those portions of the 
plan calling for centralized administration by the 
Government. 

Such a plan could operate only with the full co- 
operation of the broadcasters and this co- operation is 
assured by the fact that it originated with the broad- 
casters themselves. 

In general the plan provides for establishing 
throughout the nation 17 regional conservation dis- 
tricts, each to be administered by an administrator 
and two assistants. They are to be selected by the 
broadcasters in their respective districts, and they 
are to check the inventories. supervise distribution of 
replacement parts and see that efficient operation of 
each station is maintained. 

Inventories will be kept in each district and at the 
FCC in Washington, the former for use within the 
regional areas, and the latter to be used as the basis 
of redistribution between districts on direction from 
the FCC. Regional administrators will operate under 
general supervision of the FCC, which in turn will 
he guided by roles, regulations, orders and policies of 
the WPB. Regional administrators will receive no 
compensation from the Federal Government, but for 
out -of- pocket expenses for travel and other inciden- 
tals connected with the "pools" they will be reim- 
bursed by the stations within the districts concerned. 

For those wishing to read the recommendations in 
their entirety, they will be found elsewhere in this 
issue. At the same time we would recommend the 
reading of Charles Singer's article on increasing tube 
life, on page 18, as being of equal importance. 

With full co- operation given to this pooling plan, 
all broadcasters will have reasonable assurance of 
continued operation for the duration. 

M.L.M 
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he lamp.hide micro? lone a5 de- 

signed tc I) event "mi-ce Fright. " This 

is an ear y scene at WGY, this year 

celebrating its 20th anniversary 

MORE vtatthours per 

dollar smaller, more 

compa:t tubes; longer 

life wEat General 
Electric's 29 years 
in thetLbe business 
mean; to you to- 
day. He re are a few 
of t_nie major ad- 
vance IT ents in tube 
design G -E engi- 
neers have con- 
tributed. 

THAT'S WHEN GENERAL ELECTRIC 

COOLED TUBES WITH A 

"MODEL T" RADIATOR* 

WHAT A DIFFERENCE! TODAY, 

HARDLY A HANDFUL GIVES 

1800 WATTS OUTPUT 

*Photo shows the first application of a water -cooled modulator -in WGY's 1922 transmitter. 

* thoriated tungsten filaments * high -power, water -cooled tubes 
* hof- :athode, mercury -vapor rectifiers * the first accurate rectifier emission test * the screen -grid tube * metal tubes for receivers and industrial uses 

RADIO 

WGY today serves .bout one million radio 
fam lies 24 hours a day. It was the first 
stat on in the Grea= Northeast; today it 
is tl.c foremost. 

GENERAL 

Today we are speeding the con- 
quest of the ultra -highs with 
such tubes as the GL -880. GL- 
889, and GL- 8002R. Bulletin 
GEA -3315C brings you the story 
on our complete line of tubes 
for all classes of service. Generai 
Electric, Schenectady, NewYork. 

ELECTRIC 
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T i3 5T ASURY 

Next to the Stars and Stripes . . 

AS PROUD A FLAG AS INDUSTRY CAN FLY 
SigniFying 90 Percent or More Employee Participation in the Pay -Roll Savings Plan 

IT doesn't go into the smoke of battle, but 
wherever you see this flag you know that it spells 
Victory for our boys on the fighting fronts. To 
everyone, it means that the firm which flies it has 
attained 90 percent or more employee participa- 
tion in the Pay -Roll Savings Plan . . . that their 
employees are turning a part of their earnings 
into tanks and planes and guns regularly, every 
pay day, through the systematic purchase of 
U. S. War Bonds. 
You don't need to be engaged in war production 
activity to fly this flag. Any patriotic firm can 
qualify and make a vital contribution to Victory 
by making the Pay -Roll Savings Plan available 
to its employees, and by securing 90 percent or 
more employee participation. Then notify your 
State Defense Savings Staff Administrator that 

Ja 

U.5. WAR Bonds *Stamps 

you have reached the goal. He will tell you 
how you may obtain your flag. 
If your firm has already installed the Pay -Roll 
Savings Plan, now is the time to increase your 
efforts: (1) To secure wider participation and 
reach the 90- percent goal; (2) to encourage 
employees to increase their allotments until 10 
percent or more of your gross pay roll is sub- 
scribed for Bonds. "Token" allotments will 
not win this war any more than "token" resist- 
ance will keep our enemies from our shores, 
our homes. If your firm has yet to install the 
Plan, remember, TIME IS SHORT. 

Write or wire for full facts and literature on instal- 
ling your Pay -Roll Savings Plan now. Address 
Treasury Department, Section D, 709 12th St., 
NW., Washington, D. C. 

Make Every Pay Day "Bond Day" 

This Space is a Contribution to Victory by RADIO 
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W45D 

The e4od Neats 

C. H. WESSER 
Chief Engineer 

4 A little over a year ago W45D made its debut in 
Detroit as Michigan's first F.M. Broadcast Station. 
It was the culmination of The Detroit News' experi- 
mentation and operation of broadcast equipment on 
the ultra -high frequencies. This work started late 
in 1935, and continued until a year ago, under call 
letters W8XWJ, first with a 100 -watter, later with 
500 -watt equipment. 

All operation prior to the institution of W45D 
had been with amplitude modulation, although for 
several years back it had been evident that f.m. 
was far superior to a.m., and plans for the change- 
over were made late in 1940. The location for 
W8XWJ, now W45D, was chosen in 1935 as the 
best spot in Michigan for a u.h.f. station. With a 
radiator almost 700 feet above street level, on top 
of Detroit's tallest building, in the very heart of the 
city, and an assigned service area almost as flat as 
a pancake, it was a simple job to satisfy the FCC 

requirements of serving Detroit's basic trade area of 
6820 square miles at 50 ILv /M along its outer con- 
tour. 

Preliminary Problems 

To prepare for the present as well as the future 
requirements of W45D, it was decided to install a 

8 

A front view of the 3 -kw. driver unit at 
W45D. The panels house, from left to 
right: the modulator unit, the power 
supply, and the ipa- driver unit. A por- 
tion of the power control desk shows in 

the foreground. 
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50 -kw. transmitter, the highest power equipment 
that can at present be bought for the purpose. It 
might have been possible to use much lower power - 
3 kw. for instance -fed into a radiator array with 
a gain great enough to deliver the minimum require- 
ment of 50 µv /M along the outer contour of the 
service area, but such a radiator, on top of a 600 -foot 
office building would have been an unwieldy affair, 
and proof of performance and re- adjustments would 
have been difficult. Moreover, W45D was expected 
to be unlimited commercial once it hit the air, and 
it was felt that no cutting and trying afterwards 
could be tolerated. Therefore, a radiator with a 

circular pattern, horizontally polarized, and with a 

gain of approximately 1 was decided upon. To 
serve the prescribed area, 13.3 kw. fed into this type 
of radiator, and at the available location, delivers the 
field intensity at the distance prescribed. 

FIG. I. 
Floor plans of The 45th and 46th 

floors, showing the location of the va- 

rious units. The power -generating 

equipment is in the basement of the 

building; the power supplies on the 

46th floor. The 45th floor houses the 

speech and transmitter equipment. 

Since no power -supply circuits were available on 
the 45th floor of the building where the equipment 
was to be installed, it was necessary to install a 

power supply capable of handling the full 50 -kw. 
output, plus certain additional load requirements of 

speech input and monitoring equipment, and a few 
emergency light circuits, so that the station could 
operate entirely independently of any and all build- 
ing supply circuits. 

The planning and installation of this 225- k.v.a. 
power- supply circuit was a job in itself, since the 
nearest primary service in the building was in the 
second basement. A run of approximately 800 feet 
was necessary, and much thought was given to the . 

potential at which the power was to be brought up. 
The final arrangement provided for a primary 

vault in the second basement, where three 75- k.v.a. 
single phase. 4600 /440 -volt transformers were in- 

u 
0 1 2 3 4 5 6 7 8 9 10 

SCALE IN FEET 

6 

1 -PLATE REACTOR 
2 -PLATE TRANSFORMER 
3 -VOLTAGE REGULATOR 
4 -440/220 AUTO -TRANSFORMERS 
5 - SUB -CONTROL 
6 - BLOWER 
7 -WATER COOLER 
8 -WATER PUMP No.1 
9 - No.2 
10- COPPER TANK 
11- JUNCTION BOX 
12- FILAMENT MOTOR- GENERATOR 

8 9 

I .12 

16 

AIR INTAKE 
AND DISCHARGE 

14 

1 - MODULATOR UNIT 
2 - DRIVER POWER SUPPLY 
3- IPA- DRIVER UNIT 
4- P.A. ( 50 KW.) 
5 - P.A. RECTIFIER UNIT 
6- P.A. POWER CONTROL UNIT 
7- POWER CONTROL DESK 
8 -MAIN CONTROL DESK (A.F.) 
9- TURNTABLE CONTROL CONSOLE 

{RADIo 

0 5 10 15 20 
SCALE IN FEET 
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10- ANNOUNCE BOOTH CONSOLE 

11 - SPEECH, POWER, MEASUR- 
ING AND REMOTE EQUIP- 
MENT BAYS 

12- TURNTABLE ROOM 
13- ANNOUNCE 800TH 
14 - STUDIO 
15 -SOUND LOCK 
16-WORKSHOP 

46th 
Floor 

45th 
Floor 
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stalled, complete with all necessary metering equip- 
ment, primary oil circuit breaker and secondary air 
breakers. From here, three 500,000 cm cables are 
run up in a 4" conduit to a secondary transformer 
vault on the 46th floor of the building. Since most 
of this run is, of course, vertical, it was necessary to 
have pull boxes on every floor, and cable anchors 
every 30 or 40 feet to support the weight of the con- 
ductors. On the 46th floor the circuit feeds three 
75- k.v.a. single -phase, air -cooled auto- transformers 
which reduce the 440 to the required 220 volts, 
needed to supply the entire transmitter. 

Layout of Equipment 
Referring to Fig. 1, the REL 521 transmitter in- 

cludes everything from the modulator unit through 
the power amplifier, which is capable of delivering 
50 kw. or better into a transmission line system of 
proper design. It requires an a.f. input of zero 
level across 500 ohms to provide the required 75 -kc. 
swing above and below the unmodulated carrier fre- 
quency. A swing of 75 kc. plus and minus is con- 
sidered 100% modulation. 

The transmitting equipment is divided into several 
major units, as indicated in Fig. 1, which also shows 
the location of speech input and other associated 
equipment. The major units of the transmitter are: 

o o 
o o 

PANEL 1 

Predistorter- 
Amplifier 

CD 

PANEL 2 

Master 
Oscillators - 

Balanced 
Modulators- 

R.F. Amplifiers 

200 KC. 400 KC. 800 KC. 1600 KC. 3200 KC. 

PANEL 3 200 KC. Frequency Multipliers 

5936.46 KC. C.O. 11,872.92 KC. 12,800 KG 6400 KC. 

® m m ® m' m 
927.08 KC. 

PANEL 4 200 Kc. Frequency Multipliers - 
Heterodyne Oscillator- Mixer 

1854.16 KC. 3708.32 KC. 7416.64 KC. 22,249.92 KG. 

mv m m m 0 0 
PANEL 5 Frequency Multipliers 

Fig. 2 -A. Block diagram of the complete modulator unit. 

TO IPA 
44,499.84 KC. 

10 

MOD. 

UNIT 

ONE - 3 /g' 

IPA 
DRIVER 

TWO-BAY 
TURNSTILE 

EIGHT- EIGHT-ON 

TWO 

50 KW 

P. A. 

TWO -3 'A" 

M & P 

SECTION 

Fig. 2 -B. Block d agram of transmitter and transmission line sys- 
tem and radiator showing number and sizes of transmission lines 

linking various units. 

Modulator Unit, IPA -Driver Unit, Driver Power - 
Supply Unit, P.A. Stage, P.A. Power Control Unit, 
P.A. Rectifier Unit, 50 -kw. Plate Supply Trans- 
former Vault, Cooling and Auxiliary Equipment, 
and Power Control Desk, from which all power 
circuits are remotely controlled. 

The Modulator Unit 

Fig. 2 -A shows, in block diagram, the tube and 
stage line -up of the Modulator Unit, and the func- 
tion of each stage. Panel 1 is the a -f. input amplifier, 
which is fed at zero levël from program source. 
It contains the predistorter circuit, which lifts the 
upper end of the 50- 15,000 cycle response curve 
by 16 db. or more at the high end, in accordance 
with FCC requirements. The 76 tube in conjunction 
with V.I. is a simple v -t voltmeter which allows 
accurate measurement of the input voltage without 
presenting any load on the amplifier channel itself. 
The overall frequency response of Patel 1 is flat 
within N. db. from 30- 17,000 cycles. 

Panel 2 is actually the heart of the entire modu- 
lator unit. It contains the master oscillator, con- 
trolled by an extremely stable 200 -kc. crystal, fol- 
lowed by a 78 and an 89 buffer stage. The upper 
threee 78's in the following, or balanced -modulator 
stage, make up the phase -shift modulator. The cen- 
ter pair of tubes of the four shown, are screen - 
modulated and connected and arranged in a manner 
to deliver in their output circuit only sidebands, 
while the upper 78 in the block diagram is an un- 
modulated carrier amplifier. At point A the two 
outputs are combined, where the phase shift of the 
carrier appears, in accordance with modulation. The 
lower 78, feeding a 6H6G rectifier, which in turn 
drives a monitoring device, is used mainly to balance 
out the effects of the upper 78 in this stage. The 
phase- shifted 200 -kc. signal appearing at point A is 
fed through the 78 output stage of this panel. 

Panel 3 is a straight frequency -multiplying unit, 
using single tube and push -push doublers and multi- 
pliers, and is driven by the output of Panel 2. The 
output of this panel's final stage operates at 3200 
kc. and drives the first stage of the next panel. 
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Panel 4. The first two 77's are straight doublers. 
The output of the second stage is mixed with the 
multiplied output of the carrier control crystal oscil- 
lator, which operates on 5936.46 kc., approximately, 
for our carrier frequency of 44,500 kc. Mixing of 
the two frequencies is accomplished in the 6L7G 
stage, shown on the diagram. The resulting beat 
frequency of close to 927 kc. is delivered to the input 
stage of the next and final panel of the Modulator 
Unit. 

Panel 5 is a straightforward frequency multiplier 
with doublers and tripiers. The final stage comes 
out at carrier frequency, completely swung with 
modulation to 75 kc. above and below the unmodu- 
lated carrier frequency, and at a power output on 
the order of 5 watts. 

Correction to exact assigned frequency is accom- 
plished by adjusting the air gap of the crystal 
holders, or plate tuning of the oscillators, or both, 
and it is an easy matter to adjust the frequency to 
within a hundred cycles or so against a standard. 

The lower portion of the modulator frame con- 
tains the various plate and bias supplies, while the 
upper portion houses a meter panel and selenium 
rectifier supply for filament power. Rectified and 
filtered d.c. is highly desirable on all stages of the 
modulator unit to hold the overall noise level of the 
unit to a safe value below that required by FCC. 
Eighteen meters, through selector switches, allow 

Fig. 3. The 50 -kw. plate tank circuit assembly, before installation 

in p.a. unit; showing plate inductance, shorting bar, plate tuning 
condenser, two pairs of unions to which tubes are connected, 

concentric cooling water pipes, plate by -pass condenser (at 
bottom), and pick -up hairpin (at top). 
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The last of the upper bay radiator elements is fitted into place. 

Lightning rod rises 5 feet above top of 4 -inch supporting pipe. 

Micarta insulators show at inner ends of radiator elements. 

the metering of all important currents and voltages 
in this unit. 

IPA -Driver Unit 

The IPA (Fig. 2 -B) employs a pair of H.K. 257 
tubes in push -pull, operating on carrier frequency, 
and driven by the output of the final panel of the 
Modulator Unit. Its grid and plate circuits are 
tuned to resonance, but since simple design pre- 
cautions were taken, it is not necessary to neutralize 
this stage. The 257 output is fed to the grid circuit 
of the 3 -kw. driver stage through a balanced pair 
of /" concentric lines. The 3 -kw. driver stage uses 
a pair of Eimac 1500 -T tubes, with grid and plate 
circuits tuned, and conventionally neutralized. 

The 1500 -T's in this stage seem particularly well 
suited for high power operation at frequencies 
between 40 and 50 mc., and with input of 4 kw. 
and better, the life has been from 3000 hours and up. 

The grid circuit of this stage is conventional, 
spaced -wound inductance, shunted and tuned by a 

split- stator 40 µµfd. variable condenser. The plate 
circuit consists of two parallel copper pipes, rough - 
tuned to frequency by adjusting a shorting bar, and 
fine -tuned with a 4" x 6" sheet copper "flipper ". 
This flipper is copper plate with rounded edges and 
corners, hinged at one end in such a manner that the 
other end can be moved closer to, or farther away, 
from the shorted -end inductance. It was resorted 
to after several split- stator tuning condensers burned 
up under certain load conditions of the plate circuit. 
(Remember the old Federal Telegraph Company 
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tuner that used this method of tuning by revolving 
a round, brass disc inside an inductance ?) 

The output of the 3 -kw. driver is coupled into 
a pair of %" concentric lines with hairpin pick -up 
loops at each end, and fed into the grid circuit of 
the 50 -kw. stage. 

50 -KW P.A. Stage 

To allow the maximum power input of better 
than 100 kw., a pair of WL899 -A Westinghouse 
tubes are used in the 50 -kw. stage. For maximum 

Fig. 4. Two -bay turnstile radiator almost completed. Concentric 
matching transformers and upper sections of I5 /e` lines have been 

installed at upper bay. Lower bay elements have been installed, 
but matching transformers have not been put in place. 

power output and plate efficiency, this stage- is oper- 
ated at 15,000 volts plate potential. 

The physical size of the tubes and grid and plate 
circuits and associated equipment made extremely 
careful design and planning imperative in this stage. 
The plates of the tubes are, of course, water -cooled, 
but in addition, air -blast cooling of all tube -lead 
seals is necessary. All blocking and bypass con- 
densers and parallel grid pipes, which make up the 
grid circuit, also require cooling. 

A 3 -h.p. centrifugal blower on the 46th floor 
supplies the necessary airblast for all these com- 
ponents. Cooling water in the closed- circuit cooling 
system, is fed to the plate jackets of the tubes 
through pipes that form the plate tank circuit. The 
return of the cooling water is through pipes that are 
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concentrically mounted inside the plate tank pipes. 
All cooling water is cooled in a Trane evaporated 
type cooler on the 46th floor. The resulting arrange- 
ment actually cools the plate inductance as well as 
the plates of the tubes themselves, and aids in the 
reduction of the total plate capacity to ground, 
thereby allowing a larger plate circuit to couple into 
than would otherwise be possible. 

As it stands, the plate inductance consists of only 
about 10" of two parallel pipes of 2" diameter, 
spaced approximately 10 ", and rough -tuned by 
adjustment of a heavy shorting bar. Fine -tuning 
is accomplished by varying the spacing between two 
4" cast discs with smooth, rounded edges. These 
two discs form the tuning condenser of this circuit. 
The entire plate circuit, including the plate jackets 
and neutralizing condensers, is silver plated to re- 
duce surface resistance. Fig. 3 shows the plate tank 
circuit before it was mounted in the final stage 
frame. 

The filaments of the 899 -A tubes draw 185 amperes 
each at 14.5 volts, and filament power is taken from 
two d -c. generators, driven by a 10 -h.p. motor. This 
motor -generator set is located on the 46th floor. A 
filament cabinet, located in a corner of the P.A. 
Room, contains two filament transformers and neces- 
sary transfer switches, which allow a.c. to be used 
on the filaments instead of d.c. Alternating current 
is used only in case the m -g. set is inoperative, since 
much better carrier signal -to -noise ratio can be main- 
tained with d.c., although even with a.c. on the 899 -A 
filaments, the overall carrier noise and hum level is 
better than 60 db. below 100% modulation. 

The entire P.A. Room is shielded with fine -mesh 
bronze screen, and its entrance door, as well as all 
other doors leading into sections with exposed high 
circuits, are interlocked in accordance with FCC 
rules. All tuning, neutralizing and coupling controls 
are brought out through a recessed front panel where 
actual adjustments are made by turning small cranks 
which control the various adjustable elements of 
this stage through small gear- reduction boxes. Revo- 
lution counters on the front panel are used for logging 
all adjustments. 

P.A. Rectifier Unit 

The 15,000 -volt, 7.5- ampere plate -supply unit is 
comparatively simple, and consists of an oil- cooled 
plate transformer and plate choke, and the plate trans- 
former primary voltage regulator. These units are 
in the 46th floor transformer vault. The rectifier 
proper is part of the Rectifier Unit on the 45th floor, 
and uses six Westinghouse 869 -B tubes in a 3- phase, 
full -wave rectifier circuit. This unit also houses the 
2 -,sfd. filter condenser which, together with the 
.5 -henry choke, gives sufficient filtering for the final 
stage plate voltage. Interlocks and an automatic filter 
condenser short circuiting device make it impossible 
to enter the enclosure and reach the filter condenser 
with high voltage on. 

JUNE, 1942 RADIO 

www.americanradiohistory.com

www.americanradiohistory.com


To 
TURNSTILE 

TOP VIEW 

TO 
TURNSTILE 

TO P.A. 

Fig. 5. The matching and phasing section for the two -bay 

turnstile. One element, as shown, used at upper end of each 

31/8" line from p.a. 

Power -Control Unit 

This unit houses all major control relays and break- 
ers, including a stepping relay recycling device that 
allows the entire transmitter to kick off in case of 
a short or overload in the plate circuit of the P.A. 
After the initial short or overload, it will restore all 
voltages in a few seconds, but until the plate voltage 
has been automatically reduced to the minimum of 
5,000. If, by this time, the short or overload is still 
present, it will again kick off and restore once again, 
repeating this sequence eight times before it finally 
stays off. At the end of the eighth recycling sequence 
it can be reset manually by flipping a switch in the 
Power Control Desk. Also located in the Power 
Control Unit are all starting time -delay relays, as 
well as shut -down time delays. Shut -down time delays 
are necessary to allow gradual cooling of the tubes 
and components of the 50 -kw. stage. The last of the 
shut -down sequence turns off the circulating pumps 

FIG. 6. 

Speech bays, power supplies, measur- 
ing equipment, etc. Since this photo 
was taken two bays have been added, 
one for emergency, battery operated 
relay and speech equipment, and anoth- 
er for additional measuring equipment. 

RADIO 

and coolers, sixteen minutes after the master "stop" 
button on the Power Control Desk has been pressed. 

Power Control Desk 

All control circuits of both Driver and P.A. Units 
come into the master control panel, with switches 
controlling all major power -control circuits. Above 
each switch is a pilot light which indicates the con- 
dition of the particular section of the circuit controlled 
by the associated switch. When all these switches 
are properly preset it is possible to start, and shut 
down, the entire transmitter, and with all necessary 
time delays. If trouble should develop at any point 
in the starting sequence, the first pilot in the row that 
fails to come on indicates the section of the circuit 
that failed. This arrangement saves much time in 
trouble shooting, although so far very little difficulty 
has been experienced in keeping the station on an 
18 -hour program schedule. 

Transmission Lines and Radiating System 

Two 3/" concentric lines link the P.A. and the 
Matching- Phasing Section on the roof of the building, 
in the tower base. The Matching -Phasing Section, 
housed in a steel doghouse, 4' x 4' x 12' long, consists 
of two sections of concentric line mounted horizon- 
tally, and each fed by one of the lines from the P.A. 
At the end of each of these sections, and at a point 
approximately / X from the ends, are mounted two 
short, upright sections of line, a total of four such 
stubs in all. The quarter -wave spacing between the 
vertical stubs provides the proper phasing between 
radiator elements, while the stubs are matching trans- 
formers whose function is matching impedances be- 
tween each one of the lines from the P.A. and the 
four pairs of 1%" concentric lines that connect the 
matching -phasing section to the eight quarter -wave 
elements of the two -bay turnstile radiator atop the 
tower. 
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Fig. 7. Service area map, showing 1,000 oV /M and 50 µV /M 
contours, as calculated in accordance with FCC formula. 

The radiator is similar in design to the 10 -bay 
radiator of W43B, a picture of which appeared in 
the May issue of RADIO. Each one of the eight ele- 
ments are insulated from the supporting structure 
and ground, and in order to match impedances prop- 
erly between the upper ends of the 1%8" lines and the 
inner ends of the quarter -wave radiator elements, 
another concentric impedance- matching transformer 
is used. 

The entire system behaves beautifully, although 
scarcity of certain insulating materials caused con- 
siderable difficulty when the system was first excited. 
As a poor substitute for isolantite or lava insulating 
beads in the 3/" lines, natural bakelite was originally 
used, only because better material for the purpose was 
not available at the time. At close to 10 -kw. input, 
both lines went dead short to ground. Immediately 
an open -wire line was constructed as a substitute link 
between the P.A. and the Matching -Phasing Section. 
This line is of approximately 500 ohms impedance 
and uses a shorted stub at the upper end to permit 
matching between it and Matching- Phasing Section. 
This section and all 15A" lines were equipped with 
isolantite beads and micalex end -seals, so no difficulty 
was experienced there. The insulation in the matching 
stub, just ahead of the M & P section, offered some 
problems since extremely high voltages occur at cer- 
tain points along that stub. Eventually, 16" spacing 
between copper tubing at these points proved the 
closest safe spacing that would not flash over under 
any conditions. However, one of a pair of 7" pyrex 
lead -in bowls that bring the open -wire line into the 
doghouse completely melted away when apparently 
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a flash -over occurred at that point. This is not to be 
wondered at when arcs of 8" and more, when once 
drawn, will sustain themselves in the air along certain 
sections of the line and stub ! 

The open -wire line is about to be replaced once 
again with concentric lines since finally isolantite 
beads were obtained to replace the bakelite spacers. 

Fig. 4 shows the two -bay radiator, while Fig. 5 is 
a sketch of the Matching and Phasing Section. 

Speech -Input Equipment 

W45D has always operated with its own independ- 
ent staff, with programs not duplicated by any other 
f.m. or a.m. station within its service area. Naturally, 
a good portion of the programs are transcribed. For 
this purpose, the Turntable Room is equipped with 
two of RCA's latest turntables, with combination 
vertical -lateral high fidelity heads, which feed into a 
specially designed mixer -amplifier, built by the sta- 
tion's staff. 

To get noise and hum down safely below the 
prescribed maximum allowed, plate power supplies 
for this, and several other amplifiers, are remotely 
located in a bay in the Main Control Room. In this 
room a modified Western Electric 23 -B Console 
forms the heart of the station's a -f. equipment. The 
output of the turntable console feeds into the 23 -B, 
as do mikes from Announce Booth and Studio. 

A bay of line and remote amplifiers and specially 
designed and built equalizers handle incoming remote 
programs as well as programs from the Studios of 
WWJ, The Detroit News' a.m. station and network. 
The loops between W45D and WWJ are equalized 
at the W45D end, and are flat within 1.5 db. from 
50- 19,000 cycles. This is possible only because the 
physical length of these loops is under three miles. 
Fig. 6 shows the bays that house power supplies, line 
amplifiers, monitoring equipment, and measuring 
equipment. 

Overall performance if the station is well within 
the prescribed tolerances as to frequency response, 
distortion, noise level, both a.m. and f.m., and the 
assigned service area is nicely covered with sufficient 
signal for noise- free reception, providing a reasonably 
good receiver and receiving antenna installation is 
used. Fig. 7 presents a picture of this service area, 
where the number of f.m. receivers has increased 
from less than 1500 in March of 1941, to nearly 
15,000 at the present time. Many reports are being 
received from listeners outside this area, and in some 
directions, mainly because of intervening terrain, 
good and consistent reception can he had over dis- 
tances up to 100 miles and better. 

A 20 -watt, 158 -mc. f -m. relay transmitter with a 
12 -volt d -c. power supply and a 110 -volt a -c. power 
supply, complete with associated crystal -controlled 
pick -up receiver, were delivered to us recently by 
REL, but since practically all remotes are banned for 
the duration, no use will be made of this equipment 
until after the war. 

JUNE, 1942 RADIO 

www.americanradiohistory.com

www.americanradiohistory.com


4 Si ;kid, 7414041tatie 

AIR-RAID ALARM 

FRANK A. BRAMLEY 
Radio Technician, Connecticut State Police 

4 In conformance with orders from the FCC radio 
stations are required to have either a direct wire to 
the Interceptor Command or to monitor continuously 
one of a group of designated key stations. The key 
stations are to interrupt their programs, upon orders 
from the Interceptor Command, and put a 1000 -cycle 
tone on their carriers, at 100% modulation, for 30 
seconds. This is followed by an announcement and 
the removal of the carriers from the air. All stations 
monitoring the key stations are supposed to do like- 
wise, although there is a possibility that in the near 
future some classes of stations may be exempt from 
this ruling. In any case, all stations will want to know 
of the likelihood of an air raid. 

It is obviously impractical for an operator to listen 
continuously to a station program without suffering 
fatigue. Hence, there is the ever -present possibility 
of the warning signal being missed. The use of an 
automatic warning device is therefore an essential 
item. 

What It Does 

The device here described is admittedly not a simple 
one, but it is reliable and foolproof. It gives a mini- 
mum of false alarms ; in fact, no false alarms have 
been received to date. It remains totally silent unless 
actuated by a continuous tone of 1000 cycles which 
lasts for at least 10 or 15 seconds, and if the receiver 
fails a relay is arranged to ring a bell or light a light. 
An electron eye is included to facilitate tuning and 
indicate other conditions such as carrier failure, fad- 
ing, and relative signal strength. 

The required accessories are a radio tuner of some 
sort, a loudspeaker, and a good aerial producing noise - 
free signals on the station to be monitored. The re- 
ceiver used here is an f.m. converter because more 
consistant reception is obtained from the local f.m. 
station than from the designated key broadcast sta- 
tion. The monitor unit proper contains an audio am- 
plifier and power supply and is connected to a loud- 
speaker, alarm bell and signal lights at a remote point. 

Tone Alarm 
The monitor also contains three other units. Most 

important is the tone- operated alarm. This consists 
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of a tuned circuit bridged across the audio system, 
and fed through a volume control to a 6SQ7 amplifier, 
thence to the diode section of the same tube where the 
audio signal is converted to d.c. The d.c. voltage is fed 
through a time -delay circuit consisting of Cl and RI, 
to the grid of the 2051 thyratron tube. This tube 
normally draws current and holds down the armature 
of the relay in its plate circuit. The presence of a few 
volts negative bias on its control grid is sufficient to 
cause it to stop functioning if it has an a.c. plate volt- 
age. Once a thyratron has "fired" the grid normally 
loses all control and it is necessary to open the plate 
or cathode lead to cause the plate current to cease. 
However, if a.c. plate voltage is employed the grid is 
able to regain control as the plate voltage passes 
through zero in its alternations. Such plate voltage is 

usually taken direct from the line ; in this unit the 

The automatic air -raid alarm unit and attendant receiver; in this 

case a G.E. f.m converter. A standard receiver may be used. 
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voltage is taken from the high- voltage winding of the 
plate transformer through a resistor that limits the 
current to about 10 milliamperes. 

The plate- circuit relay may be as simple or as 
complex as are your requirements, but in this unit it 
has been arranged to open its own plate circuit when 
up. Thus, once the thyratron plate current has ceased 
it cannot be started again until the relay is manually 
reset. This feature allows monitoring after an alarm 
has been received and until an "all clear" is sounded. 
The manual reset consists of a momentary contact 
push- button which shorts the relay contacts so that 
the plate voltage is applied. 

The other relay contacts are arranged to do two 
things : the first is to open the cathode of the audio 
amplifier output stage and simultaneously to connect 
the tuned circuit across the audio line from the re- 
ceiver. Thus relay 1 is normally held own, the audio 
amplifier is dead and the tuned circuit is in a position 
to accept a 1000 -cycle tone. If a tone is received the 
thyratron is "killed" and the loudspeaker reproduces 
the remainder of the 1000 -cycle warning signal as 
well as the announcement and sign off. 

If it is desired to monitor the program audibly, the 
thyratron can be stopped manually by pushing a 
second button. This push -button momentarily opens 
the cathode circuit of the 2051 tube, stopping the 
plate current again until reset. This allows the ampli- 

6U5 
TUNING EYE 

2.0 MEG. 

5.0 
MEG. 

.05 

1.0 MEG. 

fier to operate and also disconnects the tuned circuit 
from the audio input so that the reproduction will he 
normal. When silent monitoring is again desired it is 
usually necessary to push first this cathode push- 
button followed by the plate closure push- button, be- 
cause the time -delay circuit charges up and does not 
allow the 2051 to return to normal. The cathode 
switch is arranged so that it has a back contact that 
will discharge the time -delay circuit and allow the 
2051 to return to normal. When operating, the 2051 
draws a small grid current which keeps this circuit 
discharged. 

The Tuned Circuit 
The tuned circuit plus the time -delay feature tend 

to prevent ordinary modulation from operating the 
device. High selectivity is obtained by placing the 
resonant network in the grid circuit. A low- resistance 
choke of high inductance is essential so that as little 
capacity as possible need be used to reach resonance 
at 1000 cycles. Much time will be saved if the speci- 
fied choke is used, and if the .01 -Afd. condenser is 
one selected from a batch for close tolerance. 

If an audio oscillator and an oscilloscope are used 
to indicate resonance, be sure to connect the oscillator 
to the choke through a series resistance of 100,000 
ohms or more ; otherwise the output transformer of 

[Continued on page 34] 
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of the air -raid alarm unit. Points "A" and "B" connect to terminals "A" and "B' 
of Relay No. I. 
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U.H.F. . 

PERRY FERRELL, Jr. 

1 The publication of "Notes on l;.1I.F. Propagation" 
ill the March issue has stirred up no small amount of 
comment- favorable and otherwise. While it had 
been supposed by one of the leading groups in this 
field that the hypotheses developed were generally 
acceptable to the gang, the onslaught of further in- 
formation on Sporadic E DX peculiarities has left 
the subject in mid -air. 

W6QLZ and W6OVK both claim their experi- 
mtnts with 56 -mc. DX have been indicative of certain 
trends, contrary to the March paper, but which may 
he peculiar to their locality. Our readers will recall 
that for nearly two years 6QLZ and 6OVK were 
making twice daily contacts over a mountainous, 107 - 
mile path. The QLZ 4- element beam was one of the 
results of this work. 

Clyde writes, "As I recall, we began to note that 
preceding every 56 -mc. Sporadic E opening our 
ground wave sigs began to drop out and in numerous 
cases we resorted to c.w. to maintain contact. It got 
so that if our 5 p.m. sked signals were weak we would 
know one or two hours later the hand was going to 
open. In contrast, if our sigs were strong as the 
theory of T.A.B.B. implies. rain would come within 
15 hours. Therefore, it seems likely that no bending 
ever took place at the end, although we made a con- 
siderable number of over -size skip contacts into the 
eastern seaboard. 

We did note on several occasions while working 
SCIR and into Ohio, which is definitely two -hop to 
Arizona, that the first hop was up in Minnesota or 
over in Nebraska, as we were hearing stations at that 
time from that vicinity. That's pretty far off the di- 
rect route. It seems likely to us that 1700 -mile DX is 
caused by two hops of unequal length." 

Meanwhile, from Washington, Mel Wilson, 1DEI, 
says, "I have case after case with weather data, esti- 
mates on E. mass size and location, which, by their 
number, prove the Conklin Theory correct.. Although 
extreme cases probably exist where reflection may 
enter into the extension of skip in general we 
are dealing with `ideal' cases." 

An unsigned letter points out, "I expect you are 
aware the layer height in the E region is always over 
126 km., using the accuracy of the new ionospheric 
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sounding apparatus, and if the E mass were located 
near or over the Great Lakes, the E layer would 
probably be about 132 km. You will recall the layer 
height increases proportionally with latitude (geo- 
magnetic) ." 

While the March paper had been planned to serve 
one purpose, it has brought to light some very inter- 
esting information which gives all of us a clearer 
picture on Sporadic E DX. In about two months it 
should be possible to present some vitally important 
data on Sporadic E and Aurora. 

F.M. and Fading 
We have heard one broadcaster refer to the non - 

fading characteristics of his f -m. station. While this 
claim does have some basis, we know that f -m. sig- 
nals, being of u.h.f. origin, do fade severely; how- 
ever, this fading may be within limits exceeding the 
receiver's necessary limiter voltage (cut -off) and the 
audio output will remain constant. While f -m. sig- 
nals do retain all the characteristics of u.h.f. propaga- 
tion, fading as we hear it on a -m. signals, goes un- 
noticed, because of the limiting action. 

Particularly interesting in connection with this 
subject have been the field- strength records of 
W71NY at 17 miles, where some really husky sig- 
nal changes occur, even though the receiver is well 
inside the primary service area. 

[Continued on page 50] 

This ST relay equipment installed by W47A, Schenectady, 
was first under construction permit issued by FCC for ST 

equipment in the 330- to 342 -mc. band. Shown are Lloyd 

Krause (left) of G.E., and D. S. Hoag, W47A's chief 
engineer. 
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INCREASING TUBE 
[IFE* 

WAR SHORTAGES CALL FOR GREATER EFFICIENCY IN OPERATION 

CHARLES H. SINGER 
Technical Supervisor, WOR -W71 NY Transmitters 

4 Vacuum tubes should always be treated with proper 
care and consideration. Today, this is essential, 
because war has produced a scarcity of raw materials 
and productive capacity for the manufacture of new 
tubes for commercial stations. Anything the broad- 
cast engineer can do now to prolong tube life and still 
keep them operating at, or very near, peak efficiency 
will be a boon to his own station, the station's audi- 
ence, and to the industry as a whole. 

Most engineers are aware of the many factors 
that enter into tube life. The more important ones 
are: 

1. Filament voltage. 
2. Plate voltage, ,residual gases. 
3. Fatigue of metal parts. 
4. Heating and cooling cycles. 
5. Efficiency of cooling system. 
6. Efficiency of transmitter, maintenance, and 

associated protective relays. 
7. Care of spares and tubes in storage. 
Proper precaution must be taken with each of these 

factors. Plotting a standard system of procedure for 

*Courtesy of "Pick-Ups" 

400% 

50 

ó 

W 
300% 

LI 40 

30 

i 200% 

20 

,° 10 

18 

o% 0 

each will eliminate many of the abuses which may 
cause tubes to burn out or become inoperative long 
before their useful life is run. 

Filament Voltage 
Tungsten Filament Tubes: When direct current 

is used for heating the filament, returns of the plate 
and grid circuits are usually connected to the positive 
filament terminal. Electron current return flow is 
through one side of the filament. If the polarity 
is left the same for any length of time, there will be 
a greater thinning of one side of the filament, which 
can result in premature failure. Because of this, 
the polarity of these tubes should be reversed 
each week. 

Correct filament voltage is of the greatest impor- 
tance. The accompanying characteristic curves of a 
typical 10-kw triode used in a Class B linear trans- 
mitter show the important relationship between fila- 
ment voltage and tube life. The rated filament voltage 
for this tube is 20 volts and its normal life expectancy 
is 13,500 hours. If filament voltage is reduced 5 per 
cent, filament life is doubled. Conversely, operating 
with a filament voltage 5 per cent above normal cuts 
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Characteristic curves of a typical 
1 0-kw. triode used in a Class B linear 
transmitter, showing the important re- 
lationship between filament voltage 
and tube life. If filament voltage is 

reduced 5 per cent, filament life is 

doubled. 
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its life nearly in half. At WOR by reducing filament 
voltage to 19/ volts, a reduction of 2/ per cent, the 
increase in life expectancy of the tube is 4,100 hours. 

It follows that this reduced filament voltage will 
have some effect on electron emission. Modern 
transmitters provide a 22/ per cent increase in 
antenna current with full modulation, single fre- 
quency, when operated normally. Decreasing fila- 
ment voltage will decrease this antenna current rise 
if the available filament emission is too low. The 
important point is -in time of war should we sacrifice 
idealistic operation in order to gain longer tube life, 
provided it does not seriously impair listeners' recep- 
tion ? 

A reduction in filament voltage of 5 per cent can 
be applied to transmitters with slight effect on peak 
power. In fact, peak currents equal to the total 
emission available may be drawn continuously with- 
out damage to the filament, if it is of the pure tungsten 
type. Reference to the tube manufacturer's charts 
will reveal data on available filament emission. On 
certain types, such as the Western Electric 298A, 
marked voltages for a fixed emission are supplied by 
the manufacturer. 

When there is an excess amount of emission avail- 
able from tungsten filament tubes, it is possible to 
insert dropping resistors in series with the filament 
leads and thus gain many hundreds of hours of addi- 
tional life. In transmitters of the Western Electric 
306A type, filament voltages of the second power 
amplifier should be dropped from 20 to 19 volts. All 
the emission of the tubes is definitely not needed, and 
tube life can be extended to approximately 30,000 
hours with little or no effect on the peaks of modula- 
tion. 

Increased transmitter distortion may result from 
decreased filament voltage. This should be given 
individual consideration, depending on the spare tubes 
on hand or available in times of emergency. 

WOR finds it important to check the accuracy of 
filament and bias voltmeters each week, using a 
standard calibrated meter which reads voltage at the 
tube terminals. Zero adjustment of the filament volt- 
meter should be checked daily and a standard method 
should be used. This can be done by standing directly 
in front of the meter at a distance of three feet and 
adjusting the meter to zero. Thereafter, the meter 
should be read from exactly the same position. 

Thoriated Tungsten Filament Tubes: Tubes hav- 
ing this type of filament are being used in larger quan- 
tities than pure tungsten during these times and a 
severe shortage of productive capacity may result. 
Careful consideration should be given to filament 
temperature, to effect a proper balance between the 
loss and replacement of the thin layer of thorium on 
the filament surface. As a general rule, filament 
voltage should be kept to manufacturer's ratings, but 
in some cases it may be held slightly below this figure, 
depending on the peak currents drawn in the equip- 
ment. Manufacturers usually recommend that peak 
currents should be considerably less than the maxi- 
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Interior of WOR's tube reconditioner. See circuit on page 20.. 

The Thordarson high -voltage transformer, bringing forth remem- 

brances of things past, is in foreground, to the left of cooling fan.. 

mum which the filament is capable of emitting to 
insure long life. 

A voltage check at the tube socket using a preci- 
sion voltmeter is recommended each week. Gas in 
the tube will cause the thorium film to be carried off 
the filament at greater than normal rate. Proper bias 
and plate voltages must be maintained to prevent 
excess electrode dissipation. Plate voltage should be 
applied with care, taking the output capabilities of the 
tube into consideration. 

In cases where a severe and prolonged overload 
has temporarily impaired the electronic emission of 
the filament, it can usually be restored to its normal 
condition by operating the filament at 30 per cent 
above normal voltage for a period of 10 minutes, fol- 
lowed by one or two hours of operation at normal 
voltage. During this rejuvenation, plate and grid 
voltages must be off. 

Thermionic Mercury Vapor Tubes: This tube 
usually operates at high current with a low anode 
to cathode voltage drop. The oxide coated filament 
is designed to operate at a specific temperature. Suffi- 
cient time must be allowed for the filament to reach 
this temperature and also for mercury vapor pressure 
to become normal before the plate voltage is applied. 

With good filament voltage regulation, a five min- 
ute preheat period will suffice. Filament voltage 
should be kept at the rated figure -never below. We 
believe it is good practice to operate one per cent 
above the rated voltage. We use a precision volt- 
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meter to check voltages each week to get the longest 
service from these tubes. 

Plate Voltage, Gases 
High plate voltage can seriously impair the emis- 

sion of thoriated tungsten filaments, due to their sen- 
sitivity to positive ioh bombardment. Residual mole- 
cules of gas, present in all tubes after evacuation, are 
ionized by collision with the electrons flowing to the 
plate. The resulting positive ions are attracted toward 
any element which is negative with respect to the 
anode. Those which strike the filament tend to de- 
stroy the thin film of thorium from which the high 
emission is derived. As the velocity of the ions in- 
creases at the higher plate voltages, injury to the 
thorium film is greater. 

When adjusting emergency circuits, it is good 
practice to reduce plate voltage, either with a volt- 
age control switch regulator or a series resistance in 
the plate circuit. 

Gas in a tube is not necessarily the result of air 
leakage, but is sometimes caused by the liberation of 
gas from the pores of the elements after the envelope 
is sealed and the tube conditioned for operation at 
high plate voltages. 

Because of the care taken by manufacturers to 
remove gas before the tube is shipped, flash arcs sel- 
dom occur if the tube is put in service immediately. 
But with the long life of modern tubes, spares must 
remain on the shelf for extended periods. Those 
kept too long without being tested, are frequently 
found to be gassy when put in service. 

Tubes operating at low voltages, such as required 
for receivers or low power amplifiers, are not gen- 
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erally affected by gas. It is the larger, high voltage, 
high power tubes which tend to flash arc if allowed 
to remain inactive. At WOR we consider that three 
months of inactivity is too long a period. 

Gassy conditions may also develop in a tube which 
has been operating in the transmitter for many thou- 
sands of hours. ' The exact cause of this is not clear, 
but the result can be seen in the continuous flash arcs 
which occur with the tube operating at its rated plate 
potential and power. However, if the tube is placed 
in a circuit of lower plate potential, it is definitely 
possible to get many more hours of service from it. 
This point should be considered carefully before any 
tube is discarded because of flash arcs. 

A simple and successful method of treating gaseous 
tubes and instructions for building the necessary 
equipment will be covered later in this article. 

After long use, metal parts of tubes tend to evapor- 
ate, crystallize and become brittle. Severe shocks can 
cause damage which would never occur in a new tube. 
All tubes should be mounted and stored vertically and 
protected against mechanical shock or vibration. 
Failure to observe these precautions may cause fila- 
ments to break or cause misalignment of the elements. 
Water -cooled rectifier and power amplifier tubes 
should remain in their sockets until they burn out, 
for the shock of removing has been known to cause 
serious damage. 

Heating and Cooling Cycles 

Alternate heating and cooling of tube elements 
when transmitters are started and stopped causes 

[Continued on page 53] 
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Operating diagram and transformer 
gap details of the WOR tube recon- 
diitoner pictured on page 19. Its op- 
eration is described in the text. Cost 
of construction, $70 to $100; and well 

worth it. 
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ZENITH'S %51C 
I Photo -story of the Zenith Radio Corporation's frequency-modila- 
tion station \W51C, in the Field Building, Chicago. -n picture (1) is 
shown the bank of Westinghouse rectifiers that srp- 1y an output of 
9,000 volts at 12 amperes for the 50- kilowatt final stage. The f.nal 
amplifier is shwa] in picture (2). The tubes arc G.E. 880's. That 
neutralizing condenser has 7 -inch square plates. Ficture (3) is a 
closeup of the antenna pole and feedlines, with matching sections 
and harmonic sL 3pressors. Note the absence of coml_ licated phasing sec- 
tions necessary with most turnstiles -a development r -f Zenith engineers. 

{1} [2) {3) 

416. 

The 2.9 gain turnst le n a 

14 -inch diameter steel pole 

6D Feet high, rising oit o: the 
peithouse where the m.tch- 

iig sections are Iocate-d. 

Reding up the live: The 

R.E.L. modulator; phase -shift 
uni-; initial amplifer with 
5 -kv. output, with arrange- 
melt to shift over the an- 

tenia should the 50-kw. final 
fail. 

Riding the gain at the mix =t, on the 45th floor. 
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AIRCRAFT DETECTOR 

CARL O. BOLTZ, Jr. and WILLIAM G. COLLINS 

I It is now certain that the status of Amateur Radio 
activity as we knew and enjoyed it "Before Pearl 
Harbor* has been suspended definitely for the dura- 
tion. For awhile we had no doubt that there would 
be a place for at least our u.h.f. gear in the war effort, 
especially the 2/ -meter equipment many of us had 
in our cars. By forming well -knit mobile communi- 
cations nets working in conjunction with our local 
Civilian Defense Corps and Police Department, we 
were sure that the DCB would see fit to grant us 
operating privileges on 2/ meters, in order that we 
could do our bit to assist the municipal organizations 
in their efforts. However, with a few exceptions, the 
greater majority of us are totally and completely "off 
the air" . . . but definitely ! 

As a result of this, many of you probably already 
have heard, or have read articles about putting the 
audio pre -amp back into service for use as an air- 
craft detector or spotter. Fundamentally this is a 
swell idea. It offers opportunity for activity of some 
sort at least. Practically, however, it is very much 
apt to be a different story. At any rate, the authors 
found that their two -stage affairs would not deliver 
the goods when adapted to this purpose, which led 
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to investigating the possibilities of building up an 
amplifier which would meet somewhat the following 
arbitrary requirements : (1) A minimum amount 
of thermionic noise with the hum level on the thresh- 
old of audibility at maximum gain. (2) Physical 
size at a minimum ; and last but by no means least, 
(3) provisions for portable operation, preferably 
from a car. 

General Discussion 
It is probably safe to assume that the average 

crystal microphone pre -amp is a two -stage affair 
consisting of the popular combination of a pentode, 
resistance -coupled to a triode. A look at any tube 
manual will show that the voltage gain of a high -gain 
pentode is about 350, while that of the average triode 
is between 10 and 14. Resistance coupled, the maxi- 
mum theoretical voltage gain is 4900. This, of course, 
is sufficient voltage swing to drive a pentode output 
or driver stage to full power output, but in this con- 
sideration however, we are not particularly concerned 
with the ability of the pre -amp as a driver, but rather 
as a straight voltage amplifier. By adding another 
resistance -coupled triode to our "average amplifier" 
it is possible to increase the voltage gain to 68,600. 
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Gain of 1,470,000 

In comparison, however, let us look at the voltage 
gain capability of the three -stage amplifier shown 
herein. Reference to the diagram shows two resist- 
ance- coupled 6J7 pentodes, and a 6C5 output stage. 
Based on a voltage gain of 350 per stage, the possible 
voltage gain of two 6J7's alone is 122,500 -almost 
twice as much as the full gain of our "average ampli- 
fier" with a third stage added to boot. But, now, by 
multiplying the gain of the two 6J7's by the gain of 
the 6C5, we obtain a final voltage gain of 1,470,000. 

This figure, while attainable under ideal conditions, 
is difficult to approach in actual construction. In this 
particular amplifier, it was decided that it would be 
unwise as well as unnecessary to attempt to obtain 

Schematic diagram, with 
parts values, of the air- 
craft detector. Its effec- 
tiveness is increased by 

the use of a directional 
mike, or a mike mounted 
in a parabolic pickup. 

IRADIOI 

maximum gain from the second stage, which was 
limited to 140, with a resulting overall gain of 588,000. 
This was done to minimize any possibility of magnetic 
feedback due to the close proximity of parts and leads. 

Microphone and Power Supply 
A crystal microphone was used at first, but a 

permanent -magnet type dynamic speaker, as used in 
the standard inter -office communication systems, was 
tried and the results were surprising. The p.m. 
speaker's output was higher, resulting in more usable 
signal, with less background noise. Mounting the 
speaker in a small box open at one end proved a slight 
advantage as it tended to reduce street noises, etc. 
Other types of microphones were tried but the p.m. 
speaker seemed the best for all- around use. A small 
one was finally chosen as the larger ones didn't justify 
their size. 

And now a word about the power source. Gain 
calculations are on the basis of approximately 300 
volts d.c. from the supply. The current drain is very 
low so almost any small, well -filtered supply can be 
used. If power is taken from an ordinary auto radio 
with about 200 volts d.c. available, the gain will be 
down slightly, but the results are still satisfactory. 
Possible difficulty from ignition noise was' not given 
any particular consideration, although luckily enough 
none was encountered. However, actual mobile oper- 
ation of the amplifier was found to be far from satis- 
factory, as pickup of engine sounds alone were enough 
to completely drown out practically everything else. 

Construction 
Inasmuch as it is a definite advantage to have an 

aircraft spotter portable, it was decided in consistency 
with the prerequisites to keep size at a minimum. 

[Continued on page 26] 
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MUTIVIBRATORS 

DAWKINS ESPY 
Research Engineer, Columbia University 
National Defense Research Laboratories 

4 The variety of practical uses to which the multi - 
vibrator has been put makes it important to con- 
sider some of the aspects of its theory and opera- 
tion. Beside its more common use as a frequency 
divider in frequency -measuring devices, the multi - 
vibrator also finds significant use in timing devices 
and in producing accurate audio frequencies. 

As a self -oscillator, the multivibrator is quite 
unstable, but it has the ability of being easily locked 
into stabilization when driven by a small amount 
of voltage from a more stable oscillator. In this 
latter case the stability of the multivibrator would 
approach that of the controlling oscillator, and it 
becomes somewhat independent of varying circuit 
constants and conditions. The multivibrator may 
either produce harmonics or the more frequently 
used sub -harmonics. 

Circuit Operation 
The multivibrator consists of a two -stage resist- 

ance- coupled amplifier with feedback between the 
plate of the second stage and the grid of the first 
stage. Since there is a 180° phase shift in each 
tube, the voltage fed back into the grid of the first 
stage is in phase with the initial impulse of voltage. 
Thus, once there is an exciting voltage placed on 

R1 

C3 

R9 
1.0 MEG. 

.00014 

That Put aid Practice 

the grid of the first stage it will be instantly rein- 
forced by the feedback, causing a sudden change in 
the plate current of the first tube, and causing the 
grid voltage to fall to a value below cut -off on the 
second tube. Gradually the negative charge will 
leak off the grid and coupling condenser of the sec- 
ond stage through the grid leak, and the tube will 
begin to draw a small plate current. This condition 
is amplified by the feedback so that an instant later 
the amount of plate current is large and the first 
stage is biased to cut -off. The -cycle then repeats 
itself. 

Since the magnitude of the condensers' charges 
and the time of leakage of the grid resistances are 
obviously the two important factors in determining 
the frequency of the multivibrator, it necessarily 
follows that the coupling condensers and grid re- 
sistors Cl, C2, Rl, and R3 in Fig. I will be the con- 
stants which are most important. The time that 
the second stage remains inoperative in the first 

R2 

C3 

R3 

R 

FIG.2 
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400V. 

FIG.1 +B 

Fundamental diagram of multivibrat- 
or. Capacitor C2 is the feedback 
element. Frequency is determined by 

the values of CI, C2, RI and R3. 

Experimental multivibrator set -up. 
Circles denote that the element was 

"plug -in" in order that its value could 
be changed. For value of R3, see text. 
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C2 OF FIG.2 VERY LARGE 

0 

LOWER VALUES OF BIAS HIGHER VALUES OF BIAS 

R9 INCREASED 

FIG.3 

Some of the waveforms obtained from the multivibrator. These 

provide outputs rich in harmonics. 

part of the cycle described in the preceding part of 
the paragraph, depends upon the amount of fixed 
bias on the tube, a low value permitting the tube to 
resume operation more quickly than a high value 
of bias. 

The upper limit of frequency at which a multivi- 
brator can be operated is limited by the frequency 
at which satisfactory resistance -coupled amplifica- 
tion is possible. The lower limit is determined by 
the leakage of the grid condensers in relation to the 
condenser capacities. 

An Experimental Circuit 
The diagram of an experimental model of the 

multivibrator, built for the purpose of determining 
data concerning practical operation, is shown in 
Fig. 2. It will be seen that provision was made to 
vary the value of the interstage coupling condenser 
by use of the variable condenser Cl in parallel with 
the normal coupling condenser C2, and to vary the 
effect of the feedback condenser C3 by the use of 
the variable series resistor R9. The range of these 
variables was sufficient to vary a normal frequency 
division of 10 -to -1 to 9 -to -1 or 11 -to -1. The set -up 
just described enabled determination of the syn- 
chronization properties of the multivibrator circuit. 

It is apparent that when the grid voltage on the 
first stage is just slightly greater than cut-off, a 
slight positive impulse will cause the grid to go 
above cut -off and the plate current to flow, setting 
the trigger -like regenerative action to work. Con- 
versely, a negative impulse can prevent the grid 
from going more positive than cut -off at the critical 
moment, thus preventing the plate current from 
increasing when it otherwise might. If such im- 
pulses are applied periodically at the approximate 
frequency of the multivibrator, the impulses will 
assume control of the frequency of the multivibra- 
tor oscillator. If the multivibrator frequency is an 
approximate harmonic or sub- harmonic of the im- 
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pressed frequency, the kick will occur every nth 
cycle, where n is the order of the harmonic or sub - 
harmonic on which the multivibrator is operating. 
If n is not too large the multivibrator will keep in 
step with the harmonic or sub -harmonic frequency. 
By driving the grid of the first stage with an alter- 
nating voltage of proper frequency relationship to 
the multivibrator, synchronization may be obtained. 

It was found experimentally that the multivibra- 
tor would operate on a sub- harmonic of the driving 
voltage even though it would not oscillate by itself 
when the driving voltage was removed. The mag- 
nitude of the exciting voltage was set at different 
points by adjusting variable resistor Rl. If the 
exciting voltage is too small in magnitude; varia- 
tion in one of the frequency- controlling components 
will result in a continuous variation of the multivi- 
brator frequency rather than jumping from one 
sub- harmonic to the next as would be the case if 
the driving voltage were of sufficient intensity. 
Self- oscillation of the multivibrator is further char- 
acterized by the rough -sounding signal it emits. 
When the driving voltage is of the proper magni- 
tude it should be possible to change one of the fre- 
quency- controlling components a small degree with- 
out jumping the frequency of the multivibrator to 
an adjoining sub -harmonic. 

The waveform was not affected appreciably by 
changes of Cl, C2, or C3 as shown in the experi- 
mental circuit in Fig. 2. Slight effects were noticed, 
however, when C2 was very large and the frequency 
of oscillation was low. The waveform, instead of 
being rectangular as shown in Fig. 3 -A was like the 
one shown in Fig. 3 -B. Varying the bias had a 
marked effect on the wave shape. With lower values 
of bias the wave took the form as shown in Fig. 3 -C, 
while with higher values of bias the waveform was 

CHART I 

C 
(µfd.) 

Grid Resistance (in Ohms) 

100 kc. 10 kc. I kc. 0.1 kc. 

.001 5000 50,000 500,000 

.002 2500 25,000 250,000 

.003 1666 16,666 166,666 

.004 1250 12,500 125,000 

.005 1000 10,000 100,000 

.006 833 8,333 83,333 

.007 714 7,142 71,428 

.008 625 6,250 62,500 
.009 555 5,555 55,555 
.01 500 5,000 50,000 500,000 
.02 250 2,500 25,000 250,000 
.03 1,666 16,666 166,666 
.04 1,250 12,500 125,000 
.05 1,000 10,000 100,000 
.06 833 8,333 83,333 
.07 714 7,144 71,444 
.08 625 6,250 62,500 
.09 555 5,555 55,555 
.1 500 5,000 50,000 
.2 250 2,500 25,000 
.3 1,666 16,666 
.4 1,250 12,500 
.5 1,000 10,000 
.6 833 8,333 
.7 714 7,144 
.8 625 6,250 
.9 555 5,555 

1.0 500 5,000 
2.0 250 2,500 

Various combinations of resistance and capacity that may be 
used to give multivibrator operation on specified frequencies. 
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as shown in Fig. 3 -D. This occurred because vary- 
ing the bias on one tube altered the time that the 
tube was inoperative. Increasing R9 rounded the 
corners of the wave as shown in Fig. 3 -E. With 
such peculiar wave shapes the output is obviously 
very rich in harmonics, and this fact is used to great 
advantage in frequency- measuring uses of the mul- 
tivibrator. 

Practical Considerations 
Although the experimental circuit previously de- 

scribed employs two separate tubes, considerable 
space may be saved by utilizing a double or twin 
triode, the most popular of these tubes being the 
6N7 and the 6SC7. If separate tubes are used, the 
most important point is that they have approxi- 
mately the same inter -electrode capacities when 
Cl = C2, and R1 = R3 as referred to Fig. 1. 

In this case (where Cl = C2, and R1 = R3) the 
operating frequency of the multivibrator may be 
determined from the formula 

500 F=- 
RC 

where F is the frequency in kilocycles, R is either 
RI or R3 in ohms, and C is either Cl or C2 in µfds. 
Thus, if it were desired to operate the multivibrator 
at a frequency of 10 kc. using .01 ,pfd condensers, 
the proper resistance for RI and R3 would be ap- 
proximately 5,000 ohms. Although this formula 
gives a good approximation as to the values of R 
and C to be used, it is usually desirable to make a 

portion of one of the resistors variable so that a 
close adjustment may be obtained. Chart 1' con- 
tains various combinations of resistances and ca- 
pacitances that may be used to give multivibrator 
operation on the specified frequencies. This chart 
was calculated on the basis of the above formula. 

A buffer amplifier placed between the control 
oscillator and the multivibrator will help prevent 
circuit changes in the multivibrator from affecting 
the frequency of the oscillator. A tuned harmonic 
amplifier following the multivibrator is often useful 
in assisting the multivibrator to produce strong 
signals at a high order of harmonics. A switch con- 
necting the grid of one of the multivibrator stages 
to ground will serve to keep the plate current drain 
approximately constant, while placing the unit in 
an inoperative condition. This, together with the 
usual voltage regulator, should be a further help 
in obtaining good oscillator stabilization. 

Perhaps the simplest way of checking the sub - 
harmonic frequency of the multivibrator is, for 
example, to use a receiver to locate first, two 100 -kc. 
markers of a 100 -kc. crystal, and then the 10 -kc. 
markers of a 10 -kc. multivibrator. If there are 10 
spaces between the two 100 -kc. markers, then the 
multivibrator has been adjusted to the proper 10- 
to-1 ratio. If, on the other hand, the 10 -kc. mark- 
ers had subdivided the space between the two 100 - 
kc. markers into 9 or 11 spaces, it would be an in- 
dication that the multivibrator was not operating 
at the proper frequency, and that further adjust- 
ment was necessary. 

'Theory and Operation of Multivibrators ", Aerovox Re- 
search Worker, November, 1940 

AIRCRAFT DETECTOR 
[Continued from page 23] 

Not only from the standpoint of physical compact- 
ness, but from the electrical angle, the short leads 
which result prove advantageous in keeping undesir- 
able feedback out of the picture. 

The amplifier itself is built on a small chassis pan 
measuring 3/" x 572" x 1 ". The front panel, as 
shown, is one of the covers from a small black crackle 
metal box, the actual use of which is not necessary, 
however, provided a larger chassis pan is used. Com- 
plete shielding of the microphone input jack and load 
resistor is strongly recommended, so in order to pro- 
vide mounting space for them and also for the gain 
control potentiometer, it will be a case of either a 
larger chassis pan without a panel, or a small chassis 
pan as shown, with a panel. Adequate shielding is 
of course essential in almost any moderate gain audio 
amplifier, and in spite of the fact that this one has 
much more gain than the average, no serious diffi- 
culties should be encountered. 

A word about the "Sr equivalent type tube might 
be in order, if a larger chassis is used in lieu of a 
smaller one with panel, as their use will probably 
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come to mind as a possible substitute for reason of 
better connection accessibility. The 6SJ7 not only 
has the disadvantage in having a lower signal -to -noise 
ratio, but has considerable less gain than the 6J7. 

The accompanying photos show a rear view of the 
amplifier, with the first 6J7 on the right, the second 
6J7 in the middle and the 6C5 output stage on the left. 
(The shield for the microphone jack and load resistor 
can be seen in back of the first stage). Mounting the 
sockets so that the pin slot is to the front makes for 
easy wiring in general, and also places the various 
base connections in such a relative position as to keep 
length of leads at a minimum. Furthermore, the 
sockets should be in a line and close to the rear edge 
of the chassis, to allow space in front for mounting 
the bulk of the parts. Then by punching the socket 
holes on the aforementioned line, and with equal space 
between socket centers and pan sides, adequate under - 
chassis space will result. It was found best to mount 
the paralleled cathode resistors and condensers first, 
and also the screen by- passes, as they are the bulkiest 
of the parts used. 

A feeling of uncanniness was the first sensation 
experienced by the authors upon listening to the 
surprising amplification of the slightest room sounds. 
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O.H.F. FIflD-STRENCTH MEIER 
LLOYD V. BRODERSON 

4 With the probability now that the F.C.C. will per- 
mit limited amateur activity in the u -h -f bands, in 
conjunction with the requirements of local defense 
units, a field- strength meter designed specifically for 
112 or 224 mc. will assume particular value for field 
tests. 

Heretofore, most field- strength meters have been 
constructed primarily for operation on lower frequen- 
cies. In most instances, the practice has been to cover 
two channels with but a single tuned circuit. While 
this arrangement is adequate at the lower frequen- 
cies, it leaves much to be desired when the instrument 
is pressed into service on either 112 or 224 mc. Most 
standard components and insulating materials which 
suffice for the lower frequencies will show up rather 
poorly on the ultra- highs, resulting in decreased 
sensitivity and stability. 

Shorn of all "frills," the meter herein described 
represents the simplest indicator one can construct, 
consistent with reasonable stability and sensitivity. It 
is lightweight, compact, easily constructed -and with 
a little judicious planning its cost can be kept sur- 
prisingly low. 

The Circuit 
The fundamental operating principle of any field - 

strength meter, be it complicated or the acme of sim- 
plicity, provides for some method of detecting the 
r.f. signal and indicating the relative signal strength. 

An analysis of Fig. 1 discloses the following : A 
Hytron 1G4 -GT triode with its plate and grid tied to- 
gether forms a simple diode power detector. The in- 
dicating device is a Triplett 0 -1 (.001) d.c. milliam- 

ANT. 

3-30 
yyfd 

5 turns of No. 16 bore wire 
1/2 dio., 3/4" long. 

spaced to cover 112-116 Mc. 

1G4GT 

0-1 Mo. 
D.C. Meter 

Shield 

Fig. I. Diagram, with values, of field -strength meter. 
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meter. L1 and CI constitute the single tuned circuit 
resonant only in the 112 -116 -m.c. area. The closed - 
circuit jack provides a means for checking voice and 
tone transmissions. The only power requirement -a 
single 1.5 -volt battery -is extremely economical in- 
asmuch as the filament current of a 1G4 -GT is but 
50 ma. (.050). 

Construction 
The entire unit is housed in a grey, crackle -finished 

Bud metal cabinet measuring six inches square, top 
and bottom plates being removable. The photographs 
and diagrams clearly illustrate the parts placement 
and panel layout. 

As insulation assumes an important role on these 
frequencies, the socket, coil, tuning condenser and 
the upright support on which they are mounted should 
receive more than ordinary care. 

The condenser shown is a Hammarlund five -plate 
u.h.f. midget variable, rebuilt to have but three plates 
(one rotor and two stator). The polystyrene socket 
is also "revamped" by removing all but four prongs 
(filaments, grid and plate). The elimination of ex- 
cess metal in the form of unused socket prongs re- 
duces the capacity effects within the socket itself. 
Little is gained by merely clipping short the unused 
prongs -an appreciable length remains imbedded in 
the socket and continues to constitute a loss. 

The upright panel holding the socket and variable 
condenser is fashioned from a strip of lucite. Run- 
ning the width of this strip at its base is a small right - 
angle bracket which is bolted to the bottom plate and 
serves to anchor the assembly. A % "- diameter lucite 
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Hole for No.6 -32 
screw for 

lucite support 

Hole for 
No.6 -32 screw 

for 
lucite support 

Hole for 
closed-circuit jock 

FRONT PANEL 

Hole for 
S.P.S.T. switch Ho es for No. 6-32 screws 

for bracket mounting 

LUCITE PANEL REAR PANEL 

rod serves as an additional support for the panel from 
the top. A flexible Isolantite coupling isolates the 
condenser rotor shaft which is extended to the front 
panel by a short length of quarter -inch diameter lu- 
cite shafting. The 1.5 -volt filament battery is held 
in position by a U- shaped bracket fastened to the 
bottom plate. 

One side of the Isolantite coupling condenser is 
connected to the center of the coil, the other plate of 
this condenser terminating at the lower lucite feed - 
thru insulator mounted at the rear of the cabinet. 
The upper lucite feed -thru merely serves as a support 
for a vertical half -wave antenna rod. 

On the front panel are mounted the 0 -1 d.c. milliam- 
meter, variable condenser control knob, on -off rotary 
toggle switch, and the closed -circuit jack. 

Four rubber feet glued to the bottom plate and a 
standard three -inch chrome -plated drawer -pull han- 
dle fastened to the top plate completes the assembly. 

Operation 
After making certain that LI and Cl resonate 

over the 112 -116 -mc. area, the 3 -30 !Ltd d. coupling 
condenser should be set at approximately one -half 

28 

its total capacity. An antenna may then be connected 
to the lucite terminals at the rear of the cabinet. 

An excellent antenna for this unit when working 
in close proximity to a low -power transceiver or trans- 
mitter is a half -wave vertical rod. With such a reso- 
nant antenna it is possible to obtain useful readings 
several wavelengths from the transmitter. Small, 
portable "flea- power" transceivers have been checked 
with very satisfactory results. 

Bearing in mind that although the field -strength 
meter will show a greater deflection when close to the 
transmitting antenna, it also sets up a standing wave 
condition between the meter and antenna, and work- 
able readings become unreliable. For this reason, the 
user should determine the greatest distance from the 
transmitting antenna at which he can obtain a usable 
deflection. 

It is interesting to note that some adjustments on 
low -power 2/ -meter transceivers are not apparent 
when checked by audible means. In one experiment, 
tighter antenna coupling showed no increase in au- 
dible signal strength when monitored by a receiver 
some distance away. However, a greater deflection 
was observed on the field- strength meter. 

Headphones plugged into the circuit enable the 
user to monitor voice and i.c.w. transmissions. This 
method of checking modulation is especially useful 
when the equipment under test is a transceiver. Due 
to circuit phenomena and the fact that transceiver 
components serve dual purposes, transmissions heard 
in the "Receive" section are rarely a true index to 
the quality of signal emitted when the same trans- 
ceiver is in the "Transmit" position. 

Conclusion 
Although designed for the 2/ -meter band, the unit 

described should prove satisfactory for the 224 -mc. 
channel. The only changes necessary would be a re- 
duction in the size of LI and a smaller capacity at Cl. 
Removing one of the stator plates should accomplish 
the latter. 
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RADIO DESIGN WORKSHEET 
NO. 2 -AUDIO CIRCUITS 

CATHODE FOLLOWER 
Problem 1:- Derive the expression for the voltage 
transfer through a "cathode follower" circuit in ternis 
of amplification factor µ, plate resistance R9, and 
cathode load resistor R. 

B+ 

Solution :-Let e be the audio -frequency input voltage 
applied to the grid of the triode, and E be the output 
voltage across the cathode load resistor R. 

The output voltage E will be equal to the product 
of plate current Ip and cathode load resistor R. 

A (e -IpR) 
IP 

Rp +R 
IpRp +IpR= µe -AIpR 
Then: Ip(Rp+R+AR) =µe 

Therefore: Ip = µe 
Rp+R +µR 

µeR 
Whence: E= IPR= 

RP 

From which it follows that :E = Rp+R(1 -µ) 
TRANSFORMER COUPLING 

Problem 2 :-Derive the expression for voltage gain 
(i.e., grid -to -grid gain) of the accompanying trans- 
former- coupled circuit, and find the relation between 
R9 and 2cr f L, for which gain is maximum. 

Solution: -Let µ - amplification constant of tube 
(1), R9 its plate impedance, and Ip its a.c. plate cur- 
rent. And let K = the coefficient of coupling of 

L1&Lz = M 
L1L2 

Assume the impedance looking into the grid of tube 
(2) to be : "": *° so that E is voltage induced in L. 

E = 27rfMIp = 27fIpK LL2 

IP = (472f2L12+Rp2) 

27rfµeK L1L2 
E 

(47r2f2L12+R92) 

E 274µK L1L2 
e (47r2f2L12+Rp2) 

which is the voltage gain required. 

To find the relation between RP and 27rfL7 for max- 
imum gain, it is necessary to resort to the calculus. 

(1) 

Thus: dLl(-E) =o 

47r2f2L12+Rp2 2µ7rfKVT:2 dL1= 
2L1 

2µ7rfK L,LZ 
(47r2f2L12 X 2L1dL1) 

2 47r2f2L 2+R92 

Simplifying 47r2f2L12 +Rp2 = 2L12(47r2f2) 

RP' = 472 f2L12 

or Rp= 27rfL1 (2) 
which is condition for maximum gain. 

From an inspection of equation 1, it is obvious that 
E 

varies directly with K and the L2. It is obvi- 

ous that the voltage gain is maximum at K -1, which 
condition represents an audio amplifier coupled with 
an iron -core transformer. 

RESISTANCE COUPLING 
Problem 3 :-Derive the expression for voltage gain 
(i.e., grid -to -grid gain) of the accompanying resist- 
ance- coupled circuit. 
Solution : -Let RP = plate resistance of tube (1), 
let µ = its amplification factor, and let R, «R, 

IP R9+ RI 

E= IPR1= 
eR1 

RP+R, 
E AR, 
e RP+R, 

This equation indicates that the gain increases with 
an increase in R7. The gain will obviously be maxi- 
mum when R: is so large that R9 may be neglected. 
Whence 

Maximum gain = µ. 

v 

c, 

cz 

Ri 
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Tite Co!hod,e-Icuj 

OSCILLOSCOPE 

JAY BOYD 

PART Ill- PRACTICAL OSCILLOSCOPE DESIGN 

I In regard to the design of the saw -tooth oscillator, 
(Figs. 5, 6, and 7 in the May issue) it was pointed 
out that if fixed bias is used, the output will be essen- 
tially flat up to about 10,000 cycles, at which point the 
output diminishes rapidly. 

A semi -fixed bias arrangement is shown in the 
complete diagram, Fig. 8. As previously mentioned, 
the bleeder current of about five milliamperes will be 
drained through R5. The 884 or 885' will operate 
with a charging current up to two milliamperes. How- 
ever, the charging current in this particular design, 
which has worked so well in practice, never exceeds 
0.550 milliampere. 

At this low charging rate there will be less energy 
to discharge, for any given frequency, permitting its 
quicker disposal through the tube, resulting in a 
quicker sweep return time. Also, by making the 
bleeder current many times greater than the varia- 

'The 884 and 885 are identical, except for heater voltage. 
The former tube operates at 6.3 volts, while the latter was 
designed for 2.5 volts. Choice depends on filament winding 
available. 

o 
TO R15 - INT. SYNC. 

EXT. SYNC. BINDING POST 

HORIZ. AMP BINDING POST 

TO 

HORIZ PLATE BINDING POST 

TO CIS 

4.1.1111° 
TO C8 

o 

o 

o 

o 

o 

-o 

o 

TO 
HORIZONTAL 
AMPLIFIER 

GRID 

TO 
». HORIZONTAL 

DEFLECTION 
PLATE 

Fig. 9. Optional switching arrangement, combining synchronism 
selection with horizontal selector switch. 

tion of charging rate, the variation of output is kept 
low. The whole results in simple design and excellent 
performance. 

If You Have to Substitute 
Unfortunately, though, the five -megohm potenti- 

ometer specified for R19 in Fig. 8 may be hard to ob- 
tain. A two- or three -megohm control may be used 
along with 300,000 or 450,000 ohms for R20. This 
will increase the charging rate, so the discharge re- 
sistor, R18, should be increased to 400 or 500 ohms 
to protect the tube. The increased charging rate also 
increases the oscillation frequency, so the values of 
all tank condensers, CIO to C14, should be doubled to 
maintain the same approximate oscillation fre- 
quencies. 

At the higher charging rate, operation may be 
erratic, or the tube may fail to oscillate. If this oc- 
curs, increase R5 to 1000 ohms, or until satisfactory 
performance is obtained. 

Calculating the Sweep Frequency 
The values of R19 and R20, and condensers C/O 

to C14 will give any frequency from 12 or 14 cycles 
up to the maximum oscillation frequency of the gas - 
triode, when operated at the bias voltage given. 

For the benefit of those who like to juggle their 
own figures, we will say that the frequency in cycles 
per second will equal I /VC, the current being given 
in amperes, potential in volts, and capacity in farads. 
The voltage (V) will be the potential at which the 
tube flashes, minus its de- ionization voltage. 

But since the writer has no definite figure on this 
latter voltage, the above formula doesn't mean too 
much. This de- ionization voltage, however, seems to 
be somewhere around 10 volts. 

Note that CIZ is one - fourth the capacity of C/O. 
Therefore its frequencies will be five times those of 
the former condenser. Also note that the ratio of 
R20 to R19 + R20 is 7.66. A ratio of 5 to 1 is all 
that is required but the excess takes care of frequency 
variation from synchronization and prevents any 
lack of overlap between frequency ranges. 
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Making the Sweep Wave Linear 
We have mentioned that the saw -tooth oscillator 

would give a linear output if adjusted for a low flash- 
ing voltage. The manufacturer's tube data tells us 
the output will be linear if the tank condensers are 
flashed at five percent of the charging voltage, but 
their later circuits specify a grid bias of 6.5 volts, 
which would cause flashing at over twice the former 
figure. 

Experience has shown a bias voltage as low as 3.75 
volts to be reliable and practical if the tank condenser 
charging rate does not exceed one milliampere. The 
flashing voltage is 28 or 30 volts and the useful 
peak -to -peak output around 18 or 20 volts. Under 
such conditions linearity is excellent and the sweep 
return time very fast. 

Keeping It Linear 
But generating a linear saw -tooth wave is but half 

the battle ; it must be amplified and applied to the free 
horizontal plate without loss of this highly desirable 
linearity. If the horizontal amplifier is not linear, or 

if its grid circuit impedance loads the oscillator, a 
bend will occur in the saw -tooth waveform. If the 
total resistance of R21 and R22 equals four megohms 
the loading will be negligible. A higher resistance 
causes a phase shift in the grid circuit, while a lower 
impedance than two megohms will cause some depar- 
ture from linearity. 

The same statement holds true for the horizontal 
deflector plate return resistor, R12. Here five or ten 
megohms would be desirable for linearity. But since 
these plates pick up a few stray electrons, which must 
find their way to ground through this resistor, too 
many megohms will produce a, bias on the plate. The 
beam will drift to one side, and change position with 
a variation in beam intensity. The most practical 
value, then, will be from one to four megohms, de- 
pending on the particular tube. But try the higher 
value first. 

Amplifiers for Oscilloscopes 
It is essential that the oscilloscope's amplifiers be 

capable of high voltage gain without distortion. While 

Ti 

6.3V. 

_ 
ATO.6AMP. 

ó 84,6Z4 
6X5G 

Li 

-ü00 
RI9 R20 

R25 

iA:_: 

C17 

885 or 6.17 
cis 

or 6J7 íe R18 

77, 
C14 

Vi c7 I NOTE: Tr-r 
DO NOT 

C5 
R10 

R15 8R235 FILAMENT 

R9 1 

X 

R6 R7 RB I 

R13 R14 

r R11 

> 

I Q 

5w2 R24 

C4 

g OPTIONAL-?, 

CI 

G 6.3 V. 

o TO o AMPLIFIERS 
X 

2.5V. 
TO 885 

1V 

o o 6.3V. 
to AT 0.9 AMP. 

Fig. 8. 

84,6Z4 

117 VOLTS'' 60,4 

6X5G 

Complete diagram for one- 

RI- 250,000 ohms, I 

watt 
R2- 50,000 ohms, 1/2 

watt 
R3- 50,000 ohms, 20 

watt 
R4- 20,000 ohms, I 

watt 
R5 -750 ohms, 1/2 watt 
R6- 50,000 -ohm pot. 
R6A- 50,000 to 100,- 

000 (see text) 
R7- 50,000 ohms, 1/2 

watt 
R8- 50,000 -ohm pot. 

-i 0 i o 
L _$W4.J 

C19 

C20 

THESE FOUR 
BINDING POSTS__ - 

ON REAR 
OF CHASSIS 

HORIZ. VERTICAL . 

PLATE PLATE 

EXSYNCTERNAL 

. 

GROUNDS 

60,4 TEST 
SIGNAL 

VERTICAL o AMPLIFIER 

C21 
NORIZ 
ONTAL 

AMPLIFIER 

ALL ABOVE 
BINDING POSTS 
ON FRONT PANEL 

885 666 6J7 1V 

or two -inch 'scope. Also suitable for larger model, with appropriate power -supply changes. 

R9- 150,000 ohms, I 

watt 
RIO- 50,000 ohms, /2 

watt 
RI 1-0.5 to 2 megs. 
R I2 -I fo 4 megs. 
R13, R I4- 250,000 -ohm 

pot. 
R15 -2 megs., 1/2 watt 
R I6- 50,000 -ohm pot. 
R 17- 25,000 ohms, 1/2 

watt 
R18 -200 ohms, /2 

watt 
R19 -5 -meg. pot. 

R20- 750,000 ohms, I/2 
watt 

R21 -I meg., 1/2 watt 
R23 -1000 ohms, 1/2 

watt 
R24, R25 - 100,000 

ohms, I watt 
R26 -1000 ohms, /2 

watt 
R27-1-meg. pot. 
CI, C2 -0.I mfd., 400 

v. tubular 
C3, C4-8 -8 mfd pa- 

per, actual capacity 
1.75 mfd. per section 

C5- Single 8, as 

above; actual capa- 
city about 2.75 mfd. 

C6, C7, C8, C9 -0.1 
mfd., 400 v. tubular 

C10-0.5 mfd., 400 v. 
tubular 

CI 1-0.1 mfd., 400 v. 
tubular 

C 12 -0.02 mfd., 400 v. 
tubular 

C13 -0.005 mfd. mica 
C14 -0.001 mfd. mica 
C 15 -0. I mfd. 600 v. 

tubular 

CI6-3 mfd or more, 
paper 

CI 7-0. I mfd. 600 v. 
tubular 

C18 -10 mfd., 25 v. 
elect. 

C19, C20, C21 -0.1 
mfd., 400 v. tubular 

SWI-Line switch on 
brilliance control 

SW2- S.P.D.T. toggle 
switch 

SW3, SW4 -Two -pole, 
3- position rotary 
switch 
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not ideal in every respect, simple pentode amplifiers 
of the 6C6 or 6J7 type are quite practical, being found 
in most commercial oscilloscopes. 

These are operated at higher plate voltages than 
usual, but being resistance coupled, only about half 
that voltage is actually applied to their plates. Plate 
load resistors are somewhat lower than usual. Cathode 
resistors must be those specified and screen voltage 
not less than 100 nor more than 125 volts. 

The vertical amplifier cathode resistor may be 
by- passed by a high value of capacity to prevent 
degeneration. But don't by -pass the horizontal am- 
plifier cathode resistor, as this will cause objectionable 
tails on the sweep wave. 

The plate coupling condensers, C15 and C17, 
should be of fresh stock. Old ones frequently pass 
a slight leakage current, placing some d.c. potential 
on the deflector plates, and preventing centering of 
the beam. The screen by -pass condenser, C16, must 
be not less than three microfarads, and preferably of 
the paper type. 

Flexible Switching Arrangement 
Two rotary switches are provided for deflector 

plate switching. The vertical plate may be switched 
either to the output of its amplifier or to a separate 
binding post for signals requiring no amplification. 
As r.f. is frequently applied to this plate, this binding 
post should be located on the rear of the chassis. No 
attenuation is provided in this case, potentiometers 
being rather allergic to r.f. 

DEN 
BRi_LANCE 

VERT. GAIN 

TEST 
DiR[CT 

VERT. P ,,`YL A T E S 

SYNC. 

SWEEPT FRED. 

FOCUS 

NOR. GAIN 

NOR. PLATES 

PILOT 0 LIGHT 

V.A. SYNC. TEST 

SYNC. SEL. 9 e 

32 

e 

a 

a 

Fig. 10. Panel layout for one- or two -inch 'scope. 

Smaller signals are applied to the vertical amplifier, 
which has its gain control and binding post on the 
front panel. A third position is provided so a 60 -cycle 
test signal may be picked up from a filament winding. 
This is useful for focusing and comparison, and is 
too handy a feature to omit. 

In most applications a linear sweep signal is used 
so the horizontal plate is connected to its amplifier, 
which, in turn, is switched to the saw -tooth oscillator. 
Sometimes the horizontal sweep voltage is taken from 
the apparatus under test, as in the case of transmitter 
testing, for instance, so a direct connection is also 
provided at the rear for the horizontal plate. 

For certain types of work it may be desirable to 
feed the signal being tested into the horizontal am- 
plifier, so switching should be provided in its grid 
circuit, too. 

Synchronization 
Synchronization of the saw -tooth oscillator is 

usually obtained by feeding back a small signal volt- 
age from the vertical deflector plate. Receiver align- 
ment work requires synchronizing the saw -tooth 
oscillator with the wobbulated oscillator, so an "ex- 
ternal sync." binding post is provided, as well as a 
toggle selector switch. 

This latter switch may be eliminated from the 
panel, though, by providing another gang and point 
on the horizontal switch. An optional circuit for 
this arrangement is shown in Fig. 9. 

One of the front panel binding posts is marked 
"60 -cycle test," but serves several purposes. Sixty - 
cycle synchronization may be had by running a 
jumper over to the "external sync." binding post. 

Sometimes a 60 -cycle sinusoidal sweep is desirable. 
A jumper from that binding post to the "H.A." post 
provides it when needed. 

This useful post can also be used as a 60 -cycle 
signal for running into amplifiers, either for testing 
or frequency comparison. It's worth its weight in 
rubber! 

Constructional Pointers 
With the various design problems disposed of, let's 

consider some constructional details. Anyone who has 
built a receiver, transmitter or amplifier should have 
no difficulty building a first -class oscilloscope if a 
few important points are adhered to. 

To begin, we know the 'scope should be inclosed 
in a metal cabinet for shielding and protection of the 
c.r. tube and other parts. A typical cabinet and panel 
layout is sketched in Fig. 10, being quite similar to 
some commercial products. Unfortunately, there are 
no suitable blank cabinets available, but building one 
yourself or having it made by a good sheet metal shop 
offers no particular problem. 

But don't try to stuff your 'scope into a regular 
receiver cabinet ! If you do it will be necessary to 
place the power transformer under the c.r. tube or to 
one side of it -and such an arrangement just won't 
work. Magnetic fields from the transformer will 
spoil the job. 
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AMPHENOL C.R.TUBE BRACKET 

i 

Fig. I I. Sectional view of one -inch oscilloscope. A satisfactory 
lens can be purchased at a Woolworth store. 

The cabinet size will depend on the tube used, 
the following being recommended : For a one -inch 
'scope, panel, 7x10 inches, with parts mounted on a 
7x10x2 -inch chassis. A bottom plate should also be 
provided. Such a stock chassis starts you off right. 
Add a panel and make up a cover and there you 
have it. 

A two -inch oscilloscope requires a little more care. 
I f laid out like Fig. 12, the chassis must be made to 
order. It should be 7x12/x4/ inches and the panel 
must be 11/ inches tall. If one wishes to use a stock 
chassis, placing the transformer on top, as shown in 
Fig. 11, the chassis must be at least 13 inches in 
length and 1/ or 2 inches high, with a panel one foot 
tall ; no less. Spacing between the c.r. tube and trans- 
former is a point that must be respected. 

All the above specifications are based on using one 
of the special c.r. power transformers mentioned. If 
two receiver transformers are used, the chassis must 
be an inch longer in every case. A single transformer 
should be located in the center of the chassis so as to 
be in line with the tube. If two transformers are 
used place them side by side and make the lead wire 
holes large enough to allow reversing their position 
180 °. Turning one of them around may cause a 
bucking or balancing of fields so as to affect the beam 
as little as possible. 

Panel Layout 

It may not be apparent at first glance but the loca- 
tion of all panel controls follows a logical order. The 
two c.r. tube controls, brilliance and focus, are located 
nearest the screen. Running down the left we find the 
vertical gain control, vertical plate switch and vertical 
amplifier binding posts. The right side is similar 
except everythinn has a horizontal function. Using 
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round knobs on potentiometers and bar type for 
switches makes the panel look simpler. 

In the center row we find all controls for the saw - 
tooth oscillator. The "sync. selector" switch may be 
omitted if the optional circuit, Fig. 9, is used. But 
keep the pilot light. A c.r.o. is noiseless in operation 
and ifs too easy to leave it running all night long ! 

Construction will be made easier if an Amphenol 
cathode -ray mounting assembly is used, or you can 
make your own if you like. Cable all wires going to 
the tube, except those two going to the deflector 
plates, which must be kept in the clear. 

Fig. 13 shows a chassis layout for two -inch 'scopes 
but is equally suitable for one- or three -inch jobs by 
altering the spacing to suit. Note that the oscillator 
tank condensers are mounted on top of the chassis, in 
front of the oscillator tube and behind their selector 
switch. 

Hoods and Lenses 

Although any tube affords sufficient brilliance for 
daylight observation, a hood should be used to prevent 
overworking the fluorescent screen. This is simply a 
metal tube of proper size, and can be made by rolling 
a piece of sheet metal. 

If a 913 is used a magnifying lens will make obser- 
vation a lot easier, when using the little 'scope for 
long periods of time. The dime stores can supply a 
suitable glass for a few cents. But don't try to get 
too much magnification as it will cause more eye strain 
than it saves. The actual screen size of the one -inch 
tube is about 15/16 inch. Enlarging this to an 
apparent size of 1% inches seems most satisfactory. 
Keep the lens well within the hood to minimize glare 
from external reflection. 

Wiring 
Wire the oscilloscope with the same care you would 

AMPHENOL C.R.TUBE BRACKET 

Fig. 12. Sectional drawing of two -inch oscilloscope. 
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Fig. 13. Chassis layout for two -inch 'scope. Also adaptable for 
larger or smaller job by appropriate dimension changes. 

a good amplifier. All filament and d.c. leads may 
be cabled but don't cable anything else. You will get 
bad interlocking of controls if you do. 

You will see from the parts caption that an os- 
cilloscope uses a goodly number of condensers and 
resistors. Don't let them hang around loose but 
anchor them down with plenty of tie points. 

Beam -centering controls may be omitted for one - 
inch 'scopes. Place them on the right side of chassis, 

up near the front, on a two -inch job, with holes in 
the cabinet for screwdriver adjustment. 

Suggestions for a Three -Inch 'Scope 
A three -inch job should follow all those rules given 

for the two -inch 'scope. The writer has not had a 
chance to learn how much magnetic fields affect three - 
inch tubes so would suggest using the same cabinet 
dimensions found in commercial jobs ; that is, about 
14 inches high, 7/ or 8 inches wide and about 14 
inches in depth. Inspecting the "innards" of com- 
mercial 'scopes you will find quite a bit of unoccu- 
pied chassis space -and you can be sure it was not left 
there without reason. With the larger panel, the 
beam -centering controls might well be placed below 
the "brilliance" and "focusing" controls. 

When the power supply and c.r. tube circuit wiring 
is completed, insert the tube and see if the beam will 
focus and center properly. Place some voltage on 
the deflector plates and see if the beam deflects. Then 
finish the wiring. If the parts and circuit have been 
followed correctly the 'scope should work "right 
off the bat." If not, recheck wiring and parts. If 
either amplifier distorts, measure the cathode and 
screen voltages, which must be correct. You may have 
a defective resistor somewhere. 

If the beam centers with amplifiers off and then 
changes position when they are switched on, replace 
the leaky plate coupling condenser. When checking 
voltages on the c.r. tube, remember to put the red 
probe on ground and the negative probe on the power 
supply. 

Well, we wish you luck. Next month we'll tell you 
how to use it for just about everything imaginable ! 

AIR -RAID ALARM 
[Continued from page 16] 

the oscillator becomes a part of the resonant circuit 
and throws the measurements all off. Connect the 
oscilloscope to the plate of the 6SQ7. 

Time delay is at a maximum of about 15 seconds 
and determined by the size of Cl and Rl, but this 
delay may be changed by adjusting the volume con- 
trol in the grid circuit of the 6SQ7. If the volume 
control is well advanced, R1 -C1 will charge up suffi- 
ciently to control the 2051 in much less than 15 sec- 
onds. 

The electrolytic condensers across the plate re- 
lays prevent relay chatter due to the a.c. plate voltage. 
Their polarity must be observed. 

The cathode push- button must be arranged to lift 
the shield grid of the 2051 off of ground along with 
the cathode, as shown, or the plate current will con- 
tinue to flow from shield to plate. 

34 

The Failure Alarm 
The carrier -or receiver - failure alarm is similar to 

the tone alarm in that it uses a 2051, but it is normally 
non -operative. The relay arm, is up because the con- 
trol grid of the tube is negatively biased by a.v.c. or 
limiter voltage. Failure of the r.f. portion of the 
receiver, or the absence of a station carrier will cause 
this section to operate. The relay is arranged to ring 
a bell or light a red light, while normal operation is 
indicated by a white light. 

Care must be observed in adjusting the amount of 
control voltage. Too little may cause false alarms 
when the station fades, and too much may cause tube 
noise and /or static to take hold and prevent an alarm 
when the station is actually off the air. The volume 
control on the input will take care of this. 

The audio amplifier and tuning eye are straight- 
forward and may, of course, be omitted or altered to 
suit other applications. The unit as a whole may be 
adapted to many other uses, the chief limit being one's 
imagination. 
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KLEINSCHMIDT OR 

CREED PERFORATORS 
I would like to buy or rent some, 
regardless of condition, because I 

can rebuild them. Will pay cash 
and a liberal price. 

If you are interested in the finest 
of radio -telegraph apparatus -and 
no maybe about it -write for my 
latest catalog. Transmitters for 

schools, etc., ink recorders, auto 
heads, etc. 

If you have a perforator but do 

not care to sell it, I will pay you 
fifty dollars for the use of it for the 
duration of the war. When I re- 
turn it to you, it will have been 
completely rebuilt and as good as 
new. 

Ted McElroy 
McELROY MFG. CORP. 

82 Brookline Avenue 
BOSTON, MASS. 

Remember Pearl Harbor 
BUY U.S. WAR BONDS 

YOU MAY NEVER AGAIN HAVE 

THIS OPPORTUNITY! 

Ilere is a real opportunity ! Radio rode 
Operators are in dentnul right now 
You can have a i I Nice with the .Army, 
Navy, Merchant Vla riot, or in civilian in- 
dustry. It's easy to learn to be a Radio 
Code Operator without leaving your own 
home . . You can learn by the Candler 
System and take advantage of their quar- 
ter of a century of success. The Candler 
System shows you all the short cuts 
it's easy and very practical. Thousands of 
successful Candler graduates attest to its 
thorough teachings . find out today. 
a post card will do no salesman will call 
upon you . . . Send a post card now 

Your FREE Book 
Candler's FREE BOOK OF 
FACTS is 

your 
waiting for youy- 

Find out all the cinsside facts 
about learning radio code 
or boosting code proficiency. It's a fascinating story- 
Write for your copy today! 
. . . There's no obligation. 

CANDLER 
SYSTEM CO. 

Box 925 
Dept. R6, Denver, Colorado 
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EVERYTHING 
IN RADIO 

Sets. parts, supplies. public 
address systems. amateur equip- 
ment. testers. kits and fluores- 
cent lighting at lowest prices 
Huge stocks. bought months ago 

. ready for shipment the same 
day your order is received The 
Defense Program is making big 
demands on our industry but be- 
cause of our advance buying we 
are able to fill your orders 
promptly and efficiently. 

BURSTEIN - APPLEBEE 
COMPANY 

1012 -14 McGEE, KANSAS CITY, MO. 

paring and producing exchange broad- 
casts for use in short -wave shows to 
Central and South America. Several 
have already been produced, and the 
1BS plans an even bigger schedule for 
the future. 

In cooperation with the USO, the 
IBS has designed transmitters similar 
to those used in the college stations, for 
use in Army and Navy camps. 

Working with the National Govern- 
ment, IBS has established the college 
stations as distribution centers for U.S. 
Government transcriptions and publicity 
material. Cooperating with the OEM, 
the War Department, the Navy Depart- 
ment, the Treasury Department, and 
the U.S. Office of Education, the IBS 
Program Department distributes ap- 
proximately eight 15- minute transcribed 
programs every week to each of the 35 
college stations. The programs, all 
connected with some phase of the war 
effort, include such shows as "The 
Treasury Star Parade," and "You Can't 
Do Business With Hitler." In addition, 
the IBS handles script and announce- 
ment material from these agencies. 

This increased activity has been un- 
dertaken by college students despite ac- 
celerated schedules of study. 

TECHNICAL MANUAL ON G -E 

RECEIVING TUBES 

A 24 -page technical manual on G -E 
radio receiving tubes, prepared to assist 
those who work or experiment with 
radio tubes and circuits, has been re- 
leased by the Renewal Tube Sales Sec- 
tion of the General Electric Radio Tele- 
vision and Electronics Dept., Bridge- 
port, Conn. The manual can be ob- 
tained by radio service men, radio tech- 
nicians, experimenters, radio amateurs, 
and others technically interested in 
radio tubes by writing the G -E depart- 
ment. 

"MODERN PRECISION" 

Leeds & Northrup Company has just 
issued a rather distinctive publication of 
general interest to engineers, research 
scientists, executives and users of elec- 
trical instruments, controls and furnaces. 

Called "Modern Precision," it contains 
news of L &N instruments, controls and 
heat- treating methods, and of the jobs 
they are doing in industry, in research 
laboratories and in teaching and testing. 
An addition to other L &N literature, it 
supplements the regular catalogs, bulle- 
tins and circulars which will continue to 
be issued as before. 

"Modern Precision" has 16 pages, 
10% inches by 15/ inches. It contains 
valuable information for a wide variety 
of industrial, educational and scientific 
fields. A copy can be had upon request 
to Leeds & Northrup Company, 4934 
Stenton Avenue, Philadelphia, Pennsyl- 
vania. 

* 

SYLVANIA ENGINEER COMMISSIONED 

Ralph S. Merkle, Commercial Engi- 
neer, Hygrade Sylvania Corporation, 
Emporium. Penna., has been commis- 
sioned First Lieutenant in the Co -ordi- 

nation Branch of the U. S. Army Signal 
Corps. He is now stationed in Wash- 
ington, D.C. 

Lieut. Merkle is best known to the 
radio trade as Technical Editor of Syl- 
vania News. Also, for a number of 
years he has been in charge of prepara- 
tion of technical literature issued by 
the Radio Tube Division of Hygrade 
Sylvania Corporation. 

PERMO S. M. JOINS ARMED FORCES 

Sherman Pate, for more than five 
years Sales Manager of Permo Products 
Corporation, has recently joined the 
United States Army. Mr. Pate will be 
away from his duties only for the dura- 
tion. 

Vice -President of Permo, E. C. 
"Gene" Steffens, will assume the duties 
of General Sales Manager during Mr. 
Pate's absence. W. F. "Bill" Hem - 
minger will act as Sales Manager of the 
Fidelitone Needle Division. These ap- 
pointments, announced by the President 
of the corporation, Arthur J. Olsen, are 
to be effective immediately. 

* 
SCHAIRER BECOMES DOCTOR OF 

ENGINEERING 

Otto Sorg Schairer, Vice President of 
the Radio Corporation of America, in 
charge of RCA Laboratories, has been 
awarded the honorary degree of Doctor 
of Engineering by the University of 
Michigan. The degree, conferred at the 
Commencement Day exercises at Ann 
Arbor, Mich., was in recognition of 
"the unusual achievements of one of the 
University's alumni in the conduct and 
administration of scientific research for 
industrial purposes." 

Dr. Schairer was graduated from the 
University of Michigan with an A.B. 
degree in 1901, and received his B.S. 
degree in electrical engineering in 1902. 

Recognized as one of the country's 
outstanding authorities on research, in- 
vention and patents, Dr. Schairer is 
presently engaged in directing the con- 
struction of the new RCA Laboratories 
now nearing completion in New Jersey 
as the foremost center of radio and elec- 
tronic research in the world. 

AIR RAID CONTROL FEATURES TWO -WAY 
COMMUNICATION SYSTEM 

New application has been developed of 
a standard two -way communication sys- 
tem and is now in use ill a large metro- 
politan building, by a force of air raid 
wardens divided into 40 air raid sectors, 
to control all tenants and employees. 
Each sector has a warden, and serving 
him is one remote station of this com- 
munication system. The remote stations 
connect to a master unit in the Chief 
Warden's Headquarters in the third 
sub -basement of the building. An auxili- 
ary amplifier at the master location per- 
mits high power broadcasting of simul- 
taneous messages to all of the remote 
stations. The master station is arranged 
with an annunciator type of push -but- 
ton selector to call or receive calls from 
individual remote stations. 'Thus the 
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of labor. I feel the constant contact of 
the industry with WPB, and they, in 
turn, in coordination with the army 
and navy, was greatly responsible for 
this orderly and effective conversion. 

"We have not been unmindful of our 
responsibility to the government and the 
public in providing replacement parts 
to keep the millions of sets now in the 
hands of the public in service. Pro- 
visions to accomplish replacement parts 
have been worked out by RMA com- 
mittees and the civilian divisions of 
WPB. We are even investigating the 
prospects of training Boy Scouts in the 
servicing of sets for the public use to 
supplant radio service men entering the 
service. 

"I have only high- spotted in brief the 
war effort of the radio industry. But 
time does not permit relating to you 
many interesting details and accomplish- 
ments technically and production -wise. 
Radio is going to play a big part in our 
winning this war. The industry is fully 
mindful of its responsibility to deliver 
a big order and promptly. WPB, the 
army, the navy and the air force all know 
what they want in radio apparatus. They 
have got their feet on the ground. The 
quality of our radio apparatus excels that 
of our enemies in every type -I know 
you'll be very glad to hear that. I have 
great confidence in the management, 
production and technical ability of the 
radio industry. The radio industry will 
deliver its part of the vast war program 
complete and successfully. I thank you." 

PUBLIC RADIO -TELEGRAPH TRAFFIC 
WITHIN UNITED STATES 

CLOSED BY DCB 

Chairman James Lawrence Fly of the 
Defense Communications Board an- 
nounced on May 28th that the Board had 
directed the closure of all public domes- 
tic point -to -point radio circuits within 
the continental limits of the United 
States, effective midnight, June 30, 1942. 
Provision is made, however, that upon 
proper showing to the, Federal Com- 
munications Commission and a finding 
by that Commission that a particular 
circuit is necessary to meet a vital pub- 
lic need, the DCB will seek ways and 
means to meet that need. 

Transmission of private messages 
over domestic radio circuits can be 
heard and easily monitored outside the 
United States. In many instances the 
nature of these private messages can 
give information of value to the enemy. 
The burden of possible censorship has 
been deemed insoluble within reasonable 
limits of available man power and funds. 
In any event, the censorship which 
would be necessary if these circuits re- 
mained, would involve a delay in trans- 
mission not necessarily found in the 
case of domestic wire circuits. 

Eighty stations operated by eleven 
companies will be affected by today's 
order. The chief carriers concerned are : 

R.C.A. Communications, Inc., Mackay 
Radio and Telegraph Co., Tropical Ra- 
dio Telegraph Co., Globe Wireless Ltd., 
Press Wireless Inc. (press only), Radio - 
marine Corp. of America, Central Radio 
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Telegraph Co., Michigan Wireless Tele- 
graph Co., Wabash Radio Corp., Pere 
Marquette Radio Corp., and the Western 
Radio Telegraph Co. Their total traffic 
is considered quite small in comparison 
with all domestic message volume. Chair- 
man Fly stated that adequate wire line 
communications facilities remain avail- 
able to all users of these domestic radio 
circuits. 

If upon recommendation of the Fed- 
eral Communications Commission the 
DCB should permit any particular circuit 
or circuits to remain in business, it will 
follow as a matter of course that they 
will be effectively censored. Routine 
precautionary measures, including moni- 
toring by the FCC Radio Intelligence 
Division, will continue in any case. 

Not affected by the DCB order of to- 
day are the coastal and ship -to -shore 
radio stations, which are under the con- 
trol of the Navy Department. 

The order of the Defense Communi- 
cations Board closing domestic radio- 
telegraph service throughout the United 
States on June 30 will not affect the 
public availability of the world -wide 
international radiotelegraph service of 
R.C.A. Communications, Inc., according 
to William A. Winterbottom, vice presi- 
dent and general manager. 

Through an agreement of long stand- 
ing between RCAC and Western Union, 
Mr. Winterbottom said, raidograms 
destined for foreign cities may be 
marked "Via RCA" and filed at any 
Western Union office in the country. 
Messages marked in this manner are re- 
layed by Western Union wire to either 
San Francisco or New York, from 
where RCAC transmits them interna- 
tionally by radio. The company oper- 
ates direct radiotelegraph circuits be- 
tween these two cities and more than 
forty nations. 

The principal cities in which the do- 
mestic services of RCAC will be affected 
by the DCB closing order are Chicago, 
Detroit, Los Angeles, New Orleans and 
Seattle. 

* 

INTERCOLLEGIATE BROADCASTING 
SYSTEM 

The Intercollegiate Broadcasting Sys- 
tem is devoting much effort to Inter - 
American and War programs. Through 
the medium of some 35 college stations, 
IBS is cooperating with the national 
government, as well as local, city, and 
state authorities in the War effort. 

Civilian Defense preparations and in- 
structions occupy a portion of air -time 
on hook -ups in the nation's colleges. In 
campus defense, the college station is by 
far the most important unit. Students 
have been instructed to keep tuned to 
their college station as much as possible. 
The station serves as the official distri- 
bution agency for instructions during an 
emergency. During actual air -raids, 
the college station will be the only radio 
station allowed to remain on the air. In 
this way, the unification of all defense 
organizations has been greatly simplified. 

In the field of Inter -American Affairs, 
the IBS has worked closely with the 
Nelson Rockefeller Commission in pre- 
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Write today for your copy 
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NOW -A REALLY HIGH- POWERED- 

Radio Engineering 
Library 

NOTE: 
The Library comprises a selection 
of books culled from leading Mc- 
Graw -Hill publications in the ra- 
dio field. 

especially selected by radio specialists of Mc- 
Graw -Hill publications 

to give most complete, dependable coverage of 
facts needed by all whose fields are grounded on 
radio fundamentals 

available at a special price and terms 
THESE books cover circuit phenomena, tube the- 

ory, networks, measurements, and other sub- 
jects -give specialized treatments of all fields of 
practical design and application. They are books 
of recognized position in the literature -books you 
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are a practical designer, researcher or engineer 
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for the help they give in hundreds of problems 
throughout the whole field of radio engineering. 

5 VOLUMES, 3319 PAGES, 2289 ILLUSTRATIONS 
I. Eastman's FUNDAMENTALS OF VACUUM TUBES 
2. Terman's RADIO ENGINEERING 
3. Everitt's COMMUNICATION ENGINEERING 
4. Hund's HIGH FREQUENCY MEASUREMENTS 
5. Henney's RADIO ENGINEERING HANDBOOK 
10 days' examination. Easy terms. Special price under this offer less than books bought separately. Add these standard works to your library now: pay small monthly 
installments, while you use the books. 

10 DAYS' FREE EXAMINATION -SEND COUPON 

McGraw -Hill Book Co., 330 W. 42nd Street, N. Y. C. 
Send me Radio Engineering Library, 5 vols.. for 10 days' examination on approval. In 10 days I will send $3.00 plus few cents postage, and $3.00 monthly till $24.00 is Arid. or return books postpaid. (We pay post- age on orde, accompanied by remittance of first in- stallment.) 
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"It became evident to us of the radio 
industry in the summer of 1940 that this 
nation was obliged to change its pace 
and attitude in regard to National De- 
fense. The President pointed the way 
ill May 1940 with the original National 
Defense Program, which was modest 
in magnitude as we now look back in 
retrospect and in comparison with our 
present -day program. Some industries 
were more sensitive to their responsi- 
bilities in the National Defense Program 
than others. 

"Under the leadership of the Radio 
Manufacturers Association, the radio 
industry took early action in the orig- 
inal National Defense Program of 1940. 
Our President of the Association, at 
that time Mr. James S. Knowlson, was 
an early and vigorous advocate that 
the radio industry lose no time in find- 
ing its spot in the Defense Program. 
Mr. Knowlson was later drafted by Mr. 
Donald M. Nelson, in September of 
1941, to become his Deputy Director 
of Priorities in the old OPM organiza- 
tion -and is now Director of Industry 
Operations in the War Production 
Board. 

Dear RADIO: 

Kindly send me the items 
listed below for which I en- 
close $ in payment. 

] "Radio" (one year) 

"Radio" (Iwo years) 

"Radio" Handbook 
I I 

Name . 

Call 

Address 

Note: All shipments are prepaid 
by us. Current editions are al- 
ways supplied unless previous or 
future editions are requested in 
the original order. California cus- 
tomers: please add sales tax. 

THE EDITORS OE 

RADIO 
77 Bedford Street, 

Stamford, Connecticut 

62 

"The Radio Manufacturers Associa- 
tion was one of the first to appoint a 
special committee on National Defense 
procedure. The Radio Manufacturers 
Association developed a complete sur- 
vey of the facilities of the radio indus- 
try in the fall of 1940 with the object of 
acquainting the interested services, de- 
partments and bureaus in Washington 
as to who we were and what we could 
do. We readily recognized the prospec- 
tive development of a tremendous mili- 
tary radio program with the equipping 
of airplanes, tanks, artillery and infantry 
with two -way radio communication ap- 
paratus and locating devices for the 
army, and added to this the requirements 
of the navy. 

'Before the 1940 Defense Program, 
the army, the navy and the air force 
obtained their radio apparatus largely 
from five firms, namely, General Elec- 
tric, Western Electric, RCA, Westing- 
house and Bendix. Naturally, when the 
early release of orders for radio ap- 
paratus was made by the contracting 
divisions of the army and the navy, the 
orders went to these five firms who had 
established themselves through long 
years of contact, relations and ex- 
perience. They knew the intricacies 
of the highly technical problems be- 
cause of constant association with them 
-and they could produce. 

The Radio Manufacturers Associa- 
tion never attempted to get production 
contracts for any of its members, re- 
alizing how impractical this was. In- 
stead, the Association sought to guide 
the industry into a groove in the De- 
fense and War Production Program 
by influence : first, to influence the mem- 
bers of the industry that there was a 
big job to be done; that they should 
expose themselves to the problems tech- 
nically to learn who and how to serve; 
also expose themselves to the procure- 
ment and contract divisions of the army 
and navy, so they would become known. 
We had to become acquainted with the 
problems and the people in the army 
and navy. The RMA was active in 
acquainting the proper people in the 
army and navy procurement and radio 
technical groups with the facilities of 
the radio industry. We fostered the idea 
that it was not a matter of how many 
square feet of floor space or how many 
tools we all had in the aggregate, but 
instead it was our technical talent, our 
experience, our background, our man- 
agement and our years of mass produc- 
tion of radio sets, and a far -flung, 
finely -knit organization of myriads of 
specialty radio parts suppliers, coupled 
with their technical, production and 
management experience, which as a 
whole made a vast, well -fitted machine 
-that this machine could be readily 

QUALITY ABOVE ALL 

C A C I T O R S CAP 
Write for Catalog 

SOLAR MFG. CORP. 
BAYONNE. N..1. 

utilized and was sufficiently capable to 
produce the ever- expanding radio war 
program. 

"We realized it was necessary to con- 
vince the military and OPM that the 
Association supplied capable and re- 
liable leadership to the industry. Oppor- 
tunity to prove this leadership came in 
the spring of 1941 when it became evi- 
dent that aluminum and nickel were to 
be very scarce. The RMA Priorities 
Committee met with the metals and min- 
erals officials in OPM, where they were 
acquainted with the problems. Then we 
called an industry conference, in April 
1941, and obtained agreement from the 
entire industry to reduce and /or dis- 
continue use of aluminum and nickel in 
various components in receivers. Then 
we worked out the details with the 
metals and minerals group of OPM for 
its accomplishment. 

"Throughout this entire past year the 
RMA has taken the industry leader- 
ship in all the relations with various 
governmental bureaus as applied to the 
radio industry. Influence was given to 
substitutions by the Material Bureau 
of our Engineering Department. 

"The tube group of our industry was 
very influential to a tremendous degree 
in bringing about substitutions of ma- 
terials of scarce nature, as well as ac- 
complishing almost overnight develop- 
ments of tubes for special purposes. 

"It was very evident in the summer 
of 1941 that there was a billion- dollar- 
plus military radio program in the mak- 
ing. Set manufacturers and parts manu- 
facturers began to find their place in 
the picture. Sub -contracting to other 
set manufacturers by the "big five" be- 
gan and has expanded into what is 
known now as family groups -fostered 
by the War Production Board and the 
army and navy -wherein set sub -con- 
tractors are assigned to a specific one 
of the "big five" and thus spreading 
the work. Many other set manufacturers 
themselves became prime contractors. 
The parts manufacturers as a whole, 
excepting possibly the speaker manufac- 
turers, have found their spot in the 
scheme and are making tremendous 
quantities of parts in the war program. 

"The OPM, SPAB and WPB policy 
was for a gradual conversion of the 
industry, so as to maintain technical 
facilities and personnel intact. They 
provided for civilian production until 
war contracts were available. We were 
preparing for a tremendous curtailment 
of civilian production even before Pearl 
Harbor, but, of course, after the declara- 
tion of war the orders accelerated so 
rapidly that it was deemed wise that 
civilian production cease and this was 
so ordered by the WPB to be effective 
April 22nd, which was approximately 
coincidental to the war production pro- 
gram of the majority of the important 
producers. 

"The present situation is that virtually 
all set manufacturers, excepting a very 
few employing only a few hundred 
people, have war contracts and are ac- 
celerating in their production. 

"Conversion of the industry was ac- 
complished with very little dislocation 
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Kleinschmidt or 

Creed Perforators 
I would like to buy or rent some, 
regardless of condition, because 
I can rebuild them. Will pay 
cash and a liberal price. 

If you are interested in the 
finest of radio- telegraph appa- 
ratus -and no maybe about it- 
write for my latest catalog. 
Transmitters for schools, etc., 
ink recorders, auto heads, etc. 

If you have a perforator but 
do not care to sell it, I will pay 
you fifty dollars for the use of 
it for the duration of the war. 
When I return it to you, it will 
have been completely rebuilt and 
as good as new. 

Ted McElroy 

McElroy Mfg. Corp. 
82 Brookline Avenue, Boston, Mass. 

part of a composition to another, true 
color values may be seriously dis- 
torted. 

SUIT DISMISSED 

Western Electric Company, Incor- 
porated has dismissed without pre- 
judice its suit filed on January 29, 1942 
in the Federal Court for the Southern 
District of New York against Radio 
Wire Television, Inc., of New York, 
claiming infringement of several of its 
patents in the manufacture and sale 
of amplifiers. The Transformer Cor- 
poration of America, who manufac- 
ures these amplifiers, has taken a 
patent license from Western Electric. 

Most of the concerns operating in 
the public address and related fields 
are licensed to manufacture and sell 
amplifiers under Western Electric 
patents. Such licenses, which were 
previously granted by Electrical Re- 
search Products, Inc., are now being 
handled by the Electrical Research 
Products Division of the Western 
Electric Company, Incorporated, since 
ERPI has been merged into the West- 
ern Electric Company, Incorporated. 

CORRECTION 

In the next to the last paragraph of 
the article "Determining the Character- 
istics of Audio Amplifiers," page 15, 
May issue, it is stated that, "A much 
simpler method than working out this 
formula is to determine the number of 
db of output and the number of db of 
input from Fig. 2, then divide the first 
by the second." 

The italicized portion should read, 
"then subtract the second from the first." 
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NOTICE TO SUBSCRIBERS 
* With the work involved in institut- 
ing the New RADIO and the time re- 
quired in moving the organization 
across continent, it was necessary to 
skip the April issue. We wish to as- 
sure the subscribers who have brought 
up this point, that their subscriptions 
have been automatically advanced 
one month. 

RMA CONVENTION NEWS 

4 An outstanding feature and attraction 
of the eighteenth annual and wartime 
convention of RMA, Tuesday, June 9, 
at Chicago, was one of the most prom- 
inent personalities in the government's 
war program, Honorable William L. 
Batt of the War Production Board. Mr. 
Batt, a key official of WPB, made a 
special trip from Washington to ad- 
dress the industry at the RMA mem- 
bership luncheon at the Stevens Hotel on 
June 9. A special message on the in- 
dustry's war production program was 
brought by Mr. Batt, insuring a large 
attendance at the RMA "all out" war 
convention. 

Mr. Batt is Director of the Materials 
Division and a chief aide to Chairman 
Donald M. Nelson of WPB. Also he is 
Chairman of the special WPB Com- 
mittee on War Requirements. He has 
been prominent, first, in the national 
defense program as deputy commissioner 
of the former National Defense Ad- 
visory Commission under Mr. E. R. 
Stettinius. Later he was deputy direc- 
tor of the OPM Production Division, 
and a few months ago was appointed 
by President Roosevelt on the special 
mission to Russia. Mr. Batt is an en- 
gineer and is a graduate of Purdue Uni- 
versity. His acceptance of the invita- 
tion of President Galvin and the Di- 
rectors of RMA, to be the guest speak- 
er at the Association's annual conven- 
tion on June 9, was regarded as a 

recognition of the industry's importance 
in the war program and of its coopera- 
tion toward 100 per cent war production. 

President Galvin of RMA presided 
at the convention luncheon session. His 
annual report on the industry's present 
and future war problems was of special 
interest ; and Treasurer Leslie F. Mu- 
ter submitted a financial report. 

RMA members voted on a proposal, 
recommended by the Executive Com- 
mittee and Board of Directors, to ex- 
pand RMA war services and activities 
by organizing a new Transmitter Di- 
vision, and also another proposed 
amendment to change the name of the 
Amplifier and Sound Equipment Di- 
vision to the "Speaker" Division. 

The "strictly business," all -out war 
program of the ÍMA convention for the 
one -day session on June 9 also included 
annual meetings, for election of direc- 
tors, of the Set Division under Chairman 
Ray H. Manson ; the Tube Division 
under Chairman Roy Burlew ; the Parts 
and Accessory Division under Chair- 
man H. E. Osmun, and the new Speak- 
er Division under Chairman James P. 
Quam, together with an organization 
meeting of the proposed new Transmit- 
ter Division in charge of Director W. 
R. G. Baker of the RMA Engineering 
Department. Also, there were meetings 
of several RMA committees. 

The important part of the radio in- 
dustry in the war program, including 
activities of RMA, was detailed by 
President Paul V. Galvin of the As- 
sociation at the recent annual convention 
of the Chamber of Commerce of the 
United States at Chicago. His speech 
follows : 

"Radio Industry War Activities" 

Address of Mr. Paul V. Galvin, President, 
Radio Manufacturers Association, to the U. S. 

Cl-amber of Commerce, Stevens Hotel, Chi- 
cago, April 27, 1942 

[Continued on Page 62] 
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of $1.50 per year. Subscriptions at this rate (whether ordered by the 
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URGENT NEED FOR METERS 

A plan is suggested by Mr. D. E. Gas - 
kill, of the Lockheed Purchasing De- 
partment, which will give all amateurs, 
experimenters, dealers and jobbers an 
opportunity to help the Aircraft Indus- 
try to "Get 'em Flying." 

All aircraft engineering departments 
need electrical meters for design and 
test work but with meter manufacturers 
overloaded with orders, even the Air- 
craft Industry's A -1 -A rating cannot 
get deliveries quick enough to permit 
this vital part of our war effort to speed 
ahead. 

Mr. Gaskill suggests that all owners 
of electrical meters of all kinds submit 
lists of such equipment, giving all de- 
tails such as make, model, range, case 
style and condition. The aircraft pro- 
ducers are willing to pay fair market 
prices on any such meters they requisi- 
tion. After the war, when private ac- 
tivity can be resumed, plenty of new in- 
struments of probably improved design 
will be available. So turn in your meters, 
invest the extra cash in War Bonds and 
deal a double blow to the Axis. 

Send your lists to R. V. Weatherford, 
1956 So. Figueroa Street, Los Angeles, 
California, who will make them avail- 
able to all western aircraft manufac- 
turers. This will be handled on a non- 
profit basis as a contribution to Victory. 
"Get 'em Flying." 

* 
WAR POLICY FOR PHYSICS 

At the American Physical Society 
Meeting, which convened in Baltimore 
May 1, American physicists recognized 
the important strategic position of their 
science in modern warfare and recom- 
mended the adoption of national man- 
power policies which will most ef- 
fectively utilize physics and physicists 
in the war effort. The War Policy Corn - 
mittee of the American Institute of 
Physics, of which the American Physi- 
cal Society is one of the five Founder 
groups, presented a report saying that 
"New tools of war have been devised 
which can swing the tide of victory. 
They utilize results of research in elec- 
tronics, electric waves, acoustics, me- 
chanics and optics. Physicists have de- 
vised these new tools, engineers have 
shaped them for manufacture, and man- 
ufacturers are producing them." 

The Policy Committee report pointed 
out that, not only in the design of these 
tools but also in their military operation, 
a very large number of men with train- 
ing in physics at all levels from high 
school graduates to doctors of philos- 
ophy are needed. High schools, colleges 
and universities were urged to emphasize 
such training. The Committee also en- 
dorsed the plans of U. S. Government 
agencies to augment the regular schools 
through establishment of emergency in- 
tensive courses of instruction in physics. 

* 
IRON AND GLASS SEAL 

Tight seals between iron and glass, 
eliminating the need for nickel and 
cobalt, critical war metals, for wires 
leading into certain types of vacuum 

tubes, are now being made with a new 
development of General Electric 
scientists. Dr. Albert W. Hull and 
Dr. Louis Navias, of the G -E Re- 
search Laboratory, have just been 
granted a patent for their invention. 

They have devised a series of glass 
compositions which can be used with 
iron and certain iron alloys. One con- 
sists of 45 percent silicon dioxide, 14 
percent potassium oxide, six percent 
sodium oxide, 30 percent lead oxide 
and five percent calcium fluoride. The 
rate of expansion of these glasses is 
very close to that of iron. 

In seals using these glasses a fur- 
ther and separately patented invention 
of Dr. Navias also proves useful. 
When a glass containing lead is sealed 
in contact with iron, some of the lead 
atoms migrate from the glass into the 
metal. This weakens the joint, and 
may let air leak into the tube. Dr. 
Navias proposed placing a thin layer 
of lead -free glass directly over the 
metal, then sealing the lead -containing 
glass to that. The thin glass layer pre- 
vents the lead from reaching the iron, 
yet it is not thick enough to crack and 
let air in. 

SEEING IS DECEIVING 
It's an old theory that "seeing is be- 

lieving" and the camera tells the truth. 
As applied to color photography, how- 
ever, there are certain phenomena of 
human vision which quite baffle the 

camera and cannot be duplicated. Ac- 
cording to the Color Research Lab- 
oratory of the Eagle Printing Ink 
Company, Division of General Print- 
ing Ink Corporation, 100 Sixth Ave- 
nue, New York, the most notable dif- 
ference between eye and camera is the 
ability of the first to make instanteous 
adjustments to light intensity and to 
be bothered not in the least by the 
problems of correct and accurate "ex- 
posure." 

For instance, when the eye sees two 
yellow objects in a room, one near the 
brilliant light of a window and the 
other in deep shadow at the far end of 
the room, both objects will be seen as 
yellow. If a camera were to photo- 
graph the same setup, this human ex- 
perience could not be duplicated. For 
if the exposure were adjusted for the 
bright light, the yellow object in dim 
light would be underexposed and 
would fade out into some dismal 
blackish or olive tone. If it were ad- 
justed for the dim light, the object in 
bright illumination would be over- 
exposed and might show as a fuzzy 
white. 

According to Eagle there are two 
major principles to follow in achiev- 
ing good results in color photography. 
(a) Keep uniform light intensity the 
same throughout a composition. (b) 
Or keep severe contrast between fore- 
ground and background. For if light 
intensities vary even slightly from one 
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Uncle Sam now has the 
right of way . . . the green 
light. Nothing is so important 
as speeding supplies through to 
where they are needed most. 
Everything else is subject to 
"amber light" warnings. Radio 
and phonograph parts manu- 
facturers are still permitted to 

supply jobbers with replacement parts in order to keep present equip- 
ment operating. The Astatic Corporation is endeavoring to maintain 
this service to jobbers insofar as it does not conflict with defense 
orders. For greatest efficiency and satisfaction, all parts replacements 
should be made with nationally known, trademarked and guaranteed 
products. 
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MARINE CORPS NEEDS SPECIALISTS 

The United States Marine Corps 
needs a large number of officers with 
electrical background for duty in the 
supervision and maintenance of radio 
aircraft warning devices, allied radio 
equipment and installations. 

A call to civilians between 20 and 40 
years of age to apply for commissions 
in the Corps has been issued by the Com- 
mandant Lieutenant General Thomas 
Holcomb. 

Candidates for commissions should be 
able to fill one of the following: 

Hold a degree of Bachelor of Science 
of Electrical, Radio or Communication 
Engineering or Electronic Physics 
awarded by an accredited college, or : 

Hold a degree of Bachelor of Science 
in any engineering subject and have had 
reasonable practical experience in radio 
or electrical work, or : 

Have successfully completed at least 
two years of electrical, radio or com- 
munication engineering subjects at a 
college, university or commercial school 
of recognized standing and have consid- 
erable experience in one of those fields, 
or: 

Have the equivalent of any of the 
above by reason of extensive practical 
experience in the field of radio where the 
applicant has been connected with the 
design, erection or maintenance of ultra- 
high frequency radio transmitting or 
reception equipment. 

Men who are commissioned will be 

sent to an officers' school for three 
months for an indoctrination course in 
military training. 

Anyone interested in applying for a 
commission in this specialized field who 
lives in the Western Division compris- 
ing the states of Arizona, California, 
Colorado, Idaho, Nevada, New Mexico, 
Montana, Oregon, Utah, Washington 
and Wyoming is advised to write a let- 
ter to Lieutenant Colonel Raymond W. 
Conroy, Naval Reserve Aviation Base, 
Oakland Airport, Oakland, California, 
or The Commandant, U.S. Marine 
Corps, Headquarters, Washington, D.C. 

In this letter a statement of qualifica- 
tions should be made, and information 
giving age, full name and complete ad- 
dress should be included. 

While applicants must meet other 
standard qualifications of the Marine 
Corps, certain waivers in physical con- 
dition may be requested for men who 
are particularly qualified for this work. 

* 

REQUIREMENTS FOR BROADCAST 
STATION OPERATORS FURTHER 

RELAXED 

The Federal Communications Com- 
mission, through its Order No. 91 -A, 
upon recommendation of the Defense 
Communications Board, modified its 
rules to provide a further relaxation of 
its operator requirements for broadcast 
stations. The original action of Febru- 
ary 17, 1942 permitted the operation of 
broadcast stations of any class by hold- 
ers of radiotelegraph first or second 
class operator licenses or radiotelephone 
second class operator licenses. Holders 

of restricted radiotelegraph or radio- 
telephone operator permits are now 
added to the classes available for opera- 
tion of broadcast stations. 

The restricted radiotelephone permit - 
tee, however, first must be examined for 
proficiency in radiotelephone theory and 
secure endorsement of that fact on his 
permit. This may be done through spe- 
cial examination at a, field office of the 
Commission, such examination being 
similar to the questions in radiotele- 
phone theory required of a Class A 
amateur licensee. Necessary endorse- 
ment of the permit may be secured also 
by presenting both the restricted radio- 
telephone permit and a Class A amateur 
license to a field office of the Commis- 
sion. A person having one of these 
classes of license may qualify by satis- 
factorily completing examination for the 
other class. In any case the restricted 
radiotelephone operator permit must be 
endorsed by the Commission before the 
permittee is qualified for broadcast sta- 
tion operation. 

This relaxation is designed to relieve 
a growing shortage of operators as a 
result of war conditions and the require- 
ments of the military forces for radio 
operators. It is not contemplated that 
technical operation will be impaired or 
labor standards in the industry lowered 
through reliance upon this action of the 
Commission. A first class radiotele- 
phone operator, responsible for technical 
operation and other than minor trans- 
mitter adjustments, must be retained, 
and the station licensee will be held fully 
responsible for proper operation of the 
station. 

YOUR REFERENCE BOOK 
BUYING GUIDE 

AND MASTER FILE 
Gives This Important Data 

Contained within the hard covers 
of this 800 -page MASTER BOOK 
are the listings of the products of 
90% of all Radio Parts and Equip- 
ment Manufacturers in the indus- 
try. In it you will find many 
thousands of items, such as elec- 
tronic devices, transmitting and 
receiving sets, public address 
equipment, speakers, tubes, an- 
tennas, transformers, condensers, 
replacement parts, meters, labora- 
tory test equipment, relays, plugs, 
coils, wire, and numerous other 
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clear illustrations with descrip- 
tions and specifications. Yes, this 
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THE ONLY OFFICIAL 
RADIO & EQUIPMENT 

MASTER CATALOG 
Compiled In co- operation with and ap 

proved by the Radio Manufacturers Group 
as the industry's official source book. 

Who Uses It? 
Broadcasting Stations 

Department Stores 
Electrical Engineers 

Exporters 
Foreign Governments 

Industrial Plants 
Mail Order Houses 

Mechanical Engineers 
Newspaper Publishers 

Police Departments 
Purchasing Agents 

Radio Distributors 
Radio Service Organizations 

Radio Salesmen and Buyers 
Radio Parts Manufacturers 

Radio Set Manufacturers 
Radio Sales Agents 

Students and Experimenters 
Technical Libraries 

Telephone Companies 
Telegraph Companies 

Universities & Schools 
U.S. Military, Naval 

and Aircraft Depts. 

U N I T E D C A T 
106 -110 LAFAYETT 

A L O G P U B L I S HERS , Inc. 
E STREET. NEW YORK. N. Y., U.S.A. 

58 JUNE, 1942 RADIO 

www.americanradiohistory.com

www.americanradiohistory.com


15 eis ISSUES FOR $3 

.2a4t emu 

Charter Subscription Offer 
Positively expires June 30th 

All subscriptions postmarked before June 30th will be con- 

sidered as "charter subscriptions" to the new RADIO, and 
will receive without extra charge three issues over and 
above those called for by our regular rates below. RADIO is 

now published twelve times annually. 

$ 00 sigoo 
for one year 410 for two years 

in U.S.A. only. To Canada (inclusive of current taxes), 
Newfoundland, Spain, and Pan -American countries, add 
50c per year. Elsewhere, add $1 per year. 

Note: Because of wartime censorship restrictions, we must reserve the right to withhold from foreign subscribers any 
issue the regular domestic edition of which is not approved by the authorities for export without changes. In such 
cases subscriptions will be extended so that each subscriber will eventually receive the number of issues to which 
he is entitled. 
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The ions are bombarded against the 
plate, grid and filament. They hit 
so hard that they may he absorbed in the 
elements themselves and can only be 
released again by excessive heating. 
Sometimes this gas is never released, 
and thus can do no harm. 

In practice, this is the routine followed 
at WOR in operating the equipment. 

1. After checking to insure that the 
control switch is in the "Off" position, 

carefully insert the tube in the socket. 
He certain that the shorting bar across 
filament and grid terminals slakes a 
good connection. In the case of high - 
voltage rectifier tubes, be sure that fila- 
ment leads are shorted. 

2. Switch "On" the fan in the trans- 
former compartment. 

3. Set the transformer in the low - 
voltage position by putting the magnetic 
shunt all the way in, thus shortening the 

magnetic path of the lower leg of 
the transformer and by- passing 
a considerable portion of the 
flux. 

4. Close the transformer com- 
partment door, leave the tube 
room and turn the control switch 
to the "On" position. If an arc 
sustains across. the transformer 
gap, break it by snapping the 
control switch to the "Off" posi- 
tion. Switch "On" again and 
leave on low voltage for one 
minute. 

5. Throw the switch to the 
"Off" position. Go into the tube 
room and put the transformer in 
the high voltage position by plac- 
ing the magnetic shunt all the 
way out which concentrates the 
magnetic path through the sec- 
ondary of the transformer. 

6. Leave the tube room and 
turn the control switch to the 
"On" position. If an arc is 
formed across the gap, break it 
by throwing to the "Off" posi- 
tion. Condition the tube on high 
voltage for 10 minutes after the 
last flash. 

Best results will come from 
the reconditioning process if 
tubes are treated immediately 
before being inserted in the 
transmitter tube socket. If this 
is done no flash arcs or arc backs 
will occur during operation. At 
times the treatment of a stub- 
born case may take one or two 
hours. If the 10- minute treat- 
ment after the last flash does not 
clean up the condition, the tube 
has probably developed a leak 
which will cause trouble when 
put in service. 

If the tube under test has a 
small amount of air in it, a pink- 
ish color can be seen when the 
voltage is applied. This color is 
evident in mercury vapor tubes 
as well as in amplifier tubes, but 
is mixed with the blue color clue 
to mercury vapor. If a tungsten 
filament type tube has a crack 
which lets it down to air, a yel- 
lowish smoke will appear in the 
tube when the filament is lighted. 
This is a tungsten oxide formed 
from the filament burning in 
air. 

We keep an accurate record 
of tube reconditioning on a 
special form. Space is provided 
for entering the serial number 
and type of tube, number of flash 
arcs observed on both low and 
high voltage, and time required 
for reconditioning. A condensed 
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SERVICE MEN... 

When you make out that bill for radio repairs, 
itemize your work, and list each Mallory 
part by name and type- number. Using these 
products, therefore, shows your customers 
that you do quality work and use quality 
parts. It earmarks your shop as first -class. 

In these days, with no new radio -receiver 
production, more and more people are find- 
ing it advisable to have their present sets 
repaired, rebuilt, or modernized. Build pres- 
tige and profits by selling complete over- 
haul jobs. Do more than just "fix the 
trouble" . . . make the set play like new. 

Keep 'em listening! And eliminate the annoy- 
ance and expense of no- charge reservicing 
... insure the satisfaction of your cus- 
tomers by using Mallory Approved Pre- 
cision Products. 

P. R. MALLORY & CO., Inc. 
INDIANAPOLIS INDIANA 

Cable Address - PELMALLO 

se 
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entry of this information is made in 
the log. 

Filament Aging 
A second part of the reconditioning 

treatment which has been tried with 
some success consists of filament aging 
of thoriated tungsten filament tubes for 
10 nninittcs with the filament voltage 30 
per cent above normal, followed by one 
or two hours with normal filament volt- 
age only -no plate voltage. 

In order to age tungsten filaments of 
water- cooled tubes, the tube must be 
placed in the transmitter socket with the 
standard water -cooling conditions. The 
filament is lighted at the correct oper- 
ating voltage as measured at the tube 
terminals. Lighting the filament at 
normal operating temperature tends to 
clear up residual gas and clean off the 
filament and grid surfaces. After one 
or two hours aging, the tube is ready to 
be tested in the transmitter under normal 
starting and operating conditions. 

Even if your station has no recondi- 
tioner unit, we believe filament aging is 
still of some value. In a few instances 
the above treatment has been effective in 
reducing initial flashing during oper- 
ation, even though the tube is again re- 
turned to the shelf for several weeks 
prior to being installed in regular serv- 
ice. It is recommended that spare tubes 
be conditioned by filament aging every 
three months to insure continuity of 
service. High vacuum rectifiers can be 
given the same treatment as amplifier 
tubes. 

Unless a spare socket is available, this 
conditioning can be done during off 
hours when two tubes can be treated at 
the same time in the second power ampli- 
fier. In this way more than one spare 
is always conditioned and ready for use. 

Due to long life, spare thermionic 
mercury vapor tubes usually remain on 
the shelf from 12 to 15 months. All 
mercury vapor tubes must be given a 
filament preheat test every three months 
for at least two or three hours at the 
rated filament voltage. We have dis- 
continued the old practice of preheating 
at one -half filament voltage. We feel it 
is better to be one or two per cent above 
the rated voltage than to fall below it. 

In our transmitter we remove all 
rectifier tubes, install the spares and pre- 
heat for three hours. Then we test the 
circuit for operation under full load. 
Accurate records are kept of these pre- 
heat periods. 

Test at Maximum Plate Voltage 
if a mercury vapor tube fails to rectify 

without arc hacks after the recommended 
preheating time, the following treatment 
may be beneficial. 

A resistance bank of approximately 1 

megohm (such as twenty 50,000 -ohm, 
20 -watt resistance units) is inserted in 
series with the anode. The voltage is 
left on for at least one hour or until 
all visible mercury is removed from the 
anode. Air at room temperature should 
be blown on the lower end of the en- 
velope during this treatment. The tube 
then is operated under standard condi- 
tions without the resistance for one or 
two hours. 
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Clean and test all spare tubes periodi- 
cally -this is the most important pre- 
caution. This precaution includes look- 
ing at glass presses and seals for cracks. 

Tube Treatment 
The foregoing has described the meth- 

ods to be used in operating, handling 
and storing tubes in order to get the 
longest possible service from them. But 
what can be done with tubes that develop 
faults even when all these precautions 
have been taken? 

At WOR we have several special 
methods of treating tubes. They can be 
outlined as follows : 

1. Tube Reconditioning : 

a. Clean up gas in tubes with 
rated plate potentials above 
8,000 volts. 

b. Trace faults in both low and 
high voltage tubes. 

2. Filament Aging : 

a. 

b. 

Clean filament and grid sur- 
faces and remove residual gas 
from tungsten filament air or 
water cooled tubes. 
Condition thoriated 
amplifier and high 
rectifier tubes. 

3. Filament Preheat Test 
4. Test at Maximum Plate Voltage 

Tube Reconditioner 
A common problem confronting engi- 

neers is the tube which becomes gassy, 
either from shelf wear or during use in 
the transmitter. There are only three 
alternatives- discard the tube, return it 
to the manufacturer for adjustment, or 
treat it yourself. The first of these is 
expensive and unnecessary. In returning 
tubes to the manufacturer, packing and 
shipping is a problem, and there is a 
chance of damage to elements and glass 
parts. It is much better to invest one 
or two hundred dollars in a reconditioner 
which cleans up gaseous tubes in a few 
minutes, adds considerably to their life 
and thus saves many times its moderate 
cost in a few years. 

The reconditioner treats effectively all 
types of tubes operating at plate poten- 
tials above 8,000 volts. It can be used 
also in tracing faults in lower voltage 
types. Spares can be tested to eliminate 
any chance of a faulty tube being placed 
in service, and tubes which become gassy 
while in the transmitter can be cleaned 
up or "degassed" and returned to normal 
operation. Here is an example from our 
experience : 

One of the Western Electric 342A 
water -cooled tubes in the power ampli- 
fier of WOR's 50 -kw transmitter de- 
veloped a series of flash arcs after 5,000 
hours of filament life. The auxiliary 
transmitter was switched into service, 
the tube in question was removed from 
the circuit and treated in the recondi- 
tioner. At the close of the broadcasting 
day the tube was returned to its original 
position in the transmitter. 

It operated normally for 1,000 addi- 
tional hours before it again developed 
the tendency to flash arc. It was re- 

tungsten 
vacuum 
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moved, reconditioned and put back into 
service a second time. It continued to 
operate properly until it finally burned 
out at the ripe old age of 18,386 hours. 
This is but one of many cases of greatly 
increased tube life resulting from the 
use of our reconditioner. 

When mercury vapor rectifiers haze 
up and cause occasional arc backs they 
can be treated in the same method. After 
treatment, if the haze disappears, the 
tube is ready to go back into service. 

Construction of our unit is simple -a 
complete list of parts being shown on the 
schematic diagram, on page 20. The 
transformer was purchased for about 
$70.00 and the entire reconditioner was 
built for about $100.00. The photograph 
may serve as a guide to the placement 
of the parts. 

Operation of the reconditioner is as 
follows : 

Alternating current, 115 to 120 volts, 
is applied to the primary winding of the 
transformer, which induces a high vol- 
tage in the secondary. This induced 
voltage is applied to the tube between 
filament and grid tied together and the 
anode. When gas ionization is present 
in the tube, the current in the secondary 
increases suddenly. The applied voltage 
drops momentarily, due to transformer 
reactance, which breaks the internal arc. 
The sudden change of current develops 
an e.m.f. of sufficient magnitude to break 
across the protective gap, thus indicat- 
ing that the tube has flashed. The in- 

ternal flashing of the ionized gas in the 
tube either cleans it up or reorients it 
on the electrode surface.' 

As previously pointed out tubes may 
become gaseous through shelf wear or 
the residue gases, such as mercury vapor 
in the case of rectifier tubes, may re- 
distribute themselves on the electrode 
surfaces. Should the potential difference 
between electrodes become large enough 
to cause a flash arc, the residual gas 
molecules are broken up into positively 
and negatively charged ions. The former 
are attracted to the cathode -the latter 
to the plate. The positive ions are 
momentarily absorbed in the negatively 
charged electrodes and the negative ions 
are absorbed in the positive electrodes. 
A chemical action may even take place. 

In the reconditioner, the filament or 
grid may form either the negative or 
positive element, depending upon which 
half of the cycle the flash arc occurs, 
while the plate assumes the opposite 
charge. Since the filament is not lighted, 
no electrons, except from so- called field 
current or cold emission, can help form 
a breakdown path which results in a 
flash arc. Thus when a flash arc occurs 
with the filament off, it must be the re- 
sult of conduction gases or metallic 
vapors which are the positively and 
negatively charged ions in the tube it- 
self. 

1 "The Thermionic Tube and Its Applica- 
tion" by Van der Bijl. 
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PURPOSE 

TUBES 
including 

THE LATEST TYPE OF HIGH FREQUENCY TUBES 
such as: 

832 829 615 114B 813 1201 1203A 
A COMPLETE LINE OF TRANSMITTING TUBES IN 
ALL IMPORTANT SIZES UP TO 200 WATTS 

for your ELECTRONIC tubes parts supplies 
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SEE YOUR 

LOCAL NATIONAL UNION DISTRIBUTOR 
EVERY research department today is working with elec- 
tronic principles. NATIONAL UNION DISTRIBUTORS 
handle National Union Radio tubes and allied products. 
They specialize in radio and electronic items and you 

will find their stocks very complete. Call or 
write your N.U. distributor for his industrial 

catalogue. If you do not know 
his address send your letter to 
us and we will forward it. 

*t. 

NATIONAL UNION RADIO CORP. 
57 STATE STREET, NEWARK, NEW JERSEY 
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ONLY THE SiOut#CC 

OF AMATEUR RADIO 

IS SILENT 

IN spite of uncanny silence in the amateur 
bands, forces already are working to create 
a greater amateur radio. Thousands of 
Americans are engaged in the operation and 
maintenance of military and defense radio. 
When peace returns, many of these ex- 
perienced men will join the existing "ham 
fraternity." Component manufacturers 
such as Bliley - likewise are contributing 
to this great, future rebirth. Expanded equip- 
ment, intensified research and experiences 
gained in high production for rigid govern- 
ment requirements will result in superior 
components. Yes, its voice may be silent, but 
amateur radio still carries on! 

factory pressure. For example, the 
manufacturer recommends the following 
for 266 -B tubes: 

For ambient temperature of 
10° C. preheat 5 minutes 
For ambient temperature of 
5° C. preheat 10 minutes 
For ambient temperature of 
0° C. preheat 15 minutes 

At WOR we have discontinued the prac- 

tice of preheating mercury vapor tubes 
at half voltage as we believe that this 
poisons the tube. 

Mercury vapor tubes on the shelf 
should be heated for one or two hours 
every three months to insure satisfac- 
tory operation when put into service. If 
allowed to remain inactive for a long 
period of time without treatment, they 
have been rendered useless by the mer- 
cury vapor diffusing slowly into the 

pores of the anode or cathode. 

BLILEY ELECTRIC CO. 
UNION STATION BUILDING ERIE, PA. 
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Tubes of this type should be 
kept in an upright position to 
prevent mercury splashing onto 
the anode and cathode. If this 
should occur, the tube must be 
preheated long enough to vapor- 
ize the mercury from the ele- 
ments and condense it at the bot- 
tom of the tube. The lower end 
of the tube should be cooled by 
natural air circulation or by a 
thermostatically controlled 
blower to obtain proper con- 
densation of the free mercury. 

Cooling System Efficiency 

Accumulation of scale on 
water- cooled tubes and in the 
water system - should be avoided. 
Scale is a poor conductor of 
heat. When it forms on the an- 
ode, less heat is dissipated and 
the comparatively rough surface 
breaks up the smooth sheet of 
water flowing over the plate, 
causing localized boiling. Over- 
heating of the anode may result. 

A piece of scale is often the 
cause of water whistles. Reflush- 
ing the water system through the 
storage tank during off- the -air 
periods will usually dislodge the 
scale from the tube and eliminate 
the whistle. Water whistles, as 
a sign of an overheated anode, 
have caused tube plate distortion, 
which makes it difficult to re- 
move the tube from its socket. 
Therefore, the whistle should be 
used as a guide to proper main- 
tenance. 

In many stations it is the prac- 
tice to remove tubes from their 
sockets after 1,000 to 5,000 hours 
of operation in order to remove 
cale and test the spares. There 

has been much discussion on the 
a(lv isability of this procedure. 
We have found that some tubes 
can be removed easily after as 
long as 18,000 hours, while 
others with but 5,000 to 10,000 
hours are difficult to remove be- 
cause of scale. Experience has 
shown that after several thou- 
sand hours of operation, tubes 
are usually jarred when re- 
moved from their sockets, with 
occasional breaking of grid later- 
als. When these tubes are rein- 
serted in their sockets, flash arcs 
invariably result. These flash 
arcs pit the filaments, removing 
some tungsten, which results in 
shorter life. 

At WOR a tube is never taken 
out of its socket simply to test 

another tube. We have weighed the mat- 
ter of scale accumulation versus jar- 
ring and flash arcs, and have chosen to 
put up with the scale as the lesser of 
two evils. By leaving tubes in their 
sockets, we find that the filaments open 
clean and do not short out the grid cir- 
cuit. This keeps the transmitter on the 
air and allows replacement after shut- 
down. 

Since it is recommended that final 
amplifier tubes remain in their sockets 
until they burn out, methods must be 
devised for removing scale from tube 
plates and sludge from rubber hoses and 
other parts of the water system. 

Sludge and residue in the system can 
be removed with tri- sodium phosphate, 
available in any paint store, or a com- 
mercial product known as "Oakite." 
After the water in the system has 
reached a temperature of 160° F., we 
remove two tubes, preferably from the 
second power amplifier stage, pour two 
pounds of the chemical into the sockets 
and dissolve with boiling water. Then 
we insert the tubes in their sockets and 
flush the chemical solution through the 
system for one hour with filaments on 
and the water at approximately 140° F. 
This will remove an amazing amount of 
sludge and residue. 

We make sure to again flush the sys- 
tem thoroughly with distilled water be- 
fore final refilling. The amount of leak- 
age current flowing before final filling 
will indicate how successful the flushing 
has been. The complete routine pro- 
cedure used at WOR in cleaning the 
transmitter water system will be sent to 
any engineer upon request. 

We find the following procedure is 
helpful in removing accumulated scale 
from a tube : 

Mix a 20 per cent solution of muriatic 
acid by first pouring eight glasses of 
water into a stone crock. then slowly 
adding two glasses of acid. Never potir 
water into the acid as this will cause 
boiling and spattering and possible acid 
burns. Stir with a wooden stick and 
avoid inhaling the fumes. Fold a small 
rag into a three inch square and wet 
this in the solution. (In its diluted state 
the acid will not injure the hands.) Rub 
the rag gently over the scale on the tube. 
Repeat operation until tube is clean. 

Caution: Do not clean above the 
clamping ring on the tube plate and do 
not drip acid on the glass seal. The 
bottom of the tube may be rested on the 
bottom of the crock, but hold the tube 
so the glass seal does not lie against the 
rim. When finished, be sure to wash the 
hands with warm water and soap. 

Tube life can be increased by oper- 
ating the various radio -frequency stages 
at highest efficiency. Water flow relays 
and overload d -c relays should be 
checked and adjusted at least twice a 
year. Contact points and relay bearings 
should be carefully maintained. 

Care of Spares 

Store all tubes where they will be free 
from mechanical shock and excessive 
vibration. Keep in a vertical position, 
with cushion rings for the larger tubes. 
Protect glass parts from scratches. 
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This new Burgess Acousti -Booth 
is designed for use in mills, factories, 
power houses, and other noisy indus- 
trial locations. Like other Acousti- 
Booths, it has no doors because it 

needs none. Factory racket is ab- 
sorbed so completely by the lining of 
the booth that telephone calls can be 
made without interference, even under 
severe noise conditions. 

Outside dimensions are 30 inches 
wide by 7972 inches high by 38 inches 
deep. The front opening is 24 inches 
wide. Approximate shipping weight 
is 225 lbs. 

NEW DUNCO RELAY 

Designed to handle circuits carry- 
ing milliamperes at microvolts in radio 
applications, the new Dunco lami- 
nated frame Relay CX3318 has sliding 
contacts and is likewise ideally 
adapted for switching thermo- couple 
circuits. It is constructed to with- 
stand extreme vibration incident to 
aviation service and, like other Dunco 
units in this field, is carefully tested 
for operation at high altitudes. 

The new relay is 3h" high x 2" wide 
and 27t" deep and weighs 9t /2 ounces. 
Contacts are double -pole, double 
throw. Coils are for operation on a.c. 
only, and are shielded from the con- 
tacts. 

ANNOUNCEMENT 
* Beginning with the July issue, we 
shall resume the Q. & A. Study Guide. 
We learned -as many editors learn 
by dropping a feature -that its in- 
terest to a large percentage of our 
readers was far greater than we had 
supposed.- Editor. 

aX1, !MID 

Increasing Tube Life 

[Continued from Page 20] 

mechanical strains on filaments and elec- 
trode supports. Provision should be 
made to limit the initial filament current 
at starting. This can be done by insert- 
ing additional resistance in the filament 
circuit when voltage is first applied, or 
by using a transformer having suffici- 
ently high reactance. 

It is good practice to reduce filament 
voltage as low as possible when the fila- 
ments are lighted. Operate at minimum 
voltage for five minutes -then increase 

to normal operating filament voltage. 
When closing clown the transmitter, 

lower the filament voltage after the 
plate voltage has been removed. Five 
minutes operation at lowered voltage 
will reduce thermal shock caused by 
sudden cooling. During operation, weld- 
ing temperatures sometimes occur to 
wrench the filament out of shape. 

Follow the above procedure for air - 
cooled tubes also. but leave the blower 
on for a minute after the filament has 
been turned off. 

If mercury vapor tubes are operated 
at ambient temperatures of 20° C. or 
lower, extra time is required on starting 
for the mercury vapor to reach a satis- 
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RADIO TRAINING 
...USE MEISSNER KITS 

a one tube kit to a three tube kit with "Add -One" features. These kits give the funda- 
of radio construction and are ideal for group teaching of assembly. 

The Kits utilize the latest type of 1% volt battery operated tubes. providing good performance 
with minimum battery drain. Each kit is supplied with a plug -in coil to cover the broadcast band, 
200 to 545 meters; additional coils available to make a real "All-Wave" receiver. 

Everything required for completion of the set is included (except batteries, tubes and head- 
phones). The Pictorial Wiring diagram included with each kit greatly simplifies the assembly. 

NEW! Kits are now available for AC -DC 
operation with the same progressive building 
operation. See your Meissner jobber. 

One tube battery receiver kits -85.50 list. 
Two tube battery receiver kits -$6.75 list. 
Three tube battery receiver kits -$8.50 list. 

Write for Complete .N'en- Catalog. Address Dep't. RA -6. 

MT. CARMEL, ILLINOIS 

"PRECISION -BUILT PRODUCTS" 
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MOBILIZED 

RESISTANCE 
*. This Clarostat armored power rheostat 

is standard equipment in most fighting 
planes today. And its typical of Claro- 
stat mobilized resistance for winning 
the war. Indeed, that long- standing, 
well -known Clarostat policy of making 
tougher resistors, controls and resist- 
ance devices, has resulted in drafting 
Clarostat for the toughest jobs. Despite 
peak activity for our nation's safety, 
Clarostat continues to serve the civilian 
requirements as well, with: 

Composition- Element Greenohm Power 
Controls Resistors 

Wire -Wound Controls Automatic Line -Voltage 
Regulators & Ballasts 

Flexible Resistors 
Glasohm or Glass 

Insurated Resistors 
Plug -in Type T -pads, L- pads, Atten- 

Resistors uators, Faders. Mixers 
Voltage - Dropping Units made to custom - 

Power Cords ers' prints. 

Clarostat Strip 
Resistors 

Power Rheostats 

* for Resistors, Controls and 
Resistance Devices make it 

CLAROSTAT! 

CLAROSTAT 
MANUFACTURING CO. 

Incorporated 
285 North Sixth St. 

Brooklyn, N. Y. 
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calibrates in two -tenths of a main divi- 
sion from 3 to 4. 
(6) Place four sections of decade in 
X arm, set bridge dial at center, adjust 
rheostat in D arm to balance and leave 
at this point. 

Place rheostat in series with four sec- 
tions of decade in X arm, set bridge dial 
at 5, balance by means of rheostat in X 
arm. Cut out two sections of decade, bal- 
ance main bridge dial, mark point. 
(7) Proceed as before in (6) but set 
main dial at 6. 
(8) Use same procedure as in (6) 
above but set main dial at 7. This cali- 
brates in .5 of main division. 
(9) Points 8, 9 and 10 are units and 
are left as is. 

This all sounds complicated and con- 
fusing, but is really very simple and 
takes much more time to tell than it 
really takes to do. 

By using known standards in the arms 
of the bridge it is possible to find the 
value of any point on the scale by mul- 
tiplying the value of the standard by the 
value marked on the scale. 

Checking and Measurement 
An audio oscillator is best for meas- 

uring values, but even a buzzer, or 60- 
cycle supply may be used. As most 
measurements of impedance are made 
at the standard frequency of 400 cycles, 
this is a good frequency to use. A coup- 
ling transformer must be used to match 
the impedance of the oscillator to the 
bridge. A speaker output tratsformer 
with the low- impedance side connected 
to the bridge will answer here. 

The accuracy of calibration of the 
bridge may be checked by placing re- 
sistors of exactly the same value in each 
arm of the bridge. The reading of the 
scale should then be 1. Then, by placing 
known values of resistance in the D arm, 
the other points can be checked. This 
can be done with the decade divider, or 
other standard resistors may be used. 

Resistance can bè measured with a.c. 
power supply providing the unit is not a 

coil or other component which has in- 
ductance or capacity in addition to re- 
sistance. Components having critical 
characteristics other than resistance 
must be measured with a battery supply 
in place of the oscillator. Inductance 
and resistance standards are placed in 
the D arm of the bridge and condenser 
standards are placed in the X arm. 

In measuring the capacity of an elec- 
trolytic condenser, the condenser should 
be formed first. 

Standards 
Some of the standards may be con- 

structed by using copper wire tables and 
figuring out the resistance for various 
lengths. These will enable measurements 
to be made accurately up to about 100 
ohms, and higher values may be ad- 
justed in the manner described for mak- 
ing the decade divider. 

Condenser standards must be mica or 
paper. Good mica condensers may be 
relied upon to be accurate to within 
about 5 per cent. Most commercial tol- 
erances run from 10 to 20 per cent of 
components used in manufacturing, so 

the accuracy of 5 per cent will be good 
enough in most cases. 

In the same way commercial r.f. 
chokes may be used as standards, or coils 
may be constructed from inductance 
charts for coils and a.f. chokes. How- 
ever, in view of the fact that the adjust- 
ments for inductance measurements are 
critical, it is recommended that standards 
be purchased for greatest accuracy. 

Of course the bridge will be only as 
accurate as the standards used, so it is 
advisable to be sure the standards are 
somewhere near their stated values. 

Wagner Ground 

R2 is the Wagner ground. The arm is 
connected to ground for use when it is 
desired to measure components con- 
nected in receiver circuits or other ap- 
paratus. The main potentiometer arm 
on R1 must be disconnected from ground 
at point A, in this case. A single -pole 
double -throw switch might be used here. 
The phones are switched to ground and 
R2 is used to balance out stray capacity 
to ground. 

New Products 

[Continued from Page 48] 

the relay from dust and against dam- 
age from rough handling. The relay 
is small and light in weight, weighing 
only 334 ounces, and is designed to 
meet all Air Corps requirements set 
up for devices of this type. 

It has a maximum continuous cur- 
rent rating of 2 amperes at 32 volts, 
and a maximum make or break rating 
of 10 amperes. The coil is rated at 32 
milliwatts minimum and 1 watt maxi- 
mum. Maximum coil resistance is 
3000 ohms. The contacts provide 
single -pole, double -throw operation. 

BURGESS ACOUSTI -BOOTH 

A new wooden Acousti -Booth, 
Model 210, finished in attractive wal- 
nut color, is announced by the Bur- 
gess Battery Company, Acoustic Di- 
vision, 2825 W. Roscoe St., Chicago, 
Ill. This new booth is part of the line 
of wooden booths being developed to 
enable the company to supply indus- 
trial users without priorities or other 
restrictions. 
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Although NBC, CBS and Don Lee 
had planned no immediate curtailment, 
latest advices indicate a new NBC maxi- 
mum of six hours per week, compared to 
their old fifteen, slacking off to the mini- 
mum of four hours about one week after 
you read this. These telecasts will be 
confined only to necessary issues, prin- 
cipally the current air raid warden train- 
ing courses. CBS will maintain their 
schedule for a few more weeks before 
making any definite alterations. 

The Commission, in allowing part - 
time operation, stated, "Our decision 
was made to prevent recession of this 
new art to a purely experimental or 
laboratory stage and to keep it alive till 
after the war emergency. Also, another 
objective is to conserve equipment and 
tube life and allow operation with a 
greatly reduced personnel." 

Around The Field 
W41MM made its debut on April 30th 

from Clingman's Peak with 3,000 watts, 
while installation will probably have be- 
gun on the 50 -kw. final by the time this 
is in print. W41MM is now the loftiest 
f -m. transmitter in the country, having 
an antenna 6,885 feet above sea -level and 
reaching over 5,000,000 people within 
a 70,000 square -mile service area. 

Of the more interesting new stations 
on the u.h.f. have been several operated 
by the Werner Timber Company, in 
Oregon. Using only 3 to 10 watts in 
portable transmitters on 31020 and 33460 
kc., they are being used to relay emer- 
gency messages in connection with the 
vast logging operations needed to ex- 
pedite production of wood materials for 
war use. 

Latest f -m. stations on the air are 
W49PH of WIP, in Philadelphia, from 
3 p.m. to midnight ; W67B, in the Bos- 
ton area, from 3 p.m. to 9 p.m. ; and 
W75P, of Pittsburgh, scheduling 9 a.m. 
to 11 p.m. The national commercial f -m. 
station total now hovers around 30. 

S.T.L.'s (studio transmitter links) 
have been popping up around the country 
quite frequently these days. Latest addi- 
tions are the 12 -mile gap from Schenec- 
tady, N.Y. to the W47A transmitter 
operating in the 330 -mc. band (see 
photo) ; and the 102 -mile link from 
Winston -Salem to W41MM. 

Universal A.C. Bridge 

[Continued from Page 41] 

adjust rheostat in D arm for minimum 
signal. Then connect two sections of 
decade in X arm, as shown by dotted line 
in Fig. 2, and use the main bridge con- 
trol this time to adjust for minimum 
signal. Mark this point on the scale. 
(The phasing controls should be set at 
short out position for these adjust- 
ments.) 

Then connect three sections of decade 
in X arm, balance bridge as before and 
mark each point on dial. Continue to 
add one section at a time until all sec- 

tions of decade are used. This calibrates 
the scale in units to the right of center. 
(2) Leave all sections of decade con- 
nected in X arm, set bridge dial at center 
or 1, and use rheostat in D arm to 
balance. Remove one section of decade 
from X arm, rebalance by means of 
main dial and mark point on scale. Re- 
move another section of decade, rebal- 
ance bridge, mark point, and continue 
until all sections of decade are cut out. 
This calibrates the scale in tenths to left 
of center. 
(3) Connect all sections of decade in X 
arm, set bridge dial at center, adjust 
rheostat in D arm to balance and leave 
at this point. Then connect a rheostat 

in series with all sections of decade in 
X arm, set bridge dial at 2 on scale and 
adjust rheostat in X arm to balance. 
Cut out one section of decade and rebal- 
ance main bridge dial, mark point and 
continue to cut out one section of decade 
at a time, rebalance bridge each time 
till all are used. This calibrates in one - 
tenth of a main division between 1 and 2 
on scale. 
(4) Repeat the procedure above but 
set bridge dial at 3 and cut out two sec- 
tions of decade at a time until four points 
are marked. This calibrates in two -tenths 
of a main division from 2 to 3. 
(5) Repeat the procedure as in (4) 
but set bridge dial at 4 this time. This 
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* Write, telephone, tele- 
graph us anytime about 
any receiver, transmit- 
ter or parts. We are on 
the job 24 hours a day, 
365 days a year. We 
also have a store at 
2335 Westwood Blvd., 
West Los Angeles, Calif. 
Bob Henry, W9ARA, 
runs the Butler, Mis- 
souri, store; Ted Henry, 
W6000, the California 
store. Your inquiries in- 
vited. 

WE HAVE the World's Largest 
Stock of HALLICRAFTERS, 
HAMMARLUND, NATIONAL, 
RME, HOWARD communica- 
tions receivers at lowest whole- 
sale prices. Order from us for 
immediate delivery. We special- 
ize in government and other pri- 
ority orders and solicit such 
buyers. We will give you better 
service and lower prices. 

Our stock of receivers is so 
large that we can sell to civilians. 
Anyone can buy a communica- 
tions receiver while our large 
stock lasts. You can buy on our 
6% terms financed by us. You 
can trade in your radio. You get 
ten day free trial. 

We have a large stock of trans- 
mitters, Triplett meters, radio 
parts and supplies of all sorts. 
Send to us for any radio parts. 
No priority required. 

HENRYRADIO SHOP 
BUTLER, MISSOURI 

"WORLD'S LARGEST DISTRIBUTOR OF COMMUNICATIONS RECEIVERS" 
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By all means, when you have a servicing 
or maintenance job to be done in a hurry, 
just reach for a Dandee. These mighty 
compact but quality electrolytics, housed 
in a metal can protected by a varnished 
paper jacket. fit anywhere. perform well, 
and last. 

And to play extra safe these days of 
impatient customers who must have their 
latest war news constantly on tap, always 
have a supply of popular 450-8 Dandees 
for those rush jobs. 

TYPE PRS DANDEES 

SINGLE-SECTION: INGLE -SECT ION : 

450. 350, 250, 160, 50 and 25 v. 

D.C.W 4 to 100 mfd. 

DUAL -SECTION 
PRS -A. 

450, 200, 150.50 and 25 v. D.C.W. 

3.3 to 20 -20 mfd. Concentrically 
- 

wound. Three leads. 

DUAL-SECTION 
PRS-B: to 

450, 260 and 150 v DCW 
8-8 

20 -20 mfd. Separate sections. 

Four leads. 

Aerovox offers other "first aid" treat- 
ment for the ailing wartime set -PBS 
cardboard case dry electrolytics, paper 
tubular., uncased paper sections, wet 
electrolytics, etc. 

See Our Jobber .. 
He'll gladly show you these handy 
servicing items which are also good 
choices for economical radio assem- 
blies. Ask for latest Aerovox catalog - 
or write us direct. 

NEW BEDFORD, MASS., U. S. A. 

In Canada: AEROVOX CANADA LTD., Hamilton, Ont. 

EXPORT: 100 Varick St., N. Y., Cable 'ARAB' 

50 

Air -Raid Alarm 

[Continued from, Page 43] 

of the rectifier, RX. is of the order of 
only 1 to 3 volts. This is not sufficient 
to trip relay RL1. 

At 1000 cycles, however, the output 
voltage rises to approximately 5 volts 
which is sufficient to trip the armature 
of RL1. 

To prevent frequencies in the neigh- 
borhood of 1000 cycles other than a 
warning tone from setting off the device, 
a time -delay circuit is used in conjunc- 
tion with the solenoid of relay RL2. 
This consists of a high- capacity con- 
denser C2 and a resistor R2 in shunt 
with the solenoid. If relay RL1 flips 
open on a 1000 -cycle note other than the 
tone signal, the charge in condenser C2 
leaking off through resistor R2 will keep 
the solenoid of RL2 energized, and 
therefore closed, for a period of 10 sec- 
onds. 

When a warning signal is received, 
however, contact A of relay RL1 re- 
mains open for the full 30 seconds. 
Hence, after the charge in condenser C2 
has leaked off after a space of 10 sec- 
onds, relay RL2 is de- energized, and its 
armature flips over to contact A. This 
energizes relay RL3, causing its arma- 
ture to cut out the filter and connect in 
the loudspeaker. The tone signal is 
therefore reproduced for the remaining 
20 seconds -a sufficient warning for 
anyone nearby, and providing sufficient 
time to reach the device and switch S1 
to the "non- alarm" position for oral in- 
structions. 

Broadcast Equipment Pool 

[Continued from Page 44] 

station had on hand on January 1, 
1942, tubes in excess of the require- 
ments set out in the Commission's 
Standards, the minimum for such sta- 
tions shall be considered the inven- 
tory as of January 1, 1942, provided, 
however, in no case will minimum re- 
quirements be considered more than 
100 per cent spares. 

In case a station has some part that 
is known to be subject to failure in 
excess of the general expectation and 
yet the transmitter is operating satis- 
factorily otherwise, this will be taken 
into consideration in establishing the 
minimum stock requirements for that 
station. Records shall be kept of the 
hours of tube use and the condition of 
the other equipment. 

14. The original holder of equip- 
ment will be paid the then current 
market price of such equipment plus 
delivery charges when material is 
transferred from one station to an- 
other or from one district to another. 
The transactions will be on a C.O.D. 
or credit basis as determined by the 
seller. 

15. Data on vacuum tube life and 
operating performance will be ob- 
tained from station records and tube 
manufacturers. When possible vacu- 
um tubes will be reactivated. All dead 
vacuum tubes of over 100 watts out- 
put rating will be turned in for the 
material they contain. There are sev- 
eral other plans of operation that will 
be studied in connection with these 
plans. The administrator will own or 
have available an a.c. or d.c. voltmeter 
with range suitable for checking all 
filament voltages (0 -20 and 0 -50 v. 
range) with an accuracy of 1 per cent 
and scale of 5 inches. Possibly other 
equipment will be needed. In any 
event, no new test equipment will be 
required as sufficient equipment is on 
hand in the industry. 

16. The district administrator and 
his assistants will receive no pay or 
subsistence from the Federal Govern- 
ment. They will be repaid for neces- 
sary out -of- pocket traveling expenses 
and subsistence when away from the 
city in which the station at which they 
are employed is located. These ex- 
penses shall be prorated between the 
stations in the district on the basis of 
the highest published daytime A. hour 
rate of each station. The headquar- 
ters of the administrator and assist- 
ants will be their present office. It is 
desired that no new civilian personnel 
or office space be required for these 
duties. 

17. The administrator will be se- 
lected on the basis of known adminis- 
trative ability and willingness to do 
this work. One assistant administra- 
tor will be selected for his technical 
ability and knowledge of the design 
and functioning of the technical 
equipment of stations. The other 
assistant administrator may be se- 
lected for his business or legal knowl- 
edge and familiarity with the licensees 
of his district. All administrators and 
assistants should be available under 
present expectancy for the duration 
of the war. Also careful attention 
must be given to their availability of 
time to devote to this work and will- 
ingness to do a difficult job in a pro- 
ficient manner. No occupational de- 
ferments from Selective Service will 
be recommended for the administra- 
tor or assistants for this activity. 

18. This conservation plan should 
be put into operation as soon as ap- 
proved by the DCB and WPB for the 
industry and the administrative ma- 
chinery, as outlined, can be set up. 

U.H.F. 

[Continued from Page 17] 

Television 
Another part -time casualty of the war 

effort will be television. Under the new 
FCC regulations a commercial station 
need only operate four hours per week, 
and even this time may be used up in a 
single day. 
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Everlastingly seeking improvements in the performance capa- 

bilities of the vacuum tube. That's the creed of the personnel 

in the Eimac shops. That's why you find Eimac tubes in the key 

sockets of practically every new development in the field of 
electronics, why communications men throughout the world 

have come to measure results in terms of the performance 

capabilities of Eimac tubes. This high standard of excellence 

was deliberately planned at Eimac ... and is being deliberately 
maintained despite the rigors of wartime production. 

You've found Eimac ahead in the past... they're ahead today... 
and you'll find them still ahead in the future 

Follow the leaders to 

Vom" r1;sEs 
EITEL -McCULLOUGH, INC., SAN BRUNO, CALIFORNIA, U.S.A. 

Export Agents: Frazar & Co., Ltd., 301 Clay Street, San Francisco, California, U. S. A. 
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NEW PRODUCTS (Continued from page 46) 

able for use in recording business 
conferences, conventions, sales pres- 
entations, radio programs, telephone 
conversations, and in many other 
cases where a continuous recorder 
operating for periods of up to four 
hours without supervision is desired. 

Consisting of a recording and play- 
back mechanism, an amplifier, and a 
microphone, contained in a sturdily 
constructed light weight carrying 
case, the recorder may be put into 
operation by merely plugging in the 
power line to a convenient electric 
outlet and connecting the recorder to 
a radio or telephone line, or else to a 
microphone. 

Once put into operation it will re- 
cord through a normal 8 -hour day 
without supervision, save for the 
changing of the tape at the end of 4 
hours. Since the titles of all reference 
material can be marked directly on 
the tape and its filing carton, an easy 
access may be had to any recording 
through the use of a file index. 

Both shavings and the necessity of 
changing needles are eliminated. 

LITTELFUSE INDICATOR LIGHT 

This light goes on only when the 
circuit is broken. This is the service 
rendered to remote control by an in- 
dicator manufactured by Littelfuse 
Incorporated, 4757 Ravenswood Ave., 
Chicago, Ill. It is listed as Littelfuse 
Panel Mounting, No. 1414. 

When installed at any convenient 
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or desirable point in connection with 
remote motor control it works in- 
stantly, with a plainly visible signal to 
show '`on" or '`off." When the circuit 
breaker opens the light goes on. 

It can be had for 24 or 48 volt fila- 
ment bulb, with which no resistor is 
used. Otherwise it uses a built -in 
200,000 -ohm protective resistor, in 
series with a neon lamp. The resistor 
prevents the lamp from blowing out, 
as ordinary lamps do, on unexpected 
high voltages. In the Littelfuse in- 
stallation the lamp glows on currents 
as low as 100 microamperes. 

The Littelfuse Indicator, or Panel 
Mounting No. 1414, lias a black Bake- 
lite body, and transparent molded cap. 
It is made for panels up to 5/16" thick 
and T /2" diameter mounting hole. 
Overall length 2" below panel, 
above panel. The rating is 90 to 250 
volts. Regularly furnished without 
lamp. 

* 
SPRAGUE WET REPLACEMENT 

CAPACITORS 
The new Sprague Type WR Wet 

Replacement Capacitors are especially 
constructed for use in place of wet 
electrolytics which, due to their alu- 

minum thread -neck cans are unob- 
tainable because of war restrictions. 
They also replace various aluminum 
can type dry electrolytics, now no 
longer available. 

Although standard dry electrolytic 
condensers can sometimes be used as 
wet replacements, the safety margin 
is likely to be insufficient in many 
applications. Hence Sprague Type 
WR's have a much higher voltage 
formation than standard drys to in- 
sure them standing up under the high 
peak voltages which are impressed on 
wet electrolytics. Also, they're built 
to handle the a.c. ripples that might 
cause standard 450 volt dry electro- 
lytics to overheat to a point where 
they break down. The diameter of 
WR's is the sanie as that of standard 
wets so they will fit the screw -type 
can mounting holes. Their metal feet 
can then be soldered to the classis for 
firm mounting. 

Sprague Type WR's are now avail- 
able in three sizes, WR -8 which re- 
places wet or dry electrolytics in ca- 
pacities from 4 to 8 mfd.; WR -16 
which replaces capacities from 12 to 
18 mfd.; and WR -25 which replaces 
capacities from 20 to 40 mfd. 

* 
MECK ELECTRONIC RAID SIREN 

A new electronic type air raid siren, 
designed to give both great volume 
for alarms as well as a simple method 
of crowd control, is announced by 
Audiograph Division of John Meek 
Industries, 1313 West Rand o 1 p h 

Street, Chicago. Called the "Electro- 
Siren," this unit makes use of a 
vacuum -tube tone generator which 
can either duplicate the rising and 
falling tone of a mechanical siren, or 
can be set at any pitch for best audi- 
bility over traffic or manufacturing 
noises. It can also be used to send 
code messages to air raid officials by 
clots and dashes. Special circuit de- 
sign allows 50 per cent more power 
than is possible from an ordinary 
sound system. 

A microphone can be used for voice 
announcements over the same unit, 
which takes the place of a public ad- 
dress system. 

The Audiograph "Electro- Siren" 
normally operates from any 110 volt 
source, but in the case of current 
failure can be instantly switched to 
6 -volt storage battery operation. It 
can also be used in pólice cars or other 
vehicles, operating from the car bat- 
tery. The largest system can be op- 
erated continuously for four hours 
from a fully charged battery. 

G. E. AIRCRAFT RELAY 

A new sensitive direct -current relay 
for aircraft service has been an- 
nounced by the industrial control di- 
vision of the General Electric Com- 
pany. The relay, designated CR2791- 
C100C, is specially designed for use in 
vacuum tube output circuits where 
the power available is so small as to 
require operation on extremely low 
currents. 

A sealed aluminum cover protects 
[Continued on page 52] 
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A new printing will be ready about July 29th 

Your favorite dealer may have a copy left; we haven't. 

The radio engineer's and technician's own handbook. More infor- 
mation which you want than in any comparable work. Clothbound, 
640 pages, profusely illustrated. See it at your favorite dealers. 

Published by 

Tie edava 4 "Radio" 77 Bedford Street 
STAMFORD, CONN. 
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NEW AEROVOX OIL CAPACITORS 
To meet the exacting requirements 

of radio transmitters and other appli- 
cations calling for high- voltage heavy - 
duty oil capacitors, Aerovox Corpora- 
tion, New Bedford, Mass., announces 
its Type '20 units. These oil capaci- 
tors cover voltage ratings from 6000 
to 50,000 d.c.w., including dual- section 
units for voltage- doubling circuits of 
12500 -12,500 volts or 25,000 volts out- 
put, in 0.25 -0.25 and 0.5 -0.5 mfd. 

Multi -laminated kraft tissue and hi- 
purity aluminum foil sections for 
these capacitors are uniformly and ac- 
curately wound under critically con- 
trolled tension to avoid mechanical 
strains. Giant winding machines per- 
mit of handling several dozen "papers" 
for sections which are used singly or 

paralleled -in attaining given voltage 
ratings. The sections are thoroughly 
d r i e d, vacuum- treated, oil- impreg- 
nated and oil -filled under continuous 
vacuum in specially designed and built 
tanks. A battery of these giant tanks 
permits a full pumping cycle for the 
thorough vacuum treatment of sec- 
tions. 

Because of the Hyvol dielectric oil 
used, these capacitors maintain their 
full rated capacity even at freezing 
temperatures, making them satisfac- 
tory for outdoor installations. Her- 
metically sealed in sturdy welded steel 
containers finished in rustproof and 
corrosion -proof dark gray lacquer, 
together with cork -gasketed pressure - 
sealed glazed porcelain high- tension 
pillar terminals, these capacitors are 
immune to humidity, temperature, 
and climatic conditions generally. 
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New Products 

JACKS, PLUGS, AND "THROW- AWAYS" 
American Molded Products Com- 

pany of 1751 North Honore St., Chi- 
cago, Ill., is in production of molded 

PL-55 

plastic plugs and jacks from stock 
molds for immediate delivery. Stock 
molds are now available for Jk -26, 
Jk -48, P1 -54, PI -55, and P1 -68. Delivery 
may be had in any quantity. 

These are for standard units and 
meet the most exacting requirements. 
Numbers are perfectly stamped and 
filled. 

The new tough plastic "Throw - 
Away" is the familiar screw -plug, 
dummy -plug, cap -plug or other device 
for the protection of equipment or 
articles from dirt, dust and moisture 
while being handled or in transit. 

The "Throw- Away" has no functual 
value after the shipment reaches its 

destination. It is literally thrown 
away. Hence the saving with efficient 
"throw -aways" in plastic as against 
critical metals is considerable. 

G. E. COMMUNICATION DYNAMOTORS 
The new line of General Electric 

dynamotors comprises five types, 
ranging from 25 to 600 watts in out- 
put, and from 3 to 31 pounds in 
weight. Formex wire insulation, light 
weight, and reliability under rigorous 
conditions are features. Each unit is 
designed for high output from a small 
frame size. 

Objectionable alternating -current 
ripple is kept at a value which requires 
a minimum of filter to provide satis- 
factory operation of the communica- 
tion equipment. The dynamotor corn - 
mutators are carefully cut and under- 
cut so that commutation will meet 
rigid standards. 

The end caps are formed aluminum 
or steel covers which fasten to the 
end shields to keep dust and dirt out. 
End shields are of high- pressure cast 
aluminum or steel. Cartridge -type 
brush mechanisms are used, and brush 
holders are anchored in the castings. 

Capacitors are supplied across the 
brushes when needed for suppression 
of radio interference, and brush 
springs are shunted with copper pig- 
tails. 

Other features are: spiraled arma- 
ture punchings to reduce noise and 
eliminate locking effect ; carefully se- 
lected ball bearings with provision for 
lubrication and cleaning; and a stator 
formed from stainless -steel tubing. 

FONDA AV TAPE RECORDER 
It has been announced that the 

Jefferson- Travis Radio Mfg. Corp., 
380 Second Ave., New York, has 
taken over the manufacture and is 
conducting the sales activities of the 
Fonda AV Tape Recorder, a new type 
of portable equipment which makes 
use of non -inflammable acetate film 
as a means of permanent high -fidelity 
reference recording and automatic 
play -back. 

This equipment is particularly suit - 
[Continued on page 48] 
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F.M. KEEPS TRANSIT SYSTEM WORKING 

AT HIGHEST EFFICIENCY 

A new two -way frequency modulation 
radio system is keeping the Cleveland 
Railway Company's transit system work- 
ing at highest efficiency. The equipment 
consists of a 250 -watt dispatcher trans- 
mitter and ten 25 -watt mobile units. The 
headquarters transmitting antenna is 
mounted 270 feet above street level. All 

The G -E 25 -watt 2 -way f -m communication 
equipment on desk of dispatcher of the 

Cleveland Railway Co. 

equipment was supplied by the General 
Electric Company. 

Since the installation of this new f.m. 
emergency communication system, de- 
lays in car service have been shortened 
and in some cases entirely eliminated by 
the ability of zone supervisors to reach 
a congested area quickly and to restore 
the flow of vehicles or direct the replace- 
ment or repairs of damaged equipment. 

The headquarters station, with call 
letters WDCZ, is located at East Ninth 
Street and Carnegie Avenue in Cleve- 
land. The ten zone cars are operated 
throughout the city, patrolling the lines 
of the company. The two -way feature 
of the communication equipment permits 
the supervisors to report to headquarters 
on traffic conditions, to learn immedi- 
ately of traffic complications resulting 
from fires or other causes, and to re- 
route the company's vehicles as condi- 
tions require. 

The famous Johnson insulator line is the most complete of 

any manufacturer. Designed by engineers for practical 
application, their quality, materials and excellence of work- 
manship are often imitated but never equalled. Nuts are 
carefully milled and heavily nickel plated, not cheap 
stamped unplated types. Studs have accurately cut threads 
held to a close tolerance and heavily plated. Inferior 
varieties use cheaper rolled threads that bind or strip 
easily. All Johnson insulators are made of the finest elec- 
trical porcelain or Steatite (depending on type) and are 
remarkably free from pin holes, impurities and imperfec- 
tions. Substitutes are usually inferior porcelain or clay 
such as that used in dishes and pottery. Superior Johnson 
parts cost no more -why take chances? 

Write us concerning your need. Johnson Engineers 
will recommend an insulator that will do the job 
better -often at a lower price. After all Johnson parts 
are GOOD parts. (Ask for Catalog 967K). 

E. F. JOHNSON CO. 

Zone supervisor using the G -E 2 -way mobile 
f -m communication units. 
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WASECA, MINNESOTA 
EXPORT. 2á ITASSEN ST., NEW TUSK, N. T. 

"MANUFACTURERS OF RAD111 TRANSMITTING EQUIPMENT" 
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BROADCAST 

EQUIPMENT POOL 

Proposed Plan For Maintenance of 
Domestic Broadcasting During War Period 

4 In order to obtain maximum life of 
domestic broadcast equipment, includ- 
ing vacuum tubes, to use fully replace- 
ments now in stock, and to require 
minimum new material which \vill be 
allocated by the War Production 
Board, the following plan is proposed 
governing the technical maintenance 
of standard broadcast stations for the 
duration of the war: 

1. Make a detailed inventory of all 
the equipment now on hand at all 
domestic broadcast stations in the 
continental United States. 

2. Establish the requirements for 
replacement of equipment from stock 
and from new material by one year 
periods. 

3. Obtain an allocation of the new 
material and necessary priorities from 
the War Production Board to satisfy 
current and future requirements. 

4. Make a detailed check of the 
technical performance of all domestic 
broadcast stations to establish that 
they are operating in a manner to give 
maximum life of equipment, including 
the vacuum tubes, consistent with 
good service and in keeping with the 
Commission's Rules and Regulations 
and the Standards of Good Engineer- 
ing Practice. (The regulations and 
standards should be modified if it can 
be shown that a worthwhile improve- 
ment in the life of equipment will be 
accomplished.) 

5. Divide the United States into 
"Conservation Districts." These dis- 
tricts will be as large as feasible and 
to contain as many stations as possi- 
ble consistent with the requirements 
of communication and transportation 
between the stations and the adminis- 
trator of the district. The districts 
should contain enough stations that a 
representative stock supply is avail- 
able in each district. 

6. The DCB will establish a central 
office in Washington, D.C., and will 
have control over all districts and the 
adherence to the plan by stations in 
the districts, subject, of course, to any 
final action that may he required by 
the War Production Board which is 
the agency set up by law to handle all 
priority matters. 
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Careful does if- Ken Gardner, chief engineer of WHAM -W51 R, holds 
a new 1500 -T while checking up on power input. Conservation now 

is of prime importance. 

7. Each district will be controlled 
by a civilian administrator and two 
assistants selected from the stations 
operating personnel in the respective 
districts. 

8. The administrator of each dis- 
trict with the aid of his assistants, as 
needed, will check the inventory, ad- 
minister the distribution and redistri- 
bution of equipment, requisition new 
equipment, and determine that proper 
and efficient operation of each station 
in his district is maintained. The ad- 
ministrators will operate under a very 
strict and specific directive issued by 
the DCB, with the approval of the 
War Production Board. 

9. The administrator and assistants 
in each district will be selected at a 
conference of all stations in each dis- 
trict. An inspector or other Commis- 
sion representative would preside un- 
til the administrator is elected. At this 
time the duties of the administrator 
and his assistants will be clearly set 
out, as well as the responsibility of the 
station licensee, in order to operate 
under the program for conservation 
of equipment. 

10. The inventory in each district 
and between districts will be used as a 
basis of a redistribution of equipment 
as required between stations needing 
such equipment. The redistribution in 
a district will be handled hy the ad- 
ministrator of that district. The re- 
distribution between districts will be 
handled through directions from the 
Federal Communications Commission 

which \vill be based on War Produc- 
tion Board rules. 

11. Material within a district will 
remain in its present hands, until such 
time as it is needed at other stations 
in the district or in other districts. 

12. An inventory will be kept from 
day to day in each district and at the 
end of each week it will be cleared 
with the central office at Washington. 
All requisitions for additional mate- 
rials will be sent through the central 
office. 

13. A station will be considered as 
having the minimum required equip- 
ment (except vacuum tubes) when 
such equipment meets the manufac- 
turers specifications for spare parts. 
No spare equipment will be taken 
from a station whose equipment just 
fulfills the minimum requirements. A 
station not having the minimum re- 
quired spare parts will not be supplied 
spare parts to increase the inventory 
above that it had on hand January 1, 
1942. Any equipment more than the 
established minimum requirement will 
be considered in excess of the require- 
ments and subject to redistribution to 
other stations within the district or to 
other districts. 

Minimum vacuum tube stock will 
be considered on the basis of the re- 
quirements for spare tubes set out in 
the Commission's Standards of Good 
Engineering Practice or up to 100 per 
cent spares, depending upon the previ- 
ous practice at the station. In case a 

[Continued on page 50] 
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sty Ope -cOatiatte¢ 
AIR -RAID ALARM DEVICE* 

Lieut. A. H. VICKERSON and Sergt. R. L. GRAY 

Boston Police Department 

4 Under the rules laid down by the 
United States Army in Signal Circular 
8 -2, it is necessary that stations on cer- 
tain frequencies monitor a designated 
key or key relay broadcast station, in 
order to be at continual stand -by for the 
30- second, 1000 -cycle warning tones and 
subsequent oral instructions. It was 
found necessary at this station to assign 
three men to monitoring duty in order 
to comply with the regulations covering 
a 24 -hour watch. 

To release these men for other vital 
work, a device was developed to pro- 
vide a loud warning signal automatic- 
ally. It is used in conjunction with a 
standard receiver having high audio out- 
put, and is so arranged that the loud- 
speaker in the receiver is silent for a 
period of 10 seconds after the 1000 -cycle 
tone goes on the air. At the end of the 
first 10 seconds of the 30- second signal, 
the loudspeaker circuit is automatic- 
ally closed and the tone signal repro- 
duced over a wide area at high volume 
level. 

This automatic arrangement elimi- 
nates the possibility of human failure. 

The Circuit 

As shown in the accompanying dia- 
gram, a filter, C1 -XI, is inserted be- 
tween the grid of the receiver output 
tube and ground, through contact A of 
relay RL3. This filter offers a high im- 
pedance to frequencies from 900 to 1100 
cycles, with its peak at 1000 cycles. All 
other audio frequencies are bypassed to 
ground. Contact B of the same relay 
grounds the speaker, thus completing its 

*Patent rights reserved. 

circuit to the receiver output trans- 
former Tl. 

Transformer T2 is connected with its 
low impedance toward the output trans- 
former Ti. Its output feeds the solenoid 
of relay RL2 through the full -wave Rec- 
tor rectifier RX. 

About 25 volts for the operation of 
relays RL2 and RL3 is taken from the 
receiver power supply through a suit- 
able dropping resistor R. 

With the switch SI in the open or 
"non- alarm" position, the receiver oper- 
ates normally. In this case the solenoid 
of relay RL3 is energized through con- 
tact A of relay RL2. Hence, contact B 
of RL3 is grounded, which completes the 
loudspeaker circuit; and contact A of 
the same relay is open, which opens the 
circuit of filter CI -X1. 

With the switch SI in the closed or 
"alarm" position, the "primary" circuit 
of T2 is completed, and voltage applied 
to the solenoid of relay RL2. To "start" 
this circuit, however, it is necessary to 
momentarily close the push- button 
switch PB. This causes the armature of 
RL2 to be drawn over to contact B. The 
circuit will then "hold" so long as the 
armature of relay RL1 is on contact A. 

This energizing of relay RL2 opens 
its contact A. This opens the circuit of 
the solenoid of relay RL3, causing its 
armature to spring against contact A. 
The filter is now in circuit and the loud- 
speaker out of circuit. 

Since the filter CI -Xi is peaked at 
1000 cycles -the tone frequency -it of- 
fers a low impedance to all other audio 
frequencies. As a result of this, the out- 
put of the receiver at off- frequencies is 
considerably attenuated, and the output 

[Continued on Page 50] 

X1 

+ 25V. 

T2 

SP'K'R 

RL2 

's 
C2 

PB 

R2 

Circuit of air -raid alarm device for use in conjunction with standard broadcast receiver. 

Legend: T2- U.T.C. type S -14; XI- U.T.C. 39019; CI -.025 pfd.; C2 -240 pfd. electrolytic 

(six 40's in parallel); R2 -5000 ohms; RLI -Sigma 2000 -ohm relay; RL2 -Sigma 5000 -ohm 

relay; RL3- Struthers -Dunn CXB -51 relay. 
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ABASE CHART 

DESIGNED 

FOR 3-WAY 

SERVICE! 
Just completed and ready for 

distribution is a brand -new Syl- 
vania Base Chart. 

This handy and popular guide 
is now more valuable than ever 
because it can be used in three 
different ways : as a wall chart, a 
pocket booklet, or in the service 
kit. Like earlier editions, it pro- 
vides a complete cross index 
of all Sylvania Tube types and 
bases. 

The Base Chart 
has always been a 
favorite item with 
radio men. Fill in 
the coupon below 
and we'll send you 
one at once. Re- 
member, it's free. 

HYGRADE SYLVANIA CORPORATION 
EMPORIUM, PA. 

Also makers of HYGRADE Incandescent 
Lamps, Fluorescent Lamps and Fixtures 

HYGRADE SYLVANIA CORPORATION 
Emporium, Pa. 

Please send me one of your new Base 
Charts. 

Name 

Address 
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cile4 Siatioa peitatia#t 
VERTICAL PICKUPS IN LIMITED SPACE* 

BERNARD T. WILKENS 
Chief Engineer, WKBN 

Reconstructed vertical pickups in mobile sound truck at WKBN. 

When we installed two W.E. 9À 
reproducer assemblies recently, we 
were confronted with the problem of 
what to do with the two vertical pick- 
ups which the 9A's replaced. The only 
turntables with which they could be 
used were in a mobile sound truck, 
already equipped with two crystal low 
pressure pickups. However, the space 
available on this truck for mounting 
the vertical units was too small. 

To fit the pickups into the limited 
space, several changes would have to 
be made. The overall length of each 
arm would have to be shortened and 
the arm axis moved up to keep the 
stylus pressure low. A special type 
of mounting would be necessary to 
obtain as long a radius of swing as 
possible and to maintain the head 
tangent with the groove at all di- 
ameters. 

We went to work by stripping the 
arms down and shortening them two 
inches. The axis was then moved for- 
ward toward the head three inches 
and the new mounting checked for 
diameter tangency. It was found that 
an angle of 17 degrees would allow 
the head to track tangent at all diam- 
eters. A "V" cut was made on the 
inside of the arm just behind the con- 
necting terminals and the arm was 
bent and soldered, making it as strong 
as it was originally. A substitute 
weight was placed on the completed 
arm to determine the amount needed 
for proper stylus pressure. We 
trimmed the original weight to ap- 
proximately the correct amount and 
then assembled the arm. To obtain 
perfect balance, the weight was shaved 
down with a fine file. 

*Courtesy of "Pick-Ups" 
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Because the pickup output was 
quite small and required considerable 
amplification, any vibration originat- 
ing in the machine would be picked up 
by the vertical head unless some suit- 
able method could be found to absorb 

the vibration before it reached the 
arm. We solved this difficulty by 
mounting the arms on one inch felt 
pads. 

We encountered an electrical prob- 
lem caused by using both lateral and 
vertical pickups on the same truck, 
with only two faders available and no 
space for mounting others. In addi- 
tion, we wanted to keep the equipment 
as flexible as possible and simple 
enough for an announcer to operate, 
if necessary. By adapting the equip- 
ment originally supplied with the ver- 
tical pickups and making a few minor 
changes, the trouble \vas eliminated. 
The faders were replaced by Dairen 
500/250 ladder pads having 30 steps 
and variable through 345 degrees. 

The truck is mounted on large cast- 
ers and can be moved around the stu- 
dios at will. A line to the control 
room and an a.c. circuit are the only 
connections necessary. Contained in 
the truck are the necessary amplifiers, 
power supply, loudspeaker, equalizers, 
fading and mixing systems, etc. It is 
used for sound effects, auditioning, 
preparing programs for sponsors and 
for presenting air shows. Operation 
since the installation of the vertical 
pickups has been very satisfactory. 
Not only did we increase the value 
and usefulness of the sound truck, but 
we found a good place for two dis- 
carded vertical pickups. 

PORTABLE MICROPHONE SWITCHING PANEL* 
ROBERT H. DYE 

Chief Engineer, KGFX 

4 The accompanying diagram shows 
the panel we use here at KGFX to 
convert a four -channel mixer into one 
capable of handling eight micro- 
phones, either individually or in pairs. 

MIKEI 
r 

MIKE 2 
0 

L_ 

a 
áQ 
Loa- 

0_0 
ó 

Circuit of switching panel at KGFX, capable 
of handling 8 mikes. 

The switches were designed as 
shown, with the mike out of the cir- 
cuit grounded. We thought switch 
clicks might occur when the gain was 
up but we have not encountered this 
difficulty, probably because static is 
kept drained off the mikes when out 
of circuit. The panel was put into use 
as soon as it was wired so we have 
had no opportunity to open the cir- 
cuit and find out if this is actually the 
case. 

The device is used in our studio and 
on remote jobs and it takes only a few 
minutes to connect the amplifier. In- 
put and output terminals may be made 
to suit individual station needs. 

3 -pole triple -throw switch for single 
wire shielded mike cable 

Inp. Z of T =/ mike Z 
R= mike Z 

5 -pole triple -throw switch for 2 -wire 
shielded mike cable 

Inp. Z of T =/ mike Z 
R =mike Z 

One switch per mixer control 
Switch position 1 =mike 1 on 
Switch position 2 =both mikes on 
Switch position 3 =mike 2 on 
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TJ o 

INPUT 

TJ OO 
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o TJ 

R2 
200 TO GND IF USED 

R1 

o 0 o 
0 

X 
PHONES or OUTPUT D 

o o o 

SW1 "-illlu, 

too 10,000 

R3 R4 

FIG.1 

Circuit of a.c. bridge. See Fig. 2 for calibration. 

Constructing Decade Divider 
If a decade voltage divider is not available, one 

can be made at small cost which will be accurate to 
within about 1 per cent. 

An ohmmeter or other sensitive indicator with a 
freely moving element is necessary. Also be sure to 
use a fresh battery. Use a wire -wound rheostat to 
adjust the meter and test to see that the meter pointer 
always comes to rest at the same point when voltage 
is applied. 

Ten 1000- or 1500 -ohm carbon stick resistors are 
required ; that is, plain carbon resistors with only 
paint over the elements. Determine by test the resistor 
which has the highest value. Then by using a file, cut 
small notches out of the other nine resistors to bring 
them all to the same value. This must be done very 
carefully so as not to go past the selected value. If 
this should occur accidentally, choose a slightly higher 
point and start over, but by using a little care in filing 
this should not happen. 

If the test meter does not have a mirror back, ar- 
range some way to avoid parallax. This may be done 
by using a small tube of metal or glass about one - 
sixteenth inch inside diameter and about 3 inches 
long, directly above the point to be observed on the 
meter scale, so that the pointer will always be seen 
from the same angle. The tube should be fixed se- 
curely so that it cannot move and when deciding on 
the point on the meter scale to be used, it is best to 
use one of the finer lines or divisions. 

No attention is paid to the value to which the re- 
sistors are to be adjusted. This is so because the 
resistors are to be used as a divider, and the values 
make no difference. This is one reason the bridge can 
be made to indicate accurate values because the re- 
sistor divider or decade is used to calibrate the bridge. 
The bridge really indicates ratios and is independent 
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of other factors outside of the potentiometer used to 
balance the bridge. In fact, after the bridge is once 
calibrated, every part may be removed and replaced 
and the bridge may be made as accurate as ever, 
because it is calibrated from the center of the scale 
both ways and it is only necessary to find the center 
of the potentiometer and then set the pointer at 1 on 
the scale and it will be as accurate as before. 

After the resistor divider has been completed and 
the bridge wired, the bridge scale should be fixed 
temporarily to the panel so that it can be removed 
after the calibration points have been marked, in 
order to ink in the division lines and values. The 
scale and panel should be marked at some point so 
that the scale can be replaced exactly as it was when 
the points were marked during calibration. 

An audio oscillator of some kind must be used to 
furnish an input signal to the bridge. A service 
oscillator may be used, or a small audio oscillator 
may be hooked up that will do just as well. Of course 
the bridge may be calibrated by using direct current, 
but this will not be as accurate, and a sensitive meter 
must be used. 

By following the steps outlined below and making 
careful adjustments, the calibration will be accurate. 

The scale is first calibrated from center to right, 
then from center to left, and finally the in- between 
points are found. 
(1) Place one section of decade in each arm of the 
bridge, (X and D) balance to find center of scale 

R2 

R1 

INPUT 

) TO GND IF USED 

FIG.2 

and mark this point 1, as shown in Fig. 2. Leave the 
pointer at this position. 

Then place a 20,000- or 25,000 -ohm rheostat in 
D arm, connect one section of decade in X arm, and 

[Continued on page 51] 
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144,1 aid eahimat.f a 

UNIVERSAl A. C. BRIDGE 

A. K. McLAREN 

I The measurement of the principal electrical char- 
acteristics of components in receivers, amplifiers, etc., 
is a problem that can only be solved by having the 
proper instruments to make the tests required. The 
a.c. bridge meets most of the requirements, for with 
the bridge, inductance, capacity, resistance, impedance 
and other factors may be measured accurately and 
over a wide range of values. As the bridge measures 
ratios, the matching of components is simple. 

The bridge to be described may be built for a few 
dollars, and may be made accurate within 4 or 5 per 
cent, depending upon the care used in calibrating the 
instrument. 

The photograph and the diagram, Fig. 1, show the 
location of parts and the method of calibrating and 
marking the dial scale. In the photograph the two 
power input jacks and ground connection are shown 
in the upper left corner. The upper center knob is 
the Wagner ground, (R2 in Fig. 1) and to the right 
is the bridge scale (RI in Fig. 1). In the lower left 
corner are the X -arm tip jacks, and in the lower right 
corner the D -arm tip jacks. The phone tip jacks, 
or output of bridge, are located at lower center of 

Simple to build, if you can't buy. "Laboratory" accuracy can be 

achieved if care is taken in calibration. 
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panel. The lower center knob is SW1 in Fig. 1, and 
the knobs to the left and right of it are the phasing 
controls (R3 and R4 in Fig. 1). The d -c. volt -ohm 
meter is not necessary, but is handy in measuring 
coil resistance. 

The scale in the photo is shown with capacitance 
calibrations marked on it. I f a larger dial is used, 
scales calibrated for resistance and inductance may be 
marked for direct reading simply by extending the 
calibrating points. 

The controls used should be wire -wound and 
should have a linear taper. The bridge should be 
wired with heavy bus bar and the leads made short 
and direct. It is preferable to use a metal case, with 
all parts but the ground connection insulated from it. 

Use of Bridge 

When the pointer is to the left of center of the 
scale the readings will be in tenths of the standard, 
and when it is to the right of center the readings will 
be in units, corresponding exactly to the scale which 
reads 1, 2, 3, etc. It is only necessary to multiply the 
reading of the scale on either side of center by the 
value of the standard. If standards are used that are 
even multiples of 10, the scale can be read much 
easier and the values may be placed directly on the 
scale. Thus, a 1 -pfd. standard will read from .1 to 
10 pfd. Similarly, a. 1 -pfd. standard will read from 
.01 to 1 pfd. 

The phasing controls R3 and R4 must be used 
when making measurements of inductance or capacity. 
The bridge is first set as near to balance as possible 
and then the phasing controls are adjusted until the 
input test signal is at a minimum. The phones are 
switched from one side of the bridge to the other 
while adjusting these controls and if either side shows 
a lower indication the switch SW1 is left here and 
the phasing controls adjusted at the same time as 
the main control RI until minimum signal is obtained. 
The phasing controls are used to balance the resist- 
ance of the coil or condenser being tested with that 
of the standard. 

Some amplification at the output will be helpful 
in finding a definite null point. Two stages of a.f. 
will do the trick, though one stage may be sufficient 
i f a high -ratio transformer is used. 
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CONTROLS 
Featuring the famous WALL TYPE resistor ele- 
ment which hugs the inner circumference of the 
black moulded bakelite case. Exclusive non - 
rubbing contact assures quiet smooth rotation 
and long life. Available in STANDARD, MID- 
GET AND ELF with or without switch cover. 

RESISTORS 
Available in two types: RADIAL LEAD and AXIAL 
LEAD. Both feature a center core of resistance 
material, surrounded by a dense shock -proof 
ceramic providing strength and protection 
against humidity. Core and jacket are fired to- 
gether at 2500 degrees F: into a single solid unit, 

hard and durable as stone. 

RADIO 

SWITCHES 
Both selector and transmitter switches are 
available in an infinite number of combina- 
tions ... ideal for high frequency circuits 
with minimum losses. 
Most switches are supplied with an "adjust- 
able stop" index ... permitting the selection 
of from two to twenty -three positions. 

* JUNE, 1942 

CENTRALAB through every 
emergency continues to adhere 
to its policy of "performance 
plus" at all times. 

The slogan "ALWAYS SPECIFY 
CENTRALAB" which has appear- 
ed in our advertising from the 
very inception of this name is 
as timely today as it was fifteen 
years ago. 

Today as then ... there is no 
substitute for QUALITY. 

Write for Catalogue No. 23 

CENTRALAB: Div. of Globe -Union Inc. 
Milwaukee Wisconsin 
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157. Frequency Modulation -J. G. Chaffee, Bell 
Lab. Record, February, 1940. 

158. The Physical Reality of Side Bands -F. M. 
Colebrook, Wireless Engineer, Vol. 8, 1930, p. 4. 

159. Note on the Relationship Existing Between 
Radio Waves Modulated in Frequency and in Amplitude 
-C. Smith, Wireless Engineer, Vol. 7, 1930, p. 609. 

160. Synchronized Frequency Modulation, Com- 
munications, August, 1940, p. 12. 

161. Synchronized F. M. -\V. H. Doherty, Pick -Ups, 
August, 1940. 

162. High Quality Speech Input Systems for F. M. 
-J. E. Tarr, Pick -Ups, August, 1940. 

163. Frequency Modtilation -B. Goodman, QST, 
February, 1940. 

164. Frequency Modulation -B. Goodman, QST., 
April, 1940. 

165. Frequency Modulation-G. Grammer and B. 
Goodman, QST, January, 1940. 

166. Frequency Modulation-G. Granuner, OST, 
June, 1940. 

167. Frequency Modulation Fundamentals -D. E. 
Noble, QST, Vol. 23, August, 1939, p. 11. 

168. A Report in Progress of F. M. -\\. L. Everett. 
AIEE Technical Paper 40 -116. 

169. F. M. -D. C. Fink, Aviation, Parts 1 & 2, 
June & July, 1940. 

170. Frequency Modulation, Fortune Magazine, 
October, 1939. 

171. Frequency Modulation -G. Grammer, ARRL 
Handbook, 1941. 

172. Relation entre la Modulation on Amplitude et la 
Modulation en Frequency-N. F. Hecht, Onde Electri- 
que, Vol. 11, 1832, p. 101. 

173. Radio Engineering Handbook -Keith Heaney, 
p. 356. 

174. High Frequency Measurements -A. Hund, 
Chapter 74, also see pages 22 -26. 

175. Interference in Relation to Amplitude, Phase 
and Frequency Modulation -C. E. Keall, liireless 
Engineer, p. 6, January, 1941; p. 56, February, 1941. 

176. The Phase of Carrier to Side Bands and Its 
Relation to Synchronous Fading Phenomena -W. W. 
Ladner, :]Marconi Review, Vol. 25, August, 1930. 

177. Theoretische und experimentelle Unter- 
suchungen an frequenz -und phasen modullierten 
Schwingungen -F. Lauterschlager, Electrische Nach- 
richtung Technik. Vol. 11, 1934, p. 357. 

178. F. M. on Ten Meters -L. Norton, Radio, Octo- 
ber, 1941, p. 14. 

179. The Effect of a Periodic Interference on the 
Perception of Frequency Modulated Signals -V. B. 
Pestryskov, Investie Elektroprom, Slab. Toka., 1938, 
p. 29. 

180. Frequency Modulation -John Rider, John F. 
Rider, Publisher. 

181. Cher Frequenzmodulation -Hans Roder, Tele- 
funken Zeitung, Vol. 10, No. 53, p. 48, 1929; Vol. 11, 
No. 55, p. 34, 1930. 

182. Untersuchungen an amplituden and frequenz- 
modulierten senders -flans Roder, Elekrische Nach- 
richtug, Technik, Vol. 8, No. 5, p. 227, 1931. 

183. Untersuchungen an amplituden und frequenz- 
modulierten senders -W. Runge, E. N. T., Vol. 7, 
p. 488, 1930. 

184. Static -less Radio Arrives -Alan Sturdy, Com- 
merce, July, 1940, p. 15. 
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185. Radio Engineering -F. E. Terman, Chapter 9, 
p. 418. 

186. Frequenzmodulation -B. Van der Pol, Tid- 
jschrift, u.h. Nederlandsche Radiogenootschap, Vol. 4, 
p. 57, 1927. 

187. Two -Signal Cross Modulation in F -M Recciv- 
er-H. A. Wheeler, Proceedings IRE, Vol. 28, No. 12, 
p. 537. 

188. Noise Suppression by Means of Amplitude 
Limits -M. Wald, Wireless Engineer, Vol. XVII, No. 
205, October, 1940, p. 432. 

189. Audio and Video on a Single -Carrier -H. E. 
Kallmann, Electronics, Vol. XIV, May, 1941, p. 39. 

190. Emergency Radio Communication for an 
Electric Power System -G. G. Langdon, Electronics, 
Vol. XIV, March, 1941, p. 40. 

191. Frequency Deviation Measurement of Fre- 
quency Modulation Transmitters- Holland and Giaco- 
letto, Electronics, Vol. XIV, October, 1941, p. 51. 

192. Frequency Modulation Reference Data, Elec- 
tronics, Vol. XIV, June, 1941, p. 46. 

193. Signal Generator for Frequency Modulation - 
Barber, Franks, & Richardson, Electronics, Vol. XIV, 
April, 1941, p. 36. 

194. Cathode -Ray Frequency Modulation Generator 
-R. E. Shelby, Electronics, Vol. XIII, February, 1940, 
p. 14. 

195. Federal Communications Commission Holds 
Frequency Modulation Hearing, Electronics, Vol. XIII, 
April, 1940, p. 14. 

196. Interspersed Frequency Modulation and Ampli - 
tucle Modulation in a Television Signal -A. V. 
Loughren, Electronics, Vol. XIII, February, 1940, p. 27. 

197. Review of Frequency Modulation, Electronics, 
Vol. XIII, January, 1940, p. 10. 

198. Transmitting Antenna Is Iced at Alpine, N. J., 
Electronics, Vol. XIII, May, 1940, p. 19. 

199. WOR's F -M Station (On the air 105 hours 
per week), Electronics, Vol. XIII, September, 1940, 
p. 17. 

200. F -M Limiter Performance -Browning, OST, 
Vol. XXIV, No. 9, September, 1940, p. 19. 

201. Frequency Modulation (Editorial), QST, Vol. 
X XIV, No. 2, February, 1940, p. 9; Vol. XXIV No. 5, 
May, 1940, p. 7; Vol. XXIV, No. 9, September, 1940, 
p. 7. 

202. F. M. on 5 Meters, QST, Vol. XXIV, No. 6, 
June, 1940, pp. 7 -24. 

203. Noise Rejection in Frequency Modulation - 
Hierath, QST, Vol. XXIV, No. 12, December, 1940, 
p. 47. 

204. A Practical 112 -mc. F -M Transmitter -Good- 
man, QST, Vol. XXIV, No. 2, February, 1940, p. 22. 

205. Resonance Indicator for F. M. -Exp. Section, 
OST, Vol. XXIV, No. 10, October, 1940, p. 74. 

206. Band Width and Readability in Frequency 
Modulation- Crosby, QST, Vol. XXV, No. 3, March, 
1941, p. 26. 

207. Some Thoughts on Amateur F -M Reception 
-Grammer, QST, Vol. XXV, No. 3, March, 1941, 
P. 9. 

208. Synchronized Frequency Modulation Transmit - 
ters-W. H. Doherty, Bell Lab. Record, Vol. 19, No. 1, 
September, 1940, p. 21. 

209. A Treatise on Frequency Modulation -R. D. 
Rettenmeyer, Communication & Broadcast Engineering, 
Vol. 2, No. 6, June, 1935, p. 18. 

210. Frequency Modulation -RADIO Handbook, 
8th Edition, 1941. 
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97. F -M Receivers -M. L. Levy, Communications, 
March, 1941, P. 5. 

98. Detection in Frequency Modulation Receivers - 
W. Weiss, Communications, March, 1941, P. 16. 

99. The Reception of Frequency Modulation Sig - 
nals-V. J. Andrew, Proceedings IRE, Vol. 20, May, 
1932. 

100. Detection at High Signal Voltages -S. Bal - 
lentine, Proceedings IRE, Vol. 17, 1929, P. 1153. 

101. Drift Analysis of the Crosby F -M Transmitter 
Circuit -M. Crosby, Proceedings IRE, Vol. 29, July, 
1941, P. 390. 

102. Observations of F -M Propagation on 26 Mega - 
cycles -M. Crosby, Proceedings IRE, Vol. 29, July, 
1941, P. 398. 

103. Phase Shift in Radio Transmission -W. A. 
Fitch, Proceedings IRE, Vol. 20, May, 1932, P. 863. 

104. I -F Values for F -M Receivers -D. E. Foster 
and J. A. Rankin, Proceedings IRE, P. 546, October, 
1941. 

105. Armstrong's Frequency Modulation -D. L. 
Jaffee, Proceedings IRE, Vol. 26, April, 1938, P. 475. 

106. Broadcast Transmitter Circuit Design for Fre- 
quency Modulation -J. F. Morrison, Proceedings IRE, 
Vol. 28, October, 1940, P. 444. 

107. Factory Alignment Equipment for F -M Re- 
ceivers-H. E. Rice, Proceedings IRE, October, 1941, 
P. 551. 

108. Duplex Transmission of F -M Sound and 
Facsimile -M. Artz and O. Foster, RCA Review, Vol. 
VI, July, 1941, P. 88. 

109. Frequency Modulation -S. W. Seeley, RCA 
Review, Vol. V, April, 1941, P. 468. 

110. F -M Field Tests -R. F. Guy, RCA Review, 
October, 1940, P. 190. 

111. F -M Police Receiver for Ultra -High- Frequency 
Use-H. E. Thomas, RCA Review, Vol. VI, October, 
1941, P. 222. 

112. Antennas for F -M Reception -J. G. Aceves, 
Electronics, September, 1941, P. 42. 

113. Modulation Limits in F. M. -Black & Scott, 
Electronics, September, 1940, p. 40. 

114. Vertical vs. Horizontal Polarization -G. H. 
Brown, Electronics, October, 1940, p. 20. 

115. Frequency Modulation, Electronics, Vol. 12, 
March, 1939, p. 14. 

116. Frequency Modulation Transmitters, Elec- 
tronics, Vol. 21, November, 1939, p. 20. 

117. Recent Advances in F -M Transmitter Instal- 
lations, Electronics, Vol. 12, February, 1939, p. 36. 

118. Frequency Modulation -A Revolution in 
Broadcasting, Electronics, January, 1940. 

119. Frequency Modulation in Television, Elec- 
tronics, February, 1940. 

120. F -M Noise and Interference -S. Goldman, 
Electronics, August, 1941, p. 37. 

121. Impulse Noise in F -M Reception -V. D. Lan -. 
don, Electronics, February, 1941, p. 26. 

122. A State -Wide F -M Police Network -D. E. 
Noble, Electronics, Part 1, November, 1940, p. 18; 
Part 2, December, 1940, p. 28. 

123. Concentric Speaker for F -M Receivers -B. 
Olney, Electronics, April, 1940, p. 32. 

124. Measurements in F. -M. Transmitters -H. P. 
Thomas, Electronics, Part 1, May, 1941, p. 23; Part 2, 
July, 1941, p. 36. 

125. The Background and Concepts of F. M. -G. H. 
Browning FM, Vol. 1, December, 1940, p. 43. 
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126. Tests of F. M. for Aircraft Communications - 
I. R. Weir, Electronics, November, 1940, p. 34. 

127. The Transmission of F -M Signals -G. H. 
Browning, FM, Vol. 1, December, 1940, p. 43. 

128. The Method of Receiving F -M Signals -G. H. 
Browning, FM, Vol. 1, January, 1941, p. 42. 

129. Limiter and Detector Systems -G. H. Brown- 
ing, FM, Vol. 1, February, 1941, p. 40; Vol. 1, March, 
1941, p. 38. 

130. A. T. & T. Prepared to Serve F. M. -F. 
Cowan, FM, Vol. 1, March, 1941, p. 18. 

131. G -E New 30 -kw. F -M Transmitter -W. R. 
David, FM, Vol. 1, September, 1941, p. 37. 

132. Planning a 1 -kw. F -M Station -W. R. David, 
FM, Vol. 1, February, 1941, p. 20. 

133. F -M Antennas -T. Lundahl, FM, February. 
1941, p. 16. 

134. Status of F -M Broadcasting -M. B. Sleeper, 
FM, Vol. 1, April, 1941, p. 16. 

135. Review of A -M /F -M Receivers -M. B. Sleep- 
er, FM, Vol. 1, May, 1941, p. 12. 

136. Analysis of F -M Markets -M. B. Sleeper, FM, 
Vol. 1, September, 1941, p. 16. 

137. F -M Transmitter Antenna -E. S. Winlund, 
FM, Vol. 1, July, 1941, p. 23. 

138. RCA F -M Transmitters -M. Crosby, Com- 
munications, March, 1941, p. 8. 

139. F -M Broadcast Transmitters -W. R. David, 
Communications, October, 1940, p. 8. 

140. Design of a F -M Signal Generator -C. J. 
Franks, Communications, April, 1940, p. 11. 

141. Notes on F -M Transmitters -P. A. Gunther, 
Communications, April, 1940, p. 11. 

142. F -M Receivers -M. L. Levy, Communications, 
March, 1941, p. 5. 

143. New System of F. M. -S. Sabaroff, Communi- 
cations, September, 1941, p. 8. 

144. Frequency vs. Phase Modulation -E. J. Scott, 
Communications, August, 1940, p. 10. 

145. Frequency Modulation Receiver Design -R. E. 
Shea, Communications, June, 1940, p. 17. 

146. A -M /F -M Tuner -S. Gordon Taylor, Com- 
munications, March, 1941, p. 10. 

147. Operating Problems in F -M Transmitters - 
I. R. Weir, Communications, Part 1, May, 1941, p. 5; 
Part 2, June, 1941, p. 7. 

148. Detection in F -M Receivers -W. Weiss, Com- 
munications, March, 1941, p. 16. 

149. Frequency Modulation -C. H. Yocum, Com- 
munications, November, 1939. 

150. Theory of F. M. -A. L. Albert, Telephony, 
April 13, 1940. 

151. Frequency Modulation in America -E. H. 
Armstrong, Wireless World, Vol. 44, May 11, 1939, p. 
443. 

152. The New Radio Freedom -E. H. Armstrong, 
Journal of the Franklin Institute, September, 1941, p. 213. 

153. Evolution of F. M. -E. H. Armstrong, Electri- 
cal Engineering, December, 1940. 

154. Some Studies in Radio Broadcast Transmission 
-R. Brown, Bell System Technical Journal, Vol. 5, 
1926, p. 1943. 

155. Variable Frequency Electric Circuit Theory 
with Application to the Theory of Frequency Modula - 
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156. What is F. M. ? -W. H. Capen, Electrical 
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equipment serves for normal use as well 
as for emergency. 

In the event of an alert signal, the 
chief warden can call the sector wardens 
to attention without disturbing the em- 
ployees in any of the sectors. He then 
can broadcast instructions, start and di- 
rect orderly movement with the aid of 
the sector wardens, toward the pre- 
arranged safety area for each sector. 
His sustained broadcast to all of the 
employees over the communication sys- 
tem is intended to back up the activities 
of the sector warden on each scene and 
prevent panic during the movement. At 
the same time the two -way arrangement 
permits any sector warden to report im- 
pending difficulty so corrective measures 
can be taken at once. Remote stations 
in the smaller areas are desk -type units 
in the standard "Executone" line. Trum- 
pet models serve the larger areas. Each 
is designed to permit the sector wardens 
to talk back to the chief warden at some 
distance from the station itself. As rec- 
ommended by the Office of Civilian De- 
fense, the equipment is separate from 
the regular telephone service. It elimi- 
nates the need for disturbing sirens, bells, 
or whistles. The system, manufactured 
by Executone, Inc., 415 Lexington Av- 
enue, New York, New York, can be con- 
verted to normal peace -time use after 
the emergency. 

ELECTRONIC GADGETEERING 
ATTRACTING RADIO MEN 

From now on we shall see a rapid de- 
velopment of electronic gadgeteering, 
which means the non -radio application of 
radio technique, so states Charley Golen- 
paul who heads the jobber sales for 
Aerovox condensers. 

"I believe the era of electronic gad - 
geteering is now opening up in a big 
way," states this well -known sales man- 
ager. "In the first place the ban on 
amateur radio communications is not 
going to leave the enterprising Ham 
twirling his thumbs. Of course many 
Hams are already or will soon be in our 
armed and technical services. Many will 
find wartime jobs with other United Na- 
tions. But those remaining on the home 
front are going to put their experience, 
equipment and ambition to work on new 
and startling applications in the home, 
shop, factory and elsewhere, far re- 
moved from customary radio practice. 

"I suppose most radio men have here- 
tofore been too busy with radio proper 
to find extra time and energy for non - 
radio or electronic gadgeteering possi- 
bilities. However, many of them now 
are going to use their rigs and parts 
for new functions. I can visualize some 
pretty interesting developments- light- 
beam telephones for conversing over 
considerable distances ; automatic photo- 
electric garage -door openers ; photo -elec- 
tric switches turning lights on and off 
with darkness or daylight ; checking the 
stoking of furnaces or boilers by the 
chimney smoke ; various comparators or 
instruments for comparing and matching 
colors and shades ; checking solution con- 
centrations and chemical studies by con- 
ductivity means ; and so on. 
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"As a starter, electronic gadgeteering 
can be based on well -known elementary 
principles and basic circuits long known 
to radio and electrical workers. The 
Aerovox Research Worker already has 
released considerable data on the sub- 
ject, and our engineers are working up 
further and more specific data to be re- 
leased through our monthly bulletin and 
also through the radio and electronic 
press generally. 

"Many industrial plants are already 
electronic -gadget conscious. I know 
of radio men who've gotten themselves 
good jobs in plants because of their 
ability to do things better, quicker and 
less expensively by electronic means. 

"Radio parts jobbers are going to 
nurse this electronic gadgeteering trend 
along. The more enterprising jobbers 
will doubtless be on the lookout for in- 
stallations in their territory, and will 
try to get the details wherever possible 
so as to pass such practical information 
on to others. I appreciate the reticence 
of industrialists to part with such infor- 
mation, more so in these wartime pro- 
duction days, but wherever possible such 
information should be made generally 
available in a helpful exchange of ideas. 

"Make no mistake about it, the tem- 
porary suspension of Ham communica- 
tions may well turn out to be a boost. 
It will generate a lively interest in elec- 

Classified Advertising 

(a) Commercial rate IOc per word, cash with order; minimum, $1.00. Capitals: 13c 
per word. For consecutive advertising, 15% discount for 3d, 4th, and 5th insertions; 
25% thereafter. Break in continuity restores full rate. Copy may be changed as often 
as desired. 

(b) Non -commercial rate: 5c per word, cash with order; minimum, 50c. Available 
only to licensed amateurs not trading for profit; our judgment as to character of adver- 
tisement must be accepted as final. 

(e) Closing date (for classified forms only): 20th of month; e.g., forms for July 
issue, published early in July, close June 20th. 
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separately. 
(g) No commissions nor further discounts allowed. No proofs, free copies, nor 

reprints sent. 
(h) Send all Marketplace ads direct to Santa Barbara accompanied by remittance 

in full. 

PREPARED phonograph code record teaches be- 
ginners. $1.00. Dwight Studios, 102 Hancock 
Avenue, Jersey City, New Jersey. 

COMPLETE PHONE TRANSMITTER, in cabi- 
net, very conservatively rated at 150 watts car- 
rier, excellent fidelity. Originally designed for 
amateur bands from 3500 to 30,000 kc., but 
with few coil alterations will work on any fre- 
quency between 2000 and 33,000 kc. Makes 
excellent police transmitter. Described on 
page 357 of 1942 RADIO HANDBOOK. Price, 
less tubes, crystal and microphone, $200.00 
f.o.b. Editors & Engineers, Ltd., Santa Bar- 
bara. 

BOB HENRY, W9ARA, can make immediate 
delivery of Hallicrafters, Hammarlund, Na- 
tional, RME, Howard and other receivers and 
radio supplies. You get lowest prices, best 6% 
terms (financed by us), best trade -in, ten day 
trial. Write, telegraph., telephone. Henry Ra- 
dio Shop, Butler, Mo., or 2335 Westwood Blvd., 
West Los Angeles, Calif. 

FOR SALE one general purpose 1500 -volt Power 
Supply as shown on page 33, figure 33, of 1942 
RADIO HANDBOOK. Price $47. F.O.B. Edi- 
tors & Engineers, Ltd., Santa Barbara, Calif. 

RECONDITIONED guaranteed communications 
receivers and transmitters. All makes and 
models cheap. Free trial. Terms. List free. 
Henry Radio Shop, Butler, Mo. 

LICENSED OPERATORS. Vacancies. Broadcast 
studios & transmitters. Register now. No fee 
charged. Write or apply AMERICAN COM- 
MUNICATIONS ASSN., 1626 Arch St., Phila- 
delphia, Pa. 

FOR SALE -Push -Pull Beam Tetrode Amplifier, 
on page 18 of December, 1941, RADIO. $21.00 
F.O.B. Editors & Engineers, Ltd., Santa Bar - 
tara, Calif., less tubes and coils. Tubes and 
coils are available. 

PART -TIME RADIO ENGINEER. M.I.T. gradu- 
ate, formerly a practicing engineer but rusty 
on current practice, will increase working 
hours to aid some firm engaged in radio or 
allied war work which can use part -time man. 
Can either (I) devote full time 3 or 4 days 
weekly in N.Y.C. vicinity, or (2) do contact 
work with radio firms throughout country in conjunction with present job as small -com- pany executive. Address Box No. 70, care 
"Radio," 77 Bedford St., Stamford, Conn. 

WE PAY cash for used communications receiv- 
ers. Get our offer. Code machines rented and sold. Henry Radio Shop, Butler, Mo. 

PANELS, racks, chassis, cabinets, specials. R. H. Lynch, 970 Camulos St., Los Angeles, Calif. 

FOR SALE -Push -pull 8005 amplifier, shown on page 287, figure 2 of the 1942 RADIO HAND- BOOK, less tubes, $27.00 F.O.B. Editors and Engineers, Ltd., Santa Barbara, Calif. Tubes are available. 

WANT to employ men who know crystal cut- ting and finishing. Write or telephone. Henry Radio Co., Butler, Mo. 

1 KW FACTORY BUILT phone and CW trans- mitter. 5 to 160 meters inclusive. Makes ex- cellent police transmitter. Complete with re- mote push -to -talk carrier control, antenna matching network. mike and spare set of tubes. $1,700.00 F.O.B. W6QNW, Tarzana, 
Calif. 
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tronic gadgeteering. And when Ham 
communications are resumed again with 
the return of peace, I venture to predict 
that electronic gadgeteering will corn - 
prise a greater field for radio parts, par- 
ticularly the quality of extra -heavy -duty 
components, than all amateur radio ac- 
tivities put together. Furthermore, 
many a Ham will find an interesting 
way of making real money out of his 
hobby, and that's something." 

SYLVANIA PROMOTES SALES EXECUTIVES 

Appointment of R. P. (Bob) Almy to 
Manager of Renewal Radio Tube Sales 
was announced today by C. W. Shaw, 
General Sales Manager of the Radio 
Tube Division of the Hygrade Sylvania 
Corporation. Announcement was made 
at the same time of the appointment of 
A. R. Oliver to Field Sales Manager of 
the Renewal Tube Sales Division. 

Mr. Almy will headquarter his radio 
tube renewal sales work at Emporium, 
Pa., while Mr. Oliver will operate out 
of Chicago. Both men are well known 
to parts jobbers and radio service deal- 
ers all over the county. 

"Bob" Almy has been associated with 
Sylvania since the time when Renewal 
Radio Tube merchandising was estab- 
lished on a jobber, serviceman basis as 
it is known today. He has risen in the 
sales department to positions of Western 
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Division Manager, Eastern Division 
Manager, Sales Supervisor, and Assist- 
ant Renewal Tube Sales Manager. 

Mr. Oliver has been in the Chicago 
area for Sylvania for several years as 
Renewal Tube Western Division Man- 
ager. Recently he was made field sales 
supervisor and thus comes to his new 
post with broad field sales experience. 
Mr. Oliver will continue his field super- 
visory work which in recent months has 
taken him from coast to coast visiting 
Sylvania salesmen, jobbers and dealers. 

REPEAT REQUEST 

Radio hams are being asked to sell 
their transmitters and receivers for use 
by the armed forces of the United Na- 
tions, according to an announcement by 
the American Radio Relay League, 
which is centralizing information on 
available apparatus on behalf of the 
government agencies. 

Only commercially- manufactured com- 

munications -type receivers and trans- 
mitters for which standard instruction 
manuals are available are required at 
present. Such equipment is more readily 
used and understood by military oper- 
ators than homemade units, even though 
the latter may be of comparable quality, 
it was explained. 

Urgent shortages of communications 
equipment required for defense needs 
led to the call, manufacturers finding 
themselves unable to make deliveries 
sufficient to fill the intensified demand 
as the theatre of war expands in widen- 
ing circles. 

Amateurs willing to turn over their 
apparatus to their country are requested 
to advise the ARRL at West Hartford, 
Conn., giving model number, condition, 
and the price for which it can be deliv- 
ered crated to a local transportatigi 
agency. Only standard manufactured 
equipment should be offered, homemade 
or "composite" equipment not being re- 
quired. 

A WAR MESSAGE 
to 

ALL EMPLOYERS 
* From the United States Treasury Department * 
WINNING THIS WAR is going to take the 
mightiest effort America has ever 
made -in men, materials, and money! 

An important part of the billions of 

dollars required to produce the planes, 
tanks, ships, and guns our Army and 
Navy need must come from the sale of 

Defense Bonds. Only by regular pay- 
day by pay -day investment of the 
American people can this be done. 

Facing these facts, your Government 
needs, urgently, your cooperation with 
your employees in immediately enrolling 
them in 

A PAY -ROLL SAVINGS PLAN 

The voluntary Pay -Roll Savings Plan 
(approved by organized labor) provides 
for regular purchases by your employees 
of Defense Bonds through voluntary 
pay -roll allotments. All you do is hold 
the total funds authorized from pay- 
roll allotments in a separate account and 
deliver a Defense Bond to the employee 

each time his allotments accumulate to 
an amount sufficient to purchase a Bond. 

You are under no obligation, other 
than your own interest in the future of 
your country, to install the Plan after 
you and your employees have given it 
consideration. 

WHAT THE PAY -ROLL SAVINGS 

PLAN DOES 

1. It provides immediate cash now 
to produce the finest, deadliest fighting 
equipment an Army and Navy ever 
needed to win. 2. It gives every 
American wage earner the opportunity 
for financial participation in National 
Defense. 3. By storing up wages, it 
will reduce the current demand for con- 
sumer goods while they are scarce, thus 
retarding inflation. 4. It reduces the 
percentage of Defense financing that 
must be placed with banks, thus putting 
our emergency financing on a sounder 
basis. S. It builds a reserve buying 
power for the post -war purchase of 
civilian goods to keep our factories run- 
ning after the war. 6. It helps your 
employees provide for their future. 

Make Every Pay Day BOND DAY 
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The HRO gives Superb unfal- 

tering service, 24 hours a 

day, week in and week out, 

year after year. It's a receiver 

to depend on. 
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GETTING DOWN W CASES 
WHILE a good looking instrument case, 
such as those shown here, may he an 

outward indication of instrument quality, it is 

by no means the final evidence. 
The real measure of instrument quality lies 

deep inside - in the instrument movement 
proper. This is the real "works" - where ac- 

curacy and stamina take their beginning. And 
right here is where you'll find the answer to 

the outstanding success Simpson Instruments 
have won in just a few years. 

The Simpson movement is the basically - 
better full bridge type, with soft iron pole 
pieces. The soft iron pole pieces distribute 
magnetic flux more evenly - make the move- 
ment inherently more accurate to begin with. 

The two bridges, at top and bottom, lock the 

moving assembly always in perfect align- 
ment, for lasting accuracy. Springs are care- 
fully selected, tempered and tested -magnets 
heat treated for permanence - pivots com- 

pletely Simpson -made, specially processed for 

strength and hardness -all hand crafted into 

a balanced, practically frictionless, construc- 
tion that achieves an extremely high torque to 

weight ratio. 

If your requirements are essential enough 
to give you the right to buy instruments, they 
are essential enough to rate the best. Examine 
the works of any Simpson Instrument, criti- 

cally, and you will see why, to so many dis- 

criminating buyers, best means Simpson. 

SIMPSON ELECTRIC COMPANY, 5212 Kinzie St., Chicago, Ill. 

INSTRUMENTS THAT STAY ACCURATE 

SIMPSON 
High 

Sensit.PEI EL 260 Here 
zì a Y Tester typical 

Sí00 Volts, 0 Ranges of at 20,00 h RC to 
an 0 ohms DC Per volt DC delis cTh e ohms 
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9 gs 

from ''2 
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