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Hearing aid units combining microphone and vac - 

uum tube amplifier have been reduced in size to a point 

where they are no larger than a package of cigarettes. 

Part of this program was made possible by the UTC 

output reactors providing 75 HYS. -.5 MA. in a 6 10 

DUNCE unit. 

One of the devices, now being manufactured with 

UTC transformers makes possible physical measure- 

ments of ONE MILLIONTH INCH. 

Brain wave amplifiers require negligible phase shift 

and amplitude distortion down to one -half cycle. Out- 

put coupling for these units has been made possible 

by new UTC transformers suitable for HALF CYCLE 

operation. 

power ° 
equipment must 

cal 100 WATT UTC unit now weighs 1 light. A typa 
2 

POUNDS. 

reactor weighs only 35 L 
One special UTC output 

OUNCES PER 100 UNITS, yet employs 8,000 TURNS of 

ire in the coil. 

A still unparalleled UTC aircraft filter weighs only 

11 /4 POUNDS, yet contains TWO OUTPUT TRANS- 

FORMERS, SIX HIGH "Q" CHOKE COILS, and SIX 

CONDENSERS totalling FOUR MFDS. 

The capacity loss of shielded cable is generally 

important only at high frequencies. In a special high 

gain SIXTY CYCLE UTC transformer, however, the 
PER 

capacity loss of 
L 
the 

CABLE is needed in this case, 
FOOT. COAXIAL 

FOR 

60 CYCLES. 

UNIT UNITE.D N C 

150 V A R I C K STREET * N E W YORK, 
RI C K STREET N E 
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NO 9ea 
To"Gum-Up" Fastening Jobs 

...When Parker -Kalon's Quality -Control 
Laboratory guarantees fastening devices 

EVEN a few imperfect screws in a 
box can "gum -up" assembly work ... waste time, boost costs, fail to 

make satisfactory fastenings. That's 
why thousands of plants specify 
Parker -Kalon and avoid all troubles 
caused by the "Doubtful Few." 

Parker -Kalon Fastening Devices 
are made to standards that per- 
mit no "Doubtful Few" ... standards 
that could only be attained when 
Parker -Kalon established a $250,000 

Quality -Control Laboratory. With- 
out counterpart in the industry, this 
laboratory applies a unique scien- 
tific control- routine to insure that 
Parker -Kalon Fastening Devices 
always work right and hold tight. 

It pays to buy Hardened Self - 
tapping Screws, Socket Screws and 
other fastening devices that are 
made in the most modern plant in 
the screw industry. Parker -Kalon 
Corp., 192 -194 Varick St., New York. 

SOLD ONLY THROUGH RECOGNIZED DISTRIBUTORS 

J111111114,__A_A_A__A_ÀÀÀAA 

2iaz6,PARKER -KALON 
Fastening Devices 

V V V V V V V V V V 

2 

COSTS NO MORE to get 
this Yorker -Kalon Quality- Control 
Guarantee with every box of .... 

Hardened Self- tapping Screws 
Types, sizes, head. styles for every 

assembly of metal or plasties 

Cold- forged Socket Screws 

CapSerews,SetScrews, 
Stripper Bolts made to 
a new high standard 

of quality 

Wing Nuts -Cap Nuts -Thumb Screws 
Cold-forged ..Neater. Stronger 

May 1940 - ELECTRONICS 
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Ball players or capacitors ... 
they look pretty much alike reporting for 
duty. The rookie pitcher and the veteran 
wear the same uniform. They may even 
use the same wind -up. But what a differ- 
ence in performance! In the seasoned 
pitcher's sureness, in his stamina and 
dependability you recognize experience. 

Behind the "uniform" of today's capa- 
citor units, there's a difference, too. Put 
to the test, one capacitor - CORNELL- 
DUBILIER - outperforms the field in life 
expectancy, dependability, surviving 
economy. Reason: Cornell -Dubilier's thirty 
years of manufacturing experience. Expe- 
rience is the yardstick knowing engineers 
use in measuring capacitor value. That is 
why there are more C-D capacitors in use 
today than any other make. 

IT PAYS TO SPECIFY CORNELL -DUBILIER 

FOR EVERY CAPACITOR REQUIREMENT. 

CORNELL-DUBILIER 
ELECTRIC CORPORATION 
1006 HAMILTON BOULEVARD 
S PLAT IUD MEW .JER E 

ONLY CORNELL-DUBILIER 

DRY ELECTROLYTICS 

offer all these features 

Type R..tiSSR ..P.t Ud. R 

Exclusive electro- chemical etch- 
ing process -eliminating 
corrosion 

Hi- pressure centrifuge impreg- 
nation- resulting in better 
impregnation and lower 
power factor 

Special C -D super purity cellu- 
lose separator -gives longer 
life expectancy 

Double ageing- assures uniform and stable electrical 
characteristics 

Special venting -eliminates danger of destructive 
high internal pressures created by excessive over- 
loads or failure of auxiliary equipment 

Hermetically sealed aluminum contaner- ideally 
suited for operation under conditions of high 
relative temperature and humidity 

The Type BR etched foil electrolytics are available ,in 
both single and dual capacity combinations. For complete 
technical information, send for engineering bulletins. 

REMEMBER! ALL C.D CAPACITORS ARE UNION MADE 
AND ARE COMPETITIVELY PRICED 

;z!t9 CORNEllDIlBlLIBR! 

ELECTRONICS - May 1940 

THE WORLD'S LARGEST MANUFACTURER OF CAPACITORS... 
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Includes data on Capaci- 
tor Dimensions General Specifi- 

tions Capacity Charts Color Code 
Production Curves Temperature Compensation 
and Test Equipment address 900 E Keefe Ave 
Milwaukee, Wisconsin. 
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THREE 
MILLION 

POUNDS 
ON THIS PIECE 

OF PORCELAIN 

. ALL LAPP TOWER INSULATORS INCORPORATE 

THE SAME ENGINEERING DESIGNS Visitors at the Lapp plar_tare 
often most amazed at this demonstration -the proof test of a porcelain base insulator with 
1,5oo,000 -lb. loading. On design test, this same unit withstood 3,000,000 lbs. 

We are proud of a porcelain cone of two- and -a -half -inch wall thickness that will stand up under 
3,000,000 lbs. of compression loading. But we don't claim. any magic for it. It's merely the 
application of sound engineering principles in mechanical design and in porcelain production. 

Back of every Lapp dejelopment is the same kind of thinking. Products for radio transmission 
include tower footing and guy insulators, porcelain water cooling systems and pressure gas - 

filled condensers. Every engineer contemplating 
installation of a new transmitter, or moderni- 
zation of present equipment, should hear tee 
Lapp story. 

ELECTRONICS - May 1940 

LAPP 
INSULATOR CO., INC., LEROY, N. Y., U. S. A. 
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WESTON Model 787 
U.H.F. Oscillator 

WESTON Model 776 
direct-reading Oscillator 

WESTON Model 772 
Super -Sensitive Analyzer 

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

2. F.M. intermediate frequencies 2 to 5 mc. - each stage aligned at exactly the same point. 
3. Checking limiter and discriminator circuits. 

HERE ARE THE ANSWERS: 
1 

The WESTON Model 787 is the only service Oscillator which reads 
40 kc. per division at 40 mc. This precise tuning is absolutely essen- 

tial to test the band width of F.M. receivers. Each instrument is individu- 
ally hand calibrated at 2 mc. intervals. (The broad frequency coverage 
of Model 787 ... from 22 to 150 mc. fundamental frequencies ... safe- 
guards against obsolescence in the event of changes in assigned channels.) 

The WESTON Model 776 Oscillator supplies an absolutely stable 2 
signal source. Laboratory tests have shown that the frequency drift 

is less than .05% at 5 mc. for an operation period of several hours. This 
stability is the result of newly improved control circuits. With Model 776, 
too, an individually hand calibrated scale insures dependable accuracy 
over its entire frequency range of from 50 kc. to 33 mc., fundamental 
frequencies. 

3 Because of frequency limitations of present visual aligning equip- 
ment, current measurements down to 1 microampere offer the only 

means of checking I.F. alignments, cut -off point on limiter tube, and ad- 
justment of discriminators. WESTON Model 772 Super- Sensitive Analyzer 
offers all ranges necessary to make these sensitive measurements; plus 
additional ranges for all customary voltage, current and resistance meas- 
urement needs. 

Full particulars on the above instruments are available in bulletin form, 
and will gladly be sent on request. Weston Electrical Instrument Cor- 
poration, 618 Frelinghuysen Avenue, Newark, New Jersey. 

WE S TON Insirifmenus 
May 1940 - ELECTRONICS 
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Mvie ftf/we 
AmerTran Transformers 

Selected by Codeco 

for use throughout their 

Air -craft 
Beacon Transmitter 

The safety of human life depends 

upon the reliability of air -craft 

beacon radio transmitters. When 

flying under adverse weather con- 

ditions pilots in commercial air - 

planes must frequently rely en- 

tirely on radio signals to guide 

them into port. This explains why 

so many manufacturers of radio 

apparatus for air -craft service 

specify AmerTran Transformers 

throughout for their designs. They 

have learned through experience that 

equipment bearing our trade -mark is 

always properly designed and con- 

structed to meet requirements imposed 

by operating conditions. 

Two views of 100 -watt, 

air -craft beacon radio 

tranimitfe- manufactured 

by Zodeco, of Newark. 

N. 1. AmerTran trans- 

formers are used exclu- 

sive y thrtughout t h i s 

equipment 

L et us submit data on apparatus for 
your requirements. AmerTran transfor- 
mers are available for every electronic 
application; are manufactured by a firm 
with 35 years' experience in supplying 
the radio industry. 

AMERICAN TRANSFORMER CO. 
178 Emmet St. 

ELECTRONICS - May 1940 

Newark, N. J. 

Ilan afar ured Since 19411 

at Nell ark. N. J. 
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Only 5 1wo the o f 1% Returns 
Out of a Million 

(Fabricated Plate) CAPACITORS U RS TRADE MARK REG. D. S. PAT. OFF, 

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

*Not etched construction 
* *Names submitted on request 

8 

Over 5,000,000 FP capacitors have been used in original 
equipment. Representative radio manufacturers ** who 
collectively purchased 1,000,000 FP capacitors in 1939 
were selected for an accurate check of their field returns. 
Of these 1,000,000 FP capacitors only 512 were returned 
and found defective -5/100 of one per cent! That's 
performance ! 
If you use Capacitors, the only thing that could keep a 
thrill of envy from running down your spine over a record 
like this would be that you yourself are using FP (Fab- 
ricated Plate) Capacitors made by Mallory. 
Every leading radio set manufacturer has benefited from 
the tremendous investment Mallory has made in the 
development of the FP Capacitor. Benefits include not 
only greatly reduced initial costs, but more important, 
freedom from field trouble and elimination of service costs. 
Take the time to investigate your field returns and 
service costs on the capacitors you have used and compare 
your figures with Mallory performance. 
With FP Capacitors (made by Mallory) it is unnecessary 
to consider added gadgets that mean increased costs, to 
reduce your service charges. 
Remember, there's a whale of a difference between an 
imitation and FP's made by Mallory. 
Before you specify, investigate and compare. You'll buy 
Mallory if you do! 

P. R. MALLORY 8. CQ.Inc. 

MALLORY 
Cable Address -P E L M A L L O 

May 1940 - ELECTRONICS 
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ELECTRONICS . . . . KEITH HENNEY, Editor . . . . MAY, 1940 

DIPOLES . . . Now that television 
has the green light (or has it ?) and 
now that FM has a similar signal (or 
has it ?) the matter of how to get the 
programs out of the air and into a re- 
ceiver becomes of paramount impor- 
tance. No longer can one toss a wire 
up in the trees or around the molding 
or in the attic and hope to get good 
results. At least that is true out where 
we live on Long Island, some 15 miles 
from Manhattan and some other, un- 
known, distance from Alpine, Carteret, 
or Long Island City where Armstrong, 
WOR and WQXR respectively have 
their FM transmitters. 

Alpine, W2XMN, of course, comes in 
like a house afire and knocks the noise 
out of the receiver so that we get very 
fine reception. The only trouble is that 
the evening programs are no good. 
W2XR and W2XOR do not have the 
power nor the height of Alpine and can 
be heard but very poorly. At times we 
can also hear WDRC's FM transmitter 
coming across Long Island Sound. 

The thing to do is to erect a better 
receiving antenna. So we buy some 
rubber -covered 2- conductor lampcord, 
make a doublet, nail it on a board and 
climb on top of the house. This works 
better but the discovery is made, toute 
de suite, that doublets are highly di- 
rectional, especially in the null direc- 
tion. What seems to be best for one 
station is not so hot for another. Still 
there is considerable noise on the de- 
sired stations, and so we must climb 
higher or persuade the transmitters to 
boost the power or climb higher with 
their antennas. 

There is nothing new or remarkable 
about this business, of course, and the 
point in calling attention to it is the 
fact that antennas for receiving FM 
and television are going to be mat- 
ters which must have attention. Readers 
are encouraged to read Stanford Gold- 

CROSS 

TALK 

man's article in this issue; manufac- 
turers are encouraged to develop effi- 
cient antennas which are not going to 
offend the taste of the neighborhood by 
their appearance -for such antennas 
are going to be distinctly visible if they 
are to bring in results. 

WAR ... In England, unfortunately 
at war, the people are showing a logi- 
cal increase of interest in radio. A 
very large increase in licenses took 
place in September (41,323 new lis- 
teners) and many of the new sets went 
into dug -outs and air -raid shelters. 
Prices have risen about 10 per cent ow- 
ing to increased cost of raw materials; 
manufacturers have been busy, particu- 
larly with battery operated receiver 
orders. Tubes and magnets may not 
be exported except under license, but 
this does not apply to these compon- 
ents when installed in receivers. Some 
trouble has been had with lack of ex- 
perienced labor and some shortage of 
raw materials has been felt. The in- 
dustry hopes to keep exports up to 
its annual high figure (£942,168 in 
1938.) 

+ ORIENTAL REQUEST . . . Elec- 
tronics has received a request for tech- 
nical bulletins from Tsu -te Yang, U. O. 
Box 103/D4, Siking, Schansi, China. 
Mr. Yang would like manufacturers 
to send him catalogs of measuring in- 
struments, tube manuals, wire tables, 
and catalogs of resistors, condensers, 
transformers. "I suppose you would 
excuse the handicap we have been suf- 
fering," he says. 

Let us hope there are American 
manufacturers who can spare a cata- 
log to Mr. Yang, who like all Chinese, 
is indeed suffering under a handicap 
at the present time. 

MISCELLANY . . . In Yachting, 
March 1940, appears an advertisement 
of the Pierce and Kilburn Boat Yard, 
Fairhaven, Mass., in which readers are 
invited to call by radio phone when 
in trouble.This is probably the first ad 
suggesting that people use radio's aid to 
small boat owners . . . In Europe a 
new allocation of medium and long 
wave broadcast stations was worked 
out at the Montreux conference. Sched- 
uled to go into operation March 4, the 
plan will not take effect because of the 
European war . . . Passengers abroad 
airliners would rather listen to the 
Captain than to the hottest radio pro- 
gram of the air -so says a release from 
TWA. It's our guess that a lot of 
them would rather listen to one Stew- 
ardess than to three Captains . . . 

One evening per week Aerovox Corp. 
holds school to teach employees more 
about the products they make. Record 
attendance is reported, even though 
it is voluntary . . . A few years ago 
one of McGraw -Hill's most active edi- 
tors was Allan H. Mogensen, now an 
industrial consultant. Mr. Mogensen's 
forte is to get things done quicker or 
with less effort and certainly with less 
cost. He does not achieve his ends by 
any sort of "speed up" but by educating 
employees how to be less awkward, how 
to simplify work. He makes pictures 
with a motion picture camera of oper- 
ators at work; then shows them how 
clumsy they really are, even though 
the operators feel sure they have doped 
the best possible way to do the job. Mr. 
Mogensen's thesis is that all employees 
should think; and that processes of 
mind are not restricted to the front 
office. Of recent summers he has been 
training top executives and foremen at 
Lake Placid in a Work Simplification 
Conference, of which several companies 
engaged in our industries have taken 
advantage. 
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ON THE MARCH . . . ln regimental formation, these type 333A cold -cathode glow 

tubes are being aged in the tube shop of the Western Electric Company on a large cylindrical rack. 

Each of 500 tubes stays on the rotating rack 3 hours, then is tested for starting voltage, voltage 

drop, and starting current. The 333A is used for selective ringing circuits on party lines. 
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Television and the F.C.C. 

j2ee )1/1/1t ßr2 

THE month of April, 1940, de- 
serves a special place in the his- 

tory of television development in the 
United States, for during that month 
the industry and the government 
came to grips on a matter of great 
technical and social importance. The 
question was that of television trans- 
mission standards, particularly their 
effect on the public investment in 
television equipment and on the fu- 
ture progress of the art. This inno- 
cent topic provoked a discussion in 
the public press and over the na- 
tional networks the like of which 
the electronic field has not seen for 
many a year. By the end of the 
month, the shouting and the fury 
had died down to a whisper, and it 
looked as though the television indus- 
try had come out of the fray con- 
siderably stronger and surer of its 
ground than it had been before the 
rumpus started. All of which makes 
an exciting story for everyone inter- 
ested in the progress of the elec- 
tronic arts. 

The story is a large one, involving 
political, sociological, and economic 
as well as technical elements. Here 
we will refer briefly to the non- 
technical background, reserving the 
remaining space for a critical com- 
parison of the various technical pro- 
posals which were offered. For those 
who desire to read a complete ac- 
count of the political angles, the edi- 
tors recommend the April 15th issue 
of Broadcasting which has covered 
the situation thoroughly. 

The story starts with the hearings 
held before the Federal Communica- 

ELECTRONICS - May 1940 

tions Commission early this year re- 
garding the desirability of permit- 
ting limited commercialization of 
television broadcasts. At that hear- 
ing the industry revealed itself as 
rather sharply divided on the advis- 
ability of going ahead on the basis 
of the R.M.A. Television Standards. 
The largest group, including R.C.A. 
General Electric, Farnsworth and 
most of the smaller independents, 
gave support to the R.M.A. Stand- 
ards, but Philco and Dumont urged 
two different proposals. The differ- 
ence between them lies in the number 
of lines in which the picture is 
scanned, and in the number of 
frames sent per second. The R.M.A. 
figures are 441 lines, 30 frames. 
Philco urged 24 frames and 605 lines. 
DuMont urged 15 frames and 625 
lines. Philco in addition urged ver- 
tical polarization of the transmitted 
waves, primarily because it permits 
a simpler type of self- contained an- 
tenna in receivers. 

These proposals were no doubt 
highly sincere expressions of opin- 
ion (although in the heat of the later 
discussion the parties were accused 
either of trying to "beat the gun" 
or to "delay matters until the lag- 
gards could catch up "). Their effect 
on the F.C.C. was, however, only too 
obvious. If the industry was unset- 
tled on standards, certainly the Com- 
missioners could not be sure that 
any set of standards was correct. 

So when the Commission issued its 
order of February 29th, establishing 
September 1st as the date on which 
limited commercial operation of tele- 
vision stations would begin, .it 
pointedly refused to set up any 
standards of transmission. The in- 
ference was that each broadcaster 
would use the standards he liked 
best, and the public would buy re- 
ceivers adapted to the standards in 
use in each community. Here the 
trouble started. Later the Commis- 
sion was forced to admit that any 
such plan was unwise and probably 
not feasible. What proved it to be 
unwise was what happened when the 
R.C.A. Manufacturing Company 
tried to proceed on that basis. This 
company began, early in March, an 
extensive selling effort, offering their 
standard line of television receivers 
at prices reduced 33 per cent or 
more, in the New York area. Full 
page newspaper ads were used, 
dealer meetings were held, and it 
was evident that a major campaign 
was underway, with a goal of sell- 
ing perhaps 25,000 receivers by the 
end of the year. The R.C.A. receivers 
were designed for the R.M.A. Stand- 
ards, which are in use in all the 
transmitters on the air (including 
those in New York, Chicago, Los An- 
geles, and Schenectady). 

Then the F.C.C., with Commis- 
sioner Craven dissenting, stepped in 
and on March 24th announced that 
the order allowing limited commer- 
cial broadcasting had been sus- 
pended, pending a hearing on April 
8th. The reason given was the sales 
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IS EVERYBODY HAPPY? 
Three of the leading figures in the television investigation: (left to right) James L. 
Fly, Chairman of the F.C.C., the body which precipitated matters by suspending an 
order allowing limited commercial operation; David Sarnoff, President of R.C.A. 
whose company's promotional activities were under scrutiny; and Senator Burton K. 
Wheeler, who presided over the meeting of the Senate Interstate Commerce Com. 
mittee to consider the desirability of investigating the F.C.C. 

activity of R.C.A. which, the Com- 
mission believed, would have the ef- 
fect of "freezing" the standards in 
accordance with the R.M.A. pro- 
posals. The Commission declared 
that it alone had the authority to fix 
television standards, and that any 
indirect fixing of the standards by 
commercial activity was to be 
stopped at its inception. 

Then the rumpus started in earnest. 
The newspapers at once took up the 
torch for television, pointed out that 
the F.C.C. had no authority over 
advertising, or over the manufacture 
or sale of receivers, and no right to 
decide the merits of selling prac- 
tices in the radio field. The Corn- 
mission was accused of stifling an 
infant industry which might offer 
employment to thousands, even hun- 
dreds of thousands of workers. The 
Republican newspapers, in particu- 
lar, in editorials and syndicated fea- 
ture columns took the Commission to 
task for exceeding its authority. In 
Congress no fewer than three separ- 

12 

ate actions were taken to investigate 
the F.C.C.'s activity in the television 
field. Senator Lundeen of Minnesota 
introduced a motion to investigate 
the Commission for retarding tele- 
vision and exceeding its authority. 
Senator Barbour of New Jersey in- 
troduced a bill to amend the Com- 
munications Act, specifically to strip 
the Commission of any power to reg- 
ulate radio research, experimenta- 
tion, manufacture or sale. Repre- 
sentative Connery of Massachusetts 
introduced a resolution in the House, 
seeking a sweeping investigation of 
the F.C.C.'s activity in radio gen- 
erally. 

In light of the pressure from the 
newspapers, Chairman Fly thought 
it expedient to go on the air to ex- 
plain his views (and in so doing had 
the misfortune to cost the N.B.C. 
network some $10,000 due to can- 
celled programs, which fact was not 
lost sight of by the newspapers). 
Mr. Fly's statement was lucid, and in 
the light of its premises, very con- 

vincing. The basic premises were 
two: (1) that the relationship of a 
television receiver to a transmitter 
is like that of a key to a lock, hence 
any major change to the transmitter 
in the interests of improvement 
would render the receivers useless, 
and (2) that the public was not suffi- 
ciently informed of this fact and 
should not be encouraged to buy re- 
ceivers without full knowledge of 
the experimental, perhaps even tem- 
porary, nature of the broadcasting 
service. 

From this statement, the radio in- 
dustry took its cue. It had only to 
prove that the lock- and -key theory 
was false, or at least wrongly in- 
terpreted, and to offer to protect 
its customers against the effects of 
changing standards. When the April 
8th hearings opened, the testimony 
almost without exception was to the 
effect that sufficient flexibility could 
be built into transmitters and re- 
ceivers, at extra but not unreason- 
able cost, to allow the use of any 
standards permitted within the limi- 
tations of the 6 Mc channel assigned 
to television stations. Not all agreed 
that such flexibility was worth the 
price it would cost, but all did agree 
that it could be achieved. The R.M.A. 
supporters, as well as Philco and 
DuMont, retained their former posi- 
tions regarding the desirable num- 
bers of lines and frames, but each 
group agreed that a receiver could 
be built capable of operating on all 
three proposals. The extra cost in- 
volved was variously estimated at 
from 5 to 40 dollars per receiver. 

The witnesses at the hearing were 
also of the opinion, almost unani- 
mously, that if such flexibility in the 
standards were available, no harm 
would come from commercial opera- 
tion of television stations. Further- 
more, it was admitted that such 
commercial operation would make 
possible additional research into pro- 
gramming techniques, which is 
equally as important from the stand- 
point of the public interest as the 
technique of the transmission. 

This evidence, presented to the 
Commission by competent witnesses 
from nearly every company in the 
field, threw a very different light on 
the matter. Added to it was the 
increasing political pressure in the 
press and in Congress. Soon it be- 
came apparent that the Commission 
had both the opportunity and the 
necessity of making a reappraisal of 

May 1940 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


the whole situation. Chairman Fly 
after a conference with President 
Roosevelt said he was confident that 
a solution of the difficulty would be 
found quickly, which would lead to a 
speedy opening of the field to com- 
plete commercialization. Action was 
taken at once on the application of 
the DuMont Laboratories for a "pub- 
lic- program service" television sta- 
tion to be located on the skyscraper 
at 515 Madison Avenue, New York. 
This license was granted, and it was 
understood that the standards pro- 
posed by DuMont would be offered 
to the public and that receivers would 
be available for comparison between 
the two systems. (DuMont had testi- 
fied that his receivers would receive 
either the R.M.A. standards or his 
proposed standards.) 

At the time of writing, no further 
announcement has been made by the 
Commission concerning its future in- 
tentions, but the "informed gossip" 
in Washington has it as follows: 
That the pending licenses for tele- 
vision stations will soon be acted 
upon, and those granted will be sub- 
ject to operation on a set of stand- 
ards prescribed by the Commission. 
The standards will be set within 
limits, as to number of lines and 
number of frames, and each station 
must be able to operate at any value 
of lines or frames technically feasible 
within these limits. Possibly a single 
set of values of the lines and frames 
will be specified as a starting point, 
or offered as preferred engineering 
practice, with the understanding that 
changes to other values may be found 
desirable and required at a later date. 
Representations will then be made 
to the receiver manufacturers (pos- 
sibly through the Radio Manufac- 
turers Association) for assurances 
that the sets offered to the public 
will contain a similar degree of 
flexibility, so that the receiver may 
be adjusted readily (preferably by 
the owner himself) to any changes 
which may be made in the trans- 
mission standards. Such assurances 
received, the Commission then is ex- 
pected to authorize full commercial 
operation of class 2 (public- program- 
service) television stations, possibly 
as early as September 1st, but prob- 
ably early in 1941. The "limited" 
commercial operation is not now held 
in favor by anyone. 

If any such program actually comes 
to pass, it is likely that television 
will be off to a much bigger start 
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than if no government action had 
taken place. Under the influence of 
the great publicity of the past month 
in the newspapers, the American 
public is definitely television con- 
scious, and realizes also that the 
government has taken its stand on 
what it considers to be the public 
interest. If the Commission, its 
objections satisfied, gives the new 
art its blessing, sale resistance will 
be a function only of the selling price 
of receivers and the quality and 
availability of programs, all of which 
are squarely up to the industry. 

What Are the Optimum Standards? 

In the meantime there is oppor- 
tunity for the engineers in the in- 
dustry to review the situation and 
decide on, or at least present the 
arguments for, the optimum values 
of the disputed standards. Perhaps 
no single optimum values exist, but 
it is highly desirable that there be 
some starting point, and this point 
must be decided on the basis of sound 
engineering philosophy, backed up 
by demonstrations in practice. 

In the first place it must be under- 
stood that the basic limitation to 
the number of frames per second 
is based on the human sense of sight, 
while the basic limitation to the num- 
ber of lines in the picture, when the 
frame rate has been decided upon, is 
determined by the available channel 
width in the ether. Actually the 
relationship, assuming equal vertical 
and horizontal retrace ratios, is as 
follows1: 

k (w/h) mf nz 
fm x = cps 

where fmas is the maximum frequency 
in the video range produced by scan- 
ning a picture whose width -to- height 
ratio is w /h, transmitted f frames 
per second, with n lines per frame, 
with horizontal resolution m times 
the vertical resolution, and with 
vertical resolution equal to k times 
the number of active lines in the 
picture. 

The ratio w/h has been set at 
4/3, and this standard has not been 
questioned. The ratio k between 
number of lines and vertical resolu- 
tion may be given the value 0.8 as 
representative of most actual con- 
ditions, although values as low as 
0.6 and as high as 0.9 have been sug- 

1 The complete derivation of this equation 
may be found in "Principles of Television 
Engineering. by D. G. Fink, McGraw -Hill 
Book Co., 1940, pp. 52-54 and 184 -189. 

gested. If equal resolution in verti- 
cal and horizontal directions is de- 
sired, m has the value 1 (although 
the picture quality is not seri- 
ously impaired if values as high as 
1.5 or as low as 0.6 are employed) . 

The maximum video frequency is 
limited, by the 6 -Mc channel width, 
to a value somewhere between 4.0 
Mc and 4.5 Mc. Assume that 4.3 
Mc is the practical limit, if inter- 
ference is to be avoided with the 
sound channel using practical band - 
pass circuits. Then for each of the 
proposed frame rates (DuMont, 15; 
Philco, 24; R.M.A., 30) a correspond- 
ing number of lines may be calcu- 
lated. For the DuMont proposal 
the number of lines is 735 ; for the 
Philco proposal 580; for the R.M.A. 
case 518. These are theoretical cal- 
culations. The actual values chosen 
should preferably be odd numbers 
composed of odd factors, to allow 
odd -line interlacing without com- 
plications. Hence DuMont chose 625 

(5x5x5x5) ; Philco 605 (11x11x5) ; 

R.M.A. 441 (3x3x7x7). It will be 
noted that the R.M.A. value is some- 
what out of line with the theoreti- 
cally calculated values. A close value 
to the theoretical for the R.M.A. 
case would be 507 lines (13x13x3). 

From this reasoning it appears 
that the R.M.A. standard of 441 

lines is somewhat on the low side. 
It should be remembered, however, 
that the value of 441 lines was chosen 
with double sideband operation in 
mind, i. e. f,s = 2.5 Mc and with 
k = 0.64, m = 1. When single side - 
band became feasible and f, z become 
4.0 to 4.5 Mc, the number of lines: 
was not increased, but rather the 
horizontal resolution was allowed to 
increase relative to the vertical reso- 
lution, giving a value of m about 1.6. 

This improved the picture quality 
by nearly the same degree that in- 
creasing the number of lines would 
have allowed, but produced improve- 
ment in detail only in the horizontal 
direction. One possible advantage 
of having this higher degree of hori- 
zontal resolution is that it gave the 
receiver manufacturer some toler- 
ance. Thus if the effective band- 
width in a receiver falls below 4.0 
Mc (and this may be said to be true 
of most present -day receivers) the 
resolution ratio falls back toward 
unity, rather than away from unity 
which would occur if the number of 
lines had been increased. 

(Continued on page 79) 
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An Electronic Switch 
for Fluorescent Lamps 

The combination of a new thermal switch using a gas -discharge and series inductance 
eliminates the necessity of high voltage transformers to produce the transient voltage 
required to start fluorescent lamps 

By R. F. HAYS 
Westinghouse Lamp Division 

Bloomfield, N. J. 

EVER since fluorescent lamps were 
introduced, starting and restart- 

ing them has been something of a 
problem without any satisfactory 
solution. A 15- or 20 -watt lamp may 
be operated from a 115 -volt a -c line, 
once the arc is started, but voltages 
as high as 400 may be required to 
start it. If the lamp electrodes are 
preheated so that they emit a copi- 
ous supply of electrons, the arc may 
be started at 200 or 300 volts. Pre- 
heating also prevents blackening at 
the ends of the lamp and insures long 
life. 

A new electronic switch, known 
as the Glow- switch, has simplified 
starting and embodies a new engi- 
neering principle, for it is a thermal 
switch without a heater. It starts 
fluorescent lamps quickly under con- 
ditions which contribute to long lamp 
life. Because of its small size and 
simple construction, it can be pro- 
duced by automatic machinery at a 
low cost. 

Since the lamp has a negative volt - 
ampere characteristic, it must be 
operated in series with an inductance 
which serves to limit the flow of cur- 
rent. The most simple circuit, then, 
consists of a lamp in series with an 
inductance and a switch connecting 
the electrodes in series for preheat- 
ing, as shown in the diagram. 

The Glow- switch serves to make 
and break this connection automati- 
cally. As shown in the photograph 
it consists of a glass bulb filled with 
a rare gas and containing a pair of 
contacts one of which is actuated by 
a strip of thermostatic bimetal. 
Normally the contacts are open so 
that when line voltage is applied its 
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Left to right, the Glow- switch, the switch and parallel condenser to reduce 
radio interference, and the complete unit mounted in an aluminum can 

full value appears across the switch. 
This voltage establishes an abnormal 
glow discharge between the bimetal 
and a contact welded to a lead wire. 
Heat produced by the glow discharge 
causes the bimetal to deflect and close 
the contacts, short -circuiting the dis- 
charge so that no more heat is pro- 
duced. After a short time, during 
which current flows to heat the lamp 
electrodes, the bimetal cools and 
disengages the contacts. The sudden 
interruption of current flowing 
through the inductance produces a 
transient voltage sufficient to strike 
the arc in the lamp. The voltage drop 
across the lamp is not high enough to 
maintain the glow discharge in the 
switch, so the contacts remain open 
and no energy is consumed. If for 
any reason the arc in the lamp does 
not strike the first time, the contacts 
quickly close and open again. 

Since the duration of the transient 
voltage is very short, its value must 
be somewhat greater than the steady 
voltage necessary to strike the arc. 
Special steps had to be taken' to make 
the transient high enough to insure 
reliable starting. The familiar ex- 

pression e = L 

ex- 
di 

is inadequate in 

this case. The transient voltage 
should be thought of as being equal 
to the product of current at the in- 
stant the contacts open and the re- 
sistance of the switch at that instant, 
or the current divided by the conduc- 
tance of the switch. To produce a 
high voltage the conductance must be 
small. This conductance is a result 
of arcing at the contacts and of re- 
establishment of the glow discharge. 

Since perfectly smooth surfaces 
do not exist, the current is carried 
by a single microscopic point connec- 
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tion just as the contacts separate. 
Because of its small size the resis- 
tance of this point is so high that it 
may be melted and even vaporized 
by the flow of current. The hot spot 
on the contact supplies electrons by 
thermionic and field emission and 
the hot vapor serves as an excellent 
conductor, so that arcing occurs. To 
minimize arcing, the contacts should 
be made of a material with good heat 
and electrical conductivity, high 
melting and vaporizing temperature, 
and high work function. For these 
reasons tungsten was chosen. Since 
the use of tungsten reduces the 
amount of vaporized contact material 
to a minimum the arc is carried 
largely by the gas with which the 
switch is filled. Hence, the lower the 
gas pressure, the lower the conduct- 
ance. 

Conductivity of the glow dis- 
charge, which is re- established by 
the transient voltage and simultan- 
eous application of line voltage, is 
proportional to the surface area of 
the electrode serving as cathode and 
proportional to the square of the gas 
pressure. The conductivity from 
this source has been reduced to a 
minimum by using only one strip of 
bimetal and welding the other con- 
tact to the lead wire as close to the 
press as is possible without cracking 
the glass, thereby reducing the sur- 
face area of one electrode to a min- 
imum. Of course the highest tran- 
sient voltage is produced only when 
this electrode serves as cathode for 
the glow discharge at the instant the 
contacts open, which will average 
half the time. This is of little im- 
portance- since the contacts open and 
close quite rapidly. 

Effect of Pressure 

The lower the gas pressure, the 
higher the transient voltage which 
may be produced ; but other factors 
must be considered in choosing the 
pressure. For a given voltage across 
the glow discharge the current which 
flows to heat the bimetal varies as 
the square of the gas pressure. The 
higher the pressure, the faster the 
contacts close. As the switch is used, 
atoms of gas are driven into the elec- 
trodes by the high -voltage surges 
and gas is also cleaned up by metal 
particles sputtered from the elec- 
trodes. As the gas pressure is re- 
duced by clean -up below a critical 
point, the striking voltage increases 
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rapidly and the switch soon becomes 
inoperative. Furthermore high gas 
pressure increases the life of the 
contacts. The final choice of gas 
pressure was a compromise between 
speed of operation, reliability of 
lamp starting, and life of the switch. 
Coating the bimetal with magnesium 
and shaping it so as to form craters 
into which the discharge is concen- 
trated results in a considerable in- 
crease in the amount of heat pro- 
duced. This makes it possible to have 
the contacts close at such a high 
temperature that operation is prac- 
tically independent of ambient tern- 

cooler central part. Since contact mo- 
tion is due almost entirely to tem- 
perature changes at this point, the 
contacts are held together for a while 
even though the total amount of heat 
in the bimetal is decreasing. The 
time delay is determined by the dis- 
tance from the central part of the 
bimetal to the craters formed by the 
corrugations. By the time the con- 
tacts open the heat is quite uni- 
formly distributed so that a very 
small gain or loss of heat will cause 
the contacts to close or open again. 
Consequently, if the lamp does not 
start on the first try, the cycle is 

-Electrode 

/Starter accessible 
cr - -` for replacement 

Fluorescent material 
coating on inside wall 

/ 

1 I ,- Mounting panel 

¡Lamp 
i /xder Starte Ç "\ 

_____ W 

Vy ,1 

Starter socket' I I-- 
Cutaway View of Starter 

Reactor - usually 
installed in race way 

Condenser across 
starter contacts 
to eliminate radio 
interference - 

Electrode- 

--Aluminum casing 

- ---- Glow switch, hermetically 
sealed in glass casing 

,,Bayonet -lock contacts 

Lamp holder 

Line 
switch 

Line -115 y 

Diagram showing circuit and installation of the Glow- switch and fluorescent lamp. 
The electrodes of the lamp are preheated so a low starting voltage may be used 

perature. The combination of the 
magnesium coating and a filling of 
neon and argon results in an r -m -s 
breakdown voltage of 80, which is 
safely above the highest lamp volt- 
age of 63 and well below line voltage. 

Applying high voltage to a fluor- 
escent lamp with cold electrodes 
causes such terrific ionic bombard- 
ment that the life of the lamp is 
shortened and the ends of the bulb 
are blackened by material being sput- 
tered off the electrodes. It is highly 
desirable that the Glow- switch con- 
tacts remain closed until the lamp 
electrodes are hot before the high 
transient voltage is applied. The 
necessary time delay is produced by 
corrugations in the bimetal. 

Concentration of the glow dis- 
charge in these 'corrugations causes 
this part of the bimetal to heat much 
faster than the central part. After 
the contacts close, heat flows to the 

quickly repeated but without the 
time delay which is unnecessary 
when the lamp electrodes are already 
hot. 

In order to simplify wiring, the 
Glow- switch and a condenser for 
eliminating radio interference are 
placed inside a small aluminum can. 
The can is fitted with a two -pin base 
which plugs into an extension of the 
lamp socket. 

If a lamp refuses to start because 
of loss of emission of the electrodes, 
the switch operates continuously in 
an effort to start the arc and in doing 
so is worn out. Under such a condi- 
tion of continuous operation it will 
last 6 to 7 days. Under normal con- 
ditions the switch will start a lamp 
approximately a million times. With 
a 115 -volt line the device starts 
lamps in 1 to 114 seconds under con- 
ditions which are ideal for preserv- 
ing lamp life and appearance. 

15 

www.americanradiohistory.com

www.americanradiohistory.com


Photoelectric Tape Recording 
A recording method in which the recording is done by mechanical engraving and without 
further processing is ready for reproduction by photoelectric means. A great advantage 
of this system is the ease of editing the program after its recording has been completed 

IN recent years sound recording 
systems have been designed in a 

great variety of forms. One of the 
more interesting is that developed 
by the Miller Broadcasting System. 
This system is at present being used 
to broadcast over the Mutual net- 
work the "College of Musical Knowl- 
edge" program after it is originally 
broadcast by another chain of sta- 
tions. 

The recording medium is an ace- 
tate -base tape consisting of three dis- 
tinct layers of material. The acetate 
base is similar to the base used in 
motion picture film. The center layer 
is a special emulsion through which 

7mm 

Cross section of the recording tape show- 
ing the three layers of material. The 
deeper the stylus cuts, the more opaque 

material it removes 

the cutting stylus can cut freely. 
These two layers are transparent. 
The third layer is very thin and 
very densely opaque. It is this thin 
layer of opaque material which is re- 
moved to form a variable -width 
sound track. The advantage of this 
method of recording is that all proc- 
essing subsequent to the actual cut- 
ting of the record is eliminated and 
the tape is ready for playback im- 
mediately. As a matter of fact, there 
is provision on the recording unit 
for the program to be played back 
one -third of a second after it has 
been recorded. 

In addition to the advantages in 
the production of the recordings due 
to the mechanical simplicity of the 
system, an important advantage is 
gained because of the ease of editing 
the program after it has been re- 
corded. It occasionally happens that 
after a program has recorded and 
the cast dismissed, an error is found. 
Instead of calling back the entire 
cast, it is sometimes only necessary 
to eliminate that part of the tape by 
cutting it out and splicing together 
the ends of the tape. An example of 
this type of correction is in the case 

The variations in the transparent portions may be seen in this 
photograph. After the mechanical cutting process, the tape is 

immediately ready for playback by photoelectric means 

where one of the cast used the word 
"Mrs." instead of "Miss." The por- 
tion of the tape containing the 
second syllable of Mrs. was elim- 
inated and the script corrected with 
a minimum loss of time and little 
annoyance. If the correction re- 
quires the substitution of words in- 
stead of elimination of words, it is 
necessary to call back only those 
members of the cast involved and 
have them speak the words necessary 
for the change and substitute the 
correct tape for that originally re- 
corded. Sometimes, to get the proper 
accent or emphasis on a word it is 
necessary to speak the entire sen- 
tence, in which case the unwanted 
parts of the repeated words are dis- 
carded and only the wanted words 
are used. 

Ease of Editing the Program 

Sometimes a program is recorded 
and is found to be too long to fit 
into the time assigned to it by the 
broadcast station. The remedy for 
this is to reproduce it at a rate just 
a little faster than normal by sub- 
stituting drive wheels of a slightly 

Four portions of tape showing sound track with zero signal, 
a loud signal, variation in track width to prevent overmodula_ 
tion and a splicing patch which produces no audible effect 
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The editing machine shown here permits 
easy localization of the portions of the 

program which are to be edited 

The dual recording unit permits the re- 
cording of long programs. Playback oc- 
curs one-third of a second after recording 

Dual reproducing unit. A unique method 
of cueing permits switching over from one 
unit to the other at any convenient time 
during the 30 seconds of dual operation 

different size in the driving mech- 
anism. Thus, if a program one hour 
in length is about 20 seconds too 
long, it will be shortened by about 
one -half per cent. This means that 
all tones will be increased in pitch 
by about one -half per cent. This, 
however, is not very serious because 
so few people are able to detect such 
a small difference in the frequencies 
of musical sounds or the human 
voice. 

If it should happen that it is not 
possible to start recording from the 
beginning of the program, a simple 
remedy is . available. Such an oc- 
casion can arise for a variety of rea- 
sons, for instance, the previous pro- 
gram may run a fraction of a minute 
overtime, and the incoming program 
(which is to be recorded) starts on 
time, but is not available to the re- 
cording studio until the channels are 
cleared of the program just ending. 
In this case the first half minute or 
so of the program which generally 
includes the commercial announce- 
ment is lost. The remedy is to use 
the commercial announcement of the 
week previous or of some other time 
and splice it on the beginning of the 
tape. In this way a complete pro- 
gram is provided. 

It also happens at rare intervals 
that the quality of the music may be 
poor. Here, the answer is to use a 
recording of music played by the 
same orchestra at another time and 
substitute it in place of the faulty 
music. The editor of such tape re- 
cordings has considerable freedom 
in arranging the material for presen- 
tation to the audience. He may 
lengthen the program by the judi- 
cious addition of material or he may 
shorten it by using only the most 
interesting parts of it. As an ex- 
ample, the Good Will Hour as it was 
presented in its original form was 
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one hour long, but when it was re- 
broadcast it was only one -half hour 
long, the less interesting material 
having been deleted. 

The applications of this system of 
recording are by no means limited to 
the broadcasting field. It is of great 
use wherever the recorded program 
requires revision or correction. One 
of its important applications is the 
recording and editing of material 
which is to be later re- recorded on 
disc records. Anyone engaged in the 

Detail of the photoelectric reproducing 
head. The tape is driven by means of 

the friction driving wheels 

various phases of commercial record- 
ing will appreciate the advantages 
offered by the use of this type of 
recording in that the program as re- 
corded must not necessarily be ac- 
cepted as final, but may be changed 
and corrected to, fulfill the conditions 
for which the record was made. 

Mechanical Design 

The mechanical layout of the re- 
cording unit is shown in the accom- 
panying photograph. The tape is 
provided in lengths of approximately 
1000 feet on reels very much like mo- 
tion picture reels. The supply reel 
is on the right hand side of the ap- 
paratus. The tape is threaded 
through the machine in a very sim- 
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ple fashion. There is enough slack 
in the tape when properly threaded 
so that the total mass involved in 
starting or stopping is very small. 
Therefore the inertia is very small 
and the starting or stopping opera- 
tion may be performed very rapidly. 

Stylus Operation 

The actual recording operation is 
performed by a sapphire stylus 
driven by a magnetic cutting head. 
The cutting stylus moves in a verti- 
cal direction relative to the surface 
of the tape in a manner determined 
by the frequency and amplitude of 
the impressed signal. The depth to 
which the stylus cuts is determined 
by the amplitude of the signal, the 
greater the amplitude, the greater 
the depth. Therefore, because of the 
wedge- shaped cutting surface of the 
stylus, greater portions of the opaque 
layer are removed when the tape is 
cut to greater depths. The angle of 
the point of the stylus is only a few 
degrees less than 180 degrees. Hence, 
even for signals of the greatest amp- 
litude, the motion of the stylus is 
but a few thousandths of an inch. 
This is the basis by which a variable - 
width sound track is obtained. At 
the point of engraving, the tape is 
backed up by a highly polished steel 
base and is driven very uniformly at 
the rate of 60 feet per minute. In 
order to reduce noise to a minimum, 
a suction pump is used to draw off 
the small black particles removed 
from the tape by the engraving proc- 
ess. Otherwise, these small pieces 
might become attached to the tape 
in the sound track and reduce the 
amount' of light reaching the photo - 
tube during reproduction, thereby 
causing background noise. 

At a point four inches along the 
tape from the stylus there is located 
a phototube reproducing unit used 
for monitoring the recording. The 
monitoring takes place one -third of 
a second after recording, as deter- 
mined by the speed of the tape and 
the length of tape between the re- 
corder and the reproducer. 

Provision is made so that the per- 
centage of modulation in relation 
to the average width of the sound 
track is always at an optimum value. 
With zero signal to be recorded, the 
stylus will cut a narrow track of con- 
stant width. When a signal of rela- 
tively small amplitude is impressed, 
the fluctuations in the waves in the 
sound track are not very great and 

they are accommodated in the narrow 
track. If, however, a strong signal 
is impressed, the fluctuations become 
too great to be properly accommo- 
dated in the narrow track and a track 
of greater average width is cut. The 
track is made narrow or wide accord- 
ing to the strength of the impressed 
signal by taking a portion of the sig- 
nal and passing it through a recti- 
fier. The output of the rectifier is 
then applied to the coil of the cutting 
head as a d -c component which de- 
termines the average width of the 
sound track. 

Programs to be recorded very fre- 
quently exceed in time of perform- 
ance the capacity of one reel of tape. 
This circumstance requires the use 
of two recording units, and when the 
program is to be reproduced there 
are required two reproducing units. 
Each reel of tape will accommodate 
about fifteen minutes of recording. 
When the program approaches the 
capacity of the reel, it is recorded, 
not on one tape, but on two tapes 
for a period of about 30 seconds. At 
the end of this time the first recorder 
is stopped and the second unit is used 
to carry on the process. By an in- 
genious system of cue marks placed 
on the tapes during recording, 
switching over from one reproducer 
to the other at the proper instant be- 
comes a very simple task. Just 
previous to the time when the pro- 
gram is being impressed on both 
tapes, a series of white marks are 
placed on both tapes in the same po- 
sitions relative to the positions of the 
recorded material. During repro- 
duction, when the first tape is near- 
ing its end, a long warning cue mark 
appears at which time the operators 
get ready to start the new tape. A 
second, shorter warning mark ap- 
pears at which time all is in readi- 
ness for starting the new take and at 
the appearance of the third mark 
(also a short one) the tape is started. 
The new tape then starts running 
past its photoelectric sound pickup 
head in synchronism with the first 
tape (which is still being used). At 
some convenient time within the 
next 30 seconds or so during which 
both tapes have recorded on them 
the same material, the switchover is 
made. It is generally made at some 
short interval during which there is 
no sound, but with a little practice on 
the part of the operator, it becomes 
quite simple to make the change dur- 
ing continuous music. -c.w. 
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This view of the turnstile is from the same vantage point as that 
which appeared on the cover of Electronics in March 1939, with 
glacé trimmings added. The turnstile elements, feeder wires, and 
v- shaped matching section (lower right) were almost completely cov- 

ered until the ice was broken away by the climbers. For a time, it 

was feared that a cross -arm of the tower might buckle under the 
extra weight, if solid sheets of ice were allowed to build up 

At the foot of the turnstile antenna, the climbers found 21/2 inches of 

ice on the north -east edge of every wire, i,á inch on the opposite 
edge. On the insulators the ice was 4 inches thick in places. Never- 
theless the station was ready to go on the air at any time during the 
storm, and only a power -line failure prevented a continuous schedule. 
Experience atop Mount Washington also has proved that ice does not 

short circuit an antenna array even if it totally encloses the structure 

ELECTRONICS - May 1940 

ICE AGE 
Hits Alpine 
On March 4th last, the ice storm which visited the Errs laid 
down tons of ice on the tower of Major E. H. Armstrong's 
frequency modulation transmitter at Alpine, N. J. Fearing 
trouble, the Major, caretaker Paciello, and construction super- 
intendent Fowler (left to right, below) climbed the tower dur- 
ing the storm, chipping ice from the stairs as they went. 
Arthur E. Linell of the Yankee Network was present and 

climbed along also to get these unusual pictures 

Although the weight of the ice exceeded many times the 
weight of the / -inch wires on which it formed, the con- 

ductors did not break and no damage was done during the 
storm. Later, when the ice melted and fell to the ground, it 

hit several ceramic insulators on the way down and shattered 
them. Here Major Armstrong shows the approved method of 

de -icing a matching stub. Note the distribution of the ice on 
the feeder wires at the left 
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DIPOLES and REFLECTORS 
-a Short Review 

ADIPOLE antenna is commonly 
used for reception in the ultra- 

high- frequency band, in which tele- 
vision and f -m programs are now 
being broadcast. The reason for 
using a dipole at these frequencies, 
rather than the single wire antenna 
which is ordinarily used in the broad- 
cast band, is that the former can be 
made sensitive and can readily be 
oriented to receive the desired signal, 
while the latter is in general either 
insensitive or is highly directional 
for the ultra- high- frequencies, and 
its direction of response cannot 
readily be changed to bring in the 
desired signal. 

A Few Fundamental Considerations 

Figure 1 shows how a dipole is 
connected to the input of a receiver. 
The signal picked up by the dipole 
is carried down the balanced trans- 
mission line to the input terminals. 
A properly balanced input system al- 
lows all pick -up along the transmis- 
sion line to be eliminated, leaving 
only the signal generated at the di- 
pole. In this way, the dipole can be 
located in the most advantageous 
location for reception, without too 
much concern about interference 
arising along the lead -in.1 

While it is generally desirable to 
build up as much signal as possible 
on the antenna, the thing that really 
counts is how much signal is deliv- 
ered to the grid on the first tube. 
Consequently impedance matching 
considerations are very important. 
Consider the circuit in Fig. 1. If 
Zr, is the characteristic impedance of 
the transmission line, and EL is the 
voltage which the signal picked up 
by the dipole delivers at B, then the 
current at B is 

in= 
ZL 

EL 
(1) 

If the transmission line is properly 
matched at the input circuit of the 
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receiver, and n is the gain of the 
input transformer, then the voltage 
delivered to the grid of the first tube 
is 

E; = n ZL iB (2) 

Consider next the antenna itself. 
The emf developed in the antenna by 
the current, iB, is 

EA B ZA (3) 

and ZA is the impedance of the an- 
tenna at B. Now if e is the field 
strength of the incoming wave and 
h is the effective height of the 
antenna, then the power which the 
incoming wave delivers to the an- 
tenna is 

eh is 
By the conservation of energy, it 
follows that 

ehiB = iB2 (ZL -I- Z4) 

From the preceding four equations, 
we arrive at the formula 

E; =neh ZL 

(4) 

ZL ZA 
(5)2 

In Equation (5), if h is measured 
in meters, and e in microvolts per 
meter, then E, is measured in micro- 
volts. In the derivation of Equation 
(5), attenuation of the signal along 
the transmission line has been 
neglected. 

In order to make E, a maximum, 
two impedance matching conditions 
should be met. In the first place, the 
gain of the input transformer should 
equal the square root of the sec- 
ondary impedance divided by the 
transmission line impedance. 

n2 = Z' (6) 
ZL 

where Z, is the impedance from grid 
to ground of the first tube. The 

second impedance matching condition 
for maximum gain is 

ZL = ZA (7) 

If the antenna is to operate in a 
narrow frequency band, conditions 
(6) and (7) can and should be met. 
If, however, the antenna is required 
to operate over a wide band, a com- 
promise is necessary. 

Equation (6) shows the desirabil- 
ity of having a low impedance an- 
tenna for reception, because this al- 
lows more gain to be obtained in 
the input transformer. Fundamen- 
tally, a low impedance antenna means 
higher antenna current, which in 
turn means that the power absorbed 
from the incoming wave, ehiB, is 
larger. 

Dipole Impedances 

Figure 2 shows the calculated im- 
pedance ZA (measured at B) as a 
function of frequency, of two 10 foot 
dipoles of one inch and one -half 
inch diameters, respectively. The 
abscissa in Fig. 2 is reactance and 
the ordinate is resistance. It may 
be seen in Fig. 2 that dipoles of 
smaller diameters have more react- 
ance and have a greater range of im- 
pedance variation over the frequency 
band. This characteristic is similar 
to that of uniform transmission 
lines, the smaller diameter dipoles 
have more inductance and less ca- 
pacitance per unit length and there- 
fore have larger Q ratios and more 
impedance variation. The curves in 
Fig. 2 are approximately circular in 
shape with a slight inward spiral. 

Several important conclusions can 
be drawn from Fig. 2 and the data 
used in plotting the curves shown 
there. In the first place, the state- 
ment frequently heard that a half 
wave dipole has an impedance of 73 
ohms is found to be erroneous. The 
resistive component of the impe- 
dance of a half wave dipole is 73 
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Transmission 
line 4110 

Balanced 
input 

transformer Grid of 
First tube 

Fig. 1- Connection of dipole antenna to a receiver. When the 
transmission line and input transformer are properly balanced the 
antenna can be located in the most advantageous position 

11 
Fig. 3- Directional pattern of a dipole. 
Since radio waves exert transverse elec- 
tic forces, the dipole detects only those 

forces directed along its length 

Fig. 4 -The addition of a reflector in- 
creases the sensitivity in the direction AB 

and decreases it in the direction NM 

A 

Reflector 

N M 

ohms, but such a dipole also has 42 
ohms of reactance, so that its actual 
impedance is 84 ohms.' On the other 
hand, at the frequency at which the 
dipole is purely resistive its impe- 
dance is less than 73 ohms. 

Either of the dipoles, whose, im- 
pedance curves are shown in Fig. 2, 

is resistive when its length is about 
95 per cent of that of a half wave. At 
this frequency its impedance is ap- 
proximately 67 ohms. On the other 
hand, a wire dipole, because of its 
small diameter, may have an impe- 
dance as high as 70 ohms at the fre- 
quency at which it is resistive. 

The less rapid change in impe- 
dance of larger diameter dipoles 
makes them more suitable for wide 
band reception, such as is desired in 
television. It should be noted that 
the proper transmission line impe- 
dance to match the dipoles (whose 
characteristics are shown in Fig. 2) 
over the band from say 44 Mc to 56 
Mc should be at least 100 ohms, in 
order not to lose too much signal at 
the edges of the band. On the other 
hand, the comparatively narrow band 
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requirements of the present fre- 
quency modulation transmissions, 
41 -44 Mc, makes it quite feasible to 
use a transmission line with a char- 
acteristic impedance of 70 ohms in 
conjunction with a dipole tuned to 
the f -m band, thus giving, in view 
of Equation (6) a somewhat higher 
sensitivity than could be obtained 
with a 100 ohm line. 

Directivity 

A dipole has considerable direc- 
tivity and the directional character- 
istics of a simple dipole is shown in 
Fig. 3. The lengths of the arrows 
show the relative sensitivity of the 
dipole in various directions. It may 
be seen that the dipole is completely 
insensitive to signals travelling in 
the direction in which it is pointed. 
The reason for this directional pat- 
tern lies in the fact that radio waves 
are transverse, that is, the electric 
force of a radio wave is exerted per- 
pendicular to the direction in which 
the wave is travelling, and the dipole 
picks up only that component of the 

Fig. 2- Impedance diagrams of dipoles ten 
feet long. Note that the smaller diameter 
dipole has greater reactance and a greater 

impedance range 

force in the direction of its length. 
The sensitivity and directivity of 

a dipole can be increased by using a 
reflector. A reflector in the simplest 
case is another dipole insulated from 
the receiving dipole and usually 
spaced behind it about one quarter 
wave length. Such an insulated 
dipole is called a "parasitic" or "radi- 
ation coupled" reflector. A diagram 
of a dipole and reflector array is 
shown in Fig. 4. 

Reflectors 

In order to explain the action of a 
reflector, the idea of the mutual im- 
pedance between elements of an an- 
tenna array is introduced. Suppose 
that a current, in, flowing in the re- 
flector induces a voltage e, in the 
dipole and that a current in flowing 
in the dipole induces a voltage e2 in 
the reflector. Then it can be proved 
by the Reciprocity Theorem that 

e2 = = Zm. (8)' 
D 2R 

Z, is called the mutual impletance be- 
tween the dipole and reflector. 

Consider now the array in Fig. 4. 

If an incoming wave travelling in the 
direction AB generates a voltage eh, 
cos co t in the dipole, then due to the 
time taken for the wave to travel 
from the dipole to the reflector, the 
wave generates a voltage e hR cos 
(w t - 900) in the reflector. Thus 
the currents in the dipole and reflec- 
tor are determined by the Equations 
hp e cos co = is (ZD -I- ZL) -}- iR Z,, (9) 

hRe cos (co t -90 °) = iRZR--iDZ,m (10) 
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Fig. 5- Directional pattern of a dipole with 
a reflector, showing effects for video and 
audio signals separated by 4.5 megacycles 

where iD and iR are the dipole and re- 
flector currents, ZD and ZR are the 
respective impedances, and hp and hR 
are the effective heights. ZL is the 
impedance of the transmission line. 
If the spacing between the dipole and 
reflector is not a quarter wavelength, 
then the phase difference is no longer 
90 degrees and must be changed ac- 
cordingly in Equation (10). Solving 
Equation (11) shows that a para - 
obtain 

to= 

hDecosw w cot hRecos (t-90°) 

ZD - 
ZR 

ZL 

Equation (11) shows that a para- 
sitic reflector has two general effects 
on a dipole : 

(1) It changes the apparent im- 
pedance of the dipole from its orig- 
inal value, ZR, to a new value 

CZD - Z 2) and 

(2) It causes an additional volt- 
age of amount 

ZshRe cos (wt-¢) 

to be effectively generated in the 
dipole. In the latter expression, 4 
represents the difference in phase be- 
tween the incident waves reaching 
the dipole and the reflector. 

The first of the two above listed 
effects causes a change in the appar- 
ent dipole impedance, which effect 
varies with frequency. However, un- 

22 

100 

5.0 

.0 

3 7 
o á ú 

NBC CBS 

Frequency - 

o 
V) 

2.0 

t 
u 
d 

Ú L 
C 7 

2 
U) ä 

NBC CBS 

Fr¢qu¢ncy 

Fig. 6 -Gain and directivity curves of a dipole and reflector array tuned 
to the television band. Note the loss of sensitivity in the forward direction 

slightly below the resonant frequency 

less the reflector spacing is very 
close, so that Z. is large, the change 
in the effective impedance is of 
secondary importance in comparison 
with the effect of the additional volt- 
age. This latter causes the charac- 
teristic directivity introduced by a 
reflector, as well as the major part 
of the increased sensitivity. Fur- 
thermore, in it is contained the rea- 
son for the critical length of a re- 
flector. 

Examining the expression 
7 - 
ZR 

hR e cos (wt - ¢) 

it is seen that the angle, 4, has op- 
posite signs for waves coming from 
the directions AB and MN in Fig. 4. 
Consequently, if the spacing between 
the dipole and reflector is A /4, the 
voltage due to the reflector will be a 
subtracting voltáge for a wave 
travelling in the direction MN if it is 
an adding voltage for a wave travel- 
ling in the direction AB. This is the 
explanation of the unidirectionality 
of a dipole plus reflector array. Fig- 
ure 5 shows the measured directional 
pattern of such an array in the low- 
est television channel (44-50 Mc). 
The spacing in this case was some- 
what less than A/4 as a compromise 
design between the lower two tele- 
vision channels. 

Since the length of the reflector is 
approximately A /2, reference to Fig. 
2 shows that the phase angle of ZR 

changes rapidly with frequency. 
Furthermore, the change in phase of 
Zm with frequency is such as to ac- 

centuate this effect. Consequently, 
the voltage due to the reflector 

- 
Zs 

w h5e cos (t -9p) 

changes from an adding voltage to a 
subtracting voltage if the frequency 
is decreased by only a few mega- 
cycles. The result of this effect is 
shown in Fig. 6, where frequency 
characteristics are shown of the 
sensitivity and directivity of a par- 
ticular dipole plus reflector array. 
It is seen that only a few megacycles 
below its resonant frequency, the ar- 
ray shows loss instead of gain in the 
forward direction. 

The foregoing gives the principal 
facts regarding reflectors. A re- 
flector is valuable for increasing the 
sensitivity of a dipole in a weak sig- 
nal area, and the unidirectionality 
which arises with its use is particu- 
larly helpful in diminishing inter- 
ference from sources in the rear. 

REFERENCES 

' For further information on dipole theory, 
see P. S. Carter -Proc. IRE June 1932 p. 
1017. G. H. Brown -Proc. IRE Jan. 1937 
p. 86. 

2n, h, ZL and Za have both magnitude and 
phase. When the system is operating at 
maximum efficiency, the phase angles of these 
quantities are all nearly zero. 

8 As is well known, the current and voltage 
distributions in a dipole are not constant 
but vary along its length. It is therefore 
necessary to specify the points at which the 
currents and voltages in Equation (8) are to 
be measured. Consequently it is specified 
that they are to be measured at the respec- 
tive centers of the dipole and reflector. 

A paper by the present author in the Nov. 
1939 issue of the RMA Engineer may also be 
consulted. The figures of the present article 
are taken from the latter paper. 
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A Multi- Frequency Oscillator 
for Audio Testing 

IN the course of research into the 

traits, abilities and failings of 
the human mind one of the more in- 
teresting capacities to be investi- 
gated is that of tonal memory. While 
it is not the purpose of this article to 
delve into the various aspects of 
tonal memory as a mental element, 
certain details affecting the adminis- 
tration of tests on this aptitude are 
of interest. 

Tonal memory means the recogni- 
tion of a particular tone or frequency 
upon its repetition, or as in the case 
at hand, it's failure to reappear. 
For this purpose a group of tones, 
say three in number, are played to 
the person being tested. This same 
group is then repeated but with 
one tone changed. If the examinee 
recognizes the tone changed it is to 
the credit of his tonal memory. 

It is important that factors other 
than tonal memory do not find their 
way into such a test. One disturbing 
element that might be introduced 
would be the use of tones so close in 
frequency that their difference could 

By JACK QUINN 

The Human Engineering Laboratory of 
Stevens Institute of Technology needed 
for psychological research, records con- 
taining a series of pure tones of short 
duration, in rapid succession and 
evenly spaced in time. The records 
were made with the instrument de- 
scribed by Mr. Quinn. As the out- 
standing feature of this multi- frequency 
audio generator, 15 separate oscilla- 
tors are made to beat with a single 
master oscillator in a sequence deter- 
mined by perforations in a paper tape 
similar to a player piano roll. 

not be easily recognized. This con- 
dition would test tonal discrimina- 
tion rather than tonal memory. Since 
the marks obtained in such a test are 
compared with those of a large num- 
ber of others taking the same test 
the tones used in the test must be in 
a frequency range not too high nor 
too low. Along this same line the 

overtones should be entirely elimin- 
ated if possible as some persons 
might conceivably be able to remem- 
ber a tone better if it contained over- 
tones. The tempo with which the 
test tones are given to the examinee 
must be very even and not too fast 
or the effect of rhythm memory or 
ones stenographic speed in recording 
the answers will affect the results 
obtained. 

Since it would be extremely diffi- 
cult to reproduce exactly any given 
group of tones from time to time as 
required it becomes immediately ap- 
parent that recordings must be 
made so that each one tested will 
receive exactly the same test. The 
criterion that the tones be pure pre- 
cludes the use of any stringed or 
wind instruments. Bells and other 
percussion instruments produce no- 
toriously poor tones. One of the 
easiest methods of obtaining pure 
tones (within limits such that the 
ear cannot detect the overtones) is 
by the use of a vacuum tube oscil- 
lator. 

Fig. 1- Circuit diagram of the fifteen tone audio generator. For simplicity, beat oscillators 2 to 14 are omitted 
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The maximum number of tones re- 
quired during the test was set at 
fifteen. The rapidity with which the 
various tones would be required was 
set at 0.01 minute, the duration of 
each tone to be a fraction of that 
time so that an interval exists be- 
tween the various tones. The oscilla- 
tor to be described produces fifteen 
tones separately and independently, 
at any audio frequency. The method 
of production of the audio tones is 
not new, that of beating two radio 
frequency signals together to obtain 
the desired audio tone. However, the 
use of fifteen separate pre -tuned 
high frequency oscillators all beating 
against one master oscillator is a 
step that has not been taken before. 
It is believed that such an oscillator 
may have many other uses in audio 
frequency testing. 

The circuit diagram is shown in 
Fig. 1. The oscillators are of the 
electron coupled type for stability 
and ease of coupling. The induc- 
tances are National SRO coils origi- 
nally designed for use in quench 
oscillator circuits in superregenera- 
tive receivers. These coils origi- 
nally had two separate windings but 
were modified slightly by connecting 
the two windings in series to give a 
single winding with a tap. The mix- 
ing of the two high frequency sig- 
nals is done in a type 6L7 tube since 
it was thought that such a tube 
would provide sufficient isolation be- 
tween the various circuits without 
recourse to more complicated 
schemes. No trouble has been experi- 
enced with locking of the various 
circuits although the shielding of 

the various components is meager. 
The tuning condensers shown in 

the circuit diagram and Fig. 3 are 
satisfactory in spite of the generally 
accepted belief that ordinary mica 
condensers are unstable. They would 
not be satisfactory if the oscillator 
had to maintain its frequency cali- 
bration over long periods of time, 
but since one hour of steady opera- 
tion is all that is required to make a 
record, the more expensive and more 
stable combination of ceramic padder 
and air dielectric tuner was not used. 
Considering the stability require- 
ments, the successful use of mica 
condensers is unusual. The frequency 
tolerance aimed at was better than 
3 per cent of the audio tone. The 
actual oscillating frequency of the 
circuits is about 53 kc. Thus a 
deviation in frequency of one oscil- 
lator of less than 0.06 per cent would 
shift the resultant audio tone unde- 
sirably. Of course resort to lower 
oscillating frequency would improve 
the situation somewhat. However, 
since all the circuits were built as 
nearly alike as possible it was s- 
sumed that any change in one oscil- 
lator would be accompanied by a 
similar change in all the others. As 
it was, the unit had to be run 
through several heat cycles, for a 
period of over a week, to bring it to 
a stable operating condition. After 
that time, however, the stability was 
better than had been anticipated. 
The frequency of the fifteen tones 
would hold to within 2 per cent for 
considerable known periods of time. 

In the input circuit of the number 
1 grid of the 6L7 is a small but ef- 

Fig. 2 -Top of chassis showing arrangement of tubes and parts. 
The outputs of the 15 beat oscillators and the master oscillator 

are mixed in the 6L7 (metal tube) 

fective filter' for reduction of har- 
monics in the output of the oscillator. 
Since it was one of the major re- 
quirements of the unit, that it have 
little or no harmonic output, con- 
siderable effort was made to see that 
this criterion was fulfilled. 

The output of the high frequency 
oscillators were rich in harmonics, 
especially the 2nd and 3rd. At first 
it was suspected that rather compli- 
cated filtering would have to be 
resorted to before mixing the signals. 
Consideration of the mechanics of 
the production of audio harmonics 
from the harmonics of the r -f signals 
disclosed that eliminating the har- 
monics from only one of the signals 
would completely eliminate the audio 
overtones. This was fortunate as 
only one such filter, on the master 
oscillator, would be needed. The 
filter is a combination of series and 
parallel tuned circuits. C and L,, 
are made anti -resonant at the sec- 
ond harmonic frequency of the mas- 
ter oscillator, while L,, and C18 are 
made resonant to the master oscilla- 
tor frequency to accept the funda- 
mental. The third harmonic is at- 
tenuated by the mutual effect of both 
circuits and is negligible at the grid 
of the 6L7. Since all the signals 
here are above audible frequencies 
the tuning was done with a cathode 
ray oscillograph. A simple double - 
pi network of 80 mh chokes and 
0.00025 ,uf condensers after the 
mixer eliminates most of the rf in 
the output without seriously affect- 
ing the linearity of the audio output. 

In coupling the fifteen oscillators 
to the mixer the signal is obtained 

Fig. 3- Bottom of chassis. Proper location of parts reduced the 
length of most leads to a fraction of an inch 
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Contact 

Contant 
No. /5 

25,000 w 

Fig. 4- -Click reducing circuit. This is necessary to successful operation because 
the switching takes place in the plate circuits of the various oscillators 

Fig. 5- Contact of the timing mechanism. The perforated tape passes through the 
0.02 inch slot and actuates the steel pin pressing on the lower of the two contacts 

from the tap on the coil as is done in 
some radio receivers. That meant 
that the lower ends of all the coils 
would be in parallel. Since plenty of 
voltage would be available, a 0.0001 
µf condenser was inserted in the lead 
from each oscillator to isolate them 
somewhat from each other. There 
remains some coupling so that when 
tuning the complete set of fifteen os- 
cillators the job must be done twice, 
the second time merely retouching to 
compensate for the tuning of the 
other circuits. The tuning of the fif- 
teen circuits is accomplished by 
feeding the outputs of a standard 
oscillator such as a General Radio 
713 -B and the multi -oscillator de- 
scribed here into a volume indicator 
and tuning for the zero beat point. A 
cathode ray oscillograph may also be 
used to observe the coincidence of 
the two frequencies. Although the 
tones are all audible it is quite diffi- 
cult to get the adjustment correct by 
ear. 

As the switching of the various 
oscillators is done in the plate leads, 
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some form of filter is necessary to 
prevent key clicks from appearing in 
the output. Figure 4 shows the cir- 
cuit used at the contacts rather than 
at the oscillator, which serves very 
satisfactorily. A modification of the 
circuit, to include a variable resistor 
in series with each of the 0.1 µf con- 
densers instead of the common re- 
sistor, would make it possible to get 
slightly better adjustment on the 
following click as its aural effect 
seems to vary with the frequency 
setting of the audio tone. Since the 
oscillators are keyed in the plate 
circuit, the voltage applied to the 
plates of the tubes must be quite 
low, to prevent any chirp due to the 
application of the voltage for only 
short periods. Between 18 and 25 
volts was used in this case. 

The unit was constructed in a 
manner similar to a radio receiver. 
The chassis is a standard one avail- 
able in many radio supply houses, 
cadmium plated 17 "x13 "x3 ". The 
power supply is standard except for 
the extra filament transformers nec- 

essary to meet the demands of the 
heaters of 17 tubes. The plate sup- 
ply of each oscillator tube is sup- 
plied through contacts on a Jones 
Plug mounted on the side of the 
chassis and connecting to a sixteen 
wire cable terminated in the timing 
and selecting mechanism. 

The timing and selecting of the 
required tones is done by means of a 
paper tape with holes of the proper 
size cut at the proper points. Since 
the timing of the notes was to be 
one every 1/100 of a minute, the ma- 
chine was adjusted to pull the tape 
through at the rate of 100 inches per 
minute. This simplified calculations 
of time intervals to the direct sub- 
stitution of inches for hundredths of 
a minute. The electrical contact is 
made through silver points mounted 
on springs similar to relay contacts. 
The spring is actuated by a rounded 
0.075" dia. stainless steel rod that 
presses on the paper by reason of the 
spring itself. The movement of the 
contact is therefore only the thick- 
ness of the paper from which the 
tape is cut. The paper must be rather 
tough to push the pin back at the end 
of a hole, at the same time it must 
be thick enough to operate the con- 
tact. Paper about 0.006 inch thick 
was found to be satisfactory as 
thicker papers were as a rule more 
fibrous and more apt to tear. Fig- 
ure 5 shows a cross sectional view 
of the contacts. The tape itself is 
pulled through by two rubber rollers 
driven by a synchronous motor 
stepped down with a worm gear. The 
take up spool is driven by a light 
spring belt, similar to those used on 
movie projectors, and doesn't affect 
the speed of the tape in any way. 

In conclusion this may be said that 
the fifteen tone oscillator is a spe- 
cial piece of equipment, designed 
and built to meet certain require- 
ments called for in a specific job. It 
is a laboratory unit used for experi- 
mental work. In some cases certain 
parts could have been improved, if 
a later model were to be built. Noth- 
ing was done however as all that 
was desired was satisfactory opera- 
tion of the unit while the test records 
were being made. The requirements, 
stability and tolerance of frequency, 
absence of appreciable harmonics 
and accurate timing of the notes, are 
all met in this .oscillator and its asso- 
ciated timing mechanism. 

1. Fink, D. G. A Laboratory Television 
Receiver, Electronics October 1938. 
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A Picture Signal Generator -II 
In the second installment of this series the synchronization signal generator, including 
the timer and shaper units, is described. While designed for the R. M. A. type of signal, 
the generator is capable of producing various specifications of synchronizing signals 

By M. P. WILDER 
and J. A. BRUSTMAN 

American Television Corporation 

T is the function of the timer unit 
in the picture signal generator 

to generate properly synchronized 
pulses from which are produced the 
vertical and horizontal sync pulses 
as well as to assure synchronization 
with the power -line frequency when 
the field frequency is to be related 
to the power frequency. The func- 
tion of the shaper unit is to take 
the pulses transmitted to it by 
the timer and to shape them to cor- 
respond to the requirements set by 
the standards under which the sys- 
tem is operating. The flexibility of 
the unit, which was originally de- 
signed for the standard R.M.A. pulse, 
is such that any practical standard 
signal can be generated by changing 
a few simple L -C and R -C compon- 
ents in the timing unit and making 
the corresponding adjustments in.the 
shaping unit. The authors have 
found the R.M.A. standard signal 
the most practical for their purposes 
and the constants given are those re- 
quired to generate that signal. 

The timer and shaper units used 
follow closely those developed at the 
R.C.A. License Laboratory by Har- 
mon B. Deal, and described on pages 
402 to 413 in "Principles of Televi- 
sion Engineering" by D. G. Fink, 
McGraw -Hill Book Co., New York, 
1940. 

A 13,230 cps sinewave is used as 
the original voltage source from 
which all other frequencies are de- 
rived. In order that odd -line inter- 
lacing will result, the second har- 
monic of this frequency, 26,460 cps, 
is divided by means of four multi - 
vibrators in the ratios of 7:7:3:3 to 
sixty cps. This frequency is in turn 
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Fig. 1 -Views of the timing unit, which generates 60 cps and 13,230 cps 
pulses which are shaped to form the vertical and horizontal synic signals 

Fig. 2 -Views of the shaper unit which generates the horizontal, vertical and equaliz- 
ing sync pulses, as well as the keying signals, under the control of timing unit 

compared with the local .60 cps of 
the power lines by means of a double 
diode discriminator circuit, in a man- 
ner similar to that employed in the 
familiar a -f -c circuit. Should there 
be a difference in frequency or phase 
between the 60 cps generated by the 
power company and that produced by 
the sync generator, a voltage is pro- 
duced of an amplitude proportional 
to the difference in frequency be- 
tween the two, and of a sign depend- 
ing on whether the locally -generated 
60 cps is leading or lagging the power 
line frequency. 

This voltage must be well filtered 
to remove all traces of 60 cycles or 
any other frequency which might 
have been superimposed on it and 
applied to change the transconduc- 
tance of a control tube so that the 
control tube's input capacitance 
varies as a function of the voltage 
delivered to it. This change in ca- 
pacity will change the frequency of 
the 13,230 cps sinewave oscillator in 
the direction of balance. Balance will 
be achieved when the 13,230 -cps 
wave, after frequency multiplication 
and division in the timer, appears as 
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a 60 cps wave which is the same 
phase as that of the power line. At 
this point the discriminator circuit 
supplies a constant bias to the control 
tube and it no longer alters the fre- 
quency of the 13,230 -cps master oscil- 
lator. Should either the 13,230 -cps 
oscillator or the 60 -cps line fre- 
quency tend to shift to another 
slightly different frequency the dis- 
criminator circuit and control tube 
circuit will cause the timer to hunt 
for a new balance but as this action 
is going on continually, balance is, 
with rare exceptions, constantly 
maintained. It is essential after ob- 

taining the 26,460 -cps sinewave from 
the master oscillator that all traces 
of the original 13,230 -cps wave be 
removed. This is accomplished by 
suitable filters. 

It is one of the requirements of 
odd -line interlace that odd multiples 
of 26,460 -cps be used for frequency 
division. It was found essential in 
this timer to employ a minimum of 
4 steps of division in order to assure 
good interlace. Buffers are provided 
between stages and adequate decoup- 
ling is used throughout. If the de- 
coupling is not adequate, all the fre- 
quencies present in the timing gen- 
erator will appear in scallop -like pat- 
terns on the vertical edges of the 
picture. 

For convenience in alignment a 

jack is provided in each buffer stage. 
The last multivibrator in the chain 
produces the 60 cps field frequency. 
The 3000 µµf variable condenser in 
the plate circuit of the last multivi- 
brator determines the vertical blank- 
ing pulse width. This saves a shap- 
ing operation later on. An electron- 
ically- regulated power supply pro- 
vides power for the timer and a 
second unit of identical design sup- 
plies power for the shaping unit. 

In adjusting the unit it is neces- 
sary to first adjust the Colpitts oscil- 
lator to 13,230 cps by means of a 

beat frequency oscillator. Then the 
26,460 -cps filters should be adjusted 
to a maximum Output at 26,460 cps 
without any 13,230 cps ripple being 
present. The 60, 180 and 540 cps 
multivibrators should then be set 
against a 60 cycle time base on an 
oscilloscope. The 13,230 -cps sine - 
wave oscillator tube should be re- 
moved for this test as it will simpli- 
fy adjustment. On the oscilloscope, 
against a 60 cps time base the output 
of the final multivibrator will ap- 
pear as one pulse. The 180 cps multi- 
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Fig. 3- Complete circuit diagram of the timing unit, including oscil- 

lator, doubler, multivibrators, and frequency -control discriminator 
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unit, the composite synchronizing signal is assembled by means of keying signals 

8000 

8 

vibrator will appear as three, and 
the 540 cps oscillator as 9 pulses. 
The 3780 cps output will appear as 
54 pulses and will therefore be too 
difficult to count on most oscillo- 
scopes, so should be set by a beat -fre- 
quency oscillator. 

The sine oscillator which was 
previously set to 13,21 cps should 
be set in operation by inserting the 
6K8 os011lator tube. As a final check 
remove the automatic interlock by 
inserting a plug in the last jack. The 
oscillator can then be adjusted 
slightly to produce 60 cycles of very 
nearly the same phase as that of the 
local â0 cycle mains without the dis- 
criminator circuit. When this plug 
is removed the discriminator will 
take over and hunt a few seconds, 
finally settling down to a steady in- 

terlock with the power line fre- 
quency. Severe line surges will dis- 
turb the balance momentarily. 

Shaping Unit 

The shaping unit shapes the two 
fundamental frequencies 13,230 cps 
and 60 cps, the latter already present 
with a duration of 7 per cent of 1/60 
of a second. These two voltages are 
operated upon by tubes performing 
four functions : clipping, narrowing, 
integration (delaying) and keying 
(inserting) . 

Clipping is accomplished in a 
vacuum tube by driving its grid 
negative beyond the plate- current 
cutoff point. This results in a flat 
topped voltage wave across the plate 
circuit resistance. More than one 
wave may be applied simultaneously 
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Fig. 5- Vertical section of the shaping unit, which accepts 60 cps 
from the timer and generates keying and vertical blanking signals 

and clipped in turn. If this wave- 
form is again clipped in another 
stage and if the driving voltage is 
high and the cut -off sharp, a wave 
with steep sides will result. The du- 
ration of the pulse can also be deter- 
mined by clipping at a desired point 
on the sloping side of a sinewave, 
amplifying the resulting waveform 
and clipping again to obtain a square 
waveform. 

Narrowing may be accomplished 
by passing a pulse through a small 
condenser followed by amplification 
and clipping to restore the square 
wave shape. Delaying or integrating 
circuits are those that discriminate 
against high frequencies. In general 
they are used to delay an amplified 
pulse with respect to its original. 
The desired result is accomplished 
by passing a pulse through a series 
resistor to a shunt capacitor. The 
shunt capacitor shapes the leading 
edge of the pulse by attenuating the 
high- frequency components. Sub- 
sequent clipping of this tilted wave 
results in squaring it up again. The 
front edge of the wave is thus de- 
layed by the amount of time it takes 
the wave to build up to the clipping 
voltage. 

After the synchronizing pulses, 
equalizing pulses and blanking pulses 
are formed, it becomes necessary to 
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key them in or out at their proper 
places in the complex picture signal. 
This can be accomplished by applying 
pulses of the proper width to the 
screen grids of three pentodes feed- 
ing a common plate circuit. When it 
is desired to "key in" equalizing 
pulses it is necessary of course to 
"key out" the sync pulses. By ad- 
justing the width of a vertical pulse 
it is possible to key in the six de- 
sired equalizing pulses while keying 
out the sync pulses. To do this it is 
necessary to remove the sync pulses 
by bucking out the screen voltage of 
pentode No. 1 (see Fig. 4) with a 

negative pulse and to apply screen 
voltage to pentode No. 3 with another 
pulse of opposite sign. Pentode No. 2 
has vertical sync pulses of the 
proper width and shape on its grid 
and operates only when the other two 
pentodes have been removed from 
operation by removing their screen 
voltage. Four other signals are avail- 
able from this unit : horizontal icono- 
scope drive, vertical iconoscope 
drive, iconoscope blanking pulse, 
and kinescope blanking pulse. 

Operation of Shaping Circuit 

Referring to the diagram of Fig. 
4 the 13,230 cps input is applied to 
the cathodes of the two diodes 4 and 
5 in phase opposition through the 
transformer (a Western Electric 
77A repeat coil is satisfactory). The 
outputs must be symmetrical and the 
transformer of high quality. The 
resulting waves are clipped in the 
grids of the two following pentodes 
and the width adjusted by the 50,000 - 
ohm potentiometer. These pulses 
have a duration of slightly less than 
one half period. One chain of tubes 
6, 7, and 8 shapes and narrows the 
pulse to the desired width before ap- 
plying it to the grid of the first key- 
ing pentode (1). This tube will pass 
these pulses unless its screen is 
keyed negative, that is, unless either 
equalizing pulses or vertical pulses 
are being inserted. 

The next chain of tubes, 9 and 10 
operates at double frequency since 
both halves of the output of the diode 
are present. These pulses are shaped 
to form the equalizing pulses and the 
vertical sync pulses at 26,460 cps. 
The width of these pulses is set by 
the differentiating condensers. The 
pulses are then applied to the grids 

Fig. 7- Complete video signal waveform as viewed on the oscillograph: left, 
vertical sync pulse and blanking pedestal showing 6 equalizing pulses before 
and after vertical pulse; right, two complete lines, showing camera signal, pedestal 
and horizontal sync pulse. Direction of increasing time is from right to left 
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Fig. 6- O:;cillograms of the output waveforms from the various 
using 60 cps sinewave sweep: upper left 3780 cps, upper right 540 

180 cps and lower right 60 cps 

of pentodes 2 and 3. These pentodes 
operate only when their screens go 
positive. It is obvious that instead 
of the serrated vertical pulse, any 
kind of a vertical pulse could be ap- 
plied, for example, the DuMont 500 
kc vertical sinewave pulse. 

The pulses appearing in the plate 
circuits of the three pentodes are 
not in general of even height and 
must be clipped and trimmed before 
passing on to an output circuit as 
shown. The 60 -cps output of the 
timer is properly narrowed and 
clipped by the three rows of tubes 
15 through 25 in Fig. 5 to produce 
the proper width pulse to key in the 
equalizing and vertical pulses or, 
after a phase reversal, to key out the 
horizontals during the assembly of 
the vertical pulse. 

The bottom three pairs of tubes, 
26 through 31, are also excited by 60 
cps pulses which are shaped to pro- 
vide vertical kinescope blanking, ver- 
tical iconoscope blanking and vertical 
iconoscope driving pulses. 

Suitable tubes and circuits are 
provided to form a low impedance 
output circuit, tubes 32 through 39. 
A train of shapers and clippers ex- 
cited by 13,230 cps is provided to 
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multivibrators, 
cps, lower left 

supply horizontal iconoscope driving, 
in tubes 40 through 43. 

The alignment of the keying pulses 
proceeds as follows : Adjust the 
width of the vertical keying pulse 
by setting R2 in the grid of tube 17 

until 6 broad pulses appear in the 
output of tube 3. The delay is ad- 
justed by R. in the grid of tube 15 

until 6 equalizing pulses precede the 
vertical pulse. Finally, R4, the nar- 
rowing circuit of tube 22 is adjusted 
until six equalizing pulses follow the 
last broad vertical pulse. A good 

oscilloscope at the output of tube 47 
will show the complete synchroniz- 
ing signal. It is essential that the 
leading edges of the three compo- 
nents making up this signal be ex- 
actly coincident. Variable shunt con- 
densers C, (tube 1 grid) and C, and 
Ce (tube 12 grid) can be adjusted un- 
til coincidence occurs. The width of 
the horizontal synchronizing pulse, 
and of the preparatory pulses can be 
adjusted by means of series variable 
grid condenser of tubes 8 and 12. 

It is important to note that thé 
blanking signals (pedestals) are not 
formed from the same square pulse 
from which the synchronizing pulses 
are made, but are made from the out- 
put of diode 4 which leads in time 
the latter pulse by the horizontal 
period. This pulse is then delayed 
in the network preceding tube 13 
until the pedestal leads the synchro- 
nizing pulse by the required one 
per cent of the horizontal periods. 
The amount of delay may be varied 
by the trimmer C8 and the width set 
by the trimmer C10. The driving 
pulse circuits employ the same tech- 
nique. The iconoscope blanking sig- 
nal is usually narrower than the 
kinescope blanking and obtained 
from the kinescope blanking pulses. 
The rise and fall of all leading and 
lagging edges can be set to 0.5 per 
cent of the horizontal period thus 
meeting the standards set by R.M.A. 
All outputs "are from 100 -ohm 
sources so the wave forms will re- 
main substantially unchanged after 
passage over reasonable lead lengths. 
Horizontal iconoscope blanking is 
not used in this unit. 

The next article in this series will 
describe the mixing amplifier, line 
amplifier, shading source, including 
adjustments, and power supply. 

Fig. 8- Specifications of the R.M.A. Standard Video Signal, used as a basis for lin- 
ing up the timer and shaper to produce this type of signal (compare with Fig. 7) 
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Enhanced Stereophonic Recordings 
Demonstrated by 
Bell Laboratories 

The reproducing unit which includes 
four phototube units, one for each 
sound track and the expansion control 
track. L. A. Elmer is threading the 

film through the machine 

The negative film containing a sound 
track for each of the three channels 
and the control track (right). The film 
travels at a rate of 90 feet per minute 

ON the evenings of April 9 and 
10, the Bell Telephone Labora- 

tories presented in Carnegie Hall a 
demonstration of its newly developed 
stereophonic recordings. A wide 
variety of music, drama and opera 
was included in the program. There 
were several numbers by the Phila- 
delphia Orchestra under the direc- 
tion of Leopold Stokowski, several 
selections by the choir and organists 
of the Salt Lake City Tabernacle and 
a dramatic presentation by Paul 
Robeson. The program was arranged 
to include musical and dramatic ma- 
terial which would show the new 
recording system to good advantage. 
On the stage of the concert hall was 
a curtain which during the evening 
was illuminated with colored lights 
and served to attract and hold the 
attention of the eyes while the audi- 
ence was listening to the music. Be- 
hind the screen, which was light 
and porous enough to permit trans- 
mission of sound through it with but 
little interference, were located three 
high quality loudspeaker units from 
which the music emanated. To say 
that the quality of these recordings 
was excellent hardly does them jus- 
tice. 

The technique of stereophonic re- 
cording was developed by Dr. Harvey 
Fletcher and his associates, Messrs. 
E. C. Wente, J. C. Steinberg, W. B. 
Snow, R. Biddulph, L. A. Elmer, A. 
R. Soffel and A. B. Anderson. The 
method of stereophonic reproduction 
of music in a large auditorium was 
first demonstrated in April 1933 
when the Philadelphia Orchestra 
played in the Academy of Music in 
Philadelphia and the music was re- 
produced stereophonically in Consti- 
tution Hall in Washington by means 
of high quality telephone lines. The 
purpose of the April 1940 demonstra- 
tion was to show the same effects 
with recordings, with some addi- 
tional features such as increased dy- 
namic range and enhancement of the 
music by the conductor after it had 
been recorded. It is interesting to 
note that stereophonic reproduction 

was first attempted in the early days 
of transmission of sound by wire. 
It was in 1881 during the Paris Elec- 
trical Exhibition that a musical per- 
formance was reproduced over a tele- 
phone system. Headphones were 
provided for the use of the audience 
and separate channels were used for 
each phone to give the listener a 
sense of "localization ". 

The purpose of stereophonic re- 
production is to create in the minds 
of the audience a strong illusion of 
the actual presence of the performers 
whether they are members of an 
orchestra, chorus or dramatic cast. 
Another effect achieved through the 
use of electronic recording and am- 
plification is the tremendous increase 
in the dynamic range of the sound. 
There is a definite limit to how soft 
an orchestra may play notes and 
have those notes retain their musical 
characteristics. The loudness of an 
orchestra or a singer or speaker, on 
the other hand, is determined by the 
physical limitations of the human 
body. It is possible in an electronic 
recording and reproducing system to 
decrease the volume of the soft pas- 
sages and to increase the volume of 
the loud passages, thereby increasing 
the dynamic range. That the loud 
passages were really loud is shown 
by a newspaper headline the next 
morning "Third Dimension Music 
Terrifies, Bell Laboratories Demon- 
stration Literally Rocks Walls of 
Carnegie Hall ". This headline, how- 
ever, is not to be taken seriously. 
The sounds were of the order of 
110 db above the threshold of hear- 
ing. At the other end of the scale, the 
music was reproduced at so low a 
volume that, while it was perfectly 
audible in all parts of the audi- 
torium, seats squeaking as far away 
as 25 feet were definitely annoying 
to a person listening attentively to 
the music. 

Enhancement 

The term "enhancement" as it is 
applied here refers to the fact that 
the conductor of the orchestra or 
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Leopold Stokowski enhancing a program while Dr. Fletcher looks 
on and W. B. Snow takes care of the monitoring. Enhancing 

removes the physical limitations of the orchestra 

chorus can, after the recording is 
made, "rearrange" the music as far 
as the volume range, and to a certain 
extent the frequency range, are con- 
cerned. Enhancement is carried out 
in the following manner. As the 
first recording is being played back, 
the conductor has in front of him 
a series of knobs to control the vol- 
ume and to some extent the harmonic 
content of the music in the three 
separate sound channels. Thus, he is 
enabled to reinforce the crescendos 
and to diminish the diminuendos to 
suit his desires without the usual 
mechanical limitations of the or- 
chestra. A series of networks are 
provided so that he can adjust the 
relative volume of any portion of 
the audible frequency spectrum. 
Hence, it is possible to boost the 
bass so that the kettle drums are 
predominant, or to boost the treble 
to accentuate the violins, flutes or 
other high pitched instruments. By 
the use of this new musical tool the 
conductor is enabled to give a fuller 
meaning to his interpretation of 
what the composer had in mind. No 
doubt the new technique will find 
wide use in the manufacture of high 
quality records. 

The recordings are made on mo- 
tion picture film by the use of three 
microphones which record three 
separate sound tracks, parallel to 
each other on the film. The micro- 
phones are placed in front of the 
sound source (orchestra, chorus, ac- 
tors, etc.), one to the left, one in 
the center and one to the right. 
Each microphone picks up a different 
signal depending on the character 
and intensity of the sound sources 
near it. When the program is re- 
produced there are in front of the 
audience three loudspeaker units in 
approximately the same relative posi- 
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Amplifiers and control equipment used in the reproduction of en- 
hanced stereophonic recordings. A total of 1500 watts output is 

available through three separate sound channels 

tions as the microphones. The out- 
puts of the loudspeakers are the same 
as the inputs of the respective micro- 
phones and the sound pattern radi- 
ated is the same as the original 
sound source. 

Because the dynamic range of the 
film recording system is not as great 
as that of the original program in 
the great majority of cases, the re- 
corded sound must be compressed, 
that is, all parts of the program, 
whether they are loud or soft, are 
recorded at nearly the same volume 
on the film. This is done by an auto- 
matic compressor circuit and the 
amount of compression is recorded 
on a fourth sound track. There are 
three compression signals impressed 
on the fourth track, one for each 
sound channel. These signals are 
sinewaves of different frequencies 
and the amplitude of each is deter- 
mined by the amount of compression 
introduced into the corresponding 
channel. During playback the com- 
pression signals are picked off the 
film and separated by suitable filter 
circuits and are used to control ex- 
pander circuits which restore the 
various portions of the program to 
their original volume levels or to the 
level determined by the conductor 
during enhancement. 

Microphones and Loudspeakers 

The microphones used were of the 
dynamic type with fairly smooth fre- 
quency response from 40 to 15000 
cps. The loudspeaker units consist 
of a high frequency speaker and a 
low frequency speaker, each mounted 
in a horn. The high- frequency horn 
is of the multi -cellular type and the 
low- frequency horn is of the folded 
type. The frequency response 
matches that of the microphones 

with the large speaker radiating fre- 
quencies under 300 cps and the small 
high frequency speaker radiating the 
sounds between 300 cps and 15000 
cps. It is a characteristic of musical 
instruments that the high frequency 
instruments are more directional in 
character than the low frequency in- 
struments. This is also true of loud- 
speakers. When loudspeakers are 
used to radiate the sound, the direc- 
tional characteristics of the various 
frequencies are approximately the 
same as those of the orchestra. 
Hence, the reverberation patterns of 
the music and the auditorium are not 
disturbed appreciably by this method 
of reproduction. 

Amplifiers 

The amplifiers were designed with 
particular emphasis on the reduction 
of distortion and reduction of 
extraneous circuit noises. Several 
stages of voltage amplification were 
used ahead of the final power am- 
plifier. These are standard Western 
Electric units. The power amplifier 
uses triode power tubes and is trans- 
former coupled, using transformers 
capable of passing a wide range of 
audio frequencies. There is no 
feedback employed in this ampli- 
fier as the distortion is less than 1 

per cent for outputs up to 150 watts. 
Each channel has its own amplifier 

system and the electrical power out- 
put of the entire system is 450 watts 
at 1 per cent distortion, 900 watts at 
5 per cent distortion and has a maxi - 
mum output of 1500 watts. This far 
exceeds the power producing capa- 
bilities of the largest symphony 
orchestra and provides enough re- 
serve power to permit the conductor 
to raise the volume of the crescendos 
to his heart's content. -c.w. 
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NEGATIVE FEEDBACK 
APPLIED TO OSCILLATORS 

FACTORS contributing to the in- 
stability of an oscillator may be 

external, such as the effects due to 
temperature, mechanical shock and 
so on, or internal, which include the 
effects of varying voltages and 
changes in certain circuit compon- 
ents. Remedial measures against 
instability due to varying external 
factors are ordinarily self evident, 
usually involving correct mechanical 
design. It is sometimes possible to 
decrease the effect of some varying 
external factor by appropriate cir- 
cuit methods. 

The frequency- determining ele- 
ment may be mechanical, such as a 
crystal, or electrical, in which case 
circuit elements are utilized. Oscil- 
lators whose frequency is largely 
determined by a crystal resonator 
have in the past been fully de- 
scribed.' s' a These oscillators attri- 
bute their stability to both the high 
Q of element and optimum disasso- 
ciation of elements. The disadvan- 
tage of such oscillators is their lack 
of any great frequency range of op- 
eration. 

A high order of stability cannot 
usually be obtained in oscillators 
utilizing circuit parameters though 
in the past few years some develop- 
ments have indicated a considerable 
improvement. Such circuits may in- 
volve a further separation of ele- 
mentsw or may utilize the com- 
pensating effect of internal para- 
meters varying in opposite direc- 
tions? The relation between har- 
monic content and stability has also 
been investigated indicating that an 
increase in stability accompanies a 
reduction in harmonics in the oscil- 
latory circuit.' 

Negative feedback as a means of 
automatic compensation has been ap- 
plied to oscillator stabilization form- 
ing the basis of the various auto- 
matic frequency control systems used 
in receivers° A receiver for the re- 
ception of frequency modulated sig- 
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nals has recently been described in 
which negative feedback as applied 
to an oscillator is used.'° 

These systems utilize negative 
feedback in such a manner as to 
stabilize an oscillator with respect to 
a received signal. In this sense the 
oscillator could be considered to be 
frequency controlled though the con- 
trol is not exact." 

Negative feedback can be applied 
to the self stabilization of an oscil- 

Oscfllator 

Control 

Discriminator 

Fig. 1 -Basic discriminator 
oscillator control circuit 

lator. A block diagram of such an 
arrangement is shown in Fig. 1. 
The oscillator feeds a frequency dis- 
criminator thus applying a voltage 
varying with frequency to a fre- 
quency control which in turn changes 
the oscillator frequency. The dis- 
criminator control operates in such a 
direction as to oppose any change in 
the frequency of the oscillator. If 
we let wD equal the oscillator fre- 
quency without discriminator -control 
and let f (w) be a measure of the 
effect of discriminator -control then 
the oscillator frequency can be 
written 

= f ( 0 ) ) (1) 
Differentiating 

dui", 
du) = 

1 - f' (w) 
(2) 

Equation (2) is similar in form 

to the equivalent expression for nega- 
tive feedback as applied to ordinary 
amplifiers. When f'(w) is negative 
and large, the frequency stability 
becomes less dependent on any change 
in an oscillator parameter. For a 
certain parameter variation, the 
change in oscillator frequency when 
using discriminator control is less 
than the change without discrimina- 
tor control in the ratio 1 - [1 - 
f'(w)]. this affords a simple way 
of determining the value of the feed- 
back factor. 

It must be noted that Eq. (2) is 
true for small variations only or for 
that portion of the discriminator - 
control characteristic where f (w) 
approaches linearity in terms of w. 

Portions of the discriminator -control 
characteristic may have values of 
f'(w) that are positive thus increas- 
ing instability. A runaway condition 
appears when f'(w) equals unity. 
These factors limit the range of fre- 
quencies over which a particular dis- 
criminator- control arrangement is 
effective. 

It is possible for the discrimina- 
tor to operate on a multiple or sub - 
multiple of the oscillator frequency, 
or by means of a stable heterodyne 
oscillator the discriminator can be 
operated on some intermediate fre- 
quency. 

An experimental arrangement 
utilizing the principles outlined above 
is shown in Fig. 2. Ordinary broad- 
cast receiver parts were used in its 
construction with no particular effort 
being made toward either mechani- 
cal or electrical stability. The oscil- 
lator is an electron coupled arrange- 
ment and operates on a frequency in 
the neighborhood of 470 kilocycles. 
The control tube acts in such a man- 
ner as to vary the inductance in the 
LC circuit thus tending to vary the 
oscillator frequency. The effective 
inductance is approximately L(1 + 
gmR) where gn, is the mutual con- 
ductance of the control tube. R is 
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L__ J 

Philco Disc. Trans. No.32-2661 

00005 - 
6N6 

25yiµf 
CI 

Fig. 2- Complete circuit diagram of stabilized oscillator employing two 617 pentodes and a 6H6 diode 

small, of the order of 150 ohms. 
The discriminator operates on the 

oscillator frequency and is of a type 
used in the a -f -c circuits of some 
broadcast receivers. This discrimin- 
ator is similar to some described in 
the past" but with the further addi- 
tion of a small phasing condenser C1. 

By varying the adjustable para- 
meters in the discriminator it is pos- 
sible to vary the range and slope of 
its characteristic. 

The discriminator voltage output 
with respect to varying frequency 
is like that shown in Fig. 3. The 
portion of the characteristic used is 
that included in AB. It is neces- 
sary that the polarity of the dis- 
criminator be such that f' (o) is 
negative over the used portion of the 
characteristic, otherwise no stabiliza- 
tion will take place. With reversed 
discriminator polarity the frequency 
change with respect to an oscillator 
parameter variation becomes dis- 
continuous when approaching the 
points A or B, jumping from one to 
the other depending on the direction 
of approach. The current variation 
in the control tube follows the dis- 
criminator output fairly closely and 
is useful in arriving at the proper 
discriminator characteristic. 

A measure of the stability is ob- 
tained by noting the effect of ap- 
plied voltage variation and the drift 
during warmup. In this arrangement 
with maximum feedback, a ten per 
cent variation in the B supply or the 
filament voltage produced a maxi- 
mum change in frequency of 25 parts 
per million. During warmup, at the 
end of one minute the frequency 
was within 50 parts per million of 
the final frequency and at the end 
of twelve minutes was within one 
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part per million of the final fre- 
quency. Using the oscillator alone, 
a ten per cent change in the applied 
voltages changed the frequency 
about 400 parts per million with the 
changes during warmup having ap- 
proximately the same proportionate 
increase. The effect of negative feed- 
back in this case decreased any 

Fig. 3- Voltage vs frequency control 
characteristic of circuit shown in Fig. 2 

oscillator frequency instability by a 
factor of sixteen. 

It must be noted that no account 
is taken of ambient temperature 
since it was practically constant dur- 
ing the course of the above measure- 
ments. Over a period long enough 
to encounter changes in ambient 
temperature it is not expected that 
the effect of negative feedback on the 
frequency stability of an oscillator 
will be quite so pronounced because 
of drift in the parameters included 
in the feedback circuit. A disad- 
vantage of the described arrange- 
ment is that the frequency range 
over which stabilization takes place 
is less than a kilocycle. It is possi- 
ble, by appropriate design, to vary 
the feedback parameters and oscil- 
lator frequency simultaneously so 
that the point of optimum stabiliza- 

tion is maintained over any required 
frequency range. 

The use of negative feedback for 
frequency stabilization can be ap- 
plied to any type of oscillator operat- 
ing at almost any usable frequency. 
The design of an appropriate dis- 
criminator may offer difficulty. By 
operating the discriminator at a har- 
monic, subharmonic or intermediate 
frequency and by the possible use of 
a direct current amplifier between 
the discriminator and control, such 
difficulties can usually be overcome. 

One immediate application of such 
a stabilized oscillator is as a source 
of frequency modulated signals. It 
is simply necessary to apply a modu- 
lating signal to the frequency con- 
trol thus tending to vary the oscilla- 
tor frequency. 
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Square Wave Harmonics 
A tabular compilation of the relative amplitudes of the harmonic components of 
square waves of unity amplitude, of particular interest in television development. Corn - 
puted to the 30th harmonic, for pulse widths from 10 to 90 per cent of the total period 

IN this table are tabulated the first 
30 harmonics in square waves of 

zero to 100 per cent pulse -width, in 
steps of 10 per cent pulse -width. The 
harmonics have been computed on the 
basis of unit pulse amplitude and x 
per unit pulse- width, as shown in Fig. 
1. For pulse- widths up to and including 
50 per cent (x < 0.50) the harmonic 
amplitudes, with proper signs, are ob- 
tained directly from the table. The 
harmonic amplitudes for a square wave 
with pulse -width greater than 50 per 
cent (x > 0.5) are numerically equal 

By DONALD L. HERR 
General Engineering Laboratory 

General Electric Company 

but opposite in sign to those of the 
square wave with per unit pulse -width 
1 -x. 

The amplitudes of the sinusoidal com- 
ponents form the group 

Lñ sin (m r x)J 

Order of Harmonic Pulse Width-In per cent of total period of the wave 

(90) 

10 

(80) 

20 
(70) 

30 
(60) 

40 50 

(Fundamental) 1 0.197 0.374 0.515 0.605 0.637 

2 0.187 0.302 0.302 0.187 0 

3 0.172 0.202 0.0656 -0.125 -0.213 
4 0.150 0.0936 -0.0936 -0.151 0 

5 0.127 0 -0.127 0 0.127 

6 0.101 -0.0635 -0.0624 0.101 0 . 

7 0.0738 -0.0866 0.0281 0.0171 -0.0910 

8 0.0468 -0.0758 0.0758 -0.0468 0 

9 0.0218 -0.0416 0.0573 -0.0675 0.0707 

10 0 0 0 0 0 

11 -0.0179 0.0341 -0.0469 0.0551 -0.0578 

12 -0.0312 0.0504 -0.0504 0.0312 0 

13 -0.0397 0.0281 -0.0152 -0.0288 0.0490 
14 -0.0432 0.0267 0.0267 -0.0432 0 

15 -0.0424 0 0.0424 0 -0.0424 

16 -0.0378 -0.0234 0.0234 0.0378 0 

17 -0.0303 -0.0356 -0.0116 0.0220 0.0374 

18 -0.0208 -0.0336 -0.0336 -0.0208 0 

19 -0.0104 -0.0197 -0 .0271 -0 0318 -0.0335 
20 0 0 0 0 0 

21 0.00936 0.0178 0.0245 0.0288 0.0303 
22 0.0170 0.0275 0.0275 0.0170 0 

23 0.0224 0.0263 0.00853 -0.0162 -0.0277 

24 0.0252 0.0156 -0.0156 -0.0252 0 

25 0.0255 0 -0.0255 0 0.0255 

26 0.0233 -0.0144 -0.0144 0.0233 0 

27 0.0190 -0.0224 0.00728 0.0139 -0.0236 

28 0.0134 -0.0216 0.0216 -0.0134 0 

29 0.00681 -0.0129 0.0178 -0.0208 0.0220 

30 0 0 0 0 0 

where m is the order of the harmonic. 
Values of m which are integral multi- 
ples of 1/x correspond to harmonics of 
zero amplitude. For 0< x <1, the am- 
plitudes of the higher -order harmonics 
approach zero in value. For x very 
small (corresponding to very narrow 
pulses), the amplitudes of the lower - 
order harmonics all approach the same 
value, 2x. The values are obtained 
from a Fourier expansion throughout 
the interval t = 0 to t = 1. 

For the wave -form of Fig. 1, using 
the base line as reference, 

Total period of wave 
,Pulse 
width 

-A- 
v 

'- .Amp/ilude ° of wave 
h/) 

x 

-/ 

Time 

Fig. 1 -Basic pulse 

f (t) = 
1, 0 < t < x 

0, x < t < 1 

In general, for a Fourier expansion 
throughout the interval c, 

1 r 27-t 
(t) = 

2 
bo b1 cos 

c 
+ b2 cos - +.. 

(1) 

bmcosm2rt+ (2) 
c 

where 
2 c 

bm = - f (t) cos 
c o (3) 

By virtue of Equation (1) the expres- 
sion for the coefficients becomes 

x 
bm = 2 cos mirt dt 

o 

from which 

2 
bo =x 

2 sin mirx 
bm - 

a m 

From Equation (2), therefore, 

2 1 
f (t) = z - - L sin mrx 

m =1 
using the base line as reference. 

cos mirt 
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HOLDING AN 

UNSHAKABLE 

POSITION IN ANY SET 

8321 

TWICE ACTUAL 

SIZE 

Shielding Can Lugs ... a real time saver 

8358 ACTUAL SIZE 

AIM 

Designed and produced by "CINCH" to "hold tight '', these 

mounting lugs perform where, when and how you want 

them to. By their record ...which includes service in Ameri- 

ca's fines: radio sets...they deserve a place on every front in 

the war on vibration. "CINCH" parts requiring spring 

action ar_ properly tempered and may be had with special 

" CINCE" solder coating or in "hot tinned" finish. 

Note the detail in construction; utility pointed grip fot 

mounting. No. 8321 for inside of can, No. 8358 for outside 

of can. Loth will mount into either round or special slotted 

--ectangu.ar holes in chassis. 

"Shock -proof" is the advantage when Nos. 1100 and 1089 

pup washers, pictured below, are used. with rubber grom- 

mets to _mount variable condensers. 

Cincla and Oak Radio Sockets are licensed under H. H. Eby socket Patents 

1100 

CINCH 
S U B S I D I A R ' ' 

ACTUAL SIZE 

1089 

8402 

ACT JAL SIZE 

(10 

Espe_ially designed, this 
"CINCH" exclusive tute holder 
with spring tension, grips and 
holds tl- a tutee firmly. A . iitle ran 
...but a big iz surunce against vi- 

bration :Rust-aced in actual size. 
A positive guard agai.1st tunes 
being jolted out of the socket. 
Set with same socket rivet. Sim- 
ple in decigi, inexpersive to 
attach, y .et performs an impor- 
tant service. 

MANUFACTURING CORPORATION 
2335 W. Van Buren Street, Chicago, Illincis 

O F U N I T E D C A R I ASTENER CORP., C A M B RIDGE , MASS. 
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New Books 

Principles of Television 
Engineering 
By DONALD G. FINK, Managing Editor, 
Electronics. Published by McGraw -Hill 
Book Company, New York, N. Y. 19.40, 
5 41 pages, 313 figures. Price $5.00. 

THIS IS A COMPREHENSIVE and well - 
balanced treatment of present -day en- 
gineering practice in this country in 
the field of television broadcasting. The 
presentation follows a logical sequence 
from the studio camera to the home 
receiver, each part of the system being 
dealt with in its turn by analysis of 
the fundamental problems involved, by 
statements of the important principles 
most often used to solve these problems, 
and by descriptions of specific equip- 
ments or installations embodying these 
principles. The book is notable for its 
clear style and avoidance of involved 
mathematical derivations. A working 
knowledge of radio and general com- 
munication engineering principles is 
assumed. Emphasis is placed upon 
apparatus and systems developed in 
accordance with the standards promul- 
gated by the Radio Manufacturers 
Association, and the complete Trans- 
mission Standards, Recommended Prac- 
tices, Definitions and Names of Re- 
ceiver Controls adopted by the RMA 
are given in an appendix. 

In a single volume as broad in its 
scope as this one, it is to be expected 
that no one aspect of the general sub- 
ject can be dealt with exhaustively ex- 
cept at the expense of other phases of 
the subject. In this case the author has 
handled the necessary abridgment 
skillfully and has achieved a remark- 
able uniformity of coverage, although 
some experts in the field will probably 
feel that their particular specialty has 
been dismissed too briefly. These spe- 
cialists will find the book quite help- 
ful, however, in bringing themselves 
up to date on recent progress in those 
phases of the art with which they are 
not in intimate contact. 

In the discussion on random "noise" 
currents in circuits and tubes (pp 200- 
204), the conclusion reached regarding 
the relative importance of shot effect 
and thermal agitation in practical cam- 
era pre -amplifiers is at variance with 
the most recent findings of some in- 
vestigators. This is the more regret- 
table because of the lack of reference 
to published articles on the subject of 
random "noise ", although the selec- 
tion of references in other sections of 
the book is quite commendable. In fair- 
ness to the author, however, it should 
be mentioned that the results of some 
of the latest work on this subject are 

just appearing in the technical 
journals. 

The above -noted discrepancy and a 
very few other minor errors do not af- 
fect the importance of this work, which 
fills the presently growing need for a 
book that will aid engineers and tech- 
nical operating personnel in the radio 
field to familiarize themselves with cur- 
rent television practice. 

R. E. SHELBY, 
National Broadcasting Company 

Complex Variable and 
Operational Calculus 
By N. W. MCLACHLAN, University of 
London, Cambridge University Press 
and Macmillan Co., New York, 1939. 
355 pages. Price, $6.50. 

DR. MCLACHLAN'S LATEST CONTRIBUTION 
to mathematical physics and engineer- 
ing is definitely of a caliber which the 
advanced student and research worker 
will appreciate, but which may be some- 
what beyond the mathematical capabil- 
ities of the usual practicing engineer 
or undergraduate student. According 
to the author, "the purpose of this book 
is to provide a modern treatment of the 
so- called operational method, and to 
illustrate its application to problems in 
various branches of technology." The 
operational method of calculus, orig- 
inated by Heaviside, may be regarded 
as a simplified short cut method for 
solving linear differential equations 
with constant coefficients -equations of 
the type which are frequently encoun- 
tered in mathematical physics and mod- 
ern technology. 

The volume is divided into four parts 
as follows : Part I, on the theory of 
complex variables, discusses the tech- 
nique of integration of a complex func- 
tion and is the basis upon which the 
subsequent sections of the book are 
built. Part II, on the theory of opera- 
tional calculus, develops the operational 
method by the use of complex integra- 
tion methods which are developed in 
the first part. Part III, on technical 
applications, provides a number of prac- 
tical applications of the first two parts 
by considering practical problems from 
mechanics, physics, communications 
and other fields of technology. 

In his technical papers as well as his 
previous book on "Loudspeakers ", Dr. 
McLachlan has given the serious tech- 
nologist ample justification to expect 
the careful, logical treatment which the 
present book exhibits. While it does not 
appear to be as well suited as a text 
for students as other books on the sub- 
ject, it is likely to find a well deserved 

,, 

place ii,gchnical literature as a refer- 
ence workand supplementary text. The 
volume gould be well received by 
graduatestndents in technology and 
research engflieers who require facility 
with modern methods of mathematical 
analysis. -B.D. 

Applied Acoustics 
By HARRY F. OLSON AND FRANK MASSA, 
2nd edition. P. Blakiston's Sons & Co., 
Philadelphia, 1939. 494 pages. 278 il- 
lustrations. Price, $5.50. 

THE FIRST EDITION OF "APPLIED ACOUS- 
TICS" introduced a new type of textbook 
on acoustics in which a sound theo- 
retical treatment was combined with a 
highly practical engineering approach 
to the solution of problems which any 
acoustic engineer would be likely to 
encounter. The second edition carries 
still further those features which made 
the first edition a well -used and valued 
reference, and it includes the outstand- 
ing developments which have been 
made during the past five years, es- 
pecially in microphones and loud- 
speakers. 

The scope of the book may best be 
determined from the chapter headings, 
which are as follows: Fu ndamental 
Equations and Definitions; Dynamical 
Systems; Mechanical and Acoustical 
Elements and Systems of Elements; 
Fundamental Acoustical Measure- 
ments; Electrical Apparatus for the 
Acoustical Laboratory; Microphones; 
Telephone Receivers; Loudspeakers; 
Horn -type Loudspeakers; Calibration 
of Microphones; Testing of Loud- 
speakers; Measurements upon Dyna- 
mical Systems; Architectural Acous- 
tics; Measurement of Noise; Physiolog- 
ical Acoustics; Miscellaneous Acoustic 
Applications, (which include sound sig- 
nalling, supersonics, stereophonics, and 
musical instruments). 

The first two chapters are likely to 
awe the practical engineer who dis- 
dains-or professes to disdain -theory, 
for the discussions are sufficiently 
mathematical as to require a knowledge 
of differential equations and vector 
analysis. While the foundation in these 
chapters is a necessary part of the 
working tools of any who engage in 
acoustical problems, the reader is im- 
mediately confronted with a treatment 
which appears formidable, and may fail 
to realize that he can derive a very 
great deal of benefit from the book 
even though the introductory chapters 
are not completely mastered. The re- 
mainder of the volume, while not de- 
void of mathematics, gives the im- 
pression of being much more practical, 
and will be found highly useful to 
those engaged in acoustic work. 

The book is designed as a practical 
guide to the design, construction, oper- 
ation, and analysis of modern acoustics 
and electro- acoustic apparatus. The 
authors have fulfilled this aim unus- 
ually well and are entitled to anticipate 
a hearty reception of the second edi- 
tion.-B.n. 
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SPEAKING OF STABILITY 

WITH I 

TYPE 376 -L QUARTZ PLATE 

IO 15 20 25 30 35 40 45 50 55 60 65 70 

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

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

run continuously for seventy days from October 2, 1939 to 

December 12, 1939. The maximum deviation was less than one 

cycle! Remember, this was a STOCK model, not one especially 

tricked up, and is typical of the performance reported to us by 

many owners. 

The G -R Broadcast Frequency Monitor assures your complying 

with Rule 3.59 of the F.C.C. at all times. The new deviation meter 

now reads to 30 cycles and is direct reading to one cycle. 

Many new electrical and mechanical features are incorporated 

in the G -R Monitor, which bears F.C.C. Approval No. 1461. 

ELECTRICAL FEATURES 

1- High -stability crystal oscillator circuit as used in 

primary standards 
2- Amplifier to isolate crystal oscillator 
3 -Input amplifier to isolate transmitter 
4-Diode voltmeter to adjust input level 
5 -New foolproof temperature- control system 
6- Improved highly stable frequency- deviation meter circuit 
7 -AVC circuit on deviation meter 
8- Simplified operation 
9 -New inside layout for simplified replacements 

G -R Monitors are now equipped with dress panels so that you 

can now secure a monitor to match any of five standard broadcast - 
equipment panel finishes from stock. Unfinished panels can be 

supplied for finishing by the user and subsequent assembly by us so 

that your monitor can have ANY panel finish desired. 

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

TYPE 475 -C FREQUENCY MONITOR $330.00 

TYPE 681-B FREQUENCY DEVIATION METER $145.00 

TYPE 376 -L QUARTZ PLATE $ 85.00 

BROADCAST FREQUENCY MONITOR S560.00 

Write for Bulletin 576 

GENERAL RADIO COMPANY CAMBRIDGE 
MASSACHUSETTS 
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TUBES AT WORK 
A new electron microscope, 1,000,000 - 
volt X -ray machine put into service, a 
mass spectrometer, killing power of 
ultraviolet rays and artificial lightning 
used to test f -m receiver 

New Electron Microscope 
Developed at Camden 
THE LATEST PRODUCT to come out of the 
research laboratories of RCA at Cam- 
den is the powerful transmission -type 
electron microscope capable of magni- 
fying to a maximum of 25,000 diame- 
ters. The microscope, as shown in the 
accompanying photograph and sketch, 
is of the magnetic- focusing type em- 
ploying three coils. The electron source 
at the top of the instrument is focused 
by a condenser coil and the scene 
thereby formed is directed to the ob- 
jective coil. The specimen to be ex- 
amined is inclosed within this coil. A 
system of air -locks and micrometer ad- 
justments is available to shift the spe- 
cimen relative to the axis of the in- 
strument. 

that the resolution of the electron beam 
be extremely great. The resolution in 
turn depends on the diffraction pro- 
duced by wave interference in the beam. 
The wavelength of electrons in a beam 
depends on the velocity with which 
they move. By utilizing accelerating 
voltages from 30,000 to 100,000 volts, 
it is possible to make the wave length 
of the electrons about 1/100,000 as long 
as that of visible light and the circle 
of confusion formed by diffraction pat- 
terns is correspondingly small. In fact, 
the resolution of the device is so great 
that it is possible to obtain a four -time 
increase in useful magnification, simply 
by photographic enlargement of the 
final image. Accordingly, it is quite 
feasible to obtain a useful magnifica- 
tion of 100,000 times from the device. 

The new electron microscope was de- 
veloped, under the general direction of 
Dr. V. K. Zworykin, by Dr. Ladislaus 
Marton, and a group of associates, A. 
W. Vance, M. C. Banca and J. F. 

Dr. Marton with the newly devel- 
oped RCA electron microscope 

After the beam passes through the 
specimen, the objective coil forms an 
image enlarged about one hundred di- 
ameters which is directed to the projec- 
tion coil which further magnifies the 
image about 250 times. The overall 
magnification of the device is accord- 
ingly 25,000 times. At the bottom of 
the instrument a fluorescent screen or 
photographic plate is used to record the 
final enlarged image. 

In order to obtain a high degree of 
useful magnification, it is necessary 
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Fluorescent 
screen or 
photographic 
p /ate 

Diagrammatic view of the electron 
microscope 

Enlargement to 15,000 diameters of 
commercial iron oxide, used for 

polishing mirror surfaces 

A 20,000 -diameter enlargement of 
the micro -organism which produces 

whooping cough 

Chain -like virus of streptococcus 
haemolyticus, magnified 2 5, 0 0 0 

diameters 
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Magnification of one of the finest 
types of particles known to chem- 
istry, colloidal gold magnified 25,000 

diameters 
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Here Are Only a Few of Thousands 
of Micro Switch Applications 

Straight Cam Con- 
trol -Cam on rod 
or bar actuates 
roller arm which 
operates the Micro Switch. Used 
on machine tools and packaging 
machinery to control operation. 

Thickness Limit Switch 
,_"E-!! -' -Roller type actu- 

ator rides material and operates the 

switch if thickness limit is exceeded. 

Lathe Carriage Stop -Lathe carriage 
actuates the Die Cast Micro Switch at 
end of travel. 

Stress Signal -The rod bends under 
stress and actuates a spring plunger 
Micro Switch. 

Screw Operated Carriage actuates, at 
each end of travel, a Micro Switch 
which reverses or stops motor drive. 

SolenoidControl- 
Plunger of sole- 
noid actuates Mi- 
cro Switch to con- 
trol other circuits. 

Coin Actuated - In 

a coin machine, the 
weight of a falling 
coin, through a 
proper lever, oper- 
ates a regular sen- 
sitive Micro Switch. 

Disc and Cam Op- 
erated -A se- 
quence of opera- 

tions is controlled by means of a 

roller -leaf actuator following the 
strips on a driven drum. 

Metal -Clad Micro Switch with snap 
spring actuated by magnet. 

Copyright 1940. Micro Switch Corporation 

Speed Governor Control - Speed 
indicated or controlled 
by a regular Micro 
Switch linked to a 
governor. 

MICRO 

If You Wish to 
Measure the Whisper 
of a Watch Tick ... or 
Limit the Movement of 
a 5500 Ton Press.... 

or have any other switching problem where small 
size, light weight, precise operation and long life are 
essential, then you should investigate the application 
possibilities of the Micro Switch. 

The Micro Switch is smaller than your thumb and weighs 
only one ounce. It requires energy ranging from only 
.004 to .0003 ounce inches, depending on the type of 
switch desired. 
The Micro Switch meets requirements for repeated 
operation at a precise point. It provides positive, clean 
snap action even on slow actuation, although it will 
operate at the rate of 300 times per minute for as high 
as ten million trouble -free operations. 
The Micro Switch is rugged, has low electric resistance, 
high dielectric resistance, resists vibration and requires 
no leveling. It is listed by the Underwriters' Labora- 
tories with a rating of 1200 watts up to 600 volts. 

Micro Switches are used on machine tools, in aircraft, 
in bottling and packaging machines -wherever time, 
temperature, pressure, weight, relays or solenoids are 
involved in control. 
Micro Switch engineers are skilled in the application 
of precision switching to many types of equipment. 
Present your problems to them. 

A NEW Roller- Actuated 
Metal Clad Micro Switch 

This is the new Model LK -2 Limit Switch -an improvement 
of the well -known and widely used LK Limit Switch. It is de- 
signed for use where rotating or sliding cams contact the roller. 

. The roller arm is a strong casting attached integral with 
the steel housing and is adjustable to any position through an 
arc of 225 °. The roller is case hardened, concentric to .002" 
and rides on an oilless bronze bearing. It is fully described in 
Data Sheet No. 8. Write for it. 

SWITCH 
Manufactured in FREEPORT, Illinois, by Micro Switch Corporation. Sales Offices: New York, Chicago, Boston 
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AN IDEAL TRIODE 
The Eimac 75T tube has a grid, plate and cathode 
of a design and spacing that approximates the 
ideal in regard to transit time, electron migra- 
tion, interelectrode capacity and thermionic 
efficiency. This nearly perfect triode unit forms 
the basis of ... 

By placing two of these nearly perfect 
units within one envelop and connecting 

them in parallel we have a double -unit tube with 
exactly twice the power capabilities of the single unit 
tube. The characteristic high electrical efficiencies and 
low interelectrode capacities of the smaller tube are 
maintained in the larger one and the results obtained 
are revolutionary. 

0 
When four of these units are connected in par- 
allel within one bulb the power capabilities are 
exactly four times the rated value of the single 
unit ... but still the same high electrical effi- 
ciency and low interelectrode capacity. All 

these features combined to make Eimac Multiple -Unit 
tubes practical for use in all types of services; ultra high 
radio frequencies, class "A" and class "B" audio, class "C" 
telephony and telegraphy. 

Because of these unusual characteristics, Eimac Multiple - 
Unit tubes are particularly desirable for use in the new FM 
circuits. A post card in the mail today will bring you full 
information about Eimac Multiple -Unit Tubes... the sup- 
ply of folders is limited so get your inquiry off today sure. 

ADVANTAGES: 
1. Small physical size. 
2. High power output at low plate volt- 

age. 
3. High efficiency. 
4. Extremely low driving requirements. 
5. Rugged mechanically. 
6. Greatly improved base eliminating 

losses, noise at ultra -high frequency. 
7. Either five volt or ten volt filament 

connection. 
8. Operates at frequencies up to 200 

megacycles. 
9. Extremelyhigh thermionic efficiencies. 

10. Low loss rugged grid and plate con- 
nections. 

11. Gas free EIMAC processed (tantalum 
electrodes). 

12. High plate current capabilities. 

40 

t (/r %B SS 

EITEL - McCULLOUGH, INC. 
SAN BRUNO, CALIF. 

Bender. The microscope has a useful 
magnification from 20 to 50 times as 
great as that available with the finest 
optical microscope available. The in- 
strument is commercially available, and 
will be built on order for research or- 
ganizations, hospitals, etc, who may de- 
sire to use it. 

In a demonstration recently given at 
Camden, several biologic and inorganic 
specimens were photographed, includ- 
ing the virus of whooping cough, strep- 
tococcus haemolyticus, colloidal gold, 
iron oxide, which are shown in the 
accompanying pictures. 

Among the unusual features of the 
device is a method employed in pre- 
paring specimens for examination. 
Since ordinary glass is opaque to the 
electron beam, it is necessary to place 
a specimen on a very thin supporting 
member. In the method developed by 
Dr. Marton, a very thin film of nitro- 
cellulose (about 1,000,000th of a centi- 
meter thick) is used as the supporting 
film. The film is in turn stretched over 
an extremely fine wire mesh. Other 
features include the air locks which 
are used to introduce the specimen into 
the vacuum chamber, as well as to in- 
troduce the photographic plate at the 
bottom of the instrument. These locks 
somewhat resemble in principle the 
escape chamber of a submarine. Gears 
and screws are provided to permit mo- 
tion of the specimen from the outside, 
without breaking the vacuum seal. An 
observation window is provided for ex- 
amining the fluorescent images. 

Record -Breaking 
Magnetic Field Employed in 
New Mass Spectrometer 
A NEW MASS SPECTROMETER developed 
by John A. Hipple, Jr., Westinghouse 
research fellow, makes use of one of 
the strongest magnetic fields yet at- 
tained in any magnet not containing 
iron. The magnetic field is used to de- 
flect streams of ions and thus to sep- 
arate the ions on the basis of their rela- 
tive masses. In order to obtain a high 
degree of separation, a correspondingly 
high magnetic field is required. Dr. 
Hippie's apparatus is in the shape of a 
hollow ball, the ball being made up of 
7,000 feet of hollow copper tubing, 

inch in diameter. This tubing is fed 
45 kw of power, 300 amps at 150 

volts. Distilled water passes through 
the tubes at a rate of 10 gallons per 
minute to remove the heat generated. 

Within the ball is contained a semi- 
circular vacuum tube. At one end of 
this tube the elements to be examined 
are bombarded by electrons, thereby 
producing ions which may be acceler- 
ated to the other end of the tube. As 
they pass through the tube, the ions 
are deflected owing to the effect of the 
magnetic field. At the other end of the 
tube the various ions have been sep- 
arated according to their relative 
masses, and may be passed through an 
exit slit to the collector electrode be- 
yond. The current to or from this 
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IRC SPIRAL 

SPRING CONNECTOR 
The conventional collector ring has been sup- 

planted by a spiral spring connector which 

provides positive electrical contact. This elimi- 

nates sliding metal -to -metal contact and avoids 

the possibility of noise developing as the 

result of accumulated dust or dirty lubricant. 

IRC 5- FINGER "KNEE 

ACTION" CONTACTOR 

The multiple -finger element contactor acts in a 

'knee action" mcnner to maintain independent 

contact at all times for each finger, to prevent 

loss of contact and to elimina-e shifting or point 

of contact. Cortactor surfaces ere -ound 

and smooth, eliminating abrasion and wear. 

IRC METALLIZED 

TYPE ELEMENT 
The IRC Metallized type resistance element 

permanently bonded to a moisture -proof 
pl-enolic base provides an exceptionally 
smooth, durable surface for noise -free contact. 

C.red and seasoned at high temperatures, 

it -s long- wearing and outstandingly stable. 

3 { 

Major Improvements 
assure greater dependability 

for your product 
Long ago, IRC fixed r5i t,,r5 
reached a point where they were 
no longer a factor in customer 
complaints on the products in 
which they are used. 
Today, thanks to a program of 
intensified engineering develop 
ment and improved manufacturing 
technique, IRC Controls are rapid- 
ly reaching the same point-. No 
better proof may be had than in 
their steadily increasing use in 
radio and electrical equipment of 
the most exacting sort. It is not 
uncommon today to find IRC 
Controls giving excellent service 

on applications wh& t:. here- 
tofore, costly attenuator' t rc 
required. 
The steady developn,efir of IR( 
Controls is clearly demonstrated 
by the features illustrated above.. 
These, coupled with the painstaking 
design and precision manufacture 
of even the most inconspicuous 
part, represent "plus" values that 
are available only in IRC Controls. 
They pave the way to depend- 
ability of a type essential to the 
trouble -free performance of your 
product in the hands of the ulti- 
mate consumer. 

INTERNATIONAL RESISTANCE COMPANY 
403 NORTH BROAD STREET, PHILADELPHIA, PA. 
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Front view of 50 kw transmitter at KDKA 
showing clean -cut modern appearance. 

OPERATING ADVANTAGES 

1 Air -cooled tubes in all stages. 
2. Extremely low operating costs. 
3. Rectox rectifiers throughout ex- 

cept main high voltage rectifier. 
4. Inductive neutralization of the 

power amplifier. 
5. Equalized feedback. 
6. Compressed gas condensers. 
7. Complete elimination of fuses. 
8. Spare rectifier tube at operating 

temperature. 
9. Ease of adjustment. 

10. Unit construction throughout. 
11. Full automatic control. 
12. Relatively low plate voltages. 
13. Conservative operation of all 

tubes. Rear view of modulator cubicle, showing air -cooled operating and spare tubes. 
Current- limiting filament transformer at the top. 

r 

esti W nghouse 
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50 KW TRANSMITTER 

New standards for radio broadcast equipment are being set by Westinghouse Type HG 50 

kw transmitter -and proved by performance at KDKA. Make any comparison you like, 

and you'll find this new equipment leading others in both the quality and dependability 

of broadcast, and ease and economy of operation ... for instance, here is a comparison 

of power input with other well -known transmitters: 

TOTAL POWER INPUT FOR 50 KW OUTPUT 

% Program Modulation 0 Average 100% 

Transmitter A 137 Kw 142 Kw 172 Kw 

Transmitter B 125 Kw 135 Kw 170 Kw 

Westinghouse 105 Kw 115 Kw 145 Kw 

A new circuit principle, proved in operation, helps bring 
about this high efficiency -over 8017, in the power amplifier 

alone -more than -wice the plate efficiency of conventional 
circuits, and at least 20'7; above other equipment. 

Air cooling of all tubes eliminates water jackets, pumps, 

radiators, tanks and maintenance expense, and permits use 

of exhaust air for heating the building. Rectifier tubes may 

be changed by remote push- button control, a spare tube 

being maintained in operating temperature and ready 
for service. 

Ask for complete details of the many operating advan- 

tages of this new type of transmitter, listed at the left. 

Your Westinghole office will gladly supply you with 

further infcrmation. 
J-08012 

WESTINGHOUSE RADIO 
TRANSMITTING TUBES 
From the same production line that 
has been producing radio tubes con- 
tinuously since the first broadcast, 
Westinghouse makes available a com- 
plete line of transmitting tubes for 
broadcasting and other uses. These 
tubes reflect in quality and perform- 
ance the accumulated experience of 
the oldest name in commercial radio 
broadcasting ... Westinghouse, which 
pledges the resources of its great re- 
search and engineering laboratories 
to the continued advancement and 
prestige of the radio industry. 

Write for descriptive bulletin TD -92, 
Westinghouse Special Products Divi- 
sion, Bloomfield, N. J. 
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Various factors govern the signal strength and cover- 

age of a broadcasting station. Among these are de- 

sign, height and insulation of the radiator. Because 

of the experience and researches of Blaw -Knox en- 

gineers in dealing with these problems, covering 

the entire history of radio, Blaw -Knox Vertical Radi- 

ators will enhance the efficiency of any station. We 

will be glad to make our experience and facilities 

available to you 

B LAB KNOX 
VERTICAL 

RADIATORS 
BLAWKN OX DIVISION of Blaw -Knox Company 

Farmers Bank Bldg., Pittsburgh, Pa. 

Offices in principal cities 

DIs TP GraybaR 
ELECTRIC COMPANY 
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The mass spectrometer makes use 
of a very strong magnetic field 
supplied by a non -ferrous magnet 

electrode can be measured by a gal- 
vanometer. The particular type of ion 
which falls on the exit slit may be con- 
trolled by adjusting the accelerating 
voltage in the tube. The sensitivity of 
the device is such that one part in 100; 
000 of a substance may be detected. 

Simplified Spectrophotometer 
Uses Self -Generating 
Photo Cell 
A NEW AND HIGHLY ACCURATE means 
of measuring the relative transmission 
of liquids and other specimens at dif- 
ferent wavelengths has been developed 
through the joint efforts of Dr. Charles 
Sheard of the Mayo Clinic and the 
Central Scientific Co. Essentially the 
device is quite similar to the standard 
comparators in which a photovoltaic 
cell is exposed to light traveling 
through specimens to be compared, and 
the ratio or difference of the resulting 
photocurrent measured in a meter. The 
improvement in the new spectrophoto- 
meter is the use of a spectrum as the 
source of light, such that any portion 
of the spectrum may be presented to 
the two specimens being compared. Ex- 
ternal to the spectrophotometer is a 
standard 6 -volt, 18 -amp tungsten lamp 
with a ribbon filament. The light from 
this source is condensed and applied to 
a slit in the side of Vie instrument. 
This slit is constructed with optical 
precision. The incandescent light is 
passed to a concave diffraction grating 
of the reflecting -replica type which 
projects a spectrum of the light to the 
opposite end of the instrument housing. 
Here an exit slit, adjustable by a 
micrometer to a width including 5, 10 
or 20 milli- micron wavelength, passes 
a portion of the spectrum to the photo- 
cell beyond. A crank is provided which 
turns the diffraction grating on its 
diameter, thus causing the spectrum to 
move over the exit slit, and allowing 
any portion of the spectrum to be se- 
lected for measurement. The rotating 
mechanism also shifts the grating so 
that the part of the spectrum on the 
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MOST OF OUR FAN MAIL IS 

J 
MOIL 

insulation problems handled from blueprints! 
It's all part of the job to us. That's one reason 
so many engineers specify AlSiMag whenever 
ceramic materials are required. But not the 
only reason. 
Engineers know they can rely on AlSiMag for 
low dielectric losses at high frequencies . . 

remarkably uniform mechanical and thermal 
characteristics . . . true stability even under 
difficult operating conditions. Engineers more- 
over have found that AlSiMag- for -Insulation 
is the answer to another problem: how to win 
friends in the Purchasing Department. High 
quality AlSiMag is competitively priced - 
whether your order is for thousands or single 
pieces. 
Our staff of engineers is always glad to help 
in solving individual design problems. Next 
time, why not send us your blueprints? Bul- 
letin No. 39 on request. 

The TEST STORY of 

Water Absorption 
Extruded Material .02.00% 
Pressed Material .05.00% 

Heat Resistant 
(safe limit for const. 
temp.) 1000° C. 

Tensile Strength 
Unglazed 8000 lbs. /in.2 
Glazed 8500 lbs. /in." 

Modulus of Rupture 
Unglazed 22,000 lbs. /in.'= 
Glazed 24,000 lbs. /in.2 

AlSiMag No. 196 

Compressive Strength 
Unglazed 65000 lbs. /in.2 
Glazed 75000lbs. /in.2 

Dielectric Strength 
(step 60 cycles. Test disc 

" thick) 200 Volts per mil 

Dielectric Constant 
to Cycles 6.5 

000 K.C. 6.0 

10 M.C. 5.8 

Power Factor 
60 Cycles 
1000 K.C. 

10 M.C. 

.14% 

.06% 

.04% 

[1:31- 

Fd 

Tr.dr Nerk Re - L vai. Off 

AMERICAN LAVA CORPORATION CHATTANOOGA TENNESSEE 
CHICAGO CLEVELAND NEW YORK ST. LOUIS LOS ANGELES SAN FRANCISCO BOSTON PHILADELPHIA WASHINGTON, D. C. 
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live Broadcast or PRESTO Recording? 

SO LIFE -LIKE LISTENERS CAN'T 

TELL THE DIFFERENCE 

Presto Dual 8 -A Turntable, choice of many leading radio stations 

Many stations now contract to take programs for delayed broadcast, because 
their crowded schedules won't permit them to broadcast the program as it comes 
over the wire line. They record from the line ... broadcast when time is open. 

The engineers responsible for recording these programs know that their 
Presto recordings bring in thousands of dollars in added revenue to their sta- 
tions. They take pride in the fact that listeners cannot hear the slightest differ- 
ence between their Presto recordings and programs broadcast direct from the 
wire lines or studio. That is why they in- 
sist on using the finest recording equip- 
ment and PRESTO Q DISCS, proven by 
every test to have the lowest surface noise 
and widest frequency response range of 
any disc made. 

Illustrated is the Presto Dual 8 -A turn- 
table equipment recommended for radio 
stations. Recent installations include 
NBC, New York (4) . . . WOR, New 
York (4) . . . Department of Interior, 
Washington (3) ... WTIC, Hartford .. . 

WGN, Chicago ... Westinghouse Short 
Wave Stations, Pittsburgh . . . WBNY, 
Buffalo, NBC -Washington and WKBN, 
Youngstown (2 tables, each) ... WHDH, 
Boston, WHO, Des Moines (1, each). 

JUST OFF THE PRESS! Our new catalog 
gives complete performance data on the 
entire Presto line of recording equip- 
ment and discs. Send for your copy today! 

PRESTO EQUIPMENT USED BY 

DEPARTMENT OF INTERIOR, 
WASHINGTON, D.C. 

PRESTO RECORDING CORPORATION 
242 West 55th Street, New York, N. Y. 

World's Largest Manufacturers of Instantaneous Sound Recording Equipment 

46 

slit is kept in sharp focus. A counter 
geared to the mechanism indicates the 
wavelength in the middle of the range 
passed by the slit. 

The light passing from the exit slit 
to the phototube passes through a car- 
riage containing two cells, or hollow 
containers in which the liquid or other 
specimen being examined, is placed. 
Ordinarily, the device is used for chem- 
ical determinations, and in that case 
clear solvent is placed in one cell, 
whereas the same solvent containing 
the substance to be examined is placed 
in the other cell. 

The cell carriage is rotated so that 
either one or the other of the liquid 
cells is brought into the path of the 

d 40 U 
30 

ó 20 

E 10 10 mp Exit Slit 
r 

420 440 460 480 500 520 540 560 580 600 620 
Wove Length, Millimicrons 

Comparison of measured spectral 
responses using Sheard spectro- 
photometer (dots) and Hardy instru- 

ment (solid line) 

light leaving the exit slit and entering 
the photocell. The current induced in 
the photocell is passed through a stand- 
ard moving -coil galvonometer where 
the relative readings may be observed. 

This simple arrangement is capable 
of giving an extremely accurate de- 
termination of the spectral transmis- 
sion of a chemical solution. An example 
is shown in the accompanying graph, 
which gives the transmission curve of 
a glass filter. The solid curve was 
measured on the Hardy recording spec- 
trophotometer, generally recognized to 
be the most elaborate and flexible de- 
vice of its kind, whereas the points on 
the curve were obtained with the sim- 
ple instrument here described. 

Artificial Lighting Used 
to Test Frequency Modulation 
Performance 
As A SPECTACULAR means of demon- 
strating the efficiency of frequency 
modulation in discriminating against 
noise, engineers of the General Electric 
Co. recently undertook to operate f -m 
receivers in the immediate vicinity of 
the artificial lighting equipment in 
Steinmetz Hall at the New York 
World's Fair. The receiver used was 
one having both f -m and standard 
broadcast bands, arranged so that it 
could be tuned simultaneously to Sta- 
tion WABC, 50 -kw C.B.S. standard 
broadcast station and to Station 
W2XMN, the f -m transmitter at Al- 
pine, N. J. The same program was be- 
ing broadcast over both stations. A 
dipole antenna was installed on the 
roof of the building, since the copper 
shielding of the hall constitutes an al- 
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THE MOST EFFICIENT WAY TO ELIMINATE FREQUENCY DRIFT 

49-o- . 

ERIE 
C.E RAt47CC, 
N 5 O tYt 

ERIE. 
CE QAMICOrá 

ERIE 
RAM1CON 

... ,tee a/frt ERIE CERAMICON 
Frequency drift due to temperature in radio receivers 
rarely confines itself to one component, usually it is 
caused by a number of different physical and elec- 
trical changes that occur in several components. While 
it is theoretically possible to eliminate the drift in each 
component, practically it is more efficient to com- 
pensate for the total amount by introducing an equal 
amount of drift of the opposite sign. 

This can be done efficiently and easily by using a 
single unit Erie Ceramicon as part or all of the capaci- 
tive reactance. These ceramic dielectric condensers 
have a definite, linear and reproducable temperature 
coefficient and are available to counteract any 
amount of drift from +.00012 mmf mmf °C to -.00068 
mmf mmf C. 

Several leading radio manufacturers have found Erie 
Ceramicons to be the answer to stabilizing the opera- 
tion of their automatic tuning receivers. If you are 
experiencing difficulty with frequency drift, our engi- 
neering department will be glad to show you how 
Erie Ceramicons can efficiently solve your problem. 

\ RESISTORS 
SUPPRESSORS 

CERAMICONS 

SILVER -MICA 
CONDENSERS 

/7:---)-1\ 0 

WHAT IS A CERAMICON ? 
CEREM IC PURE SILVER 

INSULATING PLATE MOISTURE PROOF 
CASE BONDING CEMENT 

PURE SILVER 
PLATE 

CERAMIC 
DIELECTRIC 

An Erie Ceramicon is a small fixed ca- 
pacitor with silver plates in intimate con- 
tact with a ceramic dielectric. Because 
of the characteristics of these materials, 
Ceramicons are not only unusually stable 
in capacity but they can be mar - ufactured 
with any desired straight line temperature 
characteristic between +.00012 and 
-.00068 per °C. Ceramicons between 50 

and 350 mmf are completely insulated and 
sealed against moisture. Non- insulated 
ceramicons are available up to 1 100 mmf. 

TORONTO, CANADA LONDON, ENGLAND PARIS. FRANCE-J.E.CANETTI CO. 

ELECTRONICS May 1940 

MOLDED BEZELS 

PUSH BUTTONS 
AND KNOBS 

POLYSTYRENE 
COIL FORMS 
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%slats's...at NEW!0,,. 
:14, 

Noise level below 
mirophonic 

Excellent frequency characteristics. 

Low in price; small in size. 

Complete with dial, knob and shield. 

Now ready for immediate shipment. 

Series 1A -800 
Ladder Network 

Compact low impedance mixing 

controls for use in portable broadcast 

equipment and public address sys- 

tems, similar in construction to larger 

and cstlier un 

Because of the 
its. 

low price they may 

readily be adapted as mixer P 
mas- 

ter gain controls in popular 
are: 

systems. Outstanding advantages 

dependability of service, 
ac, and yo 
accuracy of 

control, noiseless op art of 
slant impedance over a large p 

the operating range. 

Price $5.75 

SERIES 

LA -800 
LA -801 
LA -802 
LA -803 

DECIBEL 
PER STEP 

2.0 
1.5 
2.0 
2.0 

20 Steps 

Attenuation 
CHARAC- 
TERISTIC 

Tapered 
Linear 
Linear 
Linear 

DECIBEL 
TOTAL 

Infinite 
Infinite 
Infinite 
40 Db. 

Series CP -800 
High Impedance Potentiometers 

These are designed for use as gain 

controls in portable amplifiers and 

public address systems. They ore rug- 

ged, compact, and are readily adapt- 

able to popular priced systems. Long 

and trouble -free service 
attenuator . 

from this type 

thus eliminating the necessity of peri- 

odic replacement 'of the volume con- 

trol. 

Price $5.75 

SERIES 

CP -800 
CP -802 
CP -803 
CP -804 

DECIBEL 
PER STEP 

2.0 
1.5 
3.0 
2.0 

20 Steps 

Attenuation 
CHARAC- 
TERISTIC 

Linear 
Linear 
Linear 
Tapered 

DECIBEL 
TOTAL 

Infinite 
Infinite 
Infinite 
Infinite 

FIXED ATTENUATOR (Pads) 
Impedances may be secured from 30 to 600 ohms. 

"TEE" Network 
Type T950 ....$2.50 
Size ....11/16 x 158 

Overall Height 

Balanced 
"H" Network 

Type H950 ....$3.00 
Size ....11/16 x 151 

Overall Height 

WRITE FOR CATALOG 

THE DAVEN COMPANY 
158 SUMMIT STREET 
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NEWARK, NEW JERSEY 

most perfect barrier against all radio 
signals. Because of the great audible 
noise associated with the 10,000,000 -volt 
artificial lightning, this type of dis- 
charge was not used in the test, since 
it would be impossible to listen to the 
radio program at the same time. 
Rather the 1,000,000 -volt, three -phase 
continuous discharge, which produces 

Oscillograms of a -m and f -m re- 
ception. Top, amplitude modulation 
with and without modulating 
signal; bottom, same on f -m 

receiver 

visible corona on wires, was employed 
as the noise source. The noise pro- 
duced by this discharge is continuous, 
and displays hissing and crackling 
characteristics quite similar to ex- 
tremely heavy static. On the standard 
broadcast band, the noise interference 
was so great that the program was 
completely obliterated. When frequency 
modulation was employed, the program 
was heard with almost perfect clarity 
and with only a slight static buzz. 

As an additional proof of the efficacy 
of the frequency modulation against 
noise, H. F. Mayer of the General Elec- 
tric's engineering staff of the Sche- 
nectady laboratories, employed a cath- 
ode ray oscillograph to record the wave 
form at the output of the receiver for 
the two types of modulation. A 1,000 - 
microvolt signal was fed to the re- 

Receiver set up in Steinmetz Hall 
for artificial -lightning noise studies 
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FORMICA panels are used on a great many electronic devices 

for clinical purposes as well as for meters, and testing devices 

of various sorts. These panels are printed in gold and silver and 

are drilled and machined for the attachment of controls. The pic- 

ture shows a Formica panel on the "Radioclast" manufactured by 

the Electronic Instrument Company. 

Formica has several printing and marking processes by which such 

panels may be prepared, and they may be completely machined, 

ready for assembly, in the Formica factory. 

Send your blue prints for quotations. 

THE FORMICA INSULATION CO. 
4638 Spring Grove Ave., Cincinnati, O. 

ELE(:TKI)11CS - Alm lo 

oRr-.1--fra 
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RHEOSTATS 

THE WHOLE STORY 

IN A NUT SHELL 

Plate Type Rheostats Single, 
Multiple, Manual and Motor 
Driven. 

Face Plate Type for extremely 
heavy current services. 

Wire Wound Rheostats in tubu- 
lar and small ring types. 

Ward Leonard Rheostats cover a 

range from the small types for frac- 
tional horsepower motors to the larg- 
est multiple units to control the heavy 
current requirements of rolling mills. 

The bulletins covering the types, 
drives, mountings and accessories of 
the Ward Leonard Line is the whole 

story of Rheostats "complete in a 

nutshell." Send for Rheostat Data 
Bulletins. 

BULLETIN NO. 60 
Describes pressed steel, cast iron and face plate 
types, combinations, drives and accessories. 

BULLETIN NO. 1105 
Describes ring type rheostats 30, 50, 100 and 150 

Watt Ratings. 

BULLETIN NO. 8002 
Describes Laboratory Rheostats with and without 
micrometer- drive. 

WARD LEONARD 
ELECTRIC COMPANY 
Electric Control Devices Since 1892 

Ward Leonard Electric Company. 32 South Street, Mount Vernon, N. Y. 

Please send me Rheostat Bulletins Nos 

Name 

Firm 

Address 

City State 

50 

ceiver on the standard band and on the 
40 megacycle band for amplitude and 
frequency modulation respectively. (In 
the f -m case the signal source was the 
visual alignment signal generator 
described in the April issue of Elec- 
tronics.) The noise in this case was ob- 
tained from a nearby spark coil in 
order to make the record sufficiently 
simple for interpretation. Oscillograms 
were taken with sinewave modulation, 
with complex modulation from a har- 
monica program and with unmodulated 
input. Several of the results are shown 
in the accompanying oscillograms. 
While the noise is not completely elim- 
inated in the frequency modulation re- 
ception, its amplitude is so small in the 
latter case that it has virtually no ef- 
fect on the quality of the program. 

Discharge Tube Aids 
Study of Ultraviolet 
Killing Power 
To AID IN STUDYING the effect of ultra 
violet light on various types of bacteria 
and other micro -organisms, Dr. H. C. 
Rentschler and Milton Hoyt of the 
Westinghouse Research Laboratories at 
Bloomfield, have employed a mercury 
gas discharge tube mounted directly on 
the stage of a microscope. The re- 
search is to determine the sensitivity 
of micro -organisms to short exposures 
of ultraviolet radiation. Micro- organ- 
isms are supported in a few drops of 

Microscope fitted with ultra -violet 
"death -ray" tube 

liquid and examined by a projector 
microscope which forms an image mag- 
nified at about 200 diameters. Around 
and slightly above the pool is the dis- 
charge lamp, which is a type of the 
Sterilamp tube developed at Westing- 
house. The lamp is energized by di- 
rect current from a bank of capacitors. 
In most cases, when the discharge oc- 
curs all of the bacteria in the culture 
are killed instantaneously, and some of 
them appear to be exploded by some 
internal eruption. 
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YOUR TUBE DOLLAR-- 

Is IT INVESTED - - -OR SPENT? 

Q BE invested, every dollar you put into 

I transmitting tubes should provide: 

1_dependable, economical performance 
today 

2- research to assure even better tubes tomorrow 

our transmitter are 

If the tubes in your 
tubes 

"General Electric G- Eutransmitting 
invested, because you improved per - 

year by year will give Y ossier- 

formance, and at the lowest p 

operating cost. 

The GL-857B is a noteworthy 
example -a 

tube whose history is another story of G -E 

achievement: 

G -E Engineers . . 
va or rectifier. - developed the hot -cathode mercury p 

rectifiers, - built the first high-voltage mercury-vapor 
throughout the 

which were soon accepted as standard throug 

industry. - introduced the 857, and later the new 
85! 

which 
s re- 

duced 
arc -backs, cut voltage drop and power be- 

tween electrodes, and gave longer site and greater 

dependability. - produced a more efficient cathode that cut filament 

power in half. 

- developed the first accurate rectifier emission 
E 

built 

which assured even greater dependability 

tubes. greatly 

- designed a new, rigid filament structure, which g 

increased cathode life. 

Bulletin GEA -3315A gives technical in- 
formation and prices on the complete 
G -E transmitting tube line. Get one 
from the nearest G -E Office, or write 
direct to General Electric, Radio and 
Television Dept., Schenectady, N. Y. 

N0 _ G.E. announces 

the G1 -266B, a hi9h-Power, 
high - 

voltage mercury -vapor rectifier - 
interchangeable 

with the 2668 anod 

incorporating 
all the advantages 

the GL -8578. Available soon. 

GENERAL ELECTRIC 
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e BEAM C 
CONTROLS 

TIME - BASE CC 

Constant- impedance, contin- 
uously- variable input attenu- 
ator - zero frequency dis- 
crimination. 
A handsome, rugged, readily 
portable instrument for use 
in the laboratory, shop and 
field. 
Four easily -accessible de- 
flection -plate terminals. 
Beam switch. 
Symmetric deflection of both 
axes for fine focus and no 
distortion. 
Undistorted four -cycle 
square -wave response. 
Flat to 100,000 sinusoidal 
cycles per second. 
Sweep frequencies from 2 
to 60,000 cycles per second. 
Instantaneous position cir- 
cuits. Spot may be im- 
mediately positioned to any 
point on the screen. 
Regulated power supplies -no pattern drift. 
Nearly fifteen -inch time - 
base, with 21/2 times full - 
scale deflection. 
New funct°onally- des'gned 
front panel. Controls cleverly 
grouped accordmq to circuit 
arrangement and general 
functions. 
Unique chassis construction 
providing balanced elec- 
trical and mechanical de- 
sign, and balanced weight 
distribution for ready port- 
ability. 
Dimensions: 141/," high, 
8- 13/16" wide, 191/2" deep. 
Weight 54 lbs. 
Positively built like a battle- 
ship. 

* And so Du Mont is proud to announce a new cathode -ray 
oscillograph which sets a new "high" for such equipment. It 
is the direct result of the closest cooperation with engineers 
in many fields, plus a detailed study of the requirements of 
their respective industries. 

The Type 208 Cathode -Ray Oscillograph is replete with fea- 
tures which will make your work easier and more pleasant, 
which will extend your investigations into studies not previ- 
ously feasible without much labor and expense; and, be- 
cause of its outstanding engineering and completeness, this 
instrument will leave some money in your budget for other 
needed equipment. 

Detailed data describing this radically different instrument is 
now ready. Your name and address are all we need. 

ALLEN B. DU MONT LABS., Inc. 
Passaic * New Jersey 
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Cable Address: 
Wespexlin, New York 

Million Volt X -Ray 
Goes Into Medical Service 
THE SECOND OF TWO one million volt 
X -ray machines has been installed at 
the St. John's Hospital in Cleveland, 
Ohio. The first of these instruments 
was installed last year at the Memorial 
Hospital in New York. Both were de- 
veloped by the General Electric X -Ray 
Corp. The new million volt machine 
replaces the 400,000 -volt unit but 
despite the great increase in voltage, 
the new device requires less space than 

Upper portion of million -volt X -ray 
installation 

the old. The entire apparatus weighs 
4,000 lb, including about 1,000 lb of 
protecting lead. Some idea of the com- 
pactness of the installation is indicated 
by the installation of the transformer 
tank and accessory apparatus, which 
are installed on the first floor in what 
was formerly a private room in the 
hospital. Ports for directing the X -ray 
radiation to the patient extend down- 
ward into a specially constructed cu- 
bicle on the ground floor. The appara- 
tus is controlled in a therapy control 
room just outside the treatment cubicle. 

Treatment port of St. John's Hospital 
high- voltage X -ray 

The power consumption of the outfit at 
maximum voltage is approximately 3,- 
000 watts, 1,000,000 volts at 3 milli- 
amperes. The tube is 3i inches in 
diameter and 56 inches long. The insul- 
ation used is dichlorodifiuormethane, a 
gas used in refrigeration and commonly 
known as freon. Also in the new X -ray 
department is a transformer capable of 
providing heavy- current, low- voltage 
output (85,000 volts at 500 milli- 
amperes) for very short exposures 
which permit stop -motion studies. 
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Minimum Power Loss - Maximum Efficiency 
FOR HIGH FREQUENCY APPARATUS 

with Bakelite Polystyrene Insulation 

UNEXCELLED by any other organic 
insulation, because of superior 

low -loss characteristics and resistance 
to moisture, Bakelite Polystyrene plas- 
tics present exceptional opportunities 
for greater efficiency in high frequency 
apparatus. 

Among the numerous Bakelite Poly- 

styrene parts providing improved di- 

electric performance, there are many 
made by American Phenolic Corpora- 
tion. These include low -loss coil forms 
for high frequency receivers and low 
power transmitters, as well as sockets 
that eliminate drift at tube bases. There 
are also sturdy insulators for stand -off 
and feed- through purposes that reduce 

surface leakage to a minimum. Out- 

ELECTRONICS - May 1940 

standing, too, are specially designed 
low -loss insulating beads permitting 
flexing of high frequency or high 
voltage leads without uncovering the 
wire. 

Learn how Bakelite Polystyrene plas- 
tics can be profitably employed in your 

own electronic equipment by enlist- 
ing the cooperation of Bakelite Re- 
search and Development Laboratories. 

BAKELITE CORPORATION 
Unit of Union Carbide and Carbon Corporation 

217 PARK AVENUE, NEW YORK 

BA gLi T E 
PLASTICS HEADQUARTERS 

Consider these advantages of 
BAKELITE POLYSTYRENE 

for high frequency equipment 

POWER FACTOR 
(60 to 50,000,000 cycles) 

.0002 -.0003 

DIELECTRIC CONSTANT 
(60 to 50,000,000 cycles) 

2.50-2.60 
LOSS FACTOR (60 to 50,000,000 cycles) 

.0005- .0008 

DIELECTRIC STRENGTH (60 cycles) 
500 to 525 volt /mil 

VOLUME RESISTIVITY 
Over 109 megohm cms. 

ARC RESISTANCE 
(proposed A.S.T.M. method) 

120 to 140 secs. 
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TUBE S 

A new multiplier phototube of great 
sensitivity is described. The tube registry 
list is given for March 1940 and the 
second and third quarters of 1938 

Electron Multiplier Phototube 
THE NEW FARNSWORTH MULTIPLIER 
PHOTOTUBE combines in one highly 
evacuated envelope a phototube and an 
electron multiplier. These tubes are 
highly sensitive and are responsive to 
light of the order of a fraction of a 
millilumen. They are therefore appli- 
cable to any work involving the deli- 
cate measurement of light. 

The tube is available in two sizes, 
a 6 -stage unit having an average sensi- 
tivity of 20 ma per lumen at 100 volts 
per stage and a collector dissipation of 
0.01 watt, and an 11 -stage unit with 
corresponding figures of 3 amperes and 

Sectional views of the Il -stage 
unit (left) and the 6 -stage unit. The 
peak of sensitivity is at 8500 

Angstroms 

0.1 watt. There are two types available 
in each size. Type A is highly sensitive 
and Type B is considerably less sensi- 
tive, with the dark current and noise 
correspondingly reduced. The light - 
current characteristic is linear over a 
wide frequency range. 

The peak of the caesium coated cath- 
ode photoelectric sensitivity is in the 
near infra -red region at about 8500 
Angstroms. It is therefore well- suited 
to operation with light from a tungsten 
lamp. The lamp may be lighted with 
60 cycle alternating current unless the 
120 cycle component is objectionable, 
in which case direct current should be 
used. 

The action of the electron multiplier 
is based upon the principle of second- 
ary emission from a series of caesiated 
surfaces at successively higher poten- 
tials. The impact of each primary elec- 
tron in each successive stage causes 
the emission of from 2 to 5 secondary 
electrons, thus amplifying the current 
in geometrical proportion to the num- 

54 

ber of stages. The accompanying dia- 
gram shows the arrangement of the 
multiplier stages in which the progress 
of the electron stream may be traced. 

The sensitivity of the tube is given 
approximately by the equation 

S = 10 ( AG- 
n 

microamperes, \3 
where y is the voltage per stage and n 
is the number of stages. This gives 
the safe value above which the Type A 
tube usually remains, but is not the 
average value. For the Type B tube, 
3 should be replaced by 3.5. The char- 
acteristic of the 11 -stage unit with 77 
volts per stage is shown in the accom- 
panying diagram. These tubes may be 
operated between a lower limit imposed 
by the noise level and an upper limit 
established by the heat dissipation of 

1200 

ñ 
aE1000 

800 

600 

o t 400 
d 

200 

/,000 v 
across tube 

00 
0.2 04 06 0.8 1.0 I.2 

Cathode Illumi nation (Milli- Lumens) 

Output characteristic of the 11 -stage 
multiplier phototube 

the collector and last stages. Under 
favorable conditions, the difference be- 
tween these limits may amount to 70 
db. Greater light intensities may be 
accomodated by using a lower voltage 
with consequent reduction in sensi- 
tivity. 

The low inherent tube noises are for 
the most part due to the shot effect 
variations in the dark current which 
is caused by thermionic emission from 
the cathode surface in the phototube 
at room temperatures. Only about 30 
per cent of the noise is caused by the 

HONORS TO KDKA'S ORIGINATOR 

Dr. Frank Conrad (left) assistant chief engineer of the Westing- 
house Electric and Manufacturing Co. and William L. Laurence (right) 
of the New York Times, receiving medals for meritorious achievement 
from Robert T. Pollack, president of the American Institute of the City 
of New York. Dr. Conrad was cited for his pioneering work in short 
wave radio communication and for developing the first radio broad- 
casting system. Mr. Laurence gained honors for his brilliant and 
accurate reporting in the daily press of the achievements of science and 

technology 

May 1940 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


NEW 639B gives you 6 pick-up patterns 
at the turn of a switch! 

To select the best performance for any 
given condition, just set up the 639B 
and try each of its six patterns by a 
simple "flip of the switch." 

In addition to non - directional, bi- 
directional and cardioid directivity 
patterns, it gives you three new pat- 
terns, 1, 2 and 3, that reduce effects 

of reverberation to an even greater 
degree than the already famous 639A. 

The 639B permits shifting the angle 
of minimum response to 150° , 130° 
or 110° , enabling the operator to avoid 
particular reflections or feed -back 
paths. 

These patterns, which are realized 

at unusually low frequencies, are par- 
ticularly effective in reducing low 
frequency reverberation inadequately 
suppressed by many studio treatments. 

Again Bell Labs and Western Electric 
lead the way to Better Broadcasting! 
Get full details-of the 639A and 639B 
Microphones from Graybar. 

Western electric DISTRIBUTORS: 
In U. S. A.: Graybir Electric Co., 
New York, N.Y. In Canada and'New- 
foundland: Northern Electric Co., 
Ltd. In other cour. tries: Interna- 
tional Standard Electric Corp. 
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482 -S -220 
A number to remember -to conjure with ! It is 
not the number of a secret agent, nor yet a secret 
formula. Rather it is a number that is making his- 
tory as an insulating material of unexcelled qualities. 

RUB -EROK 
Stabilized Insulation 
Produced specifically for manufacturers of radio 
component parts to insure circuit stability in die- 
lectric constant and power factor under abnormal 
atmospheric conditions, 482 -S -220 is the ideal in- 
sulation for scores of radio and electrical parts in- 
cluding short wave switches, radio tube sockets, 
terminal posts, gang condensers, and many others. 

RUB -EROK 482 -S -220 
is easy to fabricate without loss and rejects, be- 
cause the surface finish is removed, thereby elimi- 
nating surface cracks that cause structural weak- 
nesses so prevalent in many types of insulation. 

RUB -EROK 482 -S -220 
in the lighter gauges may be punched and per- 
forated with excellent results at normal room tem- 
perature, yet it possesses great compressive strength. 
It may be had in almost all wanted thicknesses in 
sheets 36" x 42 ", a size that fabricates with less 
waste than many sizes now available. Thicknesses 
can be held to extremely close tolerances. 

DATA 
Average test results Average test results 

1/16" thick 482 -S -220 Good grade phenolic 
RUB -EROK plate 

.0070 Power factor (1,000,000 cycles) .028 
3.42 Dielectric constant cycles 5.1 
.0297 Loss factor .1428 

(Power factor improves at higher frequencies) 

Additional data on request. Write the office nearest you. 

JAe RICHARDSON COMPANY 
MELROSE PARK, (CHICAGO) ILL. FOUNDED 1858 LOCKLAND, (CINCINNATI, OHIO 

NEW BRUNSWICK, N. J. INDIANAPOLIS. NO 

DETROIT OFFICE: 4 -252 G. M. BUILDING, PHONE MADISON 9386 
NEW YORK OFFICE: 75 WEST STREET, PHONE WHITEHALL 4 -4487 
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multiplier stages, since the secondary 
emission is a random effect. When the 
dark noise is expressed as an equiva- 
lent light fluctuation, it is of the order 
of 2x10-7 lumen for a frequency range 
or 10 kc. The increased shot effect due 
to the electron current when the light 
is on is offset by the increase in the 
signal -to -noise ratio as the light in- 
creases. For the Type A tube operat- 
ing with a light input of millilumen, 
the signal -to -noise ratio is about 60 -db. 
For the Type B tube the ratio is higher. 

The tubes operate efficiently with po- 
tential differences ranging from 30 to 
120 volts per stage. To insure that 
all electrons from the cathode enter the 
multiplier, a voltage which is double 
the potential difference between stages 
is applied between the cathode and the 
first stage. If the grid resistor of the 
following amplifier stage is 0.1 megohm 
and the output current of the photo - 
tube is 100 microamperes, a voltage 
drop of 10 volts will result. This is 
sufficient to drive a type 6G6 tube. 

Tube Registry 

NOTICE: The basing designation for 
tube type 117Z6 GT has been changed 
from 7 -AR as shown on page 68 of the 
November 1939 issue of Electronics to 
7 -Q. 

Type 117Z6 (GT) 
Prototype 117Z6 (G) 

FULL wave rectifier -doubler; heater 
type; (T -9) glass envelope, seated 
height 2i inches (max) ; 7 pin, small 
metal shell wafer base. 

eh = 117 y 
e,. = 117 v (max) 
id. = 60 ma (max) 
in = 075 amp 

Basing 7 -Q 

Tube Types Registered by R.M.A. Data 
Bureau During March 1940 

ATTENTION is called to the use of addi- 
tional symbols in the basing designa- 
tions to indicate which terminals, if 
any, are connected to external or in- 
ternal shields (or to the metal tube 
envelope). The first additional symbol 
indicates the number of the terminal 
connected to an external shield. The 
second additional symbol indicates the 
number of the terminal connected to 
an internal shield. Other base connec- 
tions are indicated by letters appro- 
priate to the pertinent base detail, such 
as L for the lug of the locking -in type 
of base. 
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MODEL MT-8 is a high fidelity Reproducer employing 
an especially designed eight-inch PM loud speaker. 

working in conjunction with the well known Jensen Peri- 
dynamic and Bas Reflex principles. 

Mean energy density acoustic measurements, when con- 
ducted in an average listening room, show an excellent 
frequency response characteristic from 50 to 10,000 cps. 
No noticeable depreciation in high frequency output is 
observed within a 45° angle and the performance is highly 
satisfactory within a 60° angle; thus the polar characteristic 
of the Reproducer is substantially superior to that of any 
comparable sitgle speaker device we know. 

Model MT -8 is exten- 
sively used in broadcasting 
stations, recording studios. 
monitoring and audition 
work. 

The Bass Reflex cabinet 
is solidly constructed of 
three -quarter inch ply- 
wood, finished in neutral 
brown lacquer with con- 
trasting trim. Dimensions: 
24 x 171/2 x 11%. Comes 
complete with brackets for 
wall mounting if desired. 
List price $29.50 

le. 
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L7dwd 
VARIABLE 
Resistance 

Lzykdd 
VARIABLE 
Inductance 

VARIABLE 
Condenser 

X11 

VARIABLE 
Switches 

WHEN THE CIRCUIT CALLS 
FOR £ UNITS 

..YOU NEED 
FLEXIBLE 

SHAFTS 

THEY LET YOU MOUNT THE 
UNITS WHERE CIRCUIT 
EFFICIENCY AND EASY 

ASSEMBLY SAY THEY 
SHOULD 8E .. . 

AND ALSO GROUP 
THE CONTROLS FOR 
EASY OPERATION 

The use of S. S. WHITE Flexible 
Shafting for coupling tuning knobs 
to their respective elements in the 
circuit, greatly simplifies the design 
and construction of radio, television 
and other electronic equipment. It 
permits you to place circuit elements 
and knobs in positions which best 
satisfy the important considerations 
of circuit efficiency, easy and eco- 
nomical assembly, servicing conven- 
ience, operating facility. For details 
write for BULLETIN 38. 

S. S. WHITE 
The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 
Department E, IO East 40th St., New York, N. Y. 

FLEXIBLE SHAFTS for POWER DRIVES, REMOTE CONTROL and COUPLING 
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Type 14B6 (GL) 

Prototype 7B6 

DOUBLE -DIODE, hi mu triode; heater 
type; (T -9) integral glass envelope - 
base; 8 pin loktal base. 

En =14v 
IA = 0.16 amp 
En = 250 v 
E < = -2v 
In= 0.9 ma 
A = 100 

Bm = 1100 mhos 
r, = 91.000 ohms 

C.,, = 3!0 µµf 
Co = 3.0 µµf 
Cop = 1.5 µµf 

Minimum diode current 
@10 volts de= 0.8 ma 
per plate 
Basing 8W -L-0 

Type 14Q7 (GL) 

Prototype 7Q7 

HEPTODE converter, heater type; (T-9) 
integral glass envelope -base; seated 
height 2t inches (max) 8 pin, loktal 
base. 

E = 14 v 
IA = 0.16 amp 
Ea = 250 v (max) 
Ea = 100 v 
E<a = -2v 
E<a =0v 
E., = 20,000 ohms X 

0.5 ma =10v 
Za =3.5ma 

1,2,4 = 8.5 ma 
la =0.5ma 
g. = 450 µmhos 
r, = 1 megohm 
C,f;,, = 9.5 µµf 
C;f on, = 9.0 µµf 

Basing 8AL -L -5 

MEASURING GERMICIDAL 
RADIATIONS 

H. C. Rentschler, Westinghouse's di- 
rector of research, measuring the 
bactericidal output of a Sterilamp. 
A glass filter over the meter filters 
out the visible spectrum, but per- 
mits passage of ultraviolet radia- 
tions which strike a fluorescent 
screen, causing it to glow. The glow 
of the fluorescent screen, is propor- 
tional to the output of the lamp, and 
is measured by a photoelectric cell 

and meter 
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v to the TRADE SHOW 
and step up your profits 

12,13114 
Stevens Hotel, Chicago 

`\ 

Tu have to be alert these days to 

get the business and reap the profits 

... You have to be right up to date on 

all activities of your industry ... You 

have to look ahead and be prepared 
to take full advantage of the new trends 
in products and merchandising plans. 

That's why you should be at the 
Trade Show. That's where you will 

get the "low- down" on what's ahead 
. That's where you will meet with 

hundreds of others and get ideas :hat 

are vital to the successful operation of 

your business. 

Step Out to the Trade Show and 

Step Up Your Profits! 

JOBBER DAYS 
Tues., Wed., Thurs., June 11, 12, 13 

Open on these days to Jobbers, 
Manufacturers, Manufacturers' Agents, and 

Manufacturers' Engineers 

OPEN HOUSE 
Friday, June 14 

Trade Show open on this day to entire 
Radio Trade 

Radio Parts National Trade Show 
Sponsored by Radio Manufacturers Association and Sales Managers Club 

ezeciditie O 53 WEST JACKSON BOULEVARD CHICAGO 
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A 
SIZE 
FOR. 
ANY 
JOB 

DEPENDABLE 
Experience has taught radio engi- 
neers everywhere that PINCOR 
Dynamotors provide the last word 
in dependable "B" power supply 
units for air craft, marine and 
broadcast service, police units, 
auto radios and public address 
systems. 

Available in a wide range of 
frames and capacities for every 
requirement. 5 to 850 watts. In- 
put, 6 to 110 volts; output, up to 
1750 volts. Sturdy construction to 
give thousands of hours of trouble - 
free service. Smooth, quiet, light 
weight and compact. For complete 
information fill out and mail cou- 
pon below. 

ROTARY CONVERTERS 
Complete line for converting 6, 12, 
32, 110, 220 or special voltages D. C. 
to 110 or 220 volts A. C. 40 to 5000 
watts. 

PIONEER GEN -E -MOTOR CORP. 
CHICAGO, ILLINOIS 

Export Address: 25 Warren St., New York, N. Y. 
Cable: Simontrice, New York 

PIONEER GEN -E -MOTOR CORPORATION 
Dept. R -4E, 466 W. Superior St.. Chicago, III. 
Please send information on the following: 
0 High Frequency Converters. Small Motors. 

Dynamotors. Rotary Converters. 

Name 

Address 

City State 

Type 7B6 -LM 

DOUBLE diode, triode; heater 
(MT -8) metal envelope; seated 
2 3/32 inches (max) ; octalox 
base. 

En = 6.3 v 
Ie = 0.3amp 
E5 = 250 v (max) 
E, = -2v 
la = 0.9 ma 
µ =100 

rp = 91,000 ohms 
um = 1100 µmhos 

Basing 8-W -L -O 

type; 
height 
8 pin 

Type 7B8 -LM 
PENTAGRID converter; heater 
(MT -8) metal envelope; seated 

2 3/32 inches (max) ; octalox 
base. 

Ee =6.3v 
IA = 0.3 amp 
Ea = 250 v (max) 

E,2,a = 100 t (max) 
E,4 _ - 3 v (min) 
E,a = 170 v 
E,t = - 20 v 
le =3.5ma 

I,s,s = 2.7 ma 
I,2 = 4 ma 
rp = 0.36 megohm 

(approx, 
Ir, = 550 pmhos 

Cc! r,. = 10 µµf 
cif... = 12 µµf 

Basing 8X -L -0 

type; 
height 
8 pin 

Type 7B5 -LT 

POWER amplifier pentode; heater type; 
(T -9) glass envelope; seated height 2g 
inches (max) ; octalox 8 pin base with 
metal sleeve. 

Ea =6.3v 
In = 0.4 amp 
Ea = 315 v (max) 

E,2 = 250 v (max) 
E,t = -21V 
It, = 25.5 ma 

= 4 ma 
rp = 75,000 ohms 
Bm = 2100 µmhos 
ri = 9000 ohms 

P. = 4.5 watts (15%) 
Basing SAE -0-0 

BINDING POSTS 

PHOTO CELLS 

SENSITIVE RELAYS 

MOLDED INSTRUMENT SOCKETS 

TIP JACKS 

MOLDED BAKELITE PARTS 

METAL STAMPINGS 

LAMINATED BAKELITE 

STAMPINGS 

CONNECTORS 

INSULATED WIRE CABLE 

ASSEMBLIES 

Adequate facilities for 
Complete Assembly Work 

Storage- Packing -Shipping 

HUGH H. EBY, Inc. 
4700 Stenton Avenue 

PHILADELPHIA. PA. 

"APIEZON " 
OILS, GREASES AND WAXES 

for high vacuum 
work 
have vapor pres- 
sures as low as 
106 mm. of Hg, 
and even un- 
measurable at 
room tempera- 
ture. 

Type 7L7 (GL) 
R -F pentode, sharp cutoff; integral 
glass envelope base, seated height 2t 
inches (max), 8 pin loktal base. 
Ee =7v 
le = 0.32 amp 
Ea = 250 v 

E,2 = 100 v 
Ea = -1.5 V 
la = 4.5 ma 

I,2 = 1.5 ma 
dm = 3100 µmhos 
rp = 1 megohm 

(approx) 
C:., = 8.0 µµf 
Cat = 6.5 µµf 
Con = 0.01 µµF (max) 
Basing 8V -L-5 

THE Apiezon products which 
we now carry in our Phila- 

delphia stock, include special 
oils for oil- diffusion vacuum 
pumps, and a variety of oils, 
greases and waxes for sealing 
joints and stop -cocks in high 
vacuum systems. Bulletin 1565 -E 
listing physical characteristics 
and prices will be forwarded 
upon request. 

JAMES G. BIDDLE CO. 
ELECTRICAL AND 

SCIENTIFIC INSTRUMENTS 
1211 -13 ARCH ST. PHILADELPHIA. PA. 
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Type 117M7 (GT) 

RECTIFIER -BEAM power amplifier; heater 
type; (T -9) glass enevelope; seated 
height 2Z inches (max) ; 8 pin octal 
base. 

En = 117 v 
In = 0.09 amp 

RECTIFIER 
Ep = 117 v (max) 
Is = 75 ma 
En = 20 v (drop) I 

150 ma 
BEAM POWER 

AMPLIFIER 
Eb = Eoa = 100 v 

Ea =5.5v 
Ih. =50.0ma 

I.a. = 4.5 ma 
gm = 7000 µmhos 
rp = 15,000 ohms 
rt = 2000 ohms 

P. = 1.3 watts (8%) 
Basing 8 -AO -0-0 

Type 7C5 -LT 

BEAM power amplifier; 
(T -9) glass envelope; 
2 27/32 inches (max); 
base, with metal sleeve. 

En = 6.3 v 
In = 0.45 amp 
Eh = 315 v (max) 

Ea = 225 v 
Eu= -13v. 
Ih. = 34 ma 
Ira = 2.2 ma 
g,,, = 3750 ',mhos 
rp = 77,000 ohms 
ri = 8500 ohms 

Po = 5.5 watts (12%) 
Basing 6AA -0-0 

heater type; 
seated height 
octalox 8 pin 

Type 35Z6G 
RECTIFIER doubler; heater type; 
(ST -14) bulb seated height 4 -1/16 
inches; 7 pin octal base. 

Eh = 35 v 
Te = 0.3 amp 

HALF WAVE 
RECTIFIE R 

Ea = 235 y (max) 
Ih = 2 (110 ma) max 

Eia = 700 v 
Eh = 22 v (drop ® 

220 ma) 
Basing 7Q -0-0 

SPRAYED -METAL 
TERMINALS 

Simplify Mounting Problems 

Sprayed -metal terminals of Brass, Copper and Aluminum, Morsel or 

Nickel, with which Globar Brand Ceramic Resistors are equipped, 

provide the solution to many special resistor installation problems. 

The metal is sprayed in a molten state under high pressure, driving the 

minute globules into the pores of the resistor surface. This assures a 

positive electrical contact and makes the use of fuse clips an ideal 

method of mounting. 

This is only one of the many desirable features of Globar Brand Cer- 

amic Resistors. Let us tell you the complete story. 

GLOBAR DIVISION 

THE CARBORUNDUM COMPANY 
NIAGARA FALLS, N. Y. 

(Carborundum and ,lobar a re registered trade- mark4 f 

and indicate manufacture by The Carborundum Company) 

ERA 

GENERAL CABINET RACKS 
Featuring Beauty, _conomy, Rugged- 
ness, and A:cessibility of Equipment, 
this series of flet Cabinet Racks 
affords the 3EST in enclosures for the 
endless varlet/ d small industrial 
electronic installations. Cabinets 
accommodate lc- rack panels in 
heights from 8V /4" to 35 ". 

Type 7H7 (GL) 
R -f pentode, semi -remote cutoff; heater 
type; (T -9) integral glass envelope - 
base; seated height 21 inches (max) 8 

pin loktal base. 

En = 7.0 v 
In = "0.32 amp 
Eh = 250 v 

Era =150v 
E,, = -25v 

Ih =9ma 
I,a = 2.5 ma 
gm = 3500 mhos 
rp = 1 megohm 

E,, = 1% of g,,, - 19 v 
Ci,, = 8.0 µµf 
Coot = 7.0 piaf 
Cop = 0.005 µµf (max) 
Basing 8V -L-5 

ELECTRONICS - May 1940 

AMPLIFIER FOUNDATIONS 
The last word in attractiveness is given 
to P. A. Systems end similar equipment 
by utilizing these Foundations. Ample 
ventilation is provided by louvers and 
grilled cutouts, yet all equiprent is 

completely protected. 

We are prepared to serve you in all your Sheet -Metal requirements. 
Write us your needs. $ BUD RADIO, INC. 

CLEVELAND, OHIO 
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X 

Also manufacturers of high 
grade cotton and silk cov- 
ered wires, cotton and silk 
coverings over enamel coated 
wires, and all constructions 
of Litz wires. A variety of 

% i coverings made to cus- 
tomers' specifications, or to 
requirements determined by 
our engineers. Complete de- 
sign and engineering facili- 
ties are at your disposal; 
details and quotations on 
request. 

ENAMELED 
MAGNET 
WIRE 

A product, resulting from many years of 
research in the field of fine wire manu- 
facture, that meets the most rigid re- 
quirements of radio and ignition coils. 
A new coating method gives a smooth, 
permanently- adherent enamelling, and 
mercury -process tests guarantee perfect 
uniformity. Great flexibility and tensile 
strength assure perfect laying, even at 
high winding speeds. If you want re- 
duction in coil dimensions without sacri- 
ficing electrical values, or seek a uniform, 
leakproof wire that will deliver extra 
years of service, this Hudson Wire 
product is the answer. 

HUDSON WIRE CO. 

WINSTED CONNECTICUT 

GOAT'S HISTORY OF SIGNIFICANT EVENTS -8 
d 

,o> > 
7 

/t \\'!l 
The first pneumatic piano was 

made ... bringing authentic re- 
productions of the world's finest 
pianists to the parlors of the 
world. The Fred Goat Company 
celebrating its 7th Anniversary, 
was pioneering in the manufacture 
of automatic vending machines. 

Ì1( 

TODAY ... in 1940 
Goat Radio Tube Parts continues its pioneer- 
ing activities in designing tube shields that 
help maintain high fidelity reception and add 
to the sales value of your sets. Form fitting, 
attractively made of highest quality materials, 
Goat Tube Shields have won the acclaim of 
the industry and world -wide prominence. 

Features: 
I Variety 

2 Maximum Compact- 
ness 

3 High Appearance 
Value 

4 Tested Performance 

5 Quick Service 

Send for Bulletins 
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(A DIVISION OF THE FRED GOAT CO., EST. 1893) 

314 DEAN STREET, BROOKLYN, N. Y. 

Tube Types Registered by R.M.A. Data 
Bureau During the Second and Third 

Quarters of 1938 

Type 1A7 (G) 
PENTAGRID converter, filament 
(T -9) glass envelope, 8 -pin octal 

Ei=1.4v Í J = 0.05 amp 
Eb = 90 v (max) 

Ea.s = 45 y 
=0v 

lb = 0.55 ma 
I,a,s = 0.6 ma 

()c = 250 µmhoB 
rp = 0.6 megohm 

Basing 7-Z 

type, 
base. 

Type 1H5 (G) 
DIODE triode, filament type, (T -9) 
envelope, 7 -pin octal base. 

Ef = 1.4v 
If = 0.05 amp 

Es = 90 v 
E = 0 v 
Ib = 0.15 ma 
rp = 240,000 ohms 
A = 65 

Basing 5 -Z 

glass 

e 

RADIO EQUIPPED SAIL- 
PLANE INDICATES ITS 

COURSE 

As the radio equipped sailplane 
soars along, most of the time out 
of sight, the ground crew follows it 
along by receiving broadcasts from 
the pilot in his flight. To insure 
better reception and transmission, 
the telescopic antenna in the auto- 
mobile used by the ground crew, 
is extended to its full length of 

eight feet. 
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Dial or Jewel 

PILOT LIGHT ASSEMBLIES 

ENGINEERS: Drake assemblies are engi- 
neered with extreme precision for greater de- 
pendability. They are built to highest stand- 
ards of materials, workmanship and perform- 
ance. Our own engineers will gladly cooperate 
on any special designs or pilot light problems. 
No obligation. 

MANUFACTURERS: You will find a most 
complete line of stock assemblies in the Drake 
line. Standard - Special - "Underwriters Ap- 
proved" - Bayonet - Screw - Bracket and Jewel 
Types available, at moderate cost. Most lead- 
ing radio and electrical appliance manufacturers 
specify Drake products. Quick, efficient service 
in any quantities assured. 

SERVICE MEN: See Drake assemblies at 
your jobbers. No other assembly surpasses it for 
quality and performance. It pays to be particu- 
lar . to insist on Drake. Prices are low for 
such precision products. 

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

WRITE FOR CATALOG TODAY! 

DRAKE MANUFACTURING CO. 
1713 W. HUBBARD ST. CHICAGO, U. S. A. 

HEADQUARTERS 
FOR RELAYS 

THIRTY years of concentration in 

the signalling and control art by 

The Autocall Company has won for 
their devices and systems a decided 
preference. A broad line of produc- 
tion items as well as special units to 
customer's specifications are avail- 
able. 

JACK TYPE REDJ -1 

Contacts positioned by momentary 
electrical operation of coils and me- 

chanically maintained by armature. 
One of several Jack Type Relays in 

the Autocall line. 

Write for catalog! 

SHELBY OHIO 
RELAYS ANNUNCIATORS 
INDICATING DEVICES LIQUID FLOW DEVICES 
BELLS, HORNS, CHIMES CODING TRANSMITTERS 
and MISC. EQUIPMENT SIGNALLING SYSTEMS - 
TERMINAL DISCONNECT BLOCKS ALL TYPES 

ELECTRONICS - May 1940 

Type 105 (G) 
POWER amplifier pentode, filament type, 
(T -9) glass envelope, 8 -pin octal base. 

Ef = 1.4 v 
If= 0.01 amp 
En = 90 v 

E.x = 90 v 
E. _ -7.5v 
In =7.5ma 

I.x =1.6ma 
Ri = 8000 ohms 
rp = 115,000 ohms 
g,,, = 1550 µmhos 
P. = 240 milliwatts 

(10%) 
Basing 6 -X 

Type 1N5 (G) 
R -f pentode, filament type, (T -9) glass 
envelope, 8 -pin octal base. 

Er =1.4v 
Ir = 0.05 amp 
En = 90 v 

Ee2 = 90 IT 

E. =0v 
In =1.2mß 

E.s =0.3ma 
rp = 1.5 megohms 
gm = 750 ;mhos 

Basing 5 -Y 

Type 7A6 (GL) 
DUODIODE, heater type, glass envelope - 
base, 8 -pin loktal base. 

Es = 7.0 v 
Ib = 0.16 amp 

E a. per plate (rms) 
150 v (max) 
Ipd. = 10 ma (max) 
Ed,, (Ip = 10 ma) = 8 v 
Basing 7 -AJ 

Type 7A8 (GL) 
OCTODE converter, heater type, glass 
envelope -base, 8 -pin loktal base. 

Eh =7.0v 
Ir, = 0.16 amp 
Ee = 250 v (max) 

E.x,s = 100 v (max) E.e=-3.0v 
E.z = 250 v (max) 

Is = 3.0 ma 
I.a,a = 2.8 ma 

I.x = 4.5 ma 
Ipt = 0.4 ma 
P. = 600 µmhos 

Basing 8-U 

Type 6AD6 (G) 
TUNING indicator, heater type, (T -9) 
glass envelope, 7 -pin octal base. 

En = 6.3 v 
In = 0.15 amp 
E tercet = 150 v 

., =3ma 
Basing 7 -AG 

peRfoRMANCE 
tf fiCIENCy 

4t4iqo 
b 

z. tor at CJKL, 
Kirkland Lake, 
Ontario, Canada. 
A similar instal- 
lation was made 
at CKGB, Tim - 
mons, Ont., also 
owned by North- .., a,lrast Co. 

LINGO-for the utmost 
in antenna performance 
The ever -increasing number of Lingo in- 

staUations is evidence that engineers recog- 
nize the high efficiency these radiators 
make possible. They are constructed en- 
tirely different from the conventional struc- 
tural steel towers, and are designed for a 
wind velocity of 100 m.p.h. The cross - 
section is uniform, c rcular and narrow 
throughout and the non- rusting guys have 
no deleterious effect whatsoever. The stand- 
ard base insulator and the special auto- 
matic static drain guy insulators insure safe 
insulator design for powers as high as 500 
KW. Painting and maintenance costs are 
about one -fourth that of a structural type 
tower. These facts are important to you. 

We will be glad to make a free survey and 
give you the facts as they apply in your 
own case. In writing please give location, 
power and frequency of station. 

JOHN E. LINGO & SON, Inc. 

Dept. E -5 Camden, N. J. 

LINGO 
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THE RIDER CHANALYST established 
signal tracing! It was the first in- 

strument of its kind and still is the 
top instrument! Dollar for dollar the 
RCA Rider Chanalyst offers the most 
for the money. 

The present -day RCA Rider Chan - 
alyst is the result of years of develop- 
ment based on a wide range of re- 
ceiver circuit knowledge, test equip- 
ment application, and country -wide 
contacts with the servicing frater- 
nity. Every possible arrangement of 
meters, "eyes," and other type indi- 
cators was tried. The final version of 
the RCA Rider Chanalyst offers the 
greatest amount of utility and flexi- 
bility combined with built -in stabil- 
ity and freedom from complicated 
circuits at the lowest price. 

For instance: Five separate chan- 
nels are available simultaneously, per- 
mitting the isolation of intermittent 
troubles -most difficult to discover 
-in the shortest possible time. The 
RF -IF channel is a 3 -stage tuned r -f 
amplifier - resonated vacuum tube 
voltmeter type- assuring adequate 
sensitivity and selectivity. A cali- 
brated meter - automatically pro- 
tected against normal overloads -is 
arranged to function in 4 channels at 
the option of the operator. The use 
of inertia -less "electronic eyes" as 
indicators affords the greatest speed 
of action for fast servicing since the 
"eye" provides an easily observed 
signal level permitting stage gains to 
be read directly from level control. 

RCA RIDER CHANALYST 
$10750 

net. F.O. B. Camden, New Jersey 
It will pay for itself by saving your time... 

upping your profits. 

Over 335 million RCA Radio Tubes have 
been purchased by radio users ... in tubes, 
as in parts and test equipment, it pays to go 
RCA All the Way. 

Type 6K8 (G) 

TRIODE -HEXODE converter, heater type, 
glass envelope, 8 -pin octal base. 

Eh = 6.3 v 
Ih = 0.3amp 
Eb hex = 250 v (max) 

Es,s = 100 v (max) 
E, = - 3.0 v 

= 100 v 
Ip h,: = 2.6 ma 

Is,4 = 6.0 ma 
le e,:oa, = 3.8 ma 

0, = 350 mhos 
lu = 0.15 ma 

Basing 8 -K 

Type 6AE6 (G) 
SINGLE grid, twin plate control tube, 
heater type, glass envelope, 7 -pin octal 
base. 

Eh = 6.3 v 
In = 0.15 amp 

PLATE No. 1 
(Remote cutoff) 

Eb = 250 v 
E, = -1.5v 
Ib = 4.5 ma 

0... = 1000 :µmhos 
µ = 25 

PLATE No. 2 
(Sharp cutoff) 

El, = 250 v 
E. = -1.5v 
Ie = 4.5 ma 
0. = 950 ;mhos 
µ = 33 

Basing 7 -AH 

Type 6AF6 (G) 
TUNING indicator, heater type, (T -9) 
glass envelope, 7 -pin octal base. 

Eh = 6.3 v 
Ih = 0.15 amp 
E target = 135 v I,.,. =1.5ma 

Basing 7 -AG 

EUROPEAN TELEVISION 

RCA Manufacturing Company, Inc., Camden, N. J. 

A Service of the Radio Corporation of Americo 
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The chassis of a Ferranti television 
receiver which produces a picture 
9 by 11 inches on the end of the 

large cathode ray tube 

Complete UHF Mobile Installation 

TWO -WAY 

POLICE 
RADIOTELEPHONE 
* 8 AND 20 WATT TRANSMITTERS 

* CRYSTAL CONTROLLED RECEIVER WITH 
SQUELCH CIRCUIT AND NOISE SILENCER 

it RUGGED AND ECONOMICAL DESIGN 

* OUTSTANDING PERFORMANCE 

Write for complete technical specifications 

KAAR ENGINEERING CO. 
PALO ALTO, CALIFORNIA 

Manufacturers of High -Grade Marine and 
Police Radiotelephone Equipment 

JONES 500 SERIES 
POWER PLUGSand SOCKETS 

A new series for heavy currents and high 
voltages. Engineered to fulfill all elec- 
trical and mechanical requirements. Sizes: 
2, 4, 6, 8, 10, and 12 contacts. Bulletin 
No. 500 in preparation. Apply for a 

copy. 

No. 10 Catalog listing our regular lines 
and many new items now ready. Send for 
your copy today. 

HOWARD B. JONES 
2300 WABANSIA AVENUE, 

CHICAGO ILLINOIS 
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Type 2A4 (G) 

THYRATRON, hot cathode, argon filled, 
single grid, filament type, glass enve- 
lope, 8 -pin octal base. 

Ef =2.5v 
If = 2.5 amp 

Anode voltage 
(instantaneous) 

Forward = 200 v (max) 
Reverse = 200 v (max) 

Max voltage between 
any two electrodes = 
250 v 
Anode Current 
Peak = 1.25 amp (max) 
Avg = 0.10 amp (max) 

Max averaging time = 
45 sec 
Tube voltage drop = 
15 v 
Cold starting time = 
2 sec 
Basing 5 -S 

Type 1A5 (G) 
POWER amplifier pentode, heater type, 
(T -9) glass envelope, 8 -pin octal base. 

Ef =1.4v 
If = 0.05 amp 
Eb = 90 v (max) 

Enz = 90 v (max) 
E, = - 4.5 v 
Ib =4.0ma 

Ice = 0.8 ma 
ry = 0.3 megohm 

Om = 850 mhos 
R1 = 25000 ohms 
P. = 115 milliwatts 

(7 %) 
Basing 6 -X 

Type 4A6 (G) 
TwIN triode power amplifier, filament 
type, glass envelope, 8 -pin octal base. 

SERIES 
Ef =4.0v 
1f= 0.06 amp 

PARALLEL 
Ef =2.0v 
If = 0.12 amp 

CLASS A 
(ONE TRIODE) 

Eb = 90 v 
E. = -1.5v 
1e =1.2ma 
µ = 25 

rp = 28000 ohms 
PUSH PULL CLASS R 

(IDEAL CONDI- 
TIONS) 

Eb = 90 
E, = -2.0v 

Ib (no signal = 1.6 ma 
Ib (max signal = 21 ma 

Ri = 8000 ohms 
P. = 1.0 watt 

Power input at peak of 
cycle) = 75 milliwatts 
Distortion (3rd har- 
monic) = 5% 
Basing 8-L 

Erratum 
IN the Index of tube types registered 
by the R.M.A. Data Bureau which ap- 
peared in the March 1940 issue of 
Electronics erroneous reference is made 
to the withdrawal of tube type 83V. 
This reference should have been made 
to type 82V. 

ELECTRONICS - May 1940 
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ONLY RELAY USERS 
NEED TO READ THIS 

Write today for Circular 1653L. 

It describes two amazing new Automatic 
Electric relays with qualities and features 
possessed by no other low- priced relay. 

In three months, thousands have been pur- 
chased in place of "cheap" relays. (Cost is 

the same.) Experience of users reveals these 
benefits: 

1. Reduced assembly costs (relays are preadjusted) 
2. More reliable operation (contacts have heavy 
pressures - are "self- cleaning ") 3. More positive 
action (armature restored by leaf -spring) 4. No 
over -heating (coil is "self- protecting "). 

Circular 1653L explains these and many 
other advantages, and gives prices; also tells 
why you can buy this higher- quality relay at 
no extra cost. Write today. 

AUTOMATIE' ELECTRIC 
Relay Makers Since 1898 

1033 W. Van Buren Street Chicago 

ir 

tUNGStEN 
4ND MOLYBDEHS* 

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

CALCITE PRODUCTS 
D I V I S I O N 

EISLER ELECTRIC CORP. 544 39th ST. UNION CITY, N. J. 
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THE ELECTRON ART 
Horizontal vs vertical polarization, pho- 
toelectric time -interval meter, distortion - 
less amplifier, an automatic pressure 
control and horn radiators are reviewed 

Horizontal vs. Vertical 
Polarization 
"MOBILE FIELD STRENGTH RECORDINGS 
of 49.5, 83.5 and 142 Mc from Empire 
State Building, New York -Horizontal 
and Vertical Polarization," by G. S. 
Wickizer, appears in the April 1940 
issue of the RCA Review and gives the 
results of a survey made by the author 
and his associates, of field strength out 
to the edges of the service areas of 
transmitters located in the Empire 
State Building. The same path was 
traversed in each case, thus providing 
a direct comparison of field strength 
on the two polarizations and also sup- 
plying additional information on prop- 
agation of these frequencies. The path 
followed was from Middletown, Conn., 
and along the Long Island Sound shore 
line, through New York City, Bayonne, 
N. J., and Staten Island to a point near 
Camden, N. J., and also from a point 
north of Poughkeepsie, N. Y., into New 
York City. The first path was from the 
northeast to the southwest and the sec- 
ond path was from north to south. 

The results of all comparisons have 
been summarized indicating the follow- 
ing conclusions: Horizontal polariza- 
tion varies over a wider range, has a 
higher maximum value and produces a 
higher average field strength than ver- 
tical polarization, other things being 
equal. It should be remembered that 
these results apply only to the three 
general directions covered by the mo- 
bile measurements. A comparison made 
over a salt -water path or a high -con- 
ductivity ground might show the ver- 
tical polarization to be considerably 
more effective than the horizontal pol- 
arization. 

Photoelectric Time -interval 
Meter 
A NEW PHOTOELECTRIC time -interval 
meter operating in the range of 0.001 
to 1 second is described in the March 
1940 issue of the General Electric Re- 
view in an article by T. M. Berry, en- 
titled "A Photoelectric Time -Interval 
Meter." This instrument employs the 
secondary emission characteristics of 
vacuum tubes and was designed pri- 
marily for the measurement of speed 
of camera shutters and photoflash syn- 
chronizing mechanisms. 
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In this instrument the difficulties of 
a mechanical connection to the system 
being measured are avoided inasmuch 
as the detection of the desired motion 
is accomplished by means of a light 
beam and phototube. By proper switch- 
ing the apparatus can be made to 
measure the time interval between two 
electrical impulses or contacts, the time 

anode from the amplifier circuit 
through the capacitor C3. It - may be 
stopped by a negative voltage impulse 
on the anode through capacitor Cg or 
a voltage impulse applied to the con- 
trol grid. The secondary emission cur- 
rent which is constant flows through 
the resistor R, and charges a capacitor 
C, or C2. The voltage across the capac- 
itor is directly proportional to the 
length of time that the current is flow- 
ing. This voltage is applied to the grid 
of the tube T5. The anode circuit of 
which forms one leg of a bridge circuit 
which is unbalanced by the application 
of voltage to the grid. The amount of 
unbalance of the bridge circuit is meas- 
ured by a d -c microammeter. The mi- 
croammeter is calibrated in milliseconds 
and the deflection is a linear function 
of time. 

The complete instrument is contained 
in a metal case 7 inches x 9 inches x 
16 inches. The phototube has a separate 
housing which is attached to the end 

Circuit diagram of the photoelectric time -interval meter. This 
instrument will also measure the speed of rapidly moving objects 

interval between two light impulses to 
a phototube, or the time interval be- 
tween an electrical impulse and a light 
impulse. It is calibrated in milli- 
seconds and normally has two scales, 
0.01 and 0.1 seconds, but may be ar- 
ranged to cover a range from 0.001 to 
1 second. 

A circuit diagram is shown in the 
accompanying diagram. The tubes T2 
and T, are employed in a more or less 
conventional three -stage amplifier cir- 
cuit. Tube T, is employed in a some- 
what unorthodox manner. The anode 
and screen grid of T, are connected 
together and there is no external 
source of direct current. Direct cur- 
rent, however, does flow in the anode 
circuit. It arises from the emission of 
electrons from the screen grid and 
anode elements. These secondary emis- 
sion electrons flow from the anode and 
screen grid to the suppressor 'grid 
which is maintained at a higher posi- 
tive potential. The control grid voltage 
is fixed except for the application of a 
voltage impulse which will stop the 
flow of secondary emission current 
once it has started to flow in the cir- 
cuit. The flow of secondary emission 
current is started by the application 
of a positive voltage impulse to the 

of a 4 -ft. cable. The principal applica- 
tion to date has been in the adjusting 
of photo -flash synchronizers so as to 
open the shutter of the camera at the 
correct time after starting to fire the 
flash lamp. It is possible to calibrate 
the scale directly in velocity for any 
fixed mechanical optical system. Thus 
the equipment may also be used to 
measure velocity of rapidly moving 
objects. 

A Distortion -Free Amplifier 
MR. P. 0. PEDERSON EXPLAINS in the 
February 1940 issue of the Proceed- 
ings of the I.R.E. the design of an 
amplifier which is free from distortion, 
( "A Distortion -Free Amplifier," page 
59). There is used in addition to the 
main amplifier, an auxiliary amplifier 
into which is fed a portion of the input 
signal. The transmission time through 
each of the amplifiers is very nearly 
equal. The outputs of the two ampli- 
fiers are combined in such a way that 
the distortion is canceled out and no 
phase distortion is introduced into the 
output because the time of transmis- 
sion of the signal through each ampli- 
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ACCURACY PLUS 
AT LOWER COST 
Where applications call for positive per- 
formance- automatic controls, keying, 
changeover, etc. Kurman relays are in 
demand. Check on these for increased 
efficiency. 

NEW-THE 25 RELAY.... 

This Kurman unit requires one half the 
power of any similar relay and weighs 
only 4 ounces. Ceramic Alsimag non- 
hygroscopic insulation, quarter inch 
diameter coin silver contacts, self clean- 
ing wipe, cantilever spring action with 
less than 25% of allowable stress on the 
spring arms. Entirely new type of 
laminated magnetic structure. Low power 
consumption of 1.5 watts; high power 
output of 2,000 watts. 

THE SENSITIVE RELAY.... 

Single pole, double throw, C type 
coin silver contacts; rated to carry 2 
amperes at 110 volts. Precision adjust- 
ment. Coil will carry 3 watts without 
overheating. From 2 to 50 milliwatts in- 
put, and loads as high as 1,000 wafts. 
Cut production as well as experimental costs 
by specifying Kurman relays for the next iob. 
Write today for descriptive literature; no 
obligation. 

KURAN 
ELECTRIC [O.illt 

241 Lafayette Street 
new York, 11. Y. 
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fier is the same. A mathematical dis- 
cussion of the action of the circuit is 
given together with a typical circuit 
diagram. 

Power Output Stage and 
Loudspeaker Design 
A SURVEY OF THE PROBLEMS OF POWER - 
OUTPUT stage and loudspeaker design 
and the relation between them is pre- 
sented in an article entitled "The Re- 
lationship Between The Power -Output 
Stage and The Loudspeaker," by F. 
Langford Smith, in Vol. 4, No. 4 of the 
A.W.A. Technical Review (Sydney, 
Australia), which was issued on Feb. 
12, 1940. The article was originally 
published in the Proceedings of World 
Radio Convention, Sydney, April, 1938. 
The author states that in the many 
technical papers covering the operation 
of power -output stage the scope is lim- 
ited to a treatment with an equivalent 
resistive load and says that this is 
unjustified because it does not indicate 
in true perspective the various forms 
of distortion which actually take place. 
The extent of symmetrical distortion 
of various types for varying degrees 
of fidelity are briefly discussed before 
the operation of the output stage is 
described. Throughout the article tri- 
ode, pentode and tetrode tubes oper- 
ating at various types of loads are com- 
pared, first on resistive loads, then on 
partially reactive loads and then on a 

NEWPRECISION 
PORTABLES 

Models 625 (DC -Mov- 
ing Coil Type) -635 (AC al f1)LEl - Movable Iron Vane 
Type) and 665 (Electro. MODEL 625 

dynamometer Type) . 
Clear Readability 

new molded case portables, may be obtained 
with extreme sensitivity for laboratory use - 
as well as those for general commercial and 
industrial testing purposes. Have mirror scale 
and keife -edge pointer to assure quick, accu- 
rate readings. Scale length is 4.58 " -Accu- 
racy within 1 %. Attractive black molded 
case, 6" x 51/2" x 21/2 ". Attached leather 
strap handle. 
Another popular line of portables includes 
Models 725 (DC) -735 (AC). This popular 
style has a precision in- 
strument with long 6" 
mirror scale. Oak case is 

II "x9 "x4 ". 

Setting 
New Standards .. . 

* These new Clarostat Series Z cement - 
coated power resistors positively offer the 
lowest inductance yet made available by 
non -inductive resistors. 
Just tthe thing for applications requiring 
minimized inductance in a power resistor. 
Available in: 10 -watt. max. res. 3000 
ohms; 25 -watt, 7500 ohms; 50 -watt, 12,500 
ohms; 100 -watt, 25,000 ohms. For one - 
half those power ratings, multiply max. 
resistance available by four. 
These latest resistors are typical of Claro- 
stat research and versatility. Submit 
your resistance or control problems for 
our engineering aid, specifications, quo- 
tations, samples. 

CLAROSTAT 
M ANI FACTS- ILI \G 4'0. 

Inr orpor ;WVI 
285 :North sixth St. 

Brooklyn. N. N. 

MODEL 325 2.37" SCALES 
Models 325 (DC) -335 
(AC) for laboratory, shop 
bench and special pur- 
poses. Tilting feature per- 
mits adjustment to any 
angle for accurate reading. 

To further meet the demand for portable in- 
struments, Triplett has available handy instru- 
ment stands for 3" and 
4" panel instruments; 
available with 2, 3, or 4 
binding posts. Black 
wrinkle finish all metal 
case - sloping panel - 
4" x 4" x 31/2 ". 

MODEL 525 3.50" SCALE 
Has mirror scale and knife 
edge pointer for extreme 
accuracy in reading. 

Write for Catalog -Section 235 Harmon Drive 

THE TRIPLETT ELECTRICAL INSTRUMENT CO. 

Bluffton, Ohio 
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INSURE COMPLETE SATISFACTION! 
Rivets are small -but mighty important! Make sure you 
always use the best -T R & S Rivets. The superiority of 
T R & S Rivets is unquestioned. They are specified wher- 
ever quality in production is a factor, where standards 
of fit for stress and strain must be maintained. Such pro- 
duction charts call for rivets of uniform preciseness. 
Many motorized models of our rivet setting machines are 
available in single stroke and multiple drive. Inquiries 
are invited with samples of work you wish to do. 

TUBULAR RIVET it STUD CO. 
World's Largest Manufacturers of 

Tubular and Split Rivets 
WOLLASTON (Boston) MASSACHUSETTS 

New York Chicago Detroit Indianapolis San Francisco 
Nashville Dallas St. Louis 

aaa 
f?` et 

FOR THE ELECTRONICS EQUIPMENT MANUFACTURER 
Safety Terminals, Insulated Rectifier and Thyratron Connectors, High 
Voltage Tube Sockets, Iron Core RF Chokes, Quartz Q Polystyrene 
Insulation, High Frequency Variable Condensers, Meter Type Dials, 

Cast Aluminum Chassis, etc. Catalogue Upon Request 

JAMES MILLEN MFG.0 O. INC. 
150 EXCHANGE ST. MALDEN. MASS. 

Note These Features of This New 
Webster Electric Crystal Pick -up! 

Moisture -proofed crystal element ... Frequency response 
range from 50 to 8500 cycles ... Rubber cushioned arm 

assembly ... Needle pressure of only 
2.5 ounces ... Convenient single hole 
mounting for motor boards from 1/16" to 
rz" thick ... Write for technical details. 
WEBSTER ELECTRIC COMPANY 
RACINE, WISCONSIN, U. S. A. Est. 1909 
Export Dept.: 100 Varick Street, New York 
City. Cable Address: "ARLAB" New York 

Licensed under patents of the 
Brush Development Company 

Webster Electric 
"Where Quality is a Responsibility and Fair Dealing an Obligation" 

J 
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loudspeaker load. The effects of nega- 
tive feedback on the pentode and 
tetrode are noted. The factors influenc- 
ing the design of the loudspeaker 
transformer are covered in detail. 

At the end of the article there are 
four appendices which give the damp- 
ing factors of typical tubes under 
standard operating conditions, reduc- 
tion in plate resistance through nega- 
tive feedback, reduction in gain 
through the negative feedback and a 
comparison between triode, pentode and 
tetrode in negative feedback. 

Automatic Pressure Control 
AN AUTOMATIC ELECTRONIC device for 
controlling pressure in a high vacuum 
chamber is described in an article en- 
titled "A Sensitive Automatic Pressure 
Control Device," by Richard A. Smith 
in the April 1940 issue of The Review 
of Scientific Instruments. The instru- 
ment is designed for pressures as low 
as 0.01 microns. A constant current is 
passed through a Pirani tube and the 
resistance of the tube is measured with 
a Wheatstone bridge. Calibration of 
the tube enables the pressure to be in- 
terpreted from the resistance read on 
the bridge, which is connected to a 
vacuum tube circuit so that when the 
resistance of the Pirani tube decreases, 
a vacuum pump is operated and runs 
until the pressure is reduced and the 
Wheatstone bridge again balances. 
A beam of light can be directed on a 
phototube when the bridge is balanced 
and away from the phototube during 
unbalance. 

HIS HOBBY -COLLECTING 
VOICES OF THE PAST 

C. H. Vincent has a hobby for col- 
lecting old phonograph records. 
Here he is shown with the re-record- 
ing apparatus he uses to transfer fa- 
mous voices to new records for his 
collection. A prize item of his col- 
lection is the actual reproduction of 
the bugle call which sounded the 
charge of the Light Brigade in the 

Crimean War 
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+he liallicrailers int: 
2607 SOUTH INDIANA AVENUE, CHICAGO, U.S. A. 

"A chain is only as 

strong as its " - - - 

and your product 

is only as good as you make it! 

Why risk o weak link in your 

product thru the use of inferior 

resistors? 

Minimize the danger of resistor 

trouble. 

Use wire -wound resistors 

bearing the nome of 

Instrument Resistors, Inc. 
LITTLE FALLS, NEW JERSEY 

MAKERS OF WIRE.WOUND RESISTORS 

FOR THE ELECTRONIC INDUSTRY 

Catalogue upon Request 

ALLIED . . . TYPE D RELAY 
Popular -standard stock item- compact- 
efficient. 
Many desirable features: 
Coils -layer wound -coil has heavy pro- 
tective wrap and is vacuum impregnated; 
yoke, armature and pole piece made of 
high grade electrical iron. Entire contact 
section housed in special porcelain case. 
Contact rating -10 amps. of non -inductive 
A.C. at 125 volts; special contacts for dy- 
namotor starting with ratings up to 30 
amps. continuous on 6 and 12 volt battery 
D.C. Balanced armature, fulcrum arranged 
to give maximum contact pressure which 
is equally distributed on both contacts. 
Stock types available: 6.3 and 110 volt 
A.C.; 4 -6, 10 -12 volt D.C. -double pole - 
double throw. Also dynamotor starting 
single pole -double throw. 
Numerous uses: police, aircraft and ma- 
rine radio applications such as antenna 
transfer, filament control and dynamotor 
starting (S.P.D.T.); alarm and signal de- 
vices; A.C. types for general industrial 
control applications. 
Also-a complete line of relays for all 
communication and electronic uses. 
Write for complete descriptive literature 
and prices. 

ALLIED CONTROL CO., INC. 
227 FULTON STREET NEW YORK CITY 

Export Dept.: 
Pan Mar Corp., 1270 Broadway. New York City 
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Electric Hygrometer 
AN ELECTRIC HYGROMETER designed to 
replace the wet and dry bulb psychro- 
meter and the hair -type hygrometer 
especially in measurements where sud- 
den changes in humidity are encoun- 
tered is described in an article en- 
titled "An Improved Electric Hygro- 
meter," by Francis W. Dunmore in the 
Journal of Research of the National 
Bureau of Standards, December 1939. 
(A reprint of this paper No RP 1265 
is available from the Superintendent 
of Documents, Washington, D. C. for 5 

cents.) The instrument consists of a 
very thin wall aluminum tube, around 
which is wound a bifilar winding of 
bare palladium wire, upon which is a 
coating of a thin film of partially hy- 
drolyzed polyvinyl acetate with the 
addition of a small amount of lithium 
chloride. The electrical resistance of 
the film between the two coils is a 
function of the humidity. 

The new instrument is especially 
suitable for measuring upper air hum- 
idity by means of the radio sonde 
(meteorograph), a small radio trans- 
mitter carried aloft by a free balloon 
which sends back signals which repre- 
sent altitude, temperature and hum- 
idity. It has the advantage of rapid 
response and the ability to function at 
very low temperatures. Results accur- 
ate to within 2 or 3 per cent are ob- 
tainable and by connecting in parallel 
several units containing different 
amounts of lithium chloride in the 
film, each with suitable resistors, hum- 
idity from 10 to 100 per cent is meas- 
ured. 

Metal Horn Radiators 
AN ARTICLE "METAL HORNS AS RADI- 
ATORS of Electric Waves" by A. P. 
King, appearing in the April, 1940, 
issue of the Bell Laboratories Record 
discusses the directional characteristics 
of horns of various shapes and sizes 
using waves of the H, type. Continuous 
waves from 10 to 15 cm in length, cor- 
responding to frequencies of from 
2,000 to 3,000 megacycles were used in 
the experiments under discussion. 
Relative gains were determined either 
by comparing the received power with 
and without the horns attached, or by 
determining the directional pattern 
from measurements of the received 
power as the horns were pointed in 
various directions relative to the trans- 
mitter. 

A certain amount of directivity can 
be secured with a straight section of 
pipe. For pipe -like horns, that is, horns 
of two sections of straight pipe, the 
directivity increases lineally with the 
diameter until a diameter of about 
twice the wave length is reached. Be- 
yond this, the increase drops off and a 
decrease in gain may be experienced. 

If a conical horn is substituted for 
the straight section of pipe, an increase 
in gain is also obtained as the opening 
of the horn is increased in diameter. 

i 

ai 
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FM/AM 
COMMUNICATIONS 

RECEIVER 

Model S -27 is the first general - 
coverage U.H.F. communications 
receiver to incorporate Frequency 
Modulation reception. Covers 3 
bands: 27 to 46 mc; 45 to 84 
mc; 81 to 145 mc. Switch chang- 
ing from FM to AM reception. 
Acorn tubes in R.F. and newly 
developed converter system. High 
gain 1853 tubes in I.F. stages. 
Beam power tubes and 6C8G 
phase inverter in A.F. Amplifier. 
A VR 150 voltage regulator tube 
is used to assure excellent elec- 
trical stability. 955 plate -tuned 
oscillator. I.F. selectivity auto- 
matically sharpened to receive 
amplitude modulated U.H.F. sig- 
nals or broadened for wide band 
frequency modulated signals. 
Front panel controls: R.F. gain 
control. Band switdt. Antenna 
trimmer. I.E. selectivity (air 
tuned iron core) control. Vol- 
ume control. Pitch control. Tone 
control. S -meter adjustment 
(meter calibrated in S and DB 
units.) AVC switch. Beat oscil- 
lator switch. Automatic noise 
limiter switch. Amplitude. Fre- 
quency Modulation switch. Send - 
receive switch. Phone jack. 
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Audio Fidelity Curve 

WORLD'S LARGEST BUILDERS OF 

AMATEUR COMMUNICATIONS 

EQUIPMENT 

i 
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LEADERSHIP! 

for contact points 
and bi -metal 

SUNBEAM IRONMASTER 
relies on WILCO 

Synonomous with "depend- 
ability"- Sunbeam must em- 
ploy contact materials that 
are certain to be fail -proof. 

No matter what the indus- 
try or the application, you'll 
find the leaders use Wilco 
electrical contacts and Wilco 
thermometals. Why? Simply 
because in these two special- 

ized fields, there are no hard 
and fast "rules of thumb." 
And, there can be no substi- 
tute for pioneering research 
plus years of successful ex- 
perience. That means Wilco 

. every time! The H. A. 
Wilson Co., 105 Chestnut St., 
Newark, N. J. Br. Offices: 
Detroit, Mich., &Chicago, Ill. 

WILCO ELECTRICAL 
CONTACTS 

PLATINUM 
. . . SILVEP, . . . SPECIAL ALLOYS . . . TUNGSTEN 

NM= 

20 KC TO 30 MC 
WRITE FOR CATALOG G -11 

z 

714 

>-1 

V 
BLILEY ELECTRIC CO., Erie, Pa. 
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In this case, however, the angle or rate 
of flaring also affects the gain. The re- 
sults indicate that the most favorable 
angle is between 50 and 60 degrees. In 
general, longer horns have smaller 
optimum angles. 

The most directive horn had a gain 
of about 22 db compared to a non - 
directional device. The horns possess a 
moderately flat frequency characteris- 
tic and should thus permit transmission 
of a wideband of frequencies. At a 
wave length of 15 cm the characteris- 
tic is flat to 1 db over a band width of 
250 megacycles. 

Powerful Television 
Transmitter 
THE APRIL 1940 ISSUE of Electronics 
and Television and Short -Wave World 
mentions that the most powerful tele- 
vision transmitter in the world with a 
maximum power of 100 kw is to be in- 
stalled in the tower of the Palace of 
Soviets now under construction in Mos- 
cow. The antenna is to be 985 feet 
above ground level, making it possible 
to cover a large area with television 
signals. It is planned to install a large 
number of receivers in the building in- 
cluding two projection receivers, one 
of which is to have a screen with an 
area of 478 square yards (equivalent 
to a screen 65 feet square) and the 
other to have an area of 120 square 
yards. The large screen receivers will 
be in the main hall with an accommo- 
dation for 21,000 people. 

HONORED AS "OUT- 
STANDING YOUNG MAN" 

Philo T. Farnsworth, recently desig- 
nated as one of the "ten outstand- 
ing young men of 1939" is shown 
at work in his laboratory -office at 
his company's new plant at Fort 
Wayne, where he is director of 

research 
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THE INDUSTRY IN 
REVIEW 

News VMS 

+ David C. Prince of Philadelphia, 
chief engineer of the switchgear de- 
partment of General Electric Company, 
for many years, has been made Man- 
ager of the Commercial Engineering 
department, succeeding the late Vice - 
President E. W. Allen. Mr. Prince has 
also been named a member of the com- 
pany's Advisory Committee and the 
Apparatus Sales Committee. His head- 
quarters will be in Schenectady . . 

The Franklin Institute of the State of 
Pennsylvania announced that the 
Franklin Medal, an award of highest 
rank in the field of pure science, will 
this year go to Dr. Arthur H. Compton, 
University of Chicago and Nobel Prize 
Winner for Physics (1927), and Dr. 
Leo H. Baekeland, chemist, founder 
and former President of the Bakelite 
Corp., New York ... Armour Institute 
of Technology, Chicago, will conduct a 
three -term summer graduate institute 
for engineers, professional men, indus- 
trialists, and educators in engineering 
and science beginning with the summer 
of 1940. It is planned to invite scien- 
tists of great distinction to lecture each 
summer on modern developments in 
engineering and science . . . General 
Electric Company announced a marked 
reduction in the list prices of all of 

Literature 

their television receivers ... National 
Production Company, Detroit, Mich., 
announce that their "Safe- Line" wire 
rope clamp has been granted the ap- 
proval of the Underwriters' Labora- 
tories ... The 16th Annual R. M. A. 
Convention and National Parts Show 
will be held from June 11th to the 
14th at the Stevens Hotel, Chicago . . . 

L. S. Brach Mfg. Corp., announce the 
election of Alexander Norden, Jr., as 
Vice -President . . . A new organiza- 
tion devoted exclusively to the making 
of fine recordings with precision in- 
struments is the Professional Record- 
ing Studios under the direction of Sam 
Snead. The studio will be located at 
1749 N. Prospect Ave., Milwaukee, 
Wis.... Dr. Alfred N. Goldsmith an- 
nounces the new location of his offices 
for technical consultation and the prac- 
tice of engineering relative to research, 
development, patents, etc., at 580 5th 
Ave., New York City . . . Microvolts 
Inc., of 212 Harrison St., Boonton, N. 
J., announces the changing of its name 
to Measurements Corp.... The corpo- 
rate title of Eisler Electric Corp., has 
been changed to Callite Tungsten Corp. 
. . . The 1000 watt Finch Facsimile 
station located at Columbus Circle, 
New York, announces a new schedule 
of its facsimile transmissions which 
will be made from 3 to 4 p.m. and from 
7 to 9 p.m. except Sunday over W2XBF 
on 43.75 Mc, and will consist of a pro- 
gram "Highlights in the News." 

Universal Catalogs. Three new litera- 
ture pieces are available. The first is 
the annual issue on microphones, the 
second on recording machines and ac- 
cessories, and the third is leaflet No. 
165 on recording and playback turn- 
tables. Universal Microphone Co., 
Inglewood, Cal. 

Characteristics Chart. RCA tubes are 
classified according to their cathode 
voltages and their function in this 
Characteristics Chart & Socket Con- 
nections bulletin on receiving tubes 
available from RCA Mfg. Co., Harri- 
son, N. J. 

House Organ. The Amphenol News is 
a new publication of American Phen- 
olic Corp., 1250 W. Van Buren, Chi- 
cago. It is intended as an engineering 
bulletin devoted to more complete dis- 
cussions of one or two of their prod- 
ucts, their method of manufacture, and 
details of usage. Vol. 1, No. 1, contains 
a description of the new miniature 
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tubes and sockets. No. 2, contains an 
item on No. 54 -2 polystyrene crystal 
holder socket. No. 3 contains informa- 
tion on 2 and 3 pole receptacles and 
plugs. Of course, other items are in- 
cluded in these news bulletins. 

New Products 
Per 
A PRECISION instrument especially de- 
signed to check all types of individual 
"A" and "B" dry batteries and battery 
packs under current load conditions is 
Model 632 Percent -O -Meter available 
from Triumph Mfg. Co., 4017 W. Lake 
St., Chicago. It has a 3 -inch meter 
scale calibrated in percent of new bat- 
tery voltage showing "Replace- Useful 
Battery -New" areas. The rotary switch 
has a selection of 11 ranges, and the 
meter comes complete with 24 -inch 
test leads, prods, instructions, and 
voltage conversion chart. 

NINE SMALL 
TESTERS THAT 

MEET EVERY NEED 
HERE is something brand new in testing 

instruments -the Simpson Micro -Tester 
line of matched instruments, which, singly 
or in combination, cover every conceivable 
requirement of sbrvicing, analyzing and 
production testing at low cost. 

The Model 280, shown above, is typical 
of the Micro -Testers' advanced engineering. 
It is the first low cost A.C. ammeter ever 
offered that combines a current trans- 
former with an indicating instrument. 

Micro -Testers have that high precision 
and lasting accuracy which is built into all 
Simpson instruments. Their compact, small 
size - 27/á'%51/q "X13/4" - makes them 
ideal for production testing, replacing or 
supplementing panel instruments. 

The Micro -Tester Line 
Model 280 -A.C. Ammeter 
Ranges: 0, 1, 2.5, 5, 10, 25 

Amperes Price $9.75 

Model 281 -A.C. Voltmeter 
Ranges: 0, 150, 300, 600 VoIts Price $9.25 
Model 282 -Ohmmeter 
Ranges: 1000, 10,000, 100,000 Ohms - 

1 and 10 Megohms Price $9.75 
Model 283 -D.C. Milliammeter 
Ranges: 0, 1, 5, 10, 25, 50, 100, 

250, 500, 1000 MA. Price $9.25 
Model 284 -D.C. Microammeter 
Ranges: 0, 50, 100, 250, 500, 1000 

Microamperes Price $9.75 

Model 285 -D.C. Ammeter 
Ranges: 0, 1, 2.5, 5, 10, 25 

Amperes Price $9.25 
Model 286 -A.C. Voltmeter 
Ranges: 0, 5, 10, 25, 50, 100, 250, 

500, 1000 Volts Price $9.75 
Model 287 -D.C. Voltmeter 
Ranges: 0, 1, 2.5, 5, 10, 25, 50, 100, 

250, 500, 1000 Volts Price $9.25 
Model 288 -A.C. Milliammeter 
Ranges: 0, 5, 25, 100, 250, 1000 

MA. Price $9.75 

GET THE NEW 
MICRO -TESTER CATALOG 

SIMPSON ELECTRIC CO. 
5212 W. Kinzie St., Chicago 

SIMPSON 
INSTRUMENTS THAT STAT ACCURATE 
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OHMITE RESISTANCE UNITS 
In the Exact Types and Sizes You Need 
Here at one source -you have at your service the largest, most 
complete stock of close control Rheostats, wire -wound 
Resistors, and high -current Tap Switches in the world, avail- 
able for quick delivery! Or, special units can be designed 
promptly for your specific application! So why worry about 
that resistance problem? Turn it over to the experienced 
Ohmite Engineers -they'll help you get exactly what you 
need, quickly, economically, dependably. 

Write today for Ohmite Catalog 17. 

OHMITE MANUFACTURING COMPANY 
4817 Flournoy Street * Chicago, U. S. A. 

e4AteuiM. OHMITE 
R H E O S T A T S R E S I S T O R S T A P S W I T C H E S 

SPECIFICATIONS 
SQLARL WAVE OUTPUT -50 volts peak to 

peak from 20- 20,000 cps. 
DRIVING VOLTAGE -5 volts into 25,000 

ohms or internal 60 cps. 
OUTPUT ATTENUATOR-0-75 db. 

SQUARE -WAVE 
GENERATOR 

A New Approach fo Audio Frequency 
and Network Testing 

I . A simplified routine or production test 
for audio equipment. 

2. A means to detect and study phase 
shift. 

3. A way to investigate transient effects 
in networks and amplifiers. 

4. A simple system to study transient 
phenomena in school and college 
laboratories. 

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

HEWLETT- PACKARD CO. PALO ALTO, 
MILL 

CALIF. 

SPECIALIZATION 
CONCENTRATION on a single line in a world of industrial 
specialization and devotion to the ideals of quality 

and service these factors. molded by years of experience. 
have won for CANNON Cable Connectors recognized leadership 
in a world market. With Cannon. the production of Multiple - 
Contact Electrical Cable Connectors is not a sideline but the 
principal and practically exclusive line on which the Cannon 
skilled factory organization concentrates. Over a quarter of a 
century of manufacturing experience is behind every Cannon 
product. CANNON Plugs are pre- eminent in the field of Sound. 
Aeronautics. Geo- physical Research. Instrument- Control on Ships 
and Laboratory Panels. 

Illustrated Bulletins contain valuable information on Plug Problems. Bulletin "P É O" 
devoted ezelusirely to Sound. Please specify your requirements when requesting Bulletin.. 

CANNON ELECTRIC DEVELOPMENT CO. * 420 West Avenue 33, Los Angeles, California * EASTERN SALES OFFICE, 220 Fifth AN, e.,NewVork,N.Y. 

Vacuum Tube Tinter 
A VACUUM TUBE TIME DELAY relay for 
processing, cycling, sequencing, limit- 
ing and delaying, Model CR7 -504, is 
available from General Electric Co., 
Schenectady, N. Y. Some of its char- 
acteristics are as follows: Voltage, 115 
to 230, 50 -60 cycles; voltage variation 
affects timing slightly; 5 per cent volt- 
age increase decreases time 3 per cent, 
and vice versa; stepless knob adjust- 
ment, with 10 divisions of full time 
range; contact rating is 1 amp at 115 
volts, 0.5 amp at 230 volts, which is 
ample for operating ordinary magnetic 
devices. The relay uses a radio tube 
which is easily replaced. The small 
over -all dimensions make location and 
installation easy. Described in Bulletin 
2902B. 

Ship Phone 
Two NEW, MARINE RADIO telephones of 
modern design are now available from 
Transmarine Radio, Inc., Hewlett, N. 
Y. The first model is the "Shiphone, 
Jr." which transmits on any one chan- 
nel and receives all channels; normal 
daylight range is 50 -100 miles; oper- 
ates from 6, 12, or 32 volts; weighs ap- 
proximately 20 lbs. "Shiphone De- 

Luxe" transmits and receives on any 
three channels; has a dial telephone 
channel selector; weighs 30 lbs. and 
has an output of 15 watts. The instru- 
ments have means for reducing ob- 
jectional noise between calls, means 
for conserving battery power, an elec- 
trolysis eliminator which protects un- 
derwater fittings, and antenna -coupler 
circuits which increase efficiency. 

Condensers 
To MEET THE HIGHER voltage require- 
ments encountered in some applications, 
three new types of wet electrolytic con- 
densers are available in 4, 8 and 16 laf 
capacities, with a 600 volt d-e surge 
rating. 

For applications calling for very 
high capacity values at very low volt- 
ages, seven popular values and voltage 
ratings are now offered in the midget 
metal -can electrolytics. The capacities 
range from 1000 to 3000 µf, with work- 
ing voltages of 6, 12 and 15 dc. 

These products are available from 
Aerovox Corp., New Bedford, Mass. 
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Why This New Litteltuse Mounting 

DOES A REAL JOB! 
No. 1237 Littelfuse Mounting 

lock nut staked 
into cover Always 

there. Never 
misplaced 

Lock nut 
slotted for 
screwdriver 

or pliers 

insulated fibre 
lined cover for 

//0-11.5 
voll' lines 

Double pole for 
two 3ACi 

fuses 

Meta/ 
shielded 

cover 
hinged to 
bakelite 

base. 
Cant get 

lost 

Strong 
sturdy ((('''` 

studs studds 

Terminal 
mounting 

extends thru 
insu /ated base 

Meets Underwriters 
requirements 

on many 
applications 

Typical of the 100 or more special and s andard 
Littelfuse Mountings, the No. 11237 offers engineers 
and designers the practical solution of some par- 
ticular mounting problem. HERE ARE THE SPECI- 
FICATIONS: 21/4" X 11/4" X 3/4" high above panel. 
Requires 11/4" x li /s" knockhole. Two 6/32" x 5 /16" 
mounting studs at 2is" center. SEND FOR FREE 
SAMPLE. Specify probable use and name of your 
company. 

LITTELFUSE INC. 
4755 Ravenswood Ave.. Chicago. III. 

"Man rid" 
made only by 

WILBUR B. DRIVER CO 
NEWARK, NEW JERSEY gift 
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Pressure Gradient 
Microphone 
THE NEW AMPERITE P.G. (Amperite 
Co., 561 Broadway, New York City) 
pressure gradient dynamic is a step 
forward in dynamic microphone devel- 
opment. The familiar mechanical sound 
due to diaphragm peaks is entirely 
eliminated resulting in natural repro- 
duction over the entire audio range 

rrrRirt... 
N lilIllPI,1; - 

Dynamic 

from 40 to 10,000 cps. It has an im- 
proved elipsoid pickup pattern which 
reduces back pickup to a minimum. The 
combination of the elipsoid pickup pat- 
tern and the flat response results in a 
microphone that will give an unusual 
amount of volume before feedback. Its 
output is high, -55 db. The P.G. dia- 
phragm follows air particle velocity 
where amplitude is a gradient of the 
pressure. In ordinary dynamics am- 
plitude is restricted from following air 
particle velocity due to the stiffness of 
the diaphragm and the enclosed cham- 
ber behind it. All models are equipped 
with a switch and cable. 

Receptacles, Plugs and 
Holder Sockets 
A NEW SERIES of specially polarized 
compact 3 -pole plugs and receptacles 
particularly suitable for use on electri- 
cal and electronic devices has just been 
announced by the American Phenolic 
Corporation, 1250 Van Buren Street, 
Chicago, Illinois. 

Bodies are molded of high -dielectric 
bakelite, and receptacle contacts are of 
phosphor- bronze. Each blade of the 
plug is set at a different angle, for 
definite polarization. Only It in. out- 
side diameter at the flange, this new 
No. 60 3 -pole series fits in the same 
mounting holes, and mountings, as the 
standard Amphenol No. 61 2 -pole series. 
The Amphenol No. 60 3 -pole series is 
listed under the re- examination service 
of the Underwriters Laboratories. 

Also available from American Phen- 
olic Corp., is a new socket for crystal - 
holders made of transparent ultra -low- 
loss Amphenol "912" (pure polysty- 
rene), which is non -hygroscopic, won't 
collect frost, and is tough and strong. 

This is the book 

you have been 

waiting for .. . 

lION 
'E<TROflVf Of 

AGE 1 Aflf O?IIIIO 

OV \ 
V. It. 11U1 ORV4tI 

G, P. ffORTOn 

TELEVISION 
THE ELECTRONICS OF 
IMAGE TRANSMISSION 

By V. K. ZWORYKIN 
and G. A. MORTON 

RCA Manufacturing Company 
From two men well known in the 
field comes a book on this newest of 
practical means of communication. 
Authoritative, well organized, written 
in direct, clear -cut English, this vol- 
ume brings to radio and communica- 
tion engineers, television engineers and 
service men more than six hundred 
pages of much needed factual material. 
The first part of the book is devoted 
to a consideration of the fundamental 
physical phenomena involved in tele- 
vision- emission of electrons, electron 
optics and fluorescent materials. This 
is followed by analyses of funda- 
mentals of picture transmission and 
resolution; various forms of electronic 
terminal tubes used in television; 
problems of video amplification, radio 
transmission and reception, etc. One 
of the most important sections of the 
book is the concluding one, in which 
the RCA -NBC television project is 
described. 

FEBRUARY 1940 
646 pages; 6 by 9; 494 illustrations 

$6.00 

ON APPROVAL COUPON* 
JOHN WILEY & SONS, INC. 
440 Fourth Avenue, New York, N. Y. 
Please send me a copy of ZWORYl[IN 
AND MORTON'S TELEVISION on ten 
days' approval. At the end of that 
time, if I decide to keep the book I 
will remit $6.00 plue postage; other- 
wise I will return the book postpaid. 
Name 
Address 
City and State 
Employed by 

For residents of the Untied States and Caaada 
only. E 5 -40 
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ConsuitJUHNSON Engineers 
Regarding Radio Frequency Components 

cos PHASING EQUIPMENT 

Many station and consulting engineers 
are now working with JOHNSON engi- 

neers on problems of modernization and new 

equipment while making preparation for the 
forthcoming frequency changes. Seventeen years 
of experience in designing and building appa- 
ratus to meet special problems is available for 
your use. We invite inquiry regarding fixed and 
variable air and pressure condensers for all appli- 
cations: special inductors and tank circuits of all 
types: design of phasing equipment for direc- 
tional antenna. Catalogues 966D and 30ID free 
upon request. 

Mc.r4act.rne44 oa Radio `%wWmiÍÍs.ry L'guip.nemt 

E. F. JOHNSON CO. 
WASECA, MINNESOTA 

EXPORT 25-WARREN ST.,NEW YORK 
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AND 

WIRE 

FORMS 

ALL TYPES ALL METALS 

A feature of our Spring Division is our 

capable staff of engineers who have solved spring problems in more 

than 300 different industries. Let us assist you with yours. * ALL KINDS UP TO 15" x 15" x Ve" 

FLAT AND DEEP DRAWN 

HUNTER PRESSED STEEL COMPANY 
LANSDALE, PENNSYLVANIA 

Transinitters and Receivers 
Two NEW products are available from 
Doolittle & Falknor, Inc., 7421 S. 
Loomis Blvd., Chicago, Ill. Mobile 
transmitters come in two models. Model 
15X uses filamentary type tubes that 
require no power from the car battery 
during stand -by periods. It was de- 
signed to help reduce the overall bat- 
tery drain when used in the average 
two -way installation. It has 20 watts 
power output and operates on fre- 
quencies between 30 and 40 mc. 

Two new models of Police Receivers 
are also available. Models PR -2C and 
PR -3C are for fixed frequency station 
use on 1600 to 3000 kc and 30 to 40 Mc 
respectively. Both have integral power 
supplies, crystal controlled oscillators, 
squelch and noise eliminator circuits. 

Photoelectric Controls 
DESIGNATED the No. 60 series, these are 
general purpose controls, useful for 
solving reliably and economically a 
number of industrial problems, such as 
those of regulating, counting, signalling 
and sorting. These new controls are 
housed in compact 9x6 ¡x4l inch bat- 
tleship grey general purpose enclos- 
ures, having half -inch knockouts in the 
bottom for power connections, and a 

fourth knockout on the top as provision 
for wiring in an external phototube. 
Rugged telephone type relays permit 
a maximum non -inductive load of three 
amps ac at operation speeds up to ten 
per sec. A microswitch to carry eight 
amps, or another contacting device 
handling 15 amps at 110 volts will fit 
the same housing. Both are available 
at slight additional cost. There are 
three models with varying applications 
and prices. This equipment is avail- 
able from United Cinephone, Long Is- 
land City, N. Y. 
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Extruded Tubing 
A NEW DEVELOPMENT in plastic ma- 
terials is an extruded tubing known as 
Iry -o -lite Type XTE -30 manufactured 
by Irvington Varnish & Insulator Co., 

24 Argyle Terrace, Irvington, N. J. 
It is particularly useful in automotive, 
aviation, communication, electrical, in- 
strument, marine, radio, and other 
fields where flexible tubing plays an 
important part in wire insulation 
against heat, moisture, oils, etc. 

Transmitting Tube 
RCA MANUFACTURING CO., Harrison, 
N. J. have available the RCA -829, a 
push -pull, beam power amplifier tube 
having a total maximum plate dissipa- 
tion of 40 watts. Efficiency is made pos- 
sible at the ultra high frequencies by 
the balanced and compact structure of 
the two units -internal shielding and 
close electrode spacing. The internal 
leads are short and heavy in order 
to minimize internal lead induc- 
tance. The terminal arangement pro- 
vides insulation and is designed to fa- 
cilitate symmetry of circuit layout. 
The heaters are arranged to allow op- 
eration from either a 12.6- or a 6.3- volt 
supply. 

Modulation Monitor 
MODEL 1696A, WAS DESIGNED by Triplett 
Electrical Instrument Co., Bluffton, 
Ohio, for maximum efficiency in voice 
transmitting stations. The carrier ref- 
erence level has only one adjustment 
for operating calibration, the per cent 
of modulation on the high -speed meter 
has fast upswing of meter pointer and 
slow downstroke, an instantaneous neon 
flasher indicates when per cent of modu- 
lation has been exceeded, and settings 
can be from 40 to 120 per cent. Other 
features include balance control per- 
mitting interchangeability of tubes, 
temperature compensation, 3 -step line 
voltage adjustment for maximum effi- 
ciency from 100 to 130 volts, 50 to 60 
cps a -c line. 

Carbon -X 

THIS IS A COMPOUND to fix noisy carbon 
controls. It is available from General 
Cement Mfg. Co., Radio Div., Rockford, 
Ill. 
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QUALITY WORKMANSHIP PAYS! 
YPICAL of the outstanding skill and craftsmansiip that as made 
KENYON the leader is this fine example of our multi shielded, humbuck- 

ing transformer. Just the comparatively simple process of anneaing after 
bending and forming to remove shearing strains makes this uni: tops in 
performance. And just compare the Price! 

Kenyon P -202 
Multiple P-i,ia.ry to Single Grid. 

Response Plus or minus 2 db 30 to 15,000 
cycles, shieldirg 90 db. Cons-suction: 
Fully poured, vacuum varnish impreg- 
na t ed. 

LIST PRICE: $12.00 

Kenyon P -203 
Multiple Primary to Single Grid. 

Primary and frequency response same as 
P -202. Secondary 100,000 ohms to P P 
grids. 

LIST PR CE: $16.00 
NEW en A i LOG rir..rvibior, ribose FIRE upon request. 

SEE A. KEN)-ra D1 uIY RI Toll TOD.I1" OR WRITE DIRECT. 

KENYON TRANSFORMER CO., INC. 
840 BARRY S. - - - Offices in Principal Cities - - - NEW YORK, N. Y. 

TIME -TESTED and PROVEN 
1 

Series 
110 AC 
Relay 

PERFORMANCE 
* Series I10-AC Relay by Guardian, illustrated, is a time- tested and proven control 
unit with a wide range of general applications. Simply constructed -compact- sensitive 
-quickly and steadily responsive with full wiping action of pure silver contacts -low- 
priced. These are the factors that assure dependable low -cost performance of Relays by 
Guardian. 

RELAYS BY GUARDIAN... 
Designed singly, with hundreds of contact combinations available. Furnished in com- 

plete control assemblies from 3700 standard Guardian parts- synchronized each to the 
other and to your machine. High peed production lines turn out ANY QUANTITY AS 
YOU WANT THEM WHEN YOU WANT THEM -with a plant within a plant to produce 
those few control units you need at once. 

Quantity orders produced in three days time -or faster wit,, overnight shipments to 
every industrial center. Write 

GUARDIAN ELECTRIC 
1625 W. WALNUT STREET CHICAGO ILLINOIS 
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HELPED US PERFECT 
ri4044/ THIS NEW RECORDER..! 

The new F -26 -3, just out, was perfected on 
the firing line. It meets the demands of engi- 
neers for a precision instrument, simpler to 
operate and easier to service: 

Amazing new cutterhead and network with a frequency response -flat to 
8.000 cycles (also available to fit Unit 199 and 220 Recorders, Model 2) 

Instantaneous variation of pitch and direction of cut eliminate expen- 
sive feed screws -a Fairchild exclusive 16" dynamically balanced 
turntable with direct synchronous drive assures split- second timing 
Instant change from 78 to 331/3 r.p.m. New recording scale in minutes 
for all pitches and both OUT -IN and IN -OUT Floating motor mount 
eliminates all vibration. 

SEND TODAY FOR LITERATURE 

.. it had to satisfy Fairchild ' . 
first" 

Sound Equipment Division 

AERIAL CAMERA CORPORATION 
88 -06 Van Wyck Boulevard, Jamaica, L. L, N. Y. 

LOWERMOST 
y[HARGER 

NEW GUYED 

VERTICAL 
RADIATOR 
A new and improved guyed 
tower designed for com- 
mercial radio stations. Uni- 
form cross section. Liberal 
safety factor. Low erection 
cost. Wincharger tower 
now used and endorsed by 
numerous commercial and 
government stations. 

APPROXIMATE COSTS 
Following prices include 

towers furnished with pre- 
fixed guy sockets (except 
200 foot tower), Lapp base 
insulators, high strength 
guys, guy insulators, turn- 
buckles, and paint: 
200 FT. TOWER *$67500 
240 FT. TOWER *$152500 
300 FT. TOWER *$210000 
* F.0. B. Sioux City, loua, less 
lighting and erection Costs. 

WRITE for Complete Details In- 
, Gilding Stress Analysis on Towers 

soft pedal on 
A BIG FEATURE 

We say very little about the un- 
commonly low prices here at 
Lafayette. Not that you can't save 
plenty- ordering from us. But you 
are interested mainly in service. 
You want a particular radio item. 
It may be old as the hills ... it may 
be new as television. You want it 
fast) That's why we've been stress- 
ing our lightning 24 hour delivery 
service and our complete stock of 
"everything in radio ". But the 
money you save is worth mention- 
ing, too. Have you a copy of our 
latest catalog, No. 78? It's FREE. 

WINCHARGER 
C O R P O R A T I O N 
SIOUX CITY IOWA 
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NEW YORK CHICAGO ATLANTA 
too Sixth Avenue 901 W.Iackson Blvd. 765 Peachtree St. 

BOSTON NEWARK JAMAICA. L I. BRONX, N. Y. 

Ile Federal St. 24 Contra! Ave. 90,08 361h SI. 542 E FNdham Rd. 

U -H -F Aircraft Receiver 
THIS RECEIVER, made by Radio Receptor 
Co., 251 West 19th St., New York City, 
was designed in accordance with CAA 
specifications, and is intended for re- 
ceiving both radio range and speech 
signals in the frequency ranges 60 -66 
and 123 -132 Mc. Provision is made for 
continuously variable tuning through- 
out both of these frequency ranges. It 
also provides for crystal controlled re- 
ception on any two frequencies in the 
123 -132Mc range. Reception on either 

crystal controlled frequency can be 
obtained by merely operating a switch, 
and without any tuning operation. The 
receiver can be switched from manual 
tuning to crystal control and back to 
manual tuning without disturbing the 
adjustment of the manually tuned por- 
tion of the receiver. 

Radio Receptor also makes a 75 -Mc 
marker receiver which gives indications 
of signals from fan, cone, and ap- 
proach markers which operate on a 
frequency of 75 -Mc, and employ modu- 
lation as follows: 3000 cps for fan end 
cone, 1300 cps for inner instrument 
landing marker and 400 cps for outer 
instrument landing marker. 

Resistors and Controls 
A LINE OF GENERAL- UTILITY voltage - 
dropping resistors is announced by 
Clarostat Mfg. Co., Inc., 285 -7 N. 6th 
St., Brooklyn, N. Y. Series HT units 
are now available in any resistance and 
wattage rating from 100 watts up. 
They can be used for any voltage -drop- 
ping or current -regulating purpose, 
such as the operation of 110 -volt equip- 
ment on 220 -volt supply, the dimming 
of photo -flood lamps, the operation of 
soldering irons and electric motors, and 
so on. A Clarostat Greenohm power 
resistor is the heart of this device. 

Volume controls with serrated shafts, 
for quick and exact replacement of 
controls having the knurl and slot 
shafts, are also available. These Series 
KS controls are of the popular Claro- 
stat midget type, and permit replace- 
ments without having to replace the 
slip -on knobs as well. Series KS units 
are available in all required resistance 
values. 

May 1940 - ELECTRONICS 

www.americanradiohistory.com

www.americanradiohistory.com


OXFORD 
Speakers 

The Choice of those 
who keep a step ahead 

New Sizes New Types 

Lower Cost Higher Quality 

Four essential reasons why OXFORD 
speakers are the choice of engineers, 
designers and producers of leading 
products in the radio and sound in- 
dustries. 
Built to the most exacting require- 
ments, OXFORD speakers are known 
for their low initial cost and long 
trouble -free service. 

Accepted jam, 
by I 

Sound Judgment 

Your specifications will have our immediate 
attention; or write Dept. E -3 for general de=scrip- 
tive bulletin. 

o H FORD- TnRTfH 9r ;ß 
R A D I O C O R P O R A T I O N . B, 
915 W. VAN BUREN Sr . CHICAGO, U. 5 A 

Fqs 

0 to 135 

VOLTS 

stepless 
VOLTAGE REGULATION 
No laboratory is compllete without a means 
of stepless voltage control such as provided 
by the Acme Voltrol. Manually operated, 
the Acme Voltrol provides for stepless regu- 
lation of A. C. voltage from 0 to 135 volts. 
For production line testing this unit has no 
comparison. Put voltage control on all test 
boards and discover the performance char- 
acteristics of your product under all voltage 
conditions. The NEW Voltrol is lower priced 
than ever. 

Inquiries invited from manufacturers who 
use small, special characteristic transform- 
ers in quantity. 
THE ACME ELECTRIC & MFG. CO. 
31 Water Street Cuba. New York 
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Coils 
SPECIAL AND PRODUCTION -RUN coils for 
all purposes, including industrial equip- 
ment, radio electrical communication, 
telephone, telegraph, television, signal- 

Ova A " 
ing, airplane, X -ray equipment and 
other apparatus are being manufac- 
tured by Electricoil Co., Inc., 8 Varick 
St., New York City. 

Variable Frequency Exciter 
THE PURPOSE of Model Vari -X, avail- 
able from Bliley Electric Co., Union 
Station Bldg., Erie, Pa., is to provide 
a variable frequency exciter having the 
frequency stability of a crystal con- 
trolled oscillator. The Vari -X is basi- 
cally a crystal controlled oscillator, 
designed for use with Bliley's VF2 
Wide -range Variable Crystal Unit. It 
is intended for installation at the station 
operating position. For ease of oper- 
ation, a sloping front panel is used. 
Coupling to the transmitter is accom- 

plished by means of a concentric cable 
supplied with each instrument. A 2 
prong plug is furnished such that the 
cable can be connected to the plug and 
the Vari -X plugged into the present 
crystal socket in existing transmitters. 
The Vari -X has its own power supply 
which works from 110 volts 60 cycles 
a c. This 83 meter crystal unit has a 
total adjustable frequency range of 
approximately 12 kc. The variation 
approaches 24 kc when frequency 
doubling to 40 meters, and 48 kc when 
quadrupling to the 20 meter band. 

SENSITIVE ELECTRONIC 

AC VOLTMETER 
MODEL 300 

10 to 100,000 cycles 
Range .001 to 100 volts r.m.s. 
Logarithmic voltage scale 
A -C operation, 115 volts 60 cycles 
Accurate and stable calibration 
New principle of operation 
Write for Bulletin 2G for complete data 

Ballanline Lim-dories, Inc. 
BOONTON NEW JERSEY 

E. A. RIETZFE Á l'ItEfS. OF CREI 

Our own "coasf fo coast network" 
of CREI men io more than 

300 Radio Stations 
-is proof that 

CREI training pays! 
Chief engineers want men who possess 

modern technical training. The fact that 
men in more than 300 broadcasting sta- 
tions select CREI training is evidence 
that our graduates make good. CREI 
+raining in Practical Radio and Tele- 
vision Engineering is available in home 
study and residence courses. Just "ask 
any engineer" what he thinks of CREI 
training -and you'll be convinced that 
we can provide you with the specialized 
training that leads you to a better job 
and greater income. 

Write for FREE 
New illustrated booklet 

"A Tested Plan for 
A Future in Radio" 

LI our effort to intelligently 
answer your Inquiry - please 
state briefly your background, 
education and present position. 

CAPITOL RADIO 
ENGINEERING INSTITUTE 
DEPT. E -5, 3224 -15TH ST. N.W., WASH., D. C. 
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New 
The Library now 
comprises a re- 
vised selection of 
books culled from 
leading McGraw - 
Hill publications 
in the radio field. 

McGraw -Hill 
RADIO 

ENGINEERING 
LIBRARY 

- especially selected by radio specialists of 
McGraw -Hill publications - to give most complete, dependable cov- 
erage 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 
theory, networks, measurements, and other 
subjects -give specialized treatment of all 
fields of practical design and application. 
They are books of recognized position in the 
literature -books you will refer to and be 
referred to often. If you are a researcher 
or experimenter -if your interest in radio Is 
deep -set and based on a real desire to go 
further in this field-you want these books 
for the help they give in hundreds of prob- 
lems throughout the whole field of radio 
engineering. 

5 volumes 3319 pages, 2298 illustrations 

1. Eastman's FUNDAMENTALS OF 
VACUUM TUBES 

2. Terman's RADIO ENGINEERING 

3. Everitt's COMMUNICATION ENGI- 
NEERING 

4. Hund's HIGH -FREQUENCY MEAS- 
UREMENTS 

5. Henney's RADIO ENGINEERING 
HANDBOOK 

Special Low Price and Easy Terms 

Bought singly, the five volumes comprising 
this library would cost you more. Under 
this offer you save money and. in addition, 
have the privilege of paying In easy install- 
ments beginning with $2.60, 10 days after 
receipt of the books. and 13.00 monthly there- 
after. Already these books are recognized as 
standard works that you are bound to require 
sooner or later. Take advantage of these con- 
venient terms to add them to your library now. 

SEND 1'l1IS ON Al'I'It0\'A1. COU PON 

McGraw -Hill Book Co., Inc. 
330 W. 42nd St.. New York, N. Y. 

Send me the McGraw -Hill Radio Engineering Library 
5 vols., for 10 days' examination on approval. In 10 
days I will send 22.50. plus few cents postage, and 
13.00 monthly till $23.50 is paid, or return books post- 
paid. (We pay postage on orders accompanied by 
remittance of first installment.) 

Name 

Address 

City and State 

Position 

Company L -5 -90 

(Books sent on approval in II. S. and Canada only.) 
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Descriptive circular D -2 can be ob- 
tained from any Bliley dealer or di- 
rectly from the manufacturer. 

Electrical Stepping Switch 
Coro -COIL Co., INC., 71 Willard Ave., 
Providence, R. I., have introduced a 
unique magnetic stepping switch for 
performing complicated switching oper- 
ations. The motor unit is energized 
by momentary impulses from a push 
button and drives the switch sections 
through their predetermined sequence. 

One adaption of the basic unit is to a 
bandswitch turret for changing the 
operating frequency of a radio trans- 
mitter by remote control. Various com- 
binations of poles and contacts make 
it possible to adapt this switch to most 
any kind of a radio or industrial switch- 
ing problem. Outstanding features are 
the versatility and low price. 

Marine Filters 
THE J. W. MILLER Co., 5917 S. Main 
St., Los Angeles, Cal., have announced 
a complete line of marine filters with 
current carrying capacities of 5 to 350 
amps. The units are designed for 
the optimum inductance -capacity ratio, 
using dual inductances in ea i side of 
the line and high voltage paper con- 
densers. Type 7874 filter which is rea- 
sonably priced, was primarily designed 
for use in one side of the battery line 
of ignition systems though it may be 
effectively employed as a general utility 
filter in circuits carrying less than 10 
amps. By shielding the engine with a 
hood made of durai or copper and using 
the type 7874 filter, all ignition inter- 
ference can be surpressed. Further in- 
formation on noise suppression is avail- 
able from Paul O'Connor, Chief Engi- 
neer of the Miller Co. 

Relays 
A NEW LINE OF RELAYS designed es- 
pecially for radio -frequency and high 
voltage application have been an- 
nounced by Standard Electrical Prod- 
ucts Co., 317 Sibley St., St. Paul, Minn. 
These units are low priced and may be 
used for general control purposes. A 

New Atlas Boom 

with the GREATEST of EASE 
* AT THE TOUCH OF A FINGER TIP . . 

"Floating Action" enables you to guide 
your microphone horizontally or vertically 
to any point . . high overhead . . 

close to the floor . in 360° circular 
sweeps. * Vertical telescoping action 
controlled by positive -lock "Velvet Action" 
clutch mechanism. Boom section can be 
easily removed if conventional floor 
stand is desired. All adaptor fittings for 
various types of microphones supplied. 
Finish super- chrome and opalescent gun- 
metal shrivel. Weight 35 lbs. 
Model BS -35 BOOM .. List Price $45.00 
* Special microphone supports designed 
and built to specifications. CATALOG 
F -90 describes a complete line of floor 
stands for every microphone application. 

ATLAS SOUND 
CORPORATION 

1442 -39th St., Brooklyn, N. Y. 

0NGS 
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bulletin, Amateur Data Sheet A -2, lists 
and gives an illustration with complete 
data on four different types of relays 
such as r -f and remote control, an- 
tenna change -over, break -in, and com- 
munication relays. 

Contact Selector Switch 
AN ENCLOSED SOLID SILVER contact 
selector switch with 11 contacts, 2 
sections, has been announced by Shall - 
cross Mfg. Co., 10 Jackson Ave., Col - 
lingdale, Pa. This rotary selector 
switch, mounted on a beveled bakelite 
panel, housed in a cast aluminum box, 
with an etched dial, is particularly 
designed to work as a selector switch 
in connection with the thermocouple 
and any other instrument circuit or 
where an unusual amount of current 
must be broken in a small switch. 

Multi -range Ammeter 
SIMPSON ELECTRIC CO., Chicago, an- 
nounces that a current transformer 
and an indicating instrument have 
been combined in a small a -c multi - 
range ammeter that sells at a low price. 
Known as "Micro- Tester" Model 280, 
this instrument provides readings in 
any of the five different ranges, from 
fractions of an amp up to 25 amps. 
Pocket -size, it measures only 21 x 51 x 
lá ins, and weighs just 20 ounces. 

Television 
and the F.C.C. 

(Continued from page 13) 

The important point is that the 
total range of number of lines within 
which the system can operate on 
a 6 -Mc channel is roughly from 500 
to 750 lines, assuming corresponding 
frame rates from 30 to 15 frames 
per second. This range is small 
enough to be accommodated in sweep 
and sync circuits without major diffi- 
culty, especially since the number 
of lines formed per second remains 
in the range from about 10,000 to 
15,000 per second. 

The question then resolves itself 
to the more basic and technically 
difficult problem of deciding the 
frame rate. Here there seems to be 
the biggest room for argument, be- 
cause the result depends on psy- 
chological factors. The human eye 
can detect flicker, unevenness of mo- 
tion, and smearing of motion at 
some point as the frame rate is de- 
creased, but the exact point at which 
these effects are noticeable depends 
on the eye in question, the brilliance 
of the picture and its surroundings, 
the storage characteristics of the 
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Varying Input Voltage 

95 -130 VOLTS 
Constant Output Voltage 

115 VOLTS _,% n 

INSTANTANEOUS ACTION NO MOVING PARTS 

When a precision electrical device or a critical process is powered from 

an AC line, a Raytheon Voltage Stabilizer will permanently eliminate 

all of the detrimental effects caused by AC line voltage fluctuations. 

Made for all commercial voltages and frequencies, single or three phase. 

Raytheon's twelve years of experience in successfully applying the 

Stabilizer to hundreds of perplexing voltage fluctuation problems is at 

your service. It will pay you to take advantage of our engineering skill. 

Write For Bulletin DL48 -71 JE describing Raytheon Stabilizers. 

RAYTHEON MANUFACTURING CO. 
loo Willow Street, WALTHAM, Massachusetts 

r PMANFNT MAGNE?! 
ALL SHAPES - ALL SIZES 

FOR ALL PURPOSES 
Stamped, Formed, and Cast; Chrome, Tung- 
sten, Cobalt and ALNICO ** (cast or sin- 
tered) under G. E. license. 

THOMAS & SKINNER 
STEEL PRODUCTS COMPANY 
1116 E. 23rd STREET INDIANAPOLIS, INDIANA 

Laminations for Radio Transformers - Tools 
Dies - Heat Treating - Stampings 

39 YEARS EXPERIENCE 

NEW SUPER HI -POWER GENEJMOTOR 
for Heavy Duty Service 

Sets a new high standard for Powe Units ased on Marine, 
Police, and Aircraft Radio. The exce3tional Hi Ek- \ ciency, small size, and light weight are the result of a 

1 new type, one piece field ring, and crmature design. 
Grease packed ball bearings respire no oiling or atten- 
tion. Double enamel and silk wire on armature insure 
trouble -free operation; end dust cover removable. Mace - in two sizes, 150 and 225 watt output, up to 1000 volts, 
input 5.5 volt and up. 

150 Watt, Weight 131/s lbs. There is a Carter Genemotor or CoaHerter for every 
11 /2- Lonsi,41 /s' Wide,5 "High requirement. Write for further infoimatior 

CARTER MOTOR CO. 
1606 MILWAUKEE AVENUE CHICAGO, ILLINOIS 
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Where Performance Counts 

Look to "PRECISION" 

NEW 
Series 832 

31 RANGE 

ROTARY 
SELECTIVE 

AC -DC Multi - 

Range Tester 

* Incorporates the LARGEST METER (3%" wide) 
ever provided in an instrument of compact size. 

* An ideal PRECISION instrument built to withstand 
constant abuse and rough handling in services to 
which compact instruments are routinely applied, as 
in the laboratory, test room, production checking and 
trouble shooting. 
* SCALE LENGTH, VISIBILITY and EASE OF 
READING never before obtainable in small, low - 
priced multi -range testers. 
* 31 AC -DC RANGES at ONLY TWO polarized pin 
jacks, except the higher AC & DC voltages. 

fi DC voltage ranges at 1000 ohms per volt: 
0- 6/30/150/300/600 /1200 volts 

6 AC voltage ranges at 500 ohms per volt : 

0- 12/60/300/600/1200 /2400 volts 
4 DC current ranges to 1200 mils. 
3 OHMMETER ranges to 5 MEGS, up to 500M 

ohms on internal battery. 
6 DECIBEL ranges ( -10 to +62 DB) 
6 OUTPUT ranges to 2400 volts 

PRECISION BÛILT! -1% wire wound bobbins -I% 
matched metallized multipliers - individually sealed 
calibrating controls- "Precision" construction -etc. 
Furnished in hardwood walnut finishedcase, (7 "x4t /z" 
x3 ") with leather handle, complete with batteries but 
less test leads. 

NET SELLING PRICE $14.95 

Series 920 
Combination 

Dynamic 
Mutual 

Conductance 
Type Tube 
Tester and 

33 RANGE 
Rotary Selective 

AC -DC 

Multi -Range 

Set Tester 
A compact, complete, single unit ELECTRONIC 

LABORATORY, incorporating a full sized 4s/a ", 400 
microampere, square type meter with panel size only 
10%x12 inches overall. 

An invaluable adjunct in the laboratory, produc 
tion department or maintenance division- incorporates 
a complete DYNAMIC MUTUAL CONDUCTANCE 
type tube tester with double filament position and 
individual element selection, dual window roller chart, 
etc. Extreme circuit flexibility provides maximum 
freedom from obsolescence.- PLUS -a full bodied 33 
multi -range AC -DC circuit tester providing AC -DC 
voltage measurements to 3000 VOLTS -DC current 
ranges to 12 AMPERES -self- contained resistance 
ranges to 10 MEGORMS -DB readings from -10 to 
+64- output indications to 3000 volts. 

Furnished complete with battery and test leads in 
hardwood walnut finished carrying case as Series 920P 
(illustrated) or in standard panel mount as Series 
920PM. 

NET SELLING PRICE $53.95 

Tr 1 11"1111?1 Trif .r.M111'°?17AETT 
Stows Otto' ass SEE THEM AT YOUR JOBBER 

PRECISION APPARATUS COMPANY 
647 Kent Avenue Brooklyn, New York 

Export Div.: 458 Broadway, New York, U. S. A. 
Cables: Morhanex 
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camera and picture tubes, and a num- 
ber of other less important factors. 
One thing can be stated clearly: 
each of these difficulties becomes less 
serious as the frame rate is in- 
creased. But as the frame rate is 
increased the number of lines, and 
the picture detail, must go down for 
a given channel width. So no higher 
a value of frame rate is to be chosen 
than is absolutely necessary. 

What is the case for the three 
proposals? DuMont's 15 per second 
rate is the lowest of the three, and 
hence permits the greatest picture 
detail. But there are grave doubts 
whether a truly flickerless picture 
can be produced at this rate, es- 
pecially if the brilliance of repro- 
duction is increased in the future 
by improvements in cathode -ray 
tubes. DuMont has developed a "re- 
tentive" fluorescent screen of long 
persistence which reduces the flicker 
to a marked degree, but some flicker 
is observable, and unless the reten- 
tivity characteristic is properly 
chosen, the storage action of the 
screen tends to smear the motion. 
In addition, rapidly moving objects 
scanned at 15 frames move across 
the screen in jerks of motion which 
are exactly twice as large as they 
would be if scanned at 30 frames per 
second. The DuMont proposal is 
worthy of a public test, which it will 
get according to present plans, but 
it is by no means established as the 
final answer to the scanning problem. 

The Philco proposal of 24 frames 
per second has considerable stand- 
ing because the movies have found 
24 frames suitable for professional 
purposes. The flicker problem and 
the smeared- or uneven -motion prob- 
lem are probably not noticeably dif- 
ferent from those encountered at 
30 frames. But a rate of 24 frames 
per second presents difficulties when 
the power supply frequency is 60 cps. 
Extra filtering in the rectifier cir- 
cuits, and extensive magnetic and 
electric shielding must be employed 
to avoid interaction between the 60 
cps ripple and the 24 cps frame rate. 
If there is any such interaction, the 
scanning pattern may be rapidly dis- 
placed horizontally and the horizon- 
tal detail thus impaired. Moreover, 
if the lighting employed at the pro- 
gram pick -up point is operated on 
60 cps power, and the scanning at 
24 frames per second, a rapidly - 
moving flickering may be produced 
due to the asynchronism between 

PROFESSIONAL 

SERVICES 
(Rates on Application) 

BROWNING 
LABORATORIES, INC. 

Design -Development -Construction 
Electronic Apparatus of all Types 

Radio-Amplifiers-Controls 
Frequency Modulation Equipment 

750 Main St. Winchester, Mass. 
Phone: Win. 2121 

ELECTRICAL TESTING 
LABORATORIES 

Characteristics 
of Vacuum Tubes 

Tests of photo cells, glow lamps. crater lamps. 
Tests of electronic and optical devices 

East End Avenue and 79th Street 
New York, N. Y. 

Phone: Butterfield 8 -2000 

INTERNATIONAL ELECTRONICS, INC. 

DESIGN AND DEVELOPMENT 
Radio Television 
Sound Electronics 

MANUFACTURING METHODS 
Condensers Tubes Resistors 
Vibrators Lamps Speakers 
630 Fifth Avenue New York, N. Y. 

Cable: Interengin, New York 

HAROLD J. McCREARY 
Mom. A.I.E.E. & W.S.E. 

Consulting Engineer 
Laboratory Facilities 

Research Electronics 
Development Television 
Design Radio 
Factory Practice Railroad Signaling 
Patent Studies Telephony 

105 W. Adams St. Phone Slate 4003 Chicago, Ill. 

F. H. SHEPARD, JR. 
CONSULTING ENGINEER 

ELECTRONIC APPLICATIONS 
Specializing In: 

Industrial Control Special Amplifier Design 
Follow -Up Devices Photoelectric Applications 

Radio and Carrier Operated Remote Control 

6167 Cedar Ave.. Merchantville, N. J. 
Telephone Merchantville 1111 

PROFESSIONAL 

ASSISTANCE 

In the solving of your 

most difficult problems 

in the highly special- 

ized field of electronic 

devices is offered by 

consultants whose cards 

appear on this page. 
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7h4 
JUNE ELECTRONICS WILL COVER 

RADIO PARTS 

Na r al T4ad4 S1ow 

CHICAGO 
Hotel Stevens, June 11, l2, 13 

doubling the effectiveness of your advertising dollar by reaching 
the TWO focal points of your June Sales Activity without extra cost 

DISTRIBUTION AT BOTH THESE SHOWS WILL BE EXTRA AND 
ABOVE THE MORE THAN 14,800 REGULAR PAID SUBSCRIBERS 

AND ESTIMATED 54,000 PASS -ON READERS 

Manufacturers in the electronic industry have always con- 

centrated their most important Spring sales messages in 

the big convention issue of ELECTRONICS. This year their 

advertising dollar invested in June ELECTRONICS will go 

twice as far, reaching engineers and executives at both 
Spring Conventions. 

Telling your sales story through JUNE ELECTRONICS to the 

engineers and executives at the two shows is the most 

effective single opportunity you have to influence sales 

for the coming summer and fall. 

Don't miss this opportunity - and don't undersell it. Use 

sufficient advertising space to show your products and tell 

your sales story effectively to this interested and attentive 

buying audience. 

WARNING: In order to distribute copies of JUNE ELECTRONICS on June 
11th at the Chicago Show, we must have all copy in our hands by May 

29th at the latest. We suggest starting your copy now. 

JUNE 2rasGle G' 9 ELECTRONICS 
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iFiIÌ,R9IIIT'd,H1IEIIIIIFIJlol11®iIFIIIE,I1E,í,ITdRON Jk°s p! . s 
NEW/PILOT LIGHTS 

Send for sample of NEW #555 small 
instrument type PILOT LIGHT ASSEMBLY. 
Jewel is only %6" in outside diameter. 

A necessity where space is limited. 

WRITE FOR NEW CATALOGUE 

UNDERWRITERS 
APPROVED 
MODEL 100 

MANUFACTURED BY 

DIAL LIGHT CO. OF AMERICA, Inc. 
NATIONAL SALES AGENTS 

F. EDWIN SCHMITT SALES COMPANY 
136 LIBERTY STREET, NEW YORK, N. Y. 

SEND FOR 
SAMPLE 

NEW 555 

We manufacture a complete line of equipment 
SPOT WELDERS, electric, !rom 'k to 500 KVA A.C. ARC 
TRANSFORMERS, special and standard types WELDERS 
INCANDESCENT LAMP manufacturing equipment From 100 to 
RADIO TUBES, ex-ray, cathode ray, photo cella 400 Amps. 
FI,ECTRONIC EQUIPMENT, vacuum pumps, etc. 
TUNGSTEN SLUGS, rod and wire manufacturing equipment 

GENERAL GLASS working machines and burners 
COLLEGE GLASS working units for students and laboratory 

EISLER ENGINEERING COMPANY, CHAS. EISLER, Pres. 
751 So. 13th St. (near Avon Ave.) Newark, New Jersey 

We offer 
you 

a well 
constructed 

RHEOSTAT with 
self -lubricating 
contact Brush 
Write for catalog fo 

Rex Rheostat Co. 
37 W. 20th St. New York, N. Y. 

A C T O N E 

CUTTING STYLI 
For recording direct on all coated aluUi. 
num or paper base discs. Individually 

lapped for a quiet, high quality cut. 

`H. W. ACTON CO., Inc., 370 7th Aire., New York 

ELECTRON TUBE PARTS 
QUALITY AU Types EST. 18 YEARS 

Seal Finish Tungsten Welds 
Tungar Welds Coil Springs 
Filament Hooks Bases 
Spot Welders Caps 

Stem Wire Cutting & Forming Machines 

"The EngineeringCo."of Newark,N.J.,Inc. 
Daniel Kondakilan, Pres. 

59 Branford Street Newark, N. J. 
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SHELF and SLOPE 
Constant impedance 

EQUALIZERS 
Engineered to your specifications 

HOLLYWOOD TRANSFORMER CO. 
7364 Melrose Ave. Hollywood, Calif. 

VACUUM TUBES AND 
ELECTRONIC DEVICES 
Design, Development and Construction of 

tubes and circuits. 

VACUTRON, INC. 
2819 12 St. South Arlington, Va. 

FINE RIBBONS 
of Tungsten, Molybdenum and 

Special Alloys 
To your specifications 

H. CROSS 
16 BEEKMAN ST. NEW YORK 

MICROMETER checking 
FREQUENCY transmitters, 

from 13 to 56 mc., 
METER within 0.01 per cent. 

LAMPKIN LABORATORIES - Bradenton, Fla., U. S. A.- 

New "CONTACTS" Advertisements 
must be received by May 24th to appear 
in the June issue. 

Address copy to the 
Departmental Advertising Staff 

Electronics 
380 West 42d St., New York City 

the scanning rate and the flicker 
rate of the lamps. If the thermal 
inertia of the lamp filaments is large, 
the 60 cps flicker in the light source 
may be small enough to permit scan- 
ning at 24 frames, but on outside 
broadcasts it is not always possible 
to arrange for such lighting facili- 
ties. In studio practice, operation 
of the lamps from a direct current 
source is usual to avoid this prob- 
lem, and is considered good practice 
even when the frame rate is 30 cps. 
When the frame rate is 30 cps, the 
scanning rate and the lamp flicker 
rate are synchronous and the only 
observable defect is a motionless 
change in shading from top to bot- 
tom of the picture, which may be 
corrected by a fixed setting of the 
shading- correction controls. Thus the 
24 per second frame rate is not an 
ideal solution either, although it does 
permit higher picture detail than the 
30 frame rate, if all other factors 
are under control. 

The R.M.A. proposed rate of 30 per 
second, it is generally agreed, is free 
from the difficulties due to flicker 
and asynchronism with 60 cps power, 
which are associated with the other 
two proposals, but it does limit the 
picture detail to about 500 lines at 
the most. The difference between a 
507 line picture and a 625 line pic- 
ture, corresponding to a difference 
of frame rate of 30 and 15 per 
second, respectively, is definitely no- 
ticeable, especially when the two pic- 
tures are compared side by side. But 
the difference is not one of major 
proportions, certainly not serious 
enough to cause a complete upset 
of the industry if one value is de- 
cided on now and the other found 
equally practical at a later time. A 
really important change in picture 
detail would occur if the number of 
lines could be doubled, but this is 
not possible within the six -megacycle 
channel, which it is agreed is the 
maximum we can think of assigning 
on frequencies lower than 100 Mc. 
The frequencies above 100 Mc are 
another story, but these frequencies 
are not in question at the present 
time. They are to be reserved for 
experimentation and the eventual de- 
velopment of a wholly new and im- 
proved television service, provided 
that the engineers can lick the very 
real problems which now prevent 
their use for broadcasting purposes. 

At the present time, your editors 
are not prepared to say without 
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reservation which of the proposals 
has the greatest merit. If asked 
to hazard a guess, however, that 
guess would be that a revision of 
the R.M.A. standards to 507 lines, 30 
frames would be the best engineer- 
ing compromise at present. How- 
ever, the proponents of the other 
proposals have the right, and it ap- 
pears the opportunity, to prove this 
judgment wrong. 

The question remains of what to 
do with the two or three thousand 
receivers now in the hands of the 
public, if any change in the R.M.A. 
standards is made. The simple 
change from 441 lines to 507 lines 
could be accommodated without cir- 
cuit alteration in a great majority 
of these receivers, except that in 
magnetically scanned units, the pic- 
ture width would be reduced some - 
what, and this effect might not be 
capable of being counterbalanced by 
adjustment of the scanning width 
control. In that event, the horizon- 
tal scanning output tube might be 
replaced by a tube of higher mu and 
greater current capability or some 
similar method evolved to permit the 
change with a minimum of annoy- 
ance to the receiver owner. In any 
event, a solution to the whole prob- 
lem can be found, using methods 
now available to the industry. More- 
over, if it appears expedient to re- 
tain the present R.M.A. standards, 
no great harm will be done, because 
these standards very nearly approach 
the full capabilities of the 6 -Mc chan- 
nel. If, however, the lower frame 
rates are proved feasible, and greater 
picture detail is thus made available, 
the fact that a mere 2000 to 3000 re- 
ceivers are outstanding should not 
be allowed to stand in the way. Many 
of these receivers (15 per cent of 
them by N.B.C. estimates) are home 
built and hence capable of alteration 
by the original builder. Of the re- 
maining receivers, 52 per cent are ac- 
counted for by two manufacturers, 
who could recall these receivers for 
revision at moderate cost, or possibly 
at no cost, provided that the way to 
greater sales was open and a rea- 
sonable market assured. In any 
event, there is every reason to be- 
lieve that the proper standards re- 
quired to utilize the 6 -Mc channel 
most fully can be found quickly, and 
the necessary steps taken to put them 
into practice without major incon- 
venience to the public or the indus- 
try.- D.G.F. 
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EICOR ROTARY 

CONVERTERS 
Engineered for Heavy -Duty 

Change DC to AC with com- 
plete assurance of high operat- 
ing efficiency. Eicor Converters 
are rugged in construction, 
quiet in operation. They're 

engineered and built for continuous duty 
and long trouble -free life. Available for 
operation on any DC voltage. Standard 
AC output. With or without radio filter. 
Readily accessible. Can be furnished with 
ventilated or closed covers. Sleeve or ball 
bearings. Eicor meets your exact need. 

Write Coda, for Complete Data 

1EQ,©oß ITRIO) .0 

7 S. Laflin Street. Chicago, U. S. A. 
Exoort: AD AURIEMA. INC. IIR BruaI Street 
N.w Ynrk N Y Cable: ANriema, New York 

NEW 

PRICE 

$225 

With the improved type 
1554 GAMMATRON 
plate dissipation -1000 watts 

WRITE FOR DATA 

HEINTZ.ae KAUFMAN 
,OUiN SAN FRANCISCO Lin CALIFORNIA U'S A 

SEARCHLIGHT 
F'!,tgsified 

EMPLOYMENT : "OPPORTUNITIES" BUSINESS 

UNDISPLAYED -RATES- 
10 CENTS A WORD. MINIMUM CHARGE $2.00 
Positions Wanted (full or part time salaried 

employment only) '4 the above rates 
payable in advance. 

Boa Numbers -Care of publication New 
York, Chicago or San Francisco offices 
count as 10 words. 

Discount of 10% if full payment is made 
in advance for 4 consecutive insertions. 

SECTION 
Advertising I 

: 

EQUIPMENT 
RESALE 

DISPLAYED 
Individual Spaces with border rules for 

prominent display of advertisements. 
The advertising rate is $0.00 per inch for 

all advertising appearing on other than 
a contract basis. Contract rates quoted 
on request. 

An advertising inch is measured I,á' ver- 
tically on a column -3 columns -30 
inches to a page. 

POSITIONS WANTED 
RADIO BROADCAST 'ENGINEER, first class 

license, desires permanent position. Age 30, married. Protestant. Willing to travel. Experi- enced at 50 KW operation and maintenance; 
studio control; remote and relay broadcasts, 
as well as both types of facsimile transmis- 
sion. Two years experience in the television 
field and a thorough knowledge of frequency modulation. References furnished. PW -233, 
Electronics, 330 W. 42nd St., New York, N. Y. 

E.E. COLLEGE GRADUATE, 10 years of fac- 
tory engineering experience in connection 

with the manufacturing of all types of radio receiving and transmitting tubes. Thoroughly 
familiar with all factory problems involving 
mounting, sealing, exhausting, ageing, the ap- 
plications of emission and insulation coatings, treatment of toriated and pure tungsten fila- ments. Some design work. Desires position 
as factory tube engineer. PW -234, Electronics, 
330 W. 42nd St., New York, N. Y. 

DEFENDABLE 
Used 

ELECTRONIC TUBE EQUIPMENT 
A complete line of used equipment for the manu- 
facture of Radio Tubes, Neon Tubes. Incandescent 
Lamm, etc. 
Write for Bulletin showing savings from 25 to 75% 

EISLER ELECTRIC CORP. 
534 39th Street, Union City, N. J. 

,,,,,,,,,,,,,,,,,,,,II,,,,,, ,,,,,I, I,I,II,,,,,,,., ,,,,,,,,,,,,,,,,,,,II,I,,,,, ,I,,,I,.,I,,,,I,,,,,, 

SALES EXECUTIVE WANTED 

Leading Manufacturer of Radio com- 
ponent requires high type man to handle 
Industrial sales -Electrical engineering 
and sales experience mandatory- Prefer 
man between 28 and 35. Gentile. 
Write full particulars regarding educa- 
tion, sales experience and acquaintance- 
ship with trade, to 

SW -235, Electronics 
330 W. 42nd St., New York City 

HIGH GRADE USED 

ELECTRON TUBE MACHINERY 
¡luge Stock of Every Type and Variety 

KAHLE ENGINEERING CORPORATION 
Specialists in Equipment for the manufacture of 
Neon Tubes, Radio Tubes, Incandescent Lamps, 
Photo Cells, X -ray Tubes, etc. 

900 DeMott St., North Bergen, N. J. 
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AUDAX PRESENTS A NEW 
HIGH FIDELITY CUTTER 

For Broadcasting 
Stations, Studios, 
in fact -wherever 
quality recording 
is required. 

IMPROVEMENTS in the quality of recording discs -hav- 
ing forged a demand for a revolutionary NEW cutter that 
would utilize all the possibilities of these discs -has resulted 
in the development by AUDAX engineers, of a NEW HIGH 
FIDELITY CUTTER -that fills an important gap in instan- 
taneous recording technique. 

Distortion has been the greatest retarding factor in produc- 
ing high quality instantaneous recordings. Not only is the 
NEW AUDAX CUTTER substantially FLAT to over 9,000 
cycles, but -it will deliver this range with a truly 
NEGLIGIBLE DISTORTION FACTOR -even as low as 50 
cycles. This NEW CUTTER makes possible recordings of a 
quality comparable to the best commercial records. Yet, with 
all its superlative quality -costs no more than ordinary 
cutters. 

In engineering, materials and finish, this NEW CUTTER is 
jealously produced to parallel in performance the incom- 
parable work of the MICRODYNE pickups. 

SPECIFICATIONS: 
Frequency range :-substantially FLAT to over 9,000 cycles. 

DISTORTION: -less than 41/2% at 100 cycles and less than 11/2% 
at 500 cycles. 

INPUT LEVEL: -it will fully modulate the groove with an input of only 
16 db with 96 lines, and about 14 db with 112 lines per inch. 

IMPEDANCE:- available in any impedance up to 4,000 ohms. 

DRIVE: -magnetically powered. 

STABILITY: -characteristics not affected by climatic changes. 

MOUNTING :-FOR REPLACEMENT PURPOSES -mounting dimen- 
sions are standard -readily inter- changeable on any recorder. 

Write for additional information and prices. 

ATJDAK COMPANY 
500 Fifth Avenue New York City 

"Creators of High Grade Electrical and 
Acoustical Apparatus Since 1915" 

8 l 

INDEX TO ADVERTISERS 

Acheson Colloids Corp 75 
Acme Electric & Mfg. Co 77 
Acton Co., Inc., H. W 82 
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Eisler Engineering Co 82 
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Formica Insulation Co 49 

General Electric Co 51, Third Cover 
General Radio Co 37 
Goat Radio Tube Parts, Inc 62 
Guardian Electric Mfg. Co 75 

Hallicrafters. Inc 69 
Hewlett- Packard Co 72 
Heintz & Kaufman, Ltd 83 
Hollywood Transformer Co 82 
Hudson Wire Co 62 
Hunter Pressed Steel Co 74 

Instrument Resistors, Inc 69 
International Resistance Co 41 

Jensen Radio Mfg. Co 57 
Johnson Co., E. F 74 
Jones, Howard B 64 

Kaar Engineering Co .64 
Kenyon Transformer Co 75 
Kurman Electric Co 67 

Lampkin Laboratories 82 
Lapp Insulator Co 5 
Lingo & Son, Inc., John E 63 
Littelfuse, Inc 73 

Mallory & Co.. P. R g 
McGraw -Hill Book Co 78 
Micro Switch Corp 39 
Millen Mfg. Co., Inc., James 68 

Ohmite Manufacturing Co 72 
Oxford -Tartak Radio Corp 77 

Parker -Kalon Corp. 2 
Pioneer Gen -E -Motor Corp 60 
Precision Apparatus Co 80 
Presto Recording Corp 46 

Radio Wire Television Inc 76 
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Richardson Co 56 
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General Electric's STANDARDIZED 

Vu Volume Level Indicator 

THIS new instrument meets the 
electric, dynamic, and me- 

chanical specifications of the NBC, 
CBS, and Bell Telephone Labora- 
tories- specifications set up to elim- 
inate confusion and to allow better 
correlation of volume -level readings 
throughout the communications in- 
dustry. 

It can help you achieve more effective 
monitoring -permits better operation 
of your transmitters and amplifiers. 

Easy to Read 
The rapid pointer motion is easy to follow because of the long scale 
and simplified scale plate. If desired, the instrument can be supplied 
with a semicircular mask sprayed on the lower portion of the glass. 
Antiglare glass will be supplied for the scale window if desired. 
Both illuminated -scale and nonilluminated -scale types are available. 

It's Accurate 
The Type DO -61 volume Ievel indicator is designed for accurate 
service over a wide range of frequencies. The pointer reaches its 
peak quickly and is so effectively damped that overshoot is negli- 
gible. The instrument is sturdily constructed to retain accuracy. 

Adaptable for Mounting on Steel Panels 
Volume indicators are normally calibrated for use on nonmagnetic 
panels, but the Type DO -61 instruments can be furnished for mount- 
ing on steel panels up to s inch thick. A molded Textolite case, 
either natural black or grey, protects the instrument and gives it a 
very attractive appearance. Over -all dimensions, 43, by 3% by 
1 % inches. Call the nearest G -E office, or write for Bulletin 
GEA -3145, General Electric, Schenectady, N. Y. 

HEADQUARTERS FOR ELECTRICAL MEASUREMENT 

GENERAL ELECTRIC 
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for highest- 

fidelity monitoring 

NEW RCA 
64 -B SPEAKER 

5o to io,000 
cycle response 

Famous RCA 64-AX Loudspeaker restyled and redesigned 
with permanent magnet field which requires no power supply 

J 
DESIGNED with the exclusive 

RCA double voice coil mech- 
anism and folded horn cabinet, 
the RCA 64 -B Monitoring Loud- 
speaker reproduces what is proba- 
bly the widest frequency band ever 
obtained in so small a cabinet. 
High frequency diffusing vanes in 
front of cone, spread high fidelity 
response over a wide angle. 

Low Distortion With High 
Power 

Coordinated design of speaker and 
cabinet reduces harmonic distor- 
tion to a new low. And the sturdy, 
reinforced cabinet is built to elimi- 
nate resonance and vibration. 

More Acoustic Volume With Less 

Amplifier Power 

The unusually high sensitivity of 
the RCA 64 -B Loudspeaker pro- 
vides much more acoustic volume 
with lower amplifier powers than 
is generally obtained in ordinary 
speaker design. The highest qual- 
ity permanent magnet material 
together with correct pole design 
permits the use of a permanent 
magnet without loss of efficiency 
or power handling capability. 

Double Voice Coil Reproduces High 
Frequencies Naturally 

No separate or "tweeter" speakers 
are required and the RCA 64 -B 

delivers outstanding performance 
at a low cost. 

The pleasing modern design of 
the RCA 64 -B makes it desirable for 
use in studios, offices and lobbies. 
Available in black, umber- grey - 
or walnut, it blends in with any 
interior design. A matching base 
cabinet may be used in installa- 
tions requiring an amplifier - 
such as the RCA 82 -B- associated 
with each speaker. 

FIrIER PERFOR 

Microphones 
Speech Input Systems 
Associated Equipment 

Transmitters 

RCA Manufacturing Co., Inc., Camden, N. J. A Service of the Radio Corporation of America 

New York: 127U Sixth Ave. Chicago: 589 E. Illinois St. Atlanta: 530 Citizens & Southern Bank Bldg. Dallas: Santa Fe Bldg. San Francisco : 110 Ninth St. Hollywood: 1016 N. Sycamore Ave. 
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