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This microphone, having |
no peaks, gives perfectly
lifelike reproduction.
Does not tire the listener.
Eliminates accoustic
feedback in P.A. work.
Available in High Level
Model RB-H. which op-
erates directly into grid.
LIST PRICE, RB-M or
RB-H, $42.00.

. Frequency response—
30 to 12,000 CPS (%1 db.)

. Gain, 76 db. (two stages).
98 db. (three stage line amplifier).

. Hum level, -90 db.

. Input—>50.200. high impedance.
Output—200,500. high impedance.

. Condensers—paper condensers
used in power supply.

. Transtormer coupled—highest
grade nickel alloy core used.

. Mounting—can be used for table
or rack mounting.

. New metal tubes used.

VELOCITY

MPERITE

i f

FOR. STUDIOS

nition. Natural brilliance. No
background noises. No
peaks. Can be placed up to
2000 feet from the amplitier
without appreciable loss.
Frequency response 30 to
14,000 C.P.S. Output, -64
db. (open line): =90 db.
when using input transfor-
mer (100,000 chms second-
ary.) Hand-hammered rib-
bon not affected by even a
40-mile gale, Available also
in High Level Model SR-80H,
which operates directly into
grid of tube. New design
permits running /4" cable
up fo 125 feet.

/" D—DIAPHRAGM TYPE
" S_-SPHERICAL TYPE

% Diagram shows angle of pickup with-  ness . . .
out frequency discrimination of various

[ /N
High fidelity. Accurate defi- ]

V.- AMPERITE VELOCITY

' :

MICROPHONES

RFORMANCE HAS ESTABLISHED
VELOCITY AS THE FINEST ALL-
OPHONE. HAS WIDEST ANGLE OF

OUT FREQUENCY DISCRIMINATION.

AND QUALITY IT IS UNEXCELLED.

SS OF PRICE. SEE FREE TRIAL OFFER.

MODEL SR-80

VERSATILE!

The SR-80 permits perfect
reproduction for all condi-
tions. When vertical. it has
widest angle of pickup with-
out frequency discrimina-
tion. Through a very narrow
angle (X in the diagramejthe
Amperite Velocity has zero
pickup. which can be used
to eliminate undesirable
noises. For 360°pickup. sim-
ply lower the microphone
and tilt until parallel to floor.

List Price (SR-80 or SR-80H)
. $80.00. Call Letter Plate,
List $5.00

FREE TRIAL!

You are invited to conduct a TWO
WEEKS' FREE TRIAL of our micro-
phones and accessories. No deposit.
No obligation whatever. All we ask is
that you make the test exhaustive.
Then decide whether you want to
keep the microphone or return it. Be-
hind this FREE TRIAL offer is the con-
viction that Amperite offers the finest
microphones available today. regard-
less of price. High fidelity reproduc-
tion of speech and music . . . Perfect
definition of instruments in ensemble
work . . . Dependability . . . Rugged-
All these qualities are
guaranteed!

types microphones.

AMPERITE MICROPHONE STANDS

The very latest in

phone.

scientific desngn cmd construction. they feature...

1. POSITIVE CLUTCH. Does not “creep’’ or require adjustment. Will
not wear out. Tightens with only one-eighth turn. Microphone
can be rotated without loosening clutch.

2. QUIK-GRIP THREAD. Requires only 1Y/ turns to fasten micro-

13 SAFETY CORD. Stretches, preventing accidental mishaps.

-'?P)

AMPERITECmpany 561 BROADWAY

Model FS-25M—List $32.00

NEW YORK
Cable Address: Alkem, New York

MICROPHONES

A COMPLETE LINE=FILLING EVERY BROADCASTING NEED/
April 1936 — ELECTRONICS

www._americanradiohistorv.com


www.americanradiohistory.com

ELECTRONIC

radio, communication and industrial applications of electron tubes . . . design,

HOWARD EHRLICH
Vice-President

KEITH HENNEY
Editor

DONALD G. FINK
Associate Editor

Contents * April 1936

Cover: The tower at WBNS, Columbus, framed in “telephone
relating to antenna design, from the hand of E. A. Lape

PaNn AMERICAN Ravio........ 7

The world’s widest aircraft radio service, includ-
ing long-range direction finders for Trans-Pacific
use

GERMAN SET PrODUCTION. . . . . 11

Unusual methods in the Siemens and Halske
plant, Berlin, where sets are acoustically tested
in separate booths

COMMUNICATIONS IN
WALL STREET............. 12

BY PHILIP C. BENNETT

The intricate network of ticker and news service
has grown to huge proportions

TRE “TURNSTILE” ANTENNA.. 14

BY GEORGE H. BROWN

An u-h-f radiator which “pancakes’” the wave
equally in all horizontal directions, avoiding
directional effects

Tae BEam Power Tuse...... 18

BY JOHN F. DREYER, JR.

A new and startling tube design gives high
power sensitivity, 60 watts output in push-pull

DirECTIONAL ANTEN

BY E. A. LAPORT

Simplified methods of calcu]
vertical signal patterns for

PorTABLE SOoUND
MEASUREMENTS .

BY C. ALBIN ANDER

An oscillator provides a sta
noise-meter registers after
noise deadening material ur

Lower Noise 1N Disc

A new material and record
by Captain R. H. Ranger |
noise level 15 db below
attempts

DireEcTIONAL RADIAT
PATTERNS . ... ..

BY A. JAMES EBEL

Thirty-five patterns of the 1
tribution of two-element ax
chart form

TUBE-CONTROL OF A

BY J. D. RYDER
Practical circuits for speed
of small motors, using cot
type tubes

E

lished monthly, price 50c. a copy.
United States,
Canads, A
$6.00 a year or 24 shillings.

N. UY.,S uxder the Act of March 3rd, 1879. Printed

Branch Offices: 520 North Michigan Ave., Chicago: 883
Mission St., San Francisco; Aldwych

on, W. C. 2;
land; Detroit; St. Louis; Boston: Atlanta, Ga.

@
DEPARTMENTS
CROSSTALK .............. . 5 NewBooks ............ 34 ELECTRON
REFERENCE SHEET ......... 29 TuBes AT WORK ........ 36 MANUFAC
PATEnTs REVIEW ......... . 56 INDEX TO ADVERTISERS
VoLUME 9 . . . NUMBER 4 Qontents Copyright, 1936, by McGraw-Hill Publishing Co
LECTRONICS, April, 1938. Vol, 9. No. 4. Pub-

Subscription rates—
$5.00 a year. Latin America, $5.00 a
a8 year. All other countries,
Entered as second-class

4, 1930, at Post Office at New York,

House, Aldwych,

Washington; Philadelphia: Cleve-

WWW-americanradiehisterscom

Jamps H. MoGrAw, JR.
Chairman

HowarD EHELICH
Vice-President

Cable Address: MCGRAWHILL, New York. Memb

McGRAW-HILL PUBLISHING
330 West 42d Street, New Y

MALCOLM MUIR
President

B. R. PUTNAM
Treasurer


www.americanradiohistory.com

Why INSULATED Resistors?

Only

From a manufacturing viewpoint, INSULATED resistors are pre-
eminent and preferred because they permit easier assembly . . . cut
down rejects to a minimum and thus assure lower assembly costs.
From the viewpoint of the radio dealer, insulated resistors result in
fewer field troubles due to resistors shorting to other parts of the set.

STACKPOLE INSULATED RESISTORS
HAVE THESE DISTINCTIVE ADVANTAGES

SPECIAL COPPER SPRAYED WIRES EMBEDDED IN

ENDS TO REDUCE CONTACT
RESISTANCE

: BAKELITE TO ASSURE
L _ MECHANICALLY STRONG UNIT

/ 3 ‘\\x\xm
BAKELITE AND WIRE MOULDED e

TOGETHER IN ONE SOLID PIECE

® ONE STANDARD SIZE —namely 33” x 13/64” entirely
sufficient to dissipate I5 watt continuously without affecting
resistance value.
ONE SINGLE SIZE RESISTOR capable of meeting a very
large percentage of your requirements.
No possibility of loose or corroded connections because Bakelite
and Wire are molded together in one solid piece. (See illustra-
tion above).

@ The Stackpole resistance element is encased in Molded Bakelite,
thus insuring a mechanically strong unit unaffected by humidity
and other external effects.

Add up all these Stackpole advantages and you can see why so many
are standardizing their stock with Stackpole—the standard of quality
and uniformity.

Write for samples today—see for yourself the economical advan-
tages of standardizing your sets with the new Stackpole Insulated
Resistors.

STACKPOLE CARBON COMPANY

ST.MARYS, PA.

April 1936 — ELECTRONICS
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Shown above from left to right, actual size:

1. Shafting ends swaged accurately square for square hole, collet, or
set-screw attachment; Casing with integral formed flange and male
nut.

2. Conventional die-cast geared end fitting on shoft; Casing with plain
end.

3. Conventional machined end fitting swaged on shaft; Casing with
integral formed flange and female nut. We are prepared to make
machined ends to specifications.

4. Shafting with regular square swaged end ready for attachment of
end fitting; Casing with plain end.

5. Shafting with ends octagonally swaged for easy calibration of
control unit, condenser or volume control; Casing with integral en- -
larged end.

6. Shafting with one or more intermediate square swages for cutting
to length in the field.

The busy se:
radio manu
will soon be |

What a calai
rush period
because you
mote contro
or if shaft ¢
get deliverie

But there’s
these calam]

S. S. WHITI
S. S. WHIT

resources,. w
demands, a
on the dot al
respect.

Woulc
of She

We'll be gle
150" and .
shafts and ¢
veloped for
sally used.

letterhead w
working on
would like

we’ll be glad
Write us.

The S.S.WHITE DDental MFg.Co.lNDUSTN

10 East 40th St., Room 2310E, New York, N

ELECTRONICS — April 1936
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YAXLEY

3100 TYPE
SWITCH

Circuit
Combinations
from

1 circuit 12 points [
to

4 circuits I points
anil

1 circuit 1# points §§ B
to a .."._.'.,-'- .. F . '__.. I'I

6 circuits 3 points & 2ol ,#;

WITCHES

with

LARGE
SWITCH

Performance

>.000,000

all-wave switches is
behind this advanced YA%LEY development

Experience is a great teacher — and the
experience of the Yaxley Manufacturing
Division of P. R. Mallory & Co., Inc., is
outstanding in its field. So are the product
innovations developed on the basis of this
experience — and the Yaxley 3100 Type
Switch is typical of Yaxley contributions
to the advancement of radio performance,
construction and design.

Engineered for short wave, tone control
and tap switch applications the Yaxley
3100 Type Switch provides small size and
compactness—extreme circuit flexibility—
low capacity—low resistance! It yields a
long, quiet life! Its capacity from rotor to
grounded shaft and shell is of the same

order as that of larger, more expensive
switches. A newly-designed indexing feature,
entirely separated from switch circuits,
provides positive action.

Yaxley 3100 Switches are available in single
gang and in two sizes—one with a base 114"
in diameter, the other with a base 1''A¢"
in diameter. They are made in shorting or
non-shorting types, supplied with or with-
out AC line switch attachment—or with
special modifications to meet particular
needs. A special Engineering Data Folder
gives the complete details of the Yaxley
3100 Type Switch. Radio engineers and
set manufacturers will find it well worth

reading. Write for a copy today.

YAXLEY MANUFACTURING DIVISION

b}

w3l of P. R. MALLORY & CO., Inc.

Y_;.AX-—I:_E__ INDIANAPOLIS INDIANA MALLORY l

L T

CABLE ADDRESS—PELMALLO

4 April 1936 — ELECTRONICS
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»I. R. E. AT CLEVELAND . .. The
Eleventh Annual Convention of the I.
R. E. will be held next month, May 11,
12, 13, at the Statler Hotel in Cleve-
land. With an expected attendance of
over 700 and a showing of 40 exhibitors,
the convention promises to be the high
spot of the I. R. E. Year. Monday and
Tuesday will be occupied with registra-
tion and the presentation of papers.
On Tuesday afternoon a trip will be
made through the Lamp Development
Laboratory of the General Electric
Company (formerly known as Nela
Park), including an inspection of lab-
oratories not normally open to engi-
neering visitors. The banquet, on Tues-
day evening, will feature the awarding
of the Institute prizes for distinguished
work in radio. The program of papers
had not been released at the time of
going to press, but will be published in
the next issue.

» FLOODS AND FIVE METERS . ..
The excellent work done by amateur
radio operators during the recent floods
has been so well publicized, and de-
servedly, by the daily press that there
is little by way of commendation we
can add. But the story of the way
Hartford was organized has consider-
able technical, as well as human, in-
terest. When the flood singled out
Hartford it came right to the door of
organized amateur radio and the staff
at A.R.R.L. headquarters had a ready-
made emergency to play with. Equal
to the situation, the boys organized a
five-meter network extending over
Hartford and, while all commercial
communications in the city except two
overloaded telegraph lines were out, re-
layed a steady stream of traffic, for the
Red Cross, government departments,
and the public utilities who were labor-
ing to restore power service. The ex-
ceptional adaptability of- five meter
equipment to such conditions was
proved once and for all. Portable, ca-
pable of operation on dry batteries or
from automobile batteries, simple to

Crosstalk

operate, free from interference (except
from a few superregenerative receivers),
and widely distributed throughout the

. city, the equipment was just what the

situation called for. The saving of
lives and property, to which the much-
maligned transceiver contributed so
much, should not be forgotten.

» BEAM TUBES ... The new beam
power tube, described in this issue, ap-
pears to be the pioneer member of a
new tube dynasty. For several months
it has been apparent that the beam-
technique of the cathode-ray tube could
be of fundamental value in detector-
amplifier types if properly applied.
Developments in Europe, the cathode-
ray tuning indicator, and Professor
Hazeltine’s disclosures have already
pointed to that end. Now the new 6L6,
an output tube whose exceptional char-
acteristics depend on a space-charge
region created by electron beam control,
makes its appearance. Although it is
much too early to make predictions it
seems likely that the design of this new
tube represents an avenue of approach
which may well be used to correct many
of the faults of existing types. If this
be true we can expect in the future a
new group of types and type-numbers
with which to confuse the tube user.
But if the improvement offered by these
new tubes is as great as that of the
beam power tube, each new number will
be as welcome as “6L6.”

» GRAHAM TO HORLE TO GRAHAM
. . . While commercial communications
were failing at all sides in the Penn-
sylvania flood disaster, Virgil Graham
of Hygrade Sylvania was at Emporium,
waiting to hear from a New York hotel
about his reservations for the S.A.E.-
R.M.A. Committee Meeting on Auto-
mobile Interference. While waiting he
bethought himself of amateur radio,
and so it came to pass that L. C. F.
Horle in New York received a ham
radiogram asking for a check-up on the
hotel situation. The answer, likewise
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Rotating Loop Direction Finders  [J
PA.A-Adcock Direction Finders %
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Radio for the P. A. A.

The world’s widest aircraft radio service is
maintained by the Pan American Airways.
Complete transmitting and receiving equip-
ment in 127 land stations, 138 planes, and 22
radio compass direction finders keep this vast

system “‘on schedule”

A - - www americanradiohistorv. com
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Flying the Pacifi

by Radio

In the latest application of radio’s oldest service, Pan A

veloped a ship-to-shore radio service of huge proportions, includin

guide the Clippers to the Philippines

If the achievements in the Pacific
of the China Clipper and her sister
ship the Philippine Clipper are any
indication, it seems that the next
major achievement in air transporta-
tion will be regular trans-oceanic
service. When this service becomes
an accomplished fact, the lion’s share
of the credit must go to the Pan
American Airways System, and no
small part of this credit must be as-
gsigned to the engineers, in the Com-
munications Division of the com-
pany, who designed and installed the
radio equipment. For without radio
for communication and navigation,
long distance flights over water
would be so hazardous that no regu-
lar (or irregular) service could pos-
sibly be maintained.

To those interested in the ad-
vance of radio technique, the
methods used in the Pan American
System, and the story of their de-
velopment, are worthy of close at-
tention not only because they have
demonstrated that radio is indis-
pensable to trans-oceanic flying, but
also because of the straight-forward
manner in which the problems were
attacked and solved.

ELECTRONICS — April 1936

The ships of the Pan American
System fly over routes between the
United States and foreign countries.
Regular service is now maintained
in North, Central and South
America, in Alaska, China, and ex-
perimentally over the Pacific, con-
necting California with Hawaii and
the Philippines. Such a wide-spread
gservice meets almost every con-
ceivable kind of atmospheric and
climatic condition known to radio.
In addition, the flights are long, and
many of them are over stretches of
water, so that terminal stations must
be widely separated. As might be
guessed, setting up a radio service
having the required reliability and
simplicity for such an aviation
service was not a simple job. It
took, in fact, more than seven years
to bring the radio facilities of the
system up to their present state.
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The China Clipper, the Martin flying boat which made the

first trip from California to the Philippines and rerarn. In

insert, the radio operator’s position in the Clipper, showing
two receivers and the goniameter dial below them

[ ]
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The towers of the ground siation at the Miami terminal.

The small shack

houses the transmitter equipment, which is remotely controlled from the
operating room

able, but it was necessary if trans-
Pacific flights were to be made. Since
it was not available, it had to be de-
veloped, and developed it was. This
little known achievement of the Pan
American engineers has never re-
ceived the attention it deserves, and
although complete details are not
available, the description given below
will indicate the means by which
long-distance direction finding has
been made possible.

The Communication Equipment—
Ground Stations

The Pan American System main-
tains 127 ground stations. These
stations operate on three frequencies
for communication use: 3082.5 ke.
(99 meters), 5165 ke. (58 meters),
8220 ke. (36.5 meters) ; and on 1638
ke. (183 m.) for direction finding
bearings. These frequencies were
chosen as being suitable for low-
power work (the input to the plane
transmitters does not exceed 70
watts) over long distances and they
provide a sufficient variety to avoid
skip distance and its variations with
the season and the time of day. The
power of the ground station trans-
mitters varies with the intended
service. For local service and
weather reporting, 15 watts is used.
For other services there are four
other sizes, 100, 200, 350 and 900
watts, the latter being used on the
long haul (1,000 miles or more)
work.

Crystal control is used in only
four of these ground stations, at

Alameda (California), Miami,
Brownsville (Texas), and Rio de
Janeiro; all others employ the

master - oscillator, power - amplifier
type. Crystals are not used in the
interest of technical simplicity. The
equipment must be serviced under a
wide variety of conditions, and in
foreign countries especially only the
simplest design can be permitted.
The m.o.p.a. transmitters are of

A rotating loop direction finder, in-
stalled at Miami, which supplies bear-
ings to the pilots in flight

www-americanradiohistorv com

rugged design, and provide all the
necessary frequency stability.
Half-wavelength doublet antennas
are used at the ground stations, al-
though directional rhombic antennas

_are now under consideration for

long-distance point-to-point service,
as between California and Hawalii.

All of the radio equipment
throughout the system 1is code
operated. Many tests made early in
the development program showed
conclusively that telephone com-
munication could not be depended on
over the long distances and severe
conditions of static encountered in
the service. The use of c.w. means
specially trained operators, and has
led to the formation of a training
school operated by the company, an
engineering degree being required
for entrance to the course. All those
who operate the radio equipment
possess at least a second-class radio-
telegraph license., One of the great
advantages of the use of code trans-
mission is the fact that it involves
written records, which are filed after
each flight. These records are in-
valuable in maintaining efficiency
and tracing the cause of trouble.

The duties of the operator vary
according to the route flown. In
Alaska a one-man crew is used; this
man must pilot the plane and operate
the radio at the same time. In the
trans-Pacific service, on the other
hand, a crew of from five to seven
persons ig carried, and duties of
piloting, navigation, and radio
operating are divided among them.
Each man in the crew is capable of
handling the job of any of the others
should the need arise.

Equipment in the Planes

The standard receiver used in the
planes is distinguished by its wide
frequency range (250 ke. to 25 me.),
its light weight (6 pounds) and its
simplicity of design (seven plug-in
coils, in an untuned r-f, regenerative
detector, and two-stage audio cir-
cuit). A flash-light bulb (one for
each tube) inside the receiver case
lights when a tube filament burns
out, so that the operator can replace
the defective tube with the least
possible delay.

The transmitters used in the plane
are of the m.o.p.a. type and operate
from a dynamotor having a maxi-
mum voltage of 600, which originally
provided a maximum power input of
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Two views of the equipment in a Sikorsky plane.
under the operator’s control.

35 watts. By reduction of this volt-
age to 450 volts, the power input was
reduced from 35 watts to 18 watts,
which is sufficient for practically all
purposes except long distance work
on the lower frequencies. The plane
transmitter has a wide frequency
range, from 250 ke. to 8,500 ke., per-
mitting contact with marine trans-
mitters operating on 600 and 900
meters, in addition to the standard
frequencies given above. When
operating at low frequencies, the
antenna power is only 5 watts, so a
push-pull power amplifier operated
on 600 volts is used to increase the
input power to 70 watts maximum,
commonly operated at 50 watts. This
power rating has been found entirely
satisfactory not only for communica-
tion but for sending the signals on
which directional bearings are taken.
Trailing antennas are used in the
smaller ships, but on the Clippers
both fixed and trailing antennas are
available, so that the radio can be
used when the ship is on the water.

Operating Procedure

It was found necessary to set up
rigid procedure by which all radio
communications are carried out at
all times. For example, there is a
regular schedule of contact between
planes and ground, the number of
contacts per hour depending on the
speed of the plane. At 100 miles per
hour contacts are made every 15
minutes, that is, every 25 miles.
When operating a Douglas high
speed plane, contacts are made every
7% minutes, in order to localize the
region of contacts to within plus or
minus 25 miles. If one of these
compulsory contact periods s

ELECTRONICS — April 1936
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The receiver, key, power switches and battery chargers are directly
The transmitter is remotely controlled

The main operating room through which all traffic and direction bearings
of the Miami terminal are cleared

omitted by the pilot or radio
operator, he is held strictly account-
able for the omission, and must ex-
plain it satisfactorily. If the ap-
paratus has been at fault, a gervie-
crew is taken aboard the plane and
the apparatus tested while in flight,
to ascertain trouble, after which it
is corrected. The frequency used for
any one transmission depends, of
course, on the distance to be covered,
the season, the latitude, and the con-
ditions of daylight and darkness over
the transmission path. The fre-
quency used is at the discretion of
the radio operators in the plane and
at the ground station and can be
changed to fit the conditions at the
moment.

Radio Direction Finding Apparatus

The importance of radio direction
finding in trans-oceanic flight service

waany americanradiohistonz com

is well exemplified in the hop made
by the Pacific Clipper planes from
Oahu (Hawaii) to Midway Island.
Midway is a strip of land only ten
miles long, and it is 1,380 miles dis-
tant from Hawaii. Even under per-
fect conditions, this represents an
almost infinitesimal target; it cor-
responds roughly to flying from Des
Moines to Manhattan Island, with-
out benefit of landmarks, and it re-
quires coming within sight of the
final destination. To achieve this
sort of performance it is essential
that the pilot be able to determine
his position from time to time, and
to correct for any side-drift or devia-
tion which may have thrown the
plane off course. Because of the
high speed of flight, these position
bearings must be taken often and
rapidly, if deviations are to be de-
tected before the plane is many miles
off course.
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Course chart of a flight made early in 1935.

The crossing between Cali-

fornia and Hawaii took slightly over 17 hours, and was checked by 32
radiocompass bearings, which gave positions indicated by the dots

All manner of devices are provided
in the Clipper planes to aid in posi-
tion finding. The most self-sufficient
means is the sextant, similar to that
used on shipboard. But the sextant
depends upon a clear sky in order
that bearings on the sun or stars
may be made, and in addition, the
necessary calculations consume valu-
able time, and are subject to error.
For this reason, the sextant cannot
be depended upon except under
favorable circumstances. Even under
favorable conditions, a flight made
solely by sextant and compass would
be sufficiently hazardous to prevent
a regular and safe service. It must
be remembered that in flying to an
objective like Midway Island, an
error of only ten miles in 1,400, or
less than half of one degree in bear-
ing, may mean the plane is lost.

What is needed is a sure-fire direc-
tion finding scheme which will lead
the plane away from its point of de-
parture and toward its destination.
This function is fulfilled by sta-
tionary radio compass direction
finders, situated at the ground sta-
tions in California, Hawaii, Midway,
Wake Island, Guam and Manila, for
the trans-Pacific route, and in
several other locations for other
routes. Such “homing” compass
equipment is not new in itself,
having been used in aviation for
several years (see Electronics, Octo-
ber, 1935, page 7), but its range has
been limited to not more than a few
hundred miles. To be useful in the
hop from California to Hawaii, the
range of such equipment must be at
least 1,200 miles (the total distance
being 2,400 miles). The Pan Ameri-
can d-f (direction finder) equipment

10

has a range of 1,800 miles, making
possible complete coverage of a
course 3,600 miles long. To anyone
familiar with direction finding equip-
ment this range is little short of
marvelous. It has been achieved by
the use of the Adcock system, with
improvements devised by Pan
American engineers.

The P.A.A.-Adcock Direction Finders

In the system used by Pan Ameri-
can, the direction finding equipment
is located at ground stations. These
stations receive an ordinary c.w.
signal from the plane in flight (on
any frequency between 6,000 and
250 ke.), determine the direction
from which the signal is coming, and
radio the bearing to the plane. The
pilot, on receiving two such bearings
from two separate direction finders,
can plot the bearings on a map in
the cockpit. The intersection of the
two lines then gives the position of
the plane at the time the d-f bearing
was taken. The bearings are re-
ceived not only by the plane, but by
all ground stations involved, and
separate maps of the flight are kept
by each station, providing a check
on the trigonometry of the pilot.
The time consumed in making the
bearing and radioing it to the pilot
varies from one-half to two minutes.
In a typical flight from California
to Hawaii, 48 such bearings are
taken, together with about six sex-
tant determinations. The procedure
is usually repeated at stated intervals
of from ten to twenty-five minutes.
By this means, the pilot can plot his
position accurately along the entire
route without reference to land-
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marks, compass or sextant. The ac-
curacy of bearings, even at 1,000
miles, is better than 1% degrees. The
“night effect,” which makes the
ordinary loop direction finder com-
pletely useless at this distance, has
only a minor effect on the P.A.A.-
Adcock system.

In flying from California to
Hawaii, (see figure), the Adcock d-f
at Alameda retains control until the
ship has reached the half-way mark,
although bearings from Hawaii can
be obtained by the pilot long before
this point is reached. After the
half-way point is passed, the
Hawaiian Adcock takes control and
leads the ship to Oahu. From Oahu
to Midway the procedure is the same,
the Adcock at Midway taking con-
trol when the ship has reached the
half-way mark, and so on until
Manila is reached. Some of the land
stations are also provided with
“loop” direction finders of the
Kruesi and Bellini-Tossi type, but
they cannot be used except over com-
paratively short distances during
daylight hours. The large Clipper
ships are also fitted with loop-type
finders (Bellini-Tossi crossed loops)
which may be used in emergency and
as a check on the Adcock system.

The great range and high accuracy
of the Adcock system compared with
the loop-type d-f is explained as fol-
lows: The signal from the plane un-

dergoes changes of polarization
when it is reflected from the
Heaviside layer. These changes,

which are especially pronounced at
sunrise, sunset, and during night
hours, give rise to horizontally
polarized components in the wave
which distort the apparent direction
of the wavefront. The loop system
does not eliminate the horizontal
components and hence gives widely
varying bearings as the polarization
changes. The Adcock system, on the
other hand, uses four crossed and
balanced dipole antennas in place of
the loop. These dipoles, when
properly balanced, do not pick up
any of the horizontally polarized
energy ; the vertical energy which re-
mains gives the bearing with great
accuracy. A high degree of balance,
which must be independent of ground
conditions, is necessary if the
Adcock system is to remain stable,
but this requirement has been met
in specially designed lead-in and
coupling circuits exclusive with the
Pan American system.

April 1936 — ELECTRONICS


www.americanradiohistory.com

German Set Production

Unusual methods used in the Siemens
and Halske Plant, Berlin

,ls _‘

Above, the chasses are indi-
vidually calibrated to agree
with the tuning dial indi-
cators. The coarse adjust-
ment is made by head-
phones, the exact adjustmem
by means of output meters
(to right of each operator)

Right, behind the windows
in the white wall are 20
sound-proof booths to which
the completed receivers are
sent for acoustical tests be-
fore shipmeni. The con-
veyor belt carries the
“passed” units to the ship-
ping room
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Above, small fixed condensers used in the receivers are made
by sputtering a thin film of silver on a small piec= of mica.
The condenser thus formed is placed in a capacitr bridge and
“cut” to the exact required capacity by scraping the silver
away. A breath-shield made of celluloid prevemts moisture
from affecting the measurement

- Below, sicteen signal

generators, 2ach erys-
tal controdled, supply
frequencies from 182
ke.to 1,314 <c. for test
purposes. Mbounted in
racks in ¢ copper-
lined rocm, these

miniature  broadcast

stations suoply test
signals -0  various
parts of the plant
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. "Bid and Asked”

{t!

Communic ations

The ticker sending platform of the New York Stock Exchange where quotations are put “on the wire”

By PHILIP C. BENNETT

NE of the most ingenious and

practical communication net-
works in the world issues from the
floor of the Stock Exchange in Wall
Street, which is the center of a
nerve system extending to the prin-
cipal cities of the Western Hemi-
sphere.

This description attempts to ex-
plain the communications of the
New York Stock Exchange only, and
does not include the Curb, cotton,
and twenty-odd other exchanges.
The Stock Exchange alone covers
such an intricate field that even
technical men connected with “The
Street” shake their heads and
wonder if it can be done when a re-
porter states he is covering their
territory for the purpose of making it
comprehensible to others in an article.
Most of the district’s old timers have
only a notion of how the minute by
minute history of one of the greatest
transacting areas in the world is
recorded.

The communications were planned
and installed when and as needed.
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In each case, each part had to be a
simple and proved answer to the
need for immediate, unfailing and
continuous dissemination of news.
This method has led to many in-
genious and fascinating, though very
practical, setups.

Details of the communications
system

The diagram shows the details of
the various agencies supplying
quotations and news. The follow-
ing description contains numbers
corresponding to those in the
diagram:

The New York Quotation Com-
pany is the official communication
branch of the New York Stock Ex-
change. It is the initial line of
exodus for news of stocks and bonds
to the outer world. Its reason for
existence is to maintain complete
and adequate communication for the
efficient transmission of business
news from the exchange floor.

Ticker System (1) and (2). Men
are stationed at the posts, reporting
sales as they happen to a central
point on the Exchange floor. A few
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operators and machines work at this
keypoint, and place the news on
tickers within a few seconds to a
minute or two after it happens.
The power sources and general
equipment are located in other rooms
of the company.

(3), (4) and (5). Information is
transmitted from the New York
Quotation Co. simultaneously to the
transmitting room of the commer-
cial news department of Western
Union. The news is instantaneously
relayed to tickers throughout the
country at the same time.

The commercial news department
works coordinately with the New
York Quotation Company, the latter
handling all ticker service to mem-
bers of the Exchange south of
Chambers Street (New York City)
and the former handling all non-
members in that area and all brokers
in the remainder of the country.
Trunk lines extend to the various
cities, where wires then spread out
to the individual tickers.

Teleregister (6) and (7). One of
the most unique instruments intro-
duced into the stock exchange world
during the past few years is the
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Electric Quotation Board replacing
the chalk boys marking the changing
prices of stocks on large blackboards.

The abbreviated names of stocks
are arranged on the large black tele-
register board. White numbers on
small black dises under the names of
stocks are electrically controlled to
appear as the dises are turned to
state the new prices. The central
transmitting and control station,
with a staff of 48 persons, is located
in New York City. Operators type
out changes on their machines as
the ticker makes its report. The
small discs on all boards of the
system function simuitaneously.

The Teleregister Corp. is a sub-
sidiary of Western Union. It uses
trunk lines to cities outside of New
York City, where wires then fan
out to individual boards.

Private wires (8), (9) and (15).
Large brokerage companies lease
many telephone wires. It is esti-
mated that at times as many as
2,000,000 calls are transmitted in a

Men wearing telephone headsets
walk about the Exchange floor listen-
ing for the moments’ market price.
One man may bid to buy a certain
stock at a few eighths of a point
below what another is asking for it.
The company’s men plug their head-
sets in at the various posts and
transmit the news to the Bid and
Asked room.

Here along the walls is a very
long Teleregister. Girl operators
note the information on their ma-
chines, which actuate the bid and
asked price discs on the Teleregister
boards.

(11). Offices of Exchange mem-
bers, who need or want this informa-
tion, dial code numbers on their
direct private telephones to get in
touch with the operator sitting
closest to the stock information on
the Dboard. The particular girl
operator (approximately 120 do this
work) states the bid and asked
prices, informing the members’
office of the current market.

—

“Bid and Asked”

(Furnishes {956 direct privorte lines between
: Stack Exchan 2] «Exchange floor and négmbers' offrces)

Communications

AT.&T. Co.

(Direct privatz lines leased by members
fo their officas in other cities)

-I- Telephones,
“ pr/regumaﬁ::
| tubes,

reporters

NOnformation
to bid and
- § askeds room)

{Quotations)

{ (3 annunciator call boards)
NY. Quotation Co. {

(13) (Leasing 15002000 machines

ﬂ-TP&ziuL: b to offices throughout country,
[Ticker Corp) projecting directly from

specral ticker fape)

(333 dlirect
; I/’nesb From
’:f%.eirfu @ (1239 doily average stock and 295
bid and band tickers operared in Financial Commercial FH————
Nsked room) district south of Chambers St) | News Dent. 5—->
i : ® v WESTERN UNION zj(?,d'w’iclers
e b e Teleregister in remainder
e L - > Co. of country)
v 3 . 3 ) s ;Z?fquo_faﬁon [
i 175 teleregisters in (persys,
0 Dow Jones & Co. 3 e offices North
Trade Newspaper /2V2);'(;n757‘/s.$"3¢-7e/3 ) of Chambers St)
Wewspaper e
services ®
( Private telegraph
(4,000 Financial mews - lines for brokers)
Fickers fo offices)
——

five hour day on the private wires
from members’ offices to the Stock
Exchange floor. Also, many private

telegraph and teletype lines are
leased by Exchange members.
Quotations (10) and (11). The

discussions this far have concerned
past history, though only a minute
or two old. To assist in making
future history, the Stock Exchange
operates a Bid and Asked (Quota-
tion) room.

Annunctators (12). The New
York Stock Exchange Building Co.
maintains and operates three very
large black annunciator boards on
the walls of the Exchange, to do the
work of paging. Members’ repre-
sentatives trading on the floor have
white call numbers printed on the
black flaps, which are electrically
controlled on the board. The call
number appears when an office sum-
mons its man through a telephone
clerk to give him an order to buy or
sell.

Trans Lux (18). The Trans Lux
Movie Ticker Corporation leases
projection machines to brokers to
flash the quotations on horizontal
screens as the tape comes out of the
ticker machine. This is done by
agreement with the New York
Quotation Company and with West-
ern Union. The screen is a con-
venient method for showing stock
ticker information in a crowded
quotation room, because only two or
three persons can read the same
ticker tape at the same time.

Four specially designed projecting
units are used over the large New
York Stock Exchange floor.

Commercial News (14). Dow,
Jones and Company publishes a
trade paper for the financial district
and so has available general financial
news and newspaper reports which
affect the market. These are sent
out over news tickers maintained by
the company and leased to others.
The New York News Bureau also
maintains a similar news service.

Diagram of the system. Below, the
central teleregister board, with the
girls operate the

who system.

Photos, courtesy of the New York
Stock Exchange
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The “Turnstile”

A new ultra-high frequency radiating system which

economizes energy by concentrating it in a hori-

zontal plane equally in all directions

By GEORGE H. BROWN
RCA Manufacturing Co., Inc.
Camden, New Jersey

NTENNAS operated at short

wave lengths can have dimen-
sions of the order of several wave
lengths without becoming unwieldy
in actual physical size. A great
many arrangements can be used
which direct the radiated energy in
some one particular direction. This
concentration thus yields a greater
field strength than does, for example,
a single half-wave antenna operated
at the same power. If the signal
strength in the remaining directions
is of no consequence, the arrange-
ment of a few wires in a directional
array has accomplished the same re-
sult as building a more powerful
transmitter. Now that the ultra-
high frequencies are being used for
broadcast purposes, the directional
arrays are not always desirable. If
the antenna is located in the heart of
a city, it is desirable to radiate
equal signals in all directions in a
horizontal plane. 1t is still possible
to rob energy from the high angles
and concentrate it near the horizon.
An investigation was undertaken to
develop an antenna for ultra-high
frequency use which embodied the
following features.

1. The antenna should give a cir-
cularly symmetrical radiation pat-
tern.

2. The antenna should concentrate
the energy in the vertical plane so
that the signal strength toward the
horizon for a given power input will
be considerably greater than that
obtained from a single half-wave
vertical antenna with the same
input power.

3. The antenna must be struc-
turally possible where high winds
occur and should preferably be a
rather simple structure not liable to
damage easily.

4. If possible, the antenna should
be supported by a single mast.

wwweamericaprradiohistorv. com

One system which immediately
suggests itself is the “Franklin”
antenna which congists of half-wave
elements placed vertically, one above
the other, and connected with phase
shifting devices so that the currents
in all the elements are in phase. This
antenna fulfills the first two condi-
tions, but it seems very difficult to
meet the last two conditions.

Arrangements which use horizon-
tal elements usually do not fulfill the
first condition stated, since each
horizontal element yields a “Figure
8" as the horizontal pattern.

The antenna which was finally de-
veloped uses horizontal elements and
fulfills the four conditions outlined.

Theoretical Development

Let us first examine the action of
a horizontal half-wave antenna in
free space. In the horizontal plane
which passes through the antenna,
the field strength is horizontally
polarized. The horizontal pattern
has the shape of a “Figure 8’ with
the maximum intensity occurring in
a direction normal to the axis of the
antenna (Fig. 1).

Suppose that another half-wave
antenna is placed parallel to the first,
and one-half wave length above
the first antenna (Fig. 2). The
antennas are both excited so that
the currents in each antenna are
equal and in phase. This arrange-
ment still yields a “Figure 8” pat-
tern in the horizontal plane, but the
magnitude of the horizontal pattern
has increased since energy has been
robbed from high angles and sent
out horizontally.

If still more elements are placed
in the array, Fig. 3, each one-half
wave from its neighbor and excited
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all in phase, the horizontal signal
is still further increased, but the
horizontal pattern still remains
“Figure 8" in shape. For the time
being, we will ignore this latter fact
and consider means of constructing
the arrangement of Fig. 3.

Suppose that the elements are
supported in space in some fashion.
Then the elements can be excited in
the proper phase and current magni-
tude by means of a single two-wire
transmission line transposed once
between each pair of elements. The
half-wave length of transmission
line gives a phase reversal of volt-
age along the line so that the single
transposition returns the voltages
on adjacent elements to the in-phase
condition.

In Fig. 4, the line a-b lies in a
neutral plane with respect to the
antenna elements and the transmis-
sion line, Thus if this line were a
wire or piece of metal, there would
be no voltage induced in it due to
the radiating system. This fact
makes it possible to replace the line
a-b by a metal shaft or flag pole,
thus affording a supporting struec-
ture for the system. Each half-wave
antenna, instead of running through
the pole, can consist of two quarter-
wave rods screwed into opposite
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sides of the pole. The transmission
lines, instead of having an abrupt
transposition, twist continuously
around the pole. It is possible to do
this if supporting insulators are
placed on the pole midway between
the elements (Fig. 5). This ar-
rangement now fulfills all the con-
ditions imposed except that of the
circularly symmetrical horizontal
pattern.

On our flag pole, let us put a
second system of radiators and
transmission line identical with the
first, but so placed that the two sets
of radiators are at right angles and
corresponding elements are at the
same level on the pole. Thus with
two sets of identical elements on the
pole, we have two separate trans-
mission lines coming down the pole
to the transmitter. These two trans-
mission lines are so fed, with equal
power into each line, so that the
currents in one set of radiators are
in time quadrature with the cur-
rents in the other set which is at
right angles in space with the first
set. Figure 6 shows a view of the
antenna looking down from the top.
Then the field in the horizontal plane
due to Set No. 1 is

F,=1sin («t) sin 6 @)

)
e

e

total resultant field.

Fi=F,+ F,= I cos (ut-6) (3)

Thus the total field is constant in
magnitude and changes in phase
as ¢ changes, giving us a circularly
symmetrical horizontal pattern.

As mentioned previously, the
signal strength toward the horizon
increases with the number of
antenna elements. The ordinates of
Fig. 7 show the ratio of the power
into the single vertical half-wave
antenna to the power into the array
in question to achieve the same field
strength.

Experience with mechanical de-
sign of these antennas has shown
that it is convenient to use six
antenna elements in each set. Then
the distance from the bottom radia-
tor to the top radiator is 2.5 wave
lengths.

The vertical radiation charac-
teristic of this antenna is made up
of a horizontally polarized compo-
nent and a vertically polarized com-
ponent. The vertically polarized
component becomes zero in the hori-
zontal plane. Figure 8 shows these
two components as a function of the

_angle measured from the zenith,

when the antenna consists of six
elements per set.

While this antenna layout looked
very good on paper, it was neces-
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sary to verify the results experi-
mentally. The experimental method
was also used to determine certain
optimum dimensions. Accordingly,
a model was built to operate on a
wave length of 3.0 meters. The flag
pole used was 42 feet long and 3
inches in diameter. The six-element
antenna was chosen. The radiators
were one-quarter inch brass rods,
each one-quarter wave length long.
These rods were threaded and
screwed into the steel flag pole. The
insulators for supporting the trans-
mission lines were porcelain stand-
off insulators, fastened to the pole
by means of stud bolts in their
bases. The quadrature phase rela-
tion between sets of radiators was
accomplished by means of transmis-
sion lines of the proper lengths.
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Fig. 11—Horizontal radiation pattern—currents of equal magnitude
but varying in phase

After all critical adjustments
were made, a check was made of the
horizontal pattern to determine how
circular it was. A horizontal half-
wave antenna was mounted on the
end of a bamboo pole. This pole was

Experimental model of the Turn-
stile antenna

26 feet long. A transmission line
connected this antenna with a detec-
tor placed at the base of the pole.
Readings were taken on the circum-
ference of a circle whose radius was
175 ft. with the axis of the flag pole
as the origin of the circle. The
circles on Fig. 9 show the results
of this test.

Next, the elements pointing east
and west were disconnected to deter-
mine the expected “Figure 8” pat-
tern. The crosses on Fig. 9 show
the measured results. This test in-
dicates the necessity of using two
sets of elements if it is desired to
send equal signals in all directions.

A measure of the field strength
was made at a fixed point. Then the
flag pole was replaced by a single
vertical half-wave antenna excited
with the same power. The field
strength from this arrangement was
slightly less than one-half that ob-
tained with the array, indicating a
power gain for the array of approxi-
mately four to one. From Fig. 7,
we find the theoretical figure to be
4.27 to 1.

Constructional Details

The first full scale antenna was
constructed for operation at 45 mega-
cycles. The supporting pole ex-
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Fig. 12—Pattern with varying currents but with constant phase
difference of 90°

tended 70 feet above the roof. The
radiators were nickel-steel tubes,
copper plated. These tubes were
made with sufficient wall thickness
to allow a slight taper. This taper
is supposed to avoid possible fracture
due to vibration of the tubes. The
stand-off insulators are 8 inches in
length. The transmission lines are
made up of No. 8 hard drawn wire.
The antenna elements are placed
slightly less than one-half wave
length apart so that the transmis-
sion line length between elements is
exactly one-half wave.

To achieve the proper phase shifts,
the antenna is fed by an arrange-
ment of transmission lines as shown
in Fig. 10. If the lines have a
characteristic impedance of 500
ohms, the following dimensions will
hold epproximately.

1. The distance from ¢ or d to the
lowest antenna element is 0.355 wave
lengths (plus any integral number of
half-wave lengths desired).

2. The length of ¢ (or d) from
line connection to shorting bar is
0.085 wave lengths.

3. e is any convenient length.

4. f equals e plus one-quarter
wave length.

5. The distance from T-T to point
of connection of g is 0.4 wave
lengths.
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6. The length of ¢ is 0.15 wave
lengths.

Four strain insulators are placed
at the top of the pole to neutralize
the pull on the top elements due to
the transmission lines.

The transmission lines are con-
nected to the antenna elements by
means of clamps placed 0.06 wave
lengths from the surface of the
supporting pole.

Small metal pads are fabricated to
the pole to insure firm horizontal
mounting for the insulators and
radiating rods.

In designing a particular antenna,
consideration should be given the
highest recorded wind velocity, the
possibility of the formation of sleet
on the antenna, and the possibility
of excessive corrosion due to prox-
imity to salt water.

Factors Affecting Horizontal
Radiation Pattern

The design of the turnstile
antenna has been based on the
premise that it is most desirable to
have a circularly symmetrical hori-
zontal radiation pattern. It is, how-
ever, conceivable that such an an-
tenna might be located in the heart
of a city which is oblong in shape.
In this event, it would be desirable

WAAMM=-aRekicaRradiahistenscom.
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to have a horizontal pattern which
is elongated. This may be ac-
complished by controlling the phase
relation between currents in the two
perpendicular sets of radiators or
by controlling the ratio of the cur-
rents in these two sets.

Figure 11 shows what happens to
the horizontal radiation pattern
when the currents in the two sets
of elements are held equal in magni-
tude but the phase relation is
shifted. We see that the pattern
can be elongated along a line which
bisects the angle formed by the two
sets of radiators. Figure 12 shows
similar results when the current
ratio is varied but the currents are
held in quadrature. Here the elonga-
tion points along the axis of one of
the antenna elements. By choosing
the proper phase and current ratios,
it is possible to make the elongation
occur at any angle in the horizontal
plane.

Field Intensity Measurements

As stated previously, the first full
scale antenna was constructed for
operation at 45 megacycles. This
antenna was located on the roof of
a building in an urban district. The

/
[Continued on page 48]
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The Beam Power Output Tube

A radical design which uses a potential barrier in place of a suppressor grid, results

in a new power tube capable of delivering, in push-pull, 34 watts without grid-driving power,
or 60 watts with 400 milliwatts input e

Fig. 2. The new beam power tube, internal and external views

N considering output tubes for

radio receivers, it is interesting
to look back and review the various
tubes and systems that have been
used in the past. Comments on
these will lead naturally to the most
recent addition to this group, the
new beam power tube. This tube has
recently been introduced to radio
engineers by its designer Mr. O. H.
Schade at a N. Y. meeting of the
LR.E. on April 1.
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In Fig. 1 is presented a graphical
listing of the most popular tubes and
systems arranged approximately in
the chronological order of their in-
troduction.

The output tubes supply the elec-
trical power which is translated by
the loudspeaker into acoustic power.
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