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"LOCITY

High fidelity. Accurate definition. Natural
brilliance. No background noises. No
peaks. Can be placed up to'2000 feet from
the amplifier without appreciable loss.
Frequency response 30 to 14,000 C.P.S.
Output, -64 db (open line); -90 db when
using input transformer (100,000 ohms sec-

THE EXTEMA 1TELD OF ORE (DR 1S

//
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el
THI ENTIOE MACKETIC FIELD /5
CONENTRATED 1N TuE CORE QHLY

“"CONSTANT IMPROVEMENT" IS THE KEYNOTE OF AMPERITE
ENGINEERING ACTIVITY. WE BELIEVE THAT ONLY THE
HIGHEST IN QUALITY IS DESIRED BY BROADCASTING STU-
DIOS. THAT IS WHY THE AMPERITE VELOCITY HAS BEEN
BUILT UP TO THE POINT WHERE IT IS THE FINEST
MICROPHONE AVAILABLE TODAY, REGARDLESS OF PRICE.

SEE FREE TRIAL OFFER BELOW.
/Vew' EXCLUSIVE FEATURE
Again, Amperite demonstrates leadership by being the first to use
the Ring-Core (the ideal) Transtormer commercially. The Amperite
SR-80 Velocity incorporates this superior transtormer. Its low dis-

tributed capacity decreases the high frequency attenuation to an
absolute minimum, resulting in more brilliant reproduction, Induc-

TSuman mica— | tive pickup is reduced to absolute minimum . .. NEW INPUT
WICROPKONE TRANEORMER TRANSFORMER, ring-core type, also available to studios. Second-
ary impedance 250,000 ohms.

FOR STUDIOS—AMPERITE MODEL -SR-80

ondary). Hand-hammered ribbon not af-
fected by even a 40-mile gale. Available
also in High Impedance Model SR-80H,
which operates directly into grid of tube.
New design permits running %" cable
up to 125 feet. LIST PRICE (SR-80 or
SR-80H) $80.00. Call Letter Plate, List $5.00.

/ﬁ’ﬁ’i‘aﬁi{%‘i’i":’fi ”ew AC (OR BATTERY-OPERATED) PRE-AMPLIFIER

Features two new advantages: Balance-wound Power Trans-
former which reduces inductive hum to a minimum; Input Trans-
former of the Ring-Core type, which increases the signal level
at the most desired point. . . . Frequency response, 30 to 12,000
CPS (* ldb). Paper condensers used in power supply. Trans-
former coupled—highest grade nickel alloy core used. Table or

rack mounting.

AMPERITE BOOM STAND (MODEL FSB)

Adjustable in any direction. Noiseless action permits noiseless
adjustment while operating. Adjustable counterweight and fric-

tion clutch provide smooth and easy operation: The Boom can

be lowered or raised by mere pressure of the hand, without
requiring any locking devices. Microphone height can be varied
from 36" to 96”. Length of boom arm, 28". (Other lengths obtained

upon request at slight extra charge. LIST PRICE, $50.00.

-AMPERITE@EEQQ){_ 561 BROADWAY NEW YORK
4

MICROPHONES

A COMPLETE LINE—FILLING EVERY BROADCASTING NEED/
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THIS IS THE HOUSE

(]

our good friends

helped us build

Young in years but old in experience—describes
briefly the business that has been built up around
our service.

The fact that there is no substitute for experience—
that when a certain class of work can be done better
by one concern than another—that in doing this
class of work a definite service is rendered—are some
of the reasons for the phenomenal growth of the
Superior Tube Company.

UPERIOR TUBE
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In less than two years time, the ability of this company to pro-
duce small, fine, seamless tubing to unusual specifications has
become known throughout industry and especially in electronic
fields where accuracy in manufactured products is measured by
laboratory standards and specifications dictated accordingly.

‘The modern plant pictured above is more than physical evidence
of our size. It is an expression of the confidence which users place
in our ability to fabricate small seamless tubing to their most
exacting needs. We dedicate our house to those who helped
us build it—our good friends and customers.

To all, we extend a cordial invitation to visit us in. Nor-
ristown, Pa. (25 miles from Philadelphia, 100 miles from

New York City). You'll find here a plant, modern in
every detail, and just as unique as the service it renders.

*

The Bell Telephone Lab-
oratories are one of the
many organizations which
we have served in the past
year.

COMPANY. NORRISTOWN. PA.
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FOR TONE CONTROL...SENSITIVITY CONTROL.ETC.

e comped
STACKPOLE ROTARY SWITCHES

Slow Break Type

Type T.S.—Wichout
snap switch— grounded
or insulated common
connection.

Type T.S.M.—Same as
Type T.S. with snap
switch added.

NOTE THESE

1. Totally enclosed keeping out dust, metallic particles
and other foreign matter.

2. May have insulated common terminal or have
grounded construction, using bushing as common
terminal.

3. May be equipped with snap switch to break power

connection.

4 Standard mounting bushings and locating pins.

ADVANTAGES

5.
0.

7
8.

Very low contact resistance.

Positive indent action.

Very small and compact; type without snap switch
only 29/64” thick, with switch only 25/32”.

Large, easily soldered lugs.

Samples will be gladly sent for examination and approval.
Write—

STACKPOLE CARBON COMPANY

ST. MARYS, PENNA., U.S.A.

‘These products are sold only to manufacturers of original equipment.
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Not since pick-ups became an accomplished fact in 1926 has a more startling achieve-
ment been announced. Through radical new developments, AUDAX has conjured
forth recording—MICROPHONE fidelity from the pick-up itself. Moving mass and
its attendant limitations are now abolished! But that’s not the half of it

as you'll find out when you listen to the realistic facsimile performance of

MICRODYNE. Yes . . . MAGNETO- INDUCTIVE!

AUDAK COMPANY. 500 Fifth Avenue, New York.

“Creators of High Grade Electrical and Acoustical Apparatus Since 19157

ELECTRONICS — September 1936
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RESISTOR
DIVISION

Insulated and
non-insulated

carbon resistors

Auto Radio

Suppressors

L

ERIE RESIS

The resistance pins of Erie Insulated Resistors
are solid molded from the same time-proven carbon
composition that has made non-insulated Erie Re-
sistors outstanding for their unsurpassed all-round
operating performance.

Enclose these pins in uniform, pre-formed, insu-
lating ceramic cases that are brightly color coded
for instant identification . . . . complete the as-
sembly by making strong, one-piece, solderless
connections of the tinned copper lead wires . . . .
and you have Erie Insulated Resistors.

That, briefly, is the story of these units. It's
not hard to see their inherent advantages. We're
eager to have you find them out through actual use.
A letter to us will bring you a generous supply of
samples.

ERIE RESISTOR CORP.

TORONTO, CAN, ERIE, PA. LONDON, ENG.

PLASTICS
DIVISION

Radio knobs,
dials and other
small plastic
pieces molded
by the injection

process.

J

Bell Telephone Laboratories are among our customers for Erie Resistors

0

2 S
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Approximately il f . G W
three timas ac- e i \ - TR ¥
‘tval size. 5 B R R

Upper Left bl " ’ With a wide variety of mounting methods to choose from,
ket No. 3146 . T . .
SO Cinch dial light sockets assure mechanical and electrical

perfection in illuminating dials under any set specifica-
Right; Cap shield
for directed, con-

centrated light types are pictured here. There are many others.
No. 48730

tion or construction. Some of the more generally used

Wherever the light, Cinch shows the

way to mount it.
Dial Light Socket

No. 48722-1 Only the best materials and painstaking work-

manship can produce these carefully

Dial Light Socket ( designed parts; all metal parts are plated,
(right) ROFSEUER and all assemblies are inspected and

tested. The spring contact in the Cinch
Dial Light Socket

screw t i i
(1ft) No. 99129 crew type sockets prevents vibration

loosening the lamp and makes
good contact certain. Samples and

Dial Light Socket : .
No. 3153 o /4 further detail upon request.

“Cinch’”’ and Oak Radio sockets

Lower Right: No. TS are licensed under H. H. Eby
3110 , ; - N Socket Patents.

CINCH MANUFACT CORP. _,

\
NiRX
§ ' 3

it

» .",
°
%

'

2335 WEST VAN BUREN STREET, CHICAGO, ||-|-| NOIS d
l Subsidiary: United - Carr Fastener Corporation, Cambridge, Mass.

www americanradiohistorvy.com




BULLETIN BOARD
S.S.WHITE FLEXIBLE SHAFTS

@ -~ September 1936 —-

S. S. WHITE METALLIC CASINGS for Auto Radio Remote Controls

CHARACTERISTICS

No.147A1% No.147A2% No.170A1##  No.l70QA2#%x%

Galvanized Gray Galvanized
Parkerized Parkerized

Number of Wires used - “D" shaped - - - 2 b4
"Triangle" shaped b4 P4
Stress Strain in Tension
Average inches elongation per foot-
at 5§ 1b. load - - -
15 1b. load - - -
25 1b, load - - -
Average inches permanent elongation
per foot at 5 1b. load - - -
15 1b. load - - -
25 1b, load -~ - - .032r
Bend Set Test (See Note below)
Degrees bend around 1-3/8" diameter
to set 10 degrees 40° 50° 50°
Bending Moment to give 10 degree set 8 in.-1lbs. € in.-1bs. 9 in.-1lbs, 9 in.-1bs.

Average Weight of Casing - feet per 1b.- 14 ft. 14.5 ft. 12 ft. 13 ft.

Note: A relative measure ol stiffness of casing determined on specially designed test fixture
Dimensions of Casings

Inside Body Diameter - Minimum - - .147" .147" .170" 170"

~ Maximum - - .152" .152" L1757 .175"

Outside Body Diameter- Minimum - - .233" 233" . 253" «R53"

Maximum - - .238" .238" .258" .258"

Length —- to specifications plus and minus 1/16%

DIMENSIONS OF CASING ENDS

ﬁé T | @) @ _[m=

CASING NUMBER PLAIN END lNTEGRAL ENLARGED END INTEGRAL FLANGED END

I.D. O.D. I.0.| o0.D. ¢|_ 1.D. 0.D. c
Min. Max of: Min, Min,| Max.| Min,| Max.
147A1 and 147A2].147%.1571. 233']:2h1" 13/6L1.365M. 375" [ 3" | 147", 157"k 422"]. u38".1 20 1 30"
170A1 and 170A2[.1704. 180"LZ5}"[ 263"[13/64™.365". 375" [ 3" |.170". 180" k22", i38H[.1 20.130"

FINISH - Parkerized for exposed controls - Galvanized for controls on dashboard.

#CASINGS Nos.147A) and 147A2 - for use with S.S.WHITE .130" dia. Radio Shaft

$tCASINGS Nos.17041 and 17042 - for use with S.S.WHITE .150" dia. Radio Shaft

WOULD YOU LIKE SAMPLES?..A request on your business letterhead will bring them.
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VACUUM TUBE
VOLTMETER

Means Accuracy cannot be affected by the

current drain of the instrument itself. No
current drain in Triplett Vacuum Tube Volt-
meter assured by self calibrating bridge circuit
used.

Y Y The mo:t important advancement in
circuit design for precision electrical
meusurements within recent years.

THIS IS A TRIPLETT MASTER UNIT

See your jobber—uwrite for more information

All laboratories and engineers will immediately
appreciate the significance of this remarkable instru-
ment. Indispensable also in the servicing field for
measuring electrical impulses either A.C. or D.C. of
low magnitude such as the carrier wave of signal
circuits, and particularly for television work.

The self-calibrating feature is automatic with the
tube bridge circuit developed by Triplett Engineers
(Pat. Pending). The initial operation of adjusting
the bridge at the Zero level insures exact calibration

SIS ENEE NN NP ENENNES RSN NN ENE NN R RN SR NREAT
-

TItI, TRIPLETT ELECTRICAL INSTRUMENT CO.
239 Harmon Dr,, Bluffton, Ohio

Without obligation please send me complete informa-
tion on TRIFLETT VACUUM TUBE VOLTMETER.

I am also Interested in .........................

Name . ...

Nt, Address

O rro W IR R T IR T Statele s s crm o pelG~ " -

Y N TR R N R R R R LR T TR T AN
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independent of tube emission values or when replacing
tubes.

Model 1250 is furnished with Triplett Tilting type
twin instrument. One instrument indicates when bridge
is in balance. The other is a three range voltmeter
with linear scales reading in peak A.C. and D.C.
voltages. Ranges are 2.5, 10 and 50 Volts. Other
Ranges to order.

Model 1250 is complete with all necessary accessories
including 184, 1—6C6, 1—76. Case is metal with

black wrinkle finish, panels are silver and black.




Save Chassis Space...

with MALLORY Standard Dry Electrolytic Capacitors

/7

One Mallory Capacitor, in
round metal can or card-
board tube, takes the place,
1In most cases, of several ordinary capaci-
tors. Specify Mallory and use the capacitor
space saved for other purposes —or to
reduce the chassis size!

Save Chassis Material Cost!

The selection of a new Mallory standard
combination unit will reduce your present
capacitor cost. Mallory’s new method of
standardization with lowered production
cost makes this possible. In addition, extra
cathode by-pass capacities may be included
at slight additional expense.

Save Production Time!

A single Mallory Capacitor, in most cases,
completely fulfills your electrolytic capaci-
tor requirements. Eliminate the punching
of extra chassis holes—the buying or
making of extra mounting brackets. New

DRY ELECTROLYTIC
CAPACITORS

P.R.MALLORY & CO.,Inc., INDIANAPOLIS, INDIANA
Cable Address — PELMALLO

10

Mallory units include concentrically wound
combinations with as many as four sections.

Mallory Standard Capacitors are available
in capacity and voltage combinations to fit
your circuit. Let Mallory engineers help
select the unit best suited to your needs.

Of Course!

CELLOPHANE SEPARATORS
ETCHED ANODES
STITCHED ANODE LEADS

— All recent important improvements pioneered or
developed by Mallory — are incorporated in Mallory
Condensers wherever they add to quality and utility,

September 1936 — ELECTRONICS
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» WHOOPS FOR METAL TUBES . ..
A nationally known tube company in
its annual report to its stock holders
states with pleasant candor: “The op-
erations of the Corporation and its sub-
sidiary companies resulted in a net loss
of $90,434.17, the greater part of which
was due to the development and sale of
metal tubes, a situation made neces-
sary by competitive conditions.”

It would be extremely interesting and
illuminating to get similar figures from
the industry at large. No portion of
the radio industry has experienced such
financial discouragement as the makers
of the tubes upon which that entire
industry depends.

»TUBE LIFE . . . The following
letter from C. O. Fairchild, Director of
Research, C. J. Tagliabue Mfg. Com-
pany, Brooklyn, tells its own story.

“In Crosstalk for July you state that
‘the editors will welcome comments’ on
the subject of the life expectancy of
electronic equipment. We would like to
furnish information from experience
with two tubes which we are using,
especially because you have quoted
from one enthusiastic manufacturer
who mentions 5,000 hours as a reason-
able life. Our experience so far indicates
that 15,000 or 20,000 hours would be
more nearly an acceptable rating. Our
company’s pyrometers in which are
used a phototube and amplifying tube
have been on the market only a little
more than two and one-half years but
a number of these instruments have
been in constant use over 20,000 hours
without a failure of the electronic
tubes. In these two and one-half years
there has not yet been an electrical
failure of any tube and only two
mechanical failures.

“Of course we have obtained this
long life by operating the tubes well
below . their rated capacities. It ap-
pears to the writer that such a policy
is the only tenable one which cah be
pursued in the use of electronic devices
for industrial purposes where reliabil-

Crosstalk

ity is significant. We may add as in-
teresting items that the rating for the
light source which we are using is
10,000 hours and a primary relay has
proven its ability to operate over 100,-
000,000 times without failure.”

»PARLOR GAME One of our
engineer friends has developed a game
which amuses him quite a bit. When-
ever he has a few moments to spare
he sits at his radio and jots down the
number of channels on which there is
good reception; the number on which
there is tolerable reception (only par-
tially mired up by other stations), the
number of channels on which there are
flutters and the number totally un-
usable.

He states that in Chicago in the
Spring he found that there are about 6
channels on which he can get excellent
service on a better than average re-
ceiver; in daytime there are 15 chan-
nels giving tolerable reception. At 7
p.m. there are about 21 tolerable chan-
nels and at 10 there are about 18. In
this vicinity and time of year there
are 28 flutters of more or less constant
value.

The Editors will be interested in
looking at the score card of any one
taking a whack at this idle-moments
game.

»OSTRICHES . . . In a midnight con-
fab with a well known loud speaker
engineer, not long ago, the following
comments came out. Loud speaker
manufacturers have learned how to
make speakers with much greater har-
monic distortion than was possible a
few years ago. They can now take
care of practically any demands of the
set manufacturers. Synthetie bass is
only one of their accomplishments. Ap-
parent loudness is a trick they have
developed within three years. It is
comforting to note the progress in loud
speaker engineering.

KEITH HENNEY

Editor

According to this engineer (of course,
we don’t believe this) it is not the pub-
lic that decides what the public wants
but the sales department of the radio
companies. And so the public gets,
not high fidelity sets, free from dis-
tortion, but a new jimcrack with a new
and fancy name, red, white and blue
(or non-metallic) screws, and a radio
that sounds like the one they bought
four years ago

»DOG DAYS . .. August may be dog
days, but- -August saw Philco demon-
strate the progress made in television.
Newspaper men saw, in Bill Grimditch’s
home, black and white pictures sent
from the factory 70 miles away. Engi-
neers staged the first television popu-
larity contest, the Philco quartette, a
one-round bout on the factory roof, an
interview with Boake Carter, a sport
film. All was very clear, bright, steady,
entertaining.

August saw tugboats in New York
harbor ordered about from shore via
Western Electric radio. Thus tugboat
skippers come under the visa of the
FCC, since they must possess a Third
Class Radio Telephone operator’s
license.

August saw the stereophonic projec-
tion of Dr. Stokowski and an orchestra
of 100 players over a vast audience by
means of the Bell system first demon-
strated by wire in 1933 in Philadelphia.
ERPI commandered the services of
Dr. Harvey Fletcher, W. B. Snow and
A. R. Soffel, Bell Laboratories engi-
neers, to transport the apparatus to
Hollywood Bowl, and to operate it as
Dr. Stokowski’s condition to taking the
contract. 28,000 people heard the
concert.

August saw a Dun & Bradstreet re-
port that radios were being made at a
faster rate than at any other time in
the industry’s history. An average
gain of 15 to 30 per cent in volume
(units and dollars) is estimated. More
auto sets were made in the first half
than in all of 1935.



Installation of amplifier equipment at rear of observation car. The pre-
amplifier, with space for microphones and accessories, is housed in the
cabinet, below which is the power amplifier

NALIZING the ever-increasing

importance of radio and public-
address services in the political
arena, the Republican National Com-
mittee has engaged a staff of en-
gineers and technicians for the dura-
tion of the Presidential Campaign.
Heretofore political organizations
have relied largely upon standard
facilities afforded by the radio net-
works, local stations, and local pub-
lic-address services. However, radio
has become of such tremendous im-
portance in campaigning that every
detail must have thorough considera-
tion so that the speaker’s personality,
as well as his words, may be pro-
Jected to the unseen audience.

The acquisition of an engineering
staff to assume responsibility for
radio facilities and public-address
services has resulted in several dis-
tinct advantages. 1In the first place

12

the equipment is engineered or
“tailor-made” for each function
thereby affording improved perform-
ance, greater flexibility and utility,
and lowered costs through avoiding
duplication of facilities. In addition,
it results in rapid delivery and in-
stallation of equipment because a
small group of men, abreast of the
latest developments and trends and
possessing suitable contacts in the
industry, may obtain results more
quickly than larger organizations.
Finally, the staff of engineers can
obtain operating efficiency and great-
er cooperation with broadcasters,
news-reel men, etc., because the edu-
cating and training of a different
group of people for each installation
is not necessary.

A technical difficulty in transmit-
ting speeches of widespread public
interest is that of locating micro-

By H. A. RAHMEL
and

C. H. WARRINER

phones near the speaker’s rostrum in
order to supply the program to three
or four radio-networks, several local
stations, a number of news-reel cam-
eras, and to the public-address serv-
ice. This multiplicity of mierophones
inherently embodies several disad-
vantages. It obstructs the view of
the audience and news-reel cameras,
It impairs quality since the micro-
phones are of necessity disadvan-
tageously situated, due to total num-
ber which must be used. The effect
of the speaker turning his head will
influence certain microphones more
than others. The type of microphone
best suited to the speaker’s voice
may not be employed by the several
organizations because they have not
had opportunity to make tests nec-
essary to determine the type ideally
suited. In many cases the public-
address microphone is relegated to
the side (due to the preference ac-
corded radio and camera micro-
phones), with the result that the
audience is poorly covered. Experi-
ence has shown that a poor public-
address installation leads to the
crowd’s becoming restless and out of
control, even voicing its objections to
the extent that they are heard
through the radio pick-ups.

These microphone difficulties have
been surmounted by using one micro-
phone and by designing equipment
bays consisting of power-supplies,
monitoring facilities, and 14 bridg-
ing-amplifiers arranged to operate
(at zero-level) from the output of
conventional remote or pre-amplifiers.
These are used to supply programs
at zero-level on 500-ohm terminations
to radio-networks, local radio-sta-
tions, news-reel cameras, the public-
address service, etc. The advantages
of this scheme are obvious when
considered in light of the difficul-
ties outlined in the previous para-
graph.

The bridging amplifier units con-
sist of a single push-pull stage ar-
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Circuits for Politics

Broadcast stations, news-reel cameras, public address—all fed from a single sys-

tem designed by the engineering staff of the Republican National Committee to project

personality as well as words

ranged so that the failure of one
tube has little effect upon perform-
ance. A spare or stand-by amplifier
is included in each assembly so that
a defective unit may be ‘“patched”
out. Similarly, a stand-by power
supply may be cut in by throwing a
toggle-switch. Each bay has a moni-
tor panel which permits checking in-
put and output levels and termina-
tions on each amplifier.

An apparent disadvantage of this
system lies in the fact that every
service is supplied through one com-
plement of apparatus, necessitating
that it be failure-proof insofar as
possible. Space will permit only a
short description of the steps that
have been taken to guard against
the possibility of equipment and
power failure. All facilities—micro-
phone, remote or pre-amplifier, the
14-feed bridging-amplifier assembly,
lines to each network, camera, etc.,
and the a-c power source are sup-
plied in duplicate. Thus two entirely
isolated systems supply program sim-
ultaneously on two lines to each
broadcaster, camera-man, etq. The
equipment is entirely a-c operated—
each channel on individual, isolated
feeds—from the city supply; but a
complete conversion to battery opera-
tion on one channel may be made in
about ten seconds.

Public Address

Public address equipment had to
be provided for sound-reinforcement
for large crowds at major speeches
such as at the Topeka and Chicago

Front and rear views of one of the
bridging amplifier units. Each con-
tains fifteen separate amplifiers (one
stand-by) and a monitor panel. Two
units, containing 30 amplifiers in all,
are in use to prevent any possibility
of failure. A defective amplifier may
be replaced by the stand-by unit by
means of two patch cords

ELECTRONICS — September 1936

notification ceremonies of Governor
Landon and Colonel Knox, and for
private car installations for rear-
platform speeches from the Landon
and Knox special campaign trains.

The first requirement was met by
obtaining the services of a modern
sound-truck owned and operated by
one of the country’s most experienced
and competent operators. This sound-
truck is equipped with two 100-watt
amplifiers, a gasoline driven 60-cycle
alternator (to be used where a-c
power is not available) two 35-foot
collapsible steel towers (quickly
erected or demounted, usually at

either side of the speaker’s platform)
for support of the loud speakers; also
microphones, radio-tuner, and acces-
sories. A sufficient number of horns
and directionally-baffled dynamiec
loud-speaker units are carried to per-
mit mounting two tiers of speakers
on the towers, thereby affording cov-
erage of massed open-air audiences
up to 200,000 people.

Rear-platform (train) Installations

The objectives to be attained by
railroad car installations may be
realized from the demands to be
made upon the equipment:
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1. Adequate coverage for rear-
platform crowds up to ten thousand
people.

2. Program to be supplied to tele-
phone lines (500-ohm termination at
zero-level) for broadcasters (usually
local stations).

3. Program to be supplied to news-
reel cameras (at various levels and
terminations).

4. Equipment to be quickly remov-
able for installation at local halls
should occasion demand.

5. Total weight of all equipment
not to exceed 250 pounds in order
that it be suitable for aeroplane
travel.

These requirements were met by
using a remote amplifier (of the
type used to feed the bridging-ampli-
fiers on major broadcasts) a resistive
distribution network to supply the
program to the broadcasters and
camera men, two 40-watt power am-
plifiers, and a suitable loud-speaker
system. For aeroplane travel the
latter consists of two 25-watt 12-inch
dvnamic units baffled by a divided

carrying case. On the trains the
loud-speaker system consists of four
directionally-baffled dynamic units
(25-watt, 12-inch) ; two are mounted
in fixed positions to afford coverage
to the rear of the train, and the re-
maining two are adjustable to afford
coverage at any angle on either side.

Sixty-cycle power on the trains is
obtained from 3800-watt converters
operated from the 32-volt train bat-
teries. The amplifiers, distribution-
box, accessories, and tools are com-
pactly situated in a partitioned cab-
inet at the rear of the observation
room of the private car. The entire
installation may be placed in carry-
ing cases ready for air transport or
removal to a hall in about ten min-
utes. The total weight of the remote
and power-amplifiers, portable loud-
speakers, portable speaker’s rostrum,
distribution - network, microphones
and accessories is less than 200
pounds.

Performance Standards
High performance standards have
been maintained throughout. The

Pre-amplifier unit with cover thrown back. The input con-
nections at the rear readily permit changing microphone
impedances. This amplifier feeds the fourteen bridging
amplifiers which in turn supply the signal to the broad-
casters, news-reel men, and public address system

14

radio units — pre-amplifiers and
bridging amplifiers —have * 05
decibel variation in amplification
from 30 to 15,000 cycles, and a total
harmonic-distortion of the order of
0.5 per cent. The hum-level on a-c
operation is more than 55 decibels
below zero-level, and input and out-
put feeds are balanced to ground.

The public-address equipment has
similarly adequate performance char-
acteristics: 1.0 decibel variation in
amplification from 40 to 10,000 cycles
with total harmonic-distortion less
than 5 per cent. All units have been
ruggedly constructed so as to with-
stand rough treatment in transit,
and every attempt has been made to
minimize equipment failure.

The remote or pre-amplifier was
developed by the Collins Radio Com-
pany as a result of submitted speci-
fications and data. It is unique in
its field and has a number of un-
usual features: three universal in-
put-channels permitting any type
microphone to be plugged into each
receptacle; high-level mixing; push-
pull output stage; convenient access
to every component and connection;
unusually low hum and noise-level,
and compactness and light-weight.
The Republican Committee has ob-
tained all units thus manufactured,
but they are now being advertised
for general sale. Collins Radio also
constructed the bridging-amplifier
assemblies and distribution networks
to specifications.

The power-amplifiers used on the
trains were constructed by the Rem-
ler Company, Ltd., in accordance
with submitted specifications. They
employ two of the new beam-power
tubes in the output stages and ac-
cordingly develop ample power. They
are compact, rugged, and easily
portable. The amplifying equipment
installed on the sound-truck was also
supplied by Remler.

Personnel

The staff consists of the following
men : Charles H. Warriner, in
charge for the Republican National
Committee; James D. McLean, op-
erating engineer; Dean Bailey, B.A.,
operating engineer; Meyer Freeberg,
design engineer; Robert C. Mulnix,
owner of sound-truck; H. A. Rahmel,
M.S., consulting engineer, on leave
from the Department of Electrical
Engineering, Massachusetts Insti-
tute of Technology.
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Cathode Rays for the UHF

Correcting for electron transit time in cathode ray oscillographs permits accurate

voltage measurements up to frequencies of 300 mc. A Worcester Polytech thesis

ECOGNIZING the increasing im-
portance of the ultra-high fre-
quencies, engineers find themselves
confronted with the necessity of
making quantitative measurements
on their equipment, particularly
measurements of voltage, current,
and power existing in the various
circuits involved. At present the
methods of making these measure-
ments are limited in their extent,
since the usual methods employed
begin to incur serious discrepancies
as the frequency of the alternating
voltages and currents is increased
above the value of 1 to 5 megacycles.
As a thesis project it was decided
to investigate one phase of this prob-
lem, namely that of making voltage
measurements -at these ultra-high
frequencies, and to show how they
may be applied to the science as a
whole. The cathode-ray tube was se-
lected as an instrument for voltage
measuring at these frequencies for
several reasons, first, because it has
very little effect on the circuit being
considered on account of the relative-
ly low capacity presented to the cir-
cuit, and second, because of its ease
of calibration and of predicting its
variations on theoretical grounds.
It is proposed to use this instrument
in a circuit similar to that of the
well-known cathode ray oscilloscope,
taking as a measure of the required
voltage the deflection of the electron
beam in this tube.

When alternating voltages of or-
dinary frequencies, both audio and
radio, are applied to the deflecting
plates of the tube, the voltage vari-
ation which takes place as each elec-
tron passes through the field is so
small that it is possible to consider
each successive electron as being
acted upon by a field of constant
strength (although of a slightly dif-
ferent strength for each successive
electron). Thus, the electron which
is given the greatest deflection is the
one which passes between the plates
at the instant that the voltage wave
on the plates is at its maximum

BY LESTER L. LIBBY

Norwich, Conn.

value, and its deflection is essentially
the same as the deflection it would
have been given if there had existed
on the deflecting plates a steady
d.c. voltage of the same magnitude
as the peak value of the alternating
voltage wave. Thus it can be seen
that at ordinary frequencies (f=0
to f = 10° ¢ps) the peak value of the
deflection produced may be assumed
to be proportional to the peak value
of the applied vcltage wave in the
same proportion as that determined
for the d-c calibration.

At frequencies of more than
10° cps, however, the variation of
the voltage across the plates is tak-
ing place at so great a speed that
the field acting upon each electron
can no longer be considered to be
constant, but is, rather, a variable
quantity which has a different effect
on the electron beam, and a correc-
tion must be applied to the observed
deflection, (depending on the fre-
quency, the velocity of the electrons,
and the length of the deflecting-
plates), in order to have the d-c cali-
bration still hold true. This is called
the “transit-time” correction factor.

Electron “Transit-Time” Calculations

The method of obtaining this
“transit-time” correction factor is
shown in the following derivation
and set of sample calculations, based
on fundamental relationships and in-
tegral calculus. Referring to Fig. 1,
let:

Velocity of electrons =v= -%f— (con-
stant)
D=recorded screen deflection=K %

I = length of the deflecting-plates.
t = time, in seconds.
f = frequency, and o = 2=f

Assume the voltage on the deflect-
ing plates is e =FE sin of, a sinu-
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soidal voltage of maximum value E
and frequency f. From Newton’s
Second Law, F = ma (or a = ,;’n__) we

obtain the relation:
dy ko E sin wt

= T e =y Sin Wl 1
an - 1 sin wi (1)
where k, is constant depending on
units, m = mass of electron, and

kF"%? (arbitrarily causing the nu-
merical value of E to be fixed for this
derivation, and investigating effects
due to changes in the frequency

only).

Upon integrating (1) we get:
——Cgi—= _ coswt+c............. (2
Integrating (2), we get:
y= — I:;, sinwt+ ol +e.oo(3)

We must now turn to practical con-
siderations and note that the deflec-
tion D on the screen depends for the

most part on %% the slope of the
electron beam as it leaves the field,
and very little on the value of ¥, this
being due to the “magnifying” prop-
erties of this arrangement. We know
from experience at lower frequencies
that the amount contributed to D
by ¥ is very small, so it is reasonable
to assume that its effect may be neg-
lected in the mathematical analysis;
this assumption is borne out by later

experimental results.
From equation (2), and from the

. dx
relation v = =T a constant, we
get:
dy ky ) k
—te i A, t sy o
iz ey COS @ + ) o cos wl +
: k
i, where k = —.
v v

We may rid ourselves of the constant
of integration by evaluating between
the limits ¢, and ¢, and we get
finally :

dy _ __’“_[
g ” cos«)t‘tl ........... .. (4)

From here onward the treatment
may be better approached from a
physical rather than a mathematical
point-of-view. We have seen that a
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Fig. 1. Fundamental dimensions of the cathode ray tube showing
path of electron beam

given electron will receive a maxi-
mum deflection when it is passing
between the plates while the voltage
on the plates is passing through its
maximum value, i.e., through its 90°
or 270° point. Now, with » constant,
and the length, [, of the plates fixed,
the time-interval (t.—t,) is a fixed
value. Therefore, the angle w (t,—t,)
is a fixed value, say d, for any given
value of w (and therefore f), and
obviously the maximum value of the

expression |[cos mt]ff occurs when
d
wt, (90° — 5 ) and wt, =
s d
(90 _{" 2)-
Now, making use of our assump-

tion that the deflection D — K%,

and knowing from experience that,
for frequencies of 8 X 10° cps (O

100 meters), the D for a given E is
the same as the D for that same
value of £ in a d-c voltage, we can,
for any given cathode-ray tube with
plates of any given size and an elec-
tron velocity of any given v, calcu-
late the correction factor which
must be applied at any given fre-
quency. The following sample calcu-

lations show how this may be done.

Assume that we have a cathode-
ray tube with deflecting plates 1 cm.
in length and with 1000 volts d.c. on
its anode No. 2, the anode which de-
termines the velocity of the electrons
in the beam. The electron velocity is
given in this case by the expression :
electron velocity —» = 5.97 x 107 VEn
= 5.97 x 100 y1000 = 1.89 x 10° em/sec.
where E,, is the voltage on anode No.2.
Now, since the deflecting plates are
1 cm. long, (effective), any given
electron remains between the plates

. 1
= o — 2 10-9
for a time of 189 x 10° ¢ 0.53x 10

sec., = (tz —tl) g

Now, suppose a voltage of maxi-
mum value £ and of frequency f
3 X 10° cps (% — 100 m.) is applied
across the deflecting plates. Refer to
Fig. 1. At this frequency d = o

(b—t) = (2= x 3 x 10°) (0.53 x 10-%) (?S? )

= 0.5%° (electrical degrees)
dy
dx

cos(90°+(—)'§)8 )-—008(90" 0.38 )
K(-FkFk)  ~ = _—C

Therefore from Equation (4) Dy, = K

27 x 3 x 10°
= K'x (5.50 x 109 em., where K! = (K) (-k).
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Fig. 2. Theoretical variation of response with frequency, showing
zero response where the transit time is equal to a complete period
of the wave
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Now again, suppose we have a
voltage of value E, and of a fre-
quency f = 3 X 10°cps (A = 1 m.).
At this frequency, we find that d =
58.0° (electrical), and, calculating as
above, we get:

cos (90°+ E%) -COS (90 - 52 )
Dipg =Rt 2 A 3,
27 x 3 x 10¢

K' x (5.13 x 10-19) em.
Using the 100 meter deflection as our
reference value, we find that the cor-
responding 1 meter deflection is 939
of the value it should have on the
basis of the d.c. calibration values,
which means that the value of deflec-
tions obtained at this frequency are
7 per cent too small, requiring, there-
fore, a correction factor of 1.07 to be
applied to this particular cathode ray
tube at the particular frequency of
300 megacycles, when the voltage on
anode No. 2 of the tube is equal to
-+ 1000 volts with respect to the
cathode.

Calculations for other frequencies
were made in a similar manner to
the above, and a curve showing the
variation in response as a function
of frequency was plotted for the case
analyzed above. This curve (Fig. 2)
shows that at a frequency of 1.8 X
10° cps (A = —(1? meter), the visible
deflection becomes zero, regardless
of the magnitude of the applied volt-
age to the plates. This is the point,
as can be seen from the mathematics,
at which the angle d becomes 360°,
or to put it differently, the point at
which the electron transit-time be-
comes equal to the length of time of
one complete cycle of the applied
voltage wave,

Experimental verification of zero
response

Regarding the point of zero deflec-
tion-response, it was thought that an
experimental verification of this
peculiar effect would constitute an
excellent check on the mathematics
and theory involved in the deriva-
tion. Since frequencies of the magni-
tude required could not possibly be
obtained with the apparatus avail-
able, it was at first believed that this
check could not be obtained. It was
soon realized, however, that to ob-
tain an angle d of 360° it was neces-
sary merely to increase the electron
transit-time and the required effect
would take place at a lower fre-
quency as a result of this. To in-
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crease the electron transit-time, it is
necessary merely either to increase
the length of the deflecting plates or
decrease the velocity of the electrons
in the cathode-ray beam, or both.

With this in mind, a cathode-ray
tube having plates of an effective
length of 1.6 cm., (taking account of
fringing at the edges of the plates),
was obtained, an RCA Type 906
cathode-ray tube. It was found that
this tube would operate with an
anode potential of about 190 volts
minimum to 1200 volts maximum.
An ultra high-frequency oscillator
was constructed, using an “acorn”
tube, Type 955, in a circuit as shown
in the schematic diagrams of the
complete set-up on Fig. 4. The lowest
wave-length at which this oscillator
would function effectively was found
to be 61 centimeters.

Accelerating wvoltage reduced to limit
transit-time

Using this oscillator, connected so
as to give a substantially constant
input voltage to the plates of the
cathode ray tube, it was found pos-
sible to verify the desired effect by
the process of varying the anode po-
tential on the tube (thus varying the
electron velocity). The curve ob-
tained of deflection as a function of
anode potential for a constant de-
flecting-plate voltage of a constant
frequency is shown above (Fig. 3),
and it is interesting to note that the
experimental results check the
mathematically - calculated results
very closely, in fact, within 5 per
cent.

As shown by the above curve, the
‘“zero” point occurs at an anode
potential of 195 volts. The calcu-
lated figures indicated that the zero
point would occur at 200 volts for
this tube if a 60 em. voltage-wave
were applied, so that the maximum
error is well within 5 per cent.

Negative response not investigated

It was found impossible to obtain
the portion of the above curve indi-
cated by the dotted line, since as was
mentioned before, the cathode ray
tube would not function at anode
voltages of less than 190 v. How-
ever, it is believed that the results
obtained are sufficiently conclusive to
establish ‘definitely the fact that this
type of an instrument may be
readily used as a means to determine
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Fig. 3. Experimental curve showing response as accelerating voltage
is reduced, thus shortening transit time

the value of voltages at ultra-high
frequencies. It is proposed to use
this type of instrument not to
measure these voltages directly, but
rather to calibrate some type of vac-
uum-tube voltmeter and use this in-
stead. This method is suggested be-
cause the cathode-ray tube itself,
plus its associated apparatus, is
rather cumbersome to be readily
portable.

A precaution which must be taken
in making any measurements at
these ultra-high frequencies is that
the leads to the instruments are in
themselves electrically-long lines,
and so their effect on the circuits in-
volved and on the instrument must
be taken into account. This can be
done in most cases quite easily, how-
ever, by the simple procedure oi

using half-wave lines for connecting
leads, and mathematically calculating
the attenuation produced by such a
line.

The writer wishes to express his
appreciation to Professor H. H.
Newell, for his helpful suggestions,
advice and assistance in the theo-
retical and practical developments of
this work, and to Professor R. K.
Morley for his aid in the mathe-
matical aspects of this same work.
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An acorn tube was used
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Reactors
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1 Fundamental reactor design chart for silicon steel. Dimensions used

are shown in Fig. 2

HE design of reactors carrying

direct current—that is, the selec-
tion of the right number of turns,
air-gap, etc.,—was pretty much a
cut-and-try art until 1927. In that
year, a method was introduced by
C. R. Hanna* which simplified mat-
ters tremendously. By this method,
magnetic data was reduced to a
curve such as Fig. 1, plotted be-

2

tween —— and & from which re-
\% le

actors can be designed directly. The
various symbols comprised in the
coordinates are:

L = a-c¢ inductance in henries
I = direct current in amperes
V = volume of iron core in cubic
centimeters
= A.l; (ref. Fig. 2)
A.; = Cross-section of core in square
centimeters
l. = Length of core in centimeters
N = Number of turns in winding
@ = Air-gap in centimeters

An example will show how easy it
i3 to make a reactor according to
this method. Assume a stack of iron
having a cross-section  inch x  inch,
and suppose the iron fills 92 per cent
of this space. The measured length
of the flux path in this core is
7% inches. It is desired to know how
many turns of wire and what air gap

*ALEE. Journal Feb. 1927, p. 128,
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are necessary to produce 70 henries
when 20 milliamps d-c are flowing in
the winding.

This problem is solved as follows:

A,=(.875)%x(2.54)*x.92—=4.55 cm.*
1,—=7.5%2.564=19.05 c¢cm

LI*  70x4x10-
VT 455x19.05

= 3.23x10-4

AC"'V-“ \
]
m‘“m}:‘ :

|

9

Typical core structure showing
dimensions used in reactor
design

From Fig. 1 it is seen that NI

T

18 7.5, and the air-gap is between .001
and .0012 times the core length.

N
7{ =175
c
_ 7.5x19.05
N = _‘W = 7150 turns

1n

BY REUBEN LEE

Westinghouse Electric
and Manufacturing Co.

The total air gap per leg is between
001 X 7% and .0012 X 73, or 7.5 to
9 mils; the exact value is not of ma-
terial consequence. The reason for
this statement will appear later.

The curve of Fig. 1 is the envelope
of a family of fixed air gap curves
such as those shown in Fig. 8. These
curves are plots of calculations based
upon the assumption that the a-c flux
in the iron core has a negligibly
small value compared to the d- flux.
Each curve has a region of optimum
usefulness, beyond which saturation
sets in and its place is taken by a
succeeding curve having a larger air-
gap. A curve tangent to the series
of fixed air-gap curves is that of
Fig. 1, and the regions of optimum
usefulness are indicated by the scale
a/l.. Hence Fig. 1 is a curve deter-
mined by the d-¢ flux conditions in
the iron and represents the most LI2
or energy content for a given amount
of material.

Figure 3 illustrates how the exact
value of air-gap is of little conse-
quence in the final result. The dotted
curve connecting B and C, is for an
intermediate value of gap, 6 mils.
Point Y’ represents the maximum
inductance that could be obtained
from a given core at this point by
using a 6 mil gap. Point Y is the in-
ductance obtained if a gap of either
4 or 8 mils is used. The difference in
inductance between Y and Y’ is 4
per cent, for a difference in air-gap
of 33 per cent.

It should be realized here that the
length of path of magnetic flux
through the coil has two com-
ponents: the air-gap a, and the
length of the core l,. In Fig. 1 these
two components are handled sepa-
rately, l. in the scale of abscissas
and e in the scale plotted along the
curve. The two components do not
add directly because their permea-
bilities are different. In the air-gap,
of course, the permeability is unity,
while in the core it has a value de-
pending upon the degree of satura-
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D-C Service

Methods, applicable to small units as well as large,

for designing and rating iron-cored audio reactors in terms

of the steady direct current they must carry

tion of the iron. Fig. 4 shows the
permeability for a typical high-grade
silicon steel. The effective length of
the magnetic path is ¢ + I./w, for
the steady or direct current com-
ponent of flux.

The curve in Fig. 4 marked p is
the normal permeability of the iron
for a steady value of flux—in other
words, for the d-¢ flux in the core. It
is quite different, however, from the
permeability for small alternating
fluxes superposed upon this steady
value. The latter is marked %Al in

Fig. 4, and it is known as incremen-
tal permeability. The a-¢ inductance
of the reactor is determined by the
length of the a-c flux path and hence,
to a large extent, by the incremental
permeability.

The distinction between w and 3

is made clear by referring to Fig. 5,
which shows the top half of a typical
hysteresis loop. The direct current
in the winding fixes the steady mag-
netizing force Hgy,, to which cor-
responds a flux density Bs.. A small
alternating voltage across the reactor
causes a superposed increment of
flux AB to alternately add to and
subtract from By, following the
small hysteresis loop which touches
the large loop at point E and the nor-
mal magnetization curve at point F.
The incremental permeability is
AB/AH and is represented by the
slope of the line AA. It will be seen
that AA has a slope much less than
that of the normal magnetization
curve at point O. Also, the smaller
AB is, the flatter the line AA be-
comes and consequently the smaller
the value of permeability By

Because of this low value of N
for minute alternating voltages, the
effective length of magnetic path «
+ lo/p 3 is considerably greater for
alternating than for steady flux. But
the inductance varies inversely as
the length of a-c flux path. If, there-
fore, the incremental permeability is
small enough to make e/ A large

compared to a, it follows that small
variations in a do not affect the in-
ductance much. This is the reason
that the exact value of the air-gap is
not important.

The conditions assumed by the
foregoing method of design are met
in most radio applications. In re-
ceivers and amplifiers working at low
audio levels, the a-¢c voltage is small
and hence the alternating flux is
small compared to the d-c flux. Even
if the a-c voltage is on the same
order as the d-c voltage, the a-c flux
may be small. Thiz is true if a large
number of turns are necessary to
produce the required inductance; for
a given core the a-c flux is inversely
proportional to the number of turns.

Because of the fact that Hanna’s
method applies to the majority of
practical cases, and because of its
simplicity, it is a justly famed and
universally used piece of engineering.
Before its publication, almost all re-
actor design was experimental, or
cut-and-try.

Use With Large Reactors
With the increasing use of higher
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audio power, necessitating larger
sizes of reactors and transformers, it
often happens that the a-c¢ flux is no
longer small compared to the d-c.
This is especially true in high im-
pedance circuits, where the direct
current has a low value and the alter-
nating voltage has a high value.

To illustrate the effect of these
latter conditions, assume a reactor
has already been designed for negli-
gibly small alternating flux (that is,
according to Fig. 1), and operates
as shown by the small loop of Fig. 5.
Without changing anything else, sup-
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permeabilities for silicon steel
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5 Hysteresis loops for d-c reactors

pose the alternating voltage across
the reactor is greatly increased, so
that the total a-¢ flux change is from
B, to B,. The reactor still operates
about point O. The hysteresis loop,
however, becomes the unsymmetrical
figure CFDEC. The average permea-
bility during the positive flux swing
is represented by the line OC, and
during the negative flux swing by
OD. The slopes of both OC and OD
are greater than that of AA; hence,
the first effect exhibited by the re-
actor is an increase of inductance.
The increase in inductance is non-
linear, and this has a decided effect
upon the performance of apparatus.
An inductance bridge measuring
such a reactor at the higher a-c
voltage would show an inductance
corresponding to the average slope of
lines OD and OC. But if the reactor
were put in the filter of a rectifier,
the measured ripple would be higher
than a calculated value based upon
the bridge value of inductance. This
is because the positive peaks of rip-
ple have less impedance presented to
them than do the negative peaks, and
hence they create a greater ripple at
the load. Suppose, for example, that
the ripple output of the rectifier is
500 volts, and this would be atten-
uated to 10 volts across the load by a
linear reactor having a value of in-
ductance corresponding to the aver-
age slope of lines OC and OD. With
the reactor working as indicated by
Fig. 5, the slope of OD is five times
that of OC. Consequently, the ex-
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pected average ripple attenuation of
50:1 actually becomes 16.7:1 for
positive flux swings, and 83.3:1 for

negative, and the load ripple is
3 2156(?’(7) + %g%; = 18 volts, or an

increase of nearly 2 to 1 over what
would be anticipated from the meas-
ured value of inductance.

Turning to modulation chokes and
transformers, assume that in Fig. 5,
Curve CFDEC represents the opera-
tion of such a component. The reac-
tive current drawn from the modu-
lator tubes at low audio frequencies
may be well within reasonable
bounds for negative peaks of modula-
tion, but may be high enough at posi-
tive peaks to cause an excessive
amount of low-frequency distortion.
This may be confirmed by comparing
the change in H (which is a measure
of reactive current) on both sides of
point O; the positive peak current is
five times as great as the negative
peak current.

This high positive peak current
could be reduced to a value approach-
ing the negative peak by increasing
the air-gap somewhat, and thereby
reducing Hg. so that it passes
through point O’. Now B, and B.
drop down so as to intersect D’ and
C’ respectively. Moreover, the aver-
age permeability has increased, and
so has the inductance. It will be ap-
parent that to decrease Hgy, further
means another increase in a-c per-
meability—approaching in value the
d-c or normal permeability. As a
matter of fact, this is what a good
design of modulation reactor in-
volves: keeping the a-c¢ permeability

high for both positive and negative
modulation peaks. This can be done
only if the maximum flux density is
kept low enough to avoid the saturat-
ing effects represented by point C in
Fig. 5. Conversely, it follows that if
saturation is present in a reactor, it
is manifested by a decrease in in-
ductance as the direct current
through the winding is increased
from zero to full load value.

In a reactor having high a-c per-
meability the equivalent length of
core l;/p is likely to be small com-
pared to the air-gap a. Hence, it is
vitally important to keep the air-gap
close to its proper value in modula-
tion components. This is, of course,
in marked contrast to reactors not
subject to high a-c voltages.

If a modulation choke is to be
checked to see that no distortion-
producing saturation effects are pres-
ent, access must be had to an induct-
ance bridge. With the proper values
of alternating voltage across the re-
actor, measurements of inductance
can be made with various values of
direct current through it. If the in-
ductance remains nearly constant up
to normal direct current, no satura-
tion is present, and the reactor is
suitable for the purpose. If, on the
other hand, the inductance drops con-
siderably from zero d-c¢ to normal
d-c, the reactor very probably is a
distortion producer. Increasing the
air-gap slightly may improve it,
otherwise it should be discarded in
favor of a reactor which has been
correctly designed for the purpose.

The fact that the inductance is

[Continued on page T0]
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A Static

Velocity

Microphone

--------

............

A new and simple construction uses parallel dural
ribbons and a perforated plate to produce velocity charac-
Output -53 db

teristics in a capacity-type microphone.

HE microphone department of

the entertainment and com-
munications industries has for some
years been one of the most active in
developing new instruments and new
competitive methods of rating their
output. The former activity is en-
tirely commendable, the latter per-
haps less so, but together they have
conspired to make microphones a
topic of interest to nearly every en-
gineer connected with sound trans-
mission. The latest development in
the field, to the editors’ knowiedge,
i1s a new principle of construction
applied to capacity microphones,
which at once makes them much
cheaper to manufacture and vastly
easier to use in practice. The new
microphone, called the “Velotron” by
its inventor William A. Bruno of the
Bruno Laboratories, New York, is
of extremely simple construction,
and it possesses several unusual tech-
nical features, particularly a high-
frequency response which can be
changed electrically from a remote
location. :

Fundamentally the new micro-
phone combines the principles of the

Microphone with
cover removed,
showing perfo-
rated value
which acts as one
element of the
electrostatic  sys-
tem

ribbon microphone and the condenser
microphone. It consists of a flat in-
sulated perforated plate, covered
with a system of ribbons. The plate
contains about 80 holes per square
inch, each 7 inch in diameter. The
insulation is applied in six coats,
and the materials used are chosen
to produce high insulation strength,
especially at the sharp edges around
each hole. Over the plate are laid
eight ribbons (each 0.0002 inch
thick) of duralumin, parallel to each
other, with adjacent edges barely
touching. The ribbons are fastened
at their ends to the plate, are free

to move loosely toward or away from
it. The ribbons act as one “plate”
of the condenser microphone, the
insulated plate as the other. The
ribbon structure is protected by cov-
ering it with a second perforated
plate similar in general appearance
to the first but not so carefully in-
sulated.

The principle of operation is as
follows: A polarizing voltage of from
50 to 350 volts is applied between
the electrodes; this voltage may be
fed to the microphone over the same
conductors which take the signal
from it, and is applied through a ten

The perforated plate must be carefully insulated to prevent
breakdown under the effects of the polarizing voltage
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These eight dural ribbons move in response to the sound
pressure gradient, giving velocity response
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megohm resistor. Due to the fact variations in leakage resistance in

that there is practically no current a ten megohm circuit can cause ex-

drawn by the microphone, filtering tremely troublesome noise levels.

of the polarizing voltage is very This problem has been solved by the

easily accomplished and the circuit use of proper insulating compounds;

shown in the figure usually gives the noise level is far below signal

sufficient filtering even when the volt- output.

age is taken directly from the output The microphone operates on the

of the rectifier unit, without passing velocity principle, that is, on the first by making use of the high

through the usual filter sections. difference in sound-pressure exist- output signal level, and second by

The leakage current through the ing on the two sides of the ribbons, accentuating the high frequencies,

microphone is extremely small, con- although there is probably also a which the capacity of the cable tends

siderably less than one microampere. small output due to pressure-type re- to attenuate. The high frequency

The effect of the difference of poten- sponse. That the response is pre- “boosting” is accomplished by the

tial is to draw the ribbons against dominantly velocity-type is shown by use of a high value of polarizing

the perforated plate, with an attrac- two tests: the first is that the micro- voltage (about 350 wvolts) which

tion which depends directly on the phone has marked directional prop- attracts the ribbons to the perforated

value of the polarizing voltage. erties, the angle of response being plate with great force, restricting

When the sound pressure gradient somewhat broader than that of a wide-amplitude motions at low

acts on the ribbons they move magnetic-type velocity unit, but still frequencies and allowing small-

slightly with respect to the perfor- very well marked. The second is the amplitude high-frequency motions

ated plate, thus changing the capac- marked change in response which to occur with comparative ease. By

| ity of the system. This change in ‘occurs when the side of the micro- changing the polarizing voltage, the

| capacity produces a corresponding phone away from the speaker is high frequency response can be

variation in the charge drawn from blocked in any way. regulated in this manner by remote

the polarizing circuit; the resulting The output of the wunit at control.

i current produces a voltage change the present stage of development The fact that the action of the

| across a high resistance (5 to 50 is —53 db, or approximately the microphone is electrostatic permits

megohms) connected in series with same as that of a diaphragm- easy cable shielding and makes hum

the microphone, and this voltage operated crystal microphone. The pick-up from electromagnetic fields

change affects the grid of the am- signal output is considerably higher very small. In fact the microphone

plifier. The use of a large surface than that of magnetic-type velocity and cable can be laid directly on the

area in the unit (4 x 14 inches) gives microphones. The frequency response power transformer of the amplifier

i a large overall capacity, with result- is, to the ear, approximately the unit without audible hum pick-up.
| ing high signal level. Each perfora- same as that of a good magnetic This treatment would completely
tion in the plate, together with the velocity unit, when moderate polar- paralyze magnetic units, as many of

| part of the ribbon immediately be- izing voltages and cable lengths of their users will testify, since mag-
hind it acts as a contributing cell, less than 100 feet are used. netic shielding is difficult.
the overall output being the sum of The microphone is, of course, a Being a high-impedance unit, the
all the active cells acting in phase. high impedance unit, working di- microphone is not intended for use
Several difficulties were encount- rectly into the grid of the first in the broadcast field, where low
ered in the development. High out- amplifier tube. This fact makes the impedance devices are usually re-

put level was the first; operating use of long lengths of cable quired. But for public address and
stability the second. One of the most connecting the microphone to the sound system use, where low

difficult problems was securing in- amplifier an obvious problem, the impedance units are impractical
sulation between the capacity mem- same problem in fact which made from a cost and operation stand-

bers which would withstand the the use of head amplifiers imperative point, the new microphone should’
effects of moisture. Even small with conventional condenser micro- prove to be of considerable value.

phones. That the problem still exists
in the new microphone cannot be
denied, but neither can the fact that
the new unit can be operated with
four hundred feet of shielded cable
between the microphone and ampli-
fier. This remarkable performance
has been obtained in several ways,

Input connections of !

the static velocity mi-

crophone. The polar-

- izing voltage may be
"‘MCM’” hone obtained from any
k point in the power

supply
OLuf.

B+
200-350v. D.C.
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Sommerfeld's Formula

Simplifications to the Sommerfeld formula (field strength at a distance from a

broadcast frequency transmitter) which make it easier to work with and which do not

introduce appreciable error

RIOR to 1930 the Austin-Cohen
formula had been in general use
for studies of radio transmission.
The formula has the advantage of
simplicity but was found to be inac-
curate for predicting field strengths
at a distance, especially for high fre-
quencies, or even medium fre-
quencies over poor soil.

At about this time a number of
papers began to appear dealing with
the Sommerfeld formula and results
were shown that agreed much more
closely with actual measurements
than the Austin-Cohen formula.
However, the use of Sommerfeld’s
theory has not been widespread due
probably to these two reasons: first,
the Sommerfeld formula itself is not
as simple as the convenient exponen-
tial Austin-Cohen formula. Second,
Sommerfeld uses an extra variable
which he calls ¢, representing the in-
ductivity or dielectric constant of
the soil.

It is the purpose of this article to
point out certain simplifications
which may be used with the Somer-
feld formula without introducing an
appreciable error, and to present
propagation curves and charts based
on these simplifications.

The dielectric constant of soils in
this country varies all the way from
5 to about 30. The dielectric con-
stant of water is 80. A good average
for most of the soil in the country is
14. This has been used for the charts
presented in this article. The error
introduced is not of much conse-
quence if only broadcast frequencies
are considered.

The other simplification consists of
the elimination of ¢ (which repre-
sents the soil conductivity) as a
variable. This may be done if we pick
some standard of conductivity and
refer all other conductivities to the
standard by simply changing the fre-
quency according to the following
formula:

BY WILLIAM A. FITCH

National Broadcasting Company
New York City

fr =1V /7,
f = operating frequency
¢ = standard conductivity

of chart (assumed to
be 100x10» EMU
= actual soil conductivity
= conversion frequency

9

f
This formula has been plotted in the
form of a chart and is shown in
Fig. 1. Its use is best explained by
an example:—If we wanted to find
the conversion frequency for a soil
constant of 50 x 10 EMU and an
operating frequency of 700 ke.,—Re-
ferring to Fig. 1 we see that a fre-
quency of 1000 ke. and soil constant
of 100 x 10* EMU is equivalent to
700 ke. and a soil of 50 x 10* EMU.
A similar chart has previously been
prepared by Eckersley’, but he used
the wavelength instead of frequency
as the parameter.

Figure 2 shows a field strength-
versus distance chart for a family of
frequencies from 300 ke. to 3000 ke.
It is based on a standard conduc-
tivity of 100 x 10 EMU and dielec-
tric constant of 14 ESU and inverse
field strength at one mile of 1000
millivolts. The actual calculation of
such a chart has been described in
previous papers and the method fol-
lowed was that outlined by Rolf®.
The error pointed out in Rolf’s
curves by K. H. Norton® was cor-

The Sommerfeld Formula. -
“Wis the attenvation factor
as given By Sommerfela in
Ann.der Physik, 81, 1926.
1t is Yo avoid the necessty
of using this highly compli-
cated expression that the
curves of this article have
been prepared

rected. Beyond about 150 miles for
the low frequencies and about 60
miles for the high frequencies, it is
necessary to include an earth curva-
ture correction because Sommerfeld’s
theory is based on a flat earth. G. N.
Watson* and others® have calculated
the effect of earth curvature assum-
ing a perfectly conducting sphere but
little has been published on the effect
of imperfect conductivity over
spherical earth. The earth curvature
correction used for the curves in
Fig. 2 is based on actual field in-
tensity surveys of stations. The
dotted lines near the bottom of the
curves were made to indicate that in
this region an indirect ray is re-
ceived in the daytime which causes a
slight fading.

An investigation shows that the
maximum error involved in using
this one family of curves for all soil
constants occurs when the conversion
formula is used for very poor soils.
About the poorest soil that will be
found in the United States is 20 x
10* EMU. This occurs along the
Atlantic seaboard. The error in-
curred in using 100 x 10™ EMU in-
stead of the exact value is slight. It
is expressed on a percentage basis in
Fig. 3. It is seen that when using
the conversion formula for soils hav-
ing a conductivity of 60 x 10®* EMU
the error is less than 59%. For
soils between 60 x 10715 EMU and
100 x 1015 EMU the error will be

x =18 ¢-10%/ fic

tan b = (€‘+I)/x
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even less. A maximum error of tinctly the effect of increased at- of the inverse field in the case of a

about 11% occurs when using the
conversion formula for soils having
a conductivity of 20 x 10™ EMU.
Even here the maximum error is re-
stricted to the first 15 miles. Beyond
15 miles the error is less than 5%.
Figures 4, 5 and 6 were derived
from Fig. 2. Figure 4 is helpful
when the distance to the 3 millivolt
contour is desired and the inverse
field intensity at one mile is known.
Figure 5 shows the distance to
field intensity contours from 100 mv.
to 1 mv. for a fixed inverse field in-
tensity at one mile. It shows dis-
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tenuation on the higher frequencies.
This disadvantage of the higher fre-
quencies may be partially overcome
by the use of more efficient antennas
and because of the fact that the noise
level is less on the higher fre-
quencies.’

All curves are referred to the in-
verse field strength at one mile. This
is the intensity which would be pro-
duced if no attenuation were encoun-
tered. It is well known that with
most installations the field strength
at one mile is seldom equal to the
theoretical. It may be as low as 60%

high frequency on poor soil. The
amount of attenuation that may be
expected in the first mile with dif-
ferent frequencies is shown by
Fig. 6.

Figure 7 is useful for finding the
inverse field strength at one mile for
different powers and antenna effi-
ciencies. The curves are based on
antenna installations having good
ground systems and uniform cross
section radiators. Lower field
strength may be expected if these
conditions are not met.

By means of these charts it is pos-
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sible to rapidly solve almost any
propagation problem. A typical prob-
lem might be this one: The distance
to the 4 millivolt contour of a station
operating on 1000 ke. with 25 kw.
power i3 72 miles. The antenna is a
quarter wave vertical. ¥ind the soil
conductivity of the territory served.
Using Fig. 7 it is found that the in-
verse field strength at one mile is
940 millivolts. From Fig. 4 the con-
version frequency is found to be
1400 ke. Using Fig. 1 the conduc-
tivity from the transmitter to the
¢ millivolt contour is found to be
50 x 10 EMU. Other uses for these

charts will readily suggest them-
selves.

In practice, the Austin-Cohen
curves and the Sommerfeld curves
have the same faults—that they are
applicable only to a fairly uniform
terrain and that they fail to take ac-
count of natural and artificial irregu-
larities which exert a very marked
influence on the propagation of
waves. Also, measurements of field
intensity made at one point vary
from day to day. Some of this varia-
tion is caused by changes in conduc-
tivity and dielectric constant due to
changes in weather. Therefore, it

ELECTRONICS — September 1936

seems that the simplifications al-
though introducing a slight error,
are warranted for practical use.
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An End-of-life Meter

Circuits for measuring the forward drop peak voltages of grid-contolled rec-
tifiers, thereby indicating the approach of end-of-life; or for measuring these voltages

under load conditions

By H. W. LORD and O. W. LIVINGSTON

General Electric Company
Schenectady, N. Y

N equipment utilizing gaseous dis-

charge tubes it is desirable to
have a means of indicating the ap-
proach of the end of normal tube
life. This is especially true in the
case of those installations that re-
quire good continuity of service.

The change in forward drop, due
to a change in emission, is one
indication of the approach of the
end of tube life. The drop generally
remains practically constant until
near the end of life when it in-
creases, slowly at first, and then at
an increasing rate. A means of
measuring the drop at frequent in-
tervals while the tube is in actual
operation, without service interrup-
tion, is the most satisfactory method
for obtaining the forward-drop
measurements.

There are several rather simple
methods available for measuring the
average and peak forward-drop volt-
age when Phanotrons (gaseous rec-
tifiers) are used. Phanotrons re-
quire only that the measuring circuit
have some rectifying means which
will permit the forward voltage to
register but will not allow the in-
verse voltage to affect the meter.
Figure 1 shows one simple method
of measuring average voltage by the
use of a small rectifier tube and re-
sistance in series with a d-¢ micro-
ammeter. Readings obtained by
such a method must be corrected for
the length of the conduction period;
that is, two tubes with the same
drop but conducting for different
numbers of degrees per cycle will not
give the same meter indication.

Fig. 3—Method of suppressing forward voltage before conduction
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Fig. 1—Simple rectifier test circuit

This effect may be eliminated by us-
ing a peak-voltage meter.

Peak Forward Voltage Meter

Figure 2 shows one type of peak-
voltage circuit. With no voltage im-
pressed across resistor R, only suf-
ficient current flows through resis-
tor B, to bias T, (high vacuum
amplifier) nearly to cut off, resistor
R, having a resistance of about one
megohm. When a voltage is im-
pressed across R, tube T, draws cur-
rent, and charges C, to a value that
bears an approximately linear rela-
tion to the positive peak of the volt-
age impressed across R, and simul-
taneously increases the amplifier
bias so the grid does not draw cur-
rent. The linear relation between
the positive peak impressed across
E. and the resulting voltage across
C, fails to hold when the voltage
across C, becomes nearly equal to
the voltage of battery B. By making
the time constant of the C, R, cir-
cuit long, compared to the frequency
of the circuit being measured, the
voltage of C: does not change appre-
ciably between cycles, and the d-c
microammeter in series with R: will
indicate the voltage across C,. The
magnitude of the negative peak volt-
age has no effect on the reading but
must be taken into consideration in
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selecting the high-vacuum tube, as
the grid must be capable of with-
standing the full negative peak
voltage.

The above circuit is not suitable
for Thyratrons (grid-controlled rec-
tifiers) under most conditions of
operation. The peak forward volt-
age before conduction may be as
high as the peak inverse voltage
when the grid holds the Thyra-
tron off until late in the positive part
of the anode voltage wave. The

Fig. 2—Peuk

voltage measuring
circuit

peak-voltage measuring circuit for
Thyratrons must, therefore, provide
a means of removing the forward
peak voltage from the voltmeter
circuit until conduction occurs. Fig-
ure 4 shows a method of accomplish-
ing this.

Peak Forward-Drop Meter

The actual peak voltmeter part of
the circuit is the same as in Figure
2. The anode-cathode voltage of the
tube under test is applied to the
peak voltmeter circuit through R..
Tube 7T, (a low-mu high-vacuum
tube) in series with a battery B, is
shunted across the input to the peak
voltmeter circuit. The grid of T.
is returned to its cathode through
the secondary of the current trans-
former CT, whose primary is in
series with the tube under test. The
polarity of CT is made such that
the grid of 7. is made negative when
the tube under test passes current.
The glow tube GT causes the output
voltage of CT to be approximately
a square wave. When the grid of
T, is zero or positive, the impedance
of 7. is low compared to the resist-
ance of R,; consequently the grid of
T, is held negative by the battery B,
evenn when rather high positive volt-
ages exist on the anode of the tube
under test, and the voltmeter circuit

will not indicate these high anode
voltages. When the grid of T. is
made strongly negative by the anode
current of the tube under test flow-
ing through the primary of CT, the
impedance of T. is very high com-
pared to the resistance of R, The
voltmeter circuit will then function
normally to indicate the peak for-
ward-drop of the tube under test,
since the grid of T, does not draw
current within the operating range
of the voltmeter circuit. Capacitor
C. is a small capacitor with a high
impedance at power frequencies as
compared to resistor R, but it pre-
vents high speed transients from
affecting the voltmeter circuit.

Figure 3 illustrates the manner
of suppressing the forward voltage
before conduction. The solid-line
curve is the voltage as impressed
across resistor R, while the dotted
section shows how this curve is
modified by T. to eliminate the for-
ward voltage before conduction of
the tube under test. The curve
which includes the dotted section is
the shape of the voltage wave im-
pressed on the grid of the voltmeter
tube T,.

Other Applications

The forward-drop voltmeter for
Thyratrons has proved to be a valu-
able tool for uses other than the
checking of tubes in permanent in-
stallations. A commonly used
method of “firing” the immersion
ignitor type of mercury pool tubes
is to connect the ignitor to the anode

through a Thyratron or rectifier. A
positive voltage of about 100 volts
impressed on the ignitor is required
to “fire” these pool tubes, conse-
quently the forward anode voltage
must rise to a voltage slightly in
excess of this (due to the drop in
the rectifier and current-limiting
resistor) before ancde current flows.
The peak voltmeter, which sup-
presses this forward voltage before
ronduction occurs, provides a useful
tool for measuring the forward drop
voltage of these tubes under load.

EDITOR’S NOTE — Since October,
1932, when H. W. Lord published a
paper in FElectronics entitled “An
electronic timer for very short time
intervals,” several articles have ap-
peared under his signature together
with that of his colleagues at the
General Electric Vacuum Tube
Laboratory. All of them have dealt
with phases of the use of electron
tubes other than communication.
The list of these Electronics’ articles
follows; it provides a brief bibliog-
raphy of an important element of the
electronics art.

“Single tube thyratron inverter”,
H. W. Lord and O. W. Livingston,
April 1933,

“Thyratron control of welding in
tube manufacture”, H. W. Lord and
O. W. Livingston, July 1933.

“Electronic multipliers for high
speed counting”, H. W. Lord and O.
W. Livingston, January 1934.

“Shield grid thyratrons,” H. W.
Lord and H. T. Maser, April 1934.

Fig. 4—Complete circuit for measuring grid-controlled rectifiers
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AFC Design Considerations

Automatic control of oscillator frequency as an aid to tuning a modern super-

heterodyne is coming into considerable popularity. Mr. White, whose January 1935

paper in Electronics started the ball rolling, discusses criteria for design

OW that several makes of re-
ceivers with automatic fre-
quency control have appeared on
the market, a discussion of AFC de-
sign problems might be of interest.
A brief paper on one system ap-
peared in FElectronics for January,
1935, and these remarks are given
as the result of continuous intensive
development since that time. Briefly,
AFC is accomplished by monitoring
the intermediate frequency of a su-
perheterodyne receiver by means of
a “director” or “discriminator.”
This unit in turn regulates the op-
eration of a correcting device which
changes the oscillator frequency in
the proper sense and degree to sub-
stantially compensate for inaccura-
cies in the manual adjustment of the
receiver.

The first object of AFC is to pro-
duce a receiver incapable of distor-
tion due to mis-tuning. Assuming
a receiver with medium high fidelity,
capable of reasonably good response
out to 5000 cycles with sharp cut-
off beyond, let us consider first its
action in the broadcast band on a
signal of good field strength. As
we detune such a receiver, only very
slight distortion can be noted until
about 3 ke. from resonance. The
most noticeable effect is then a loss
of the higher frequencies due to the
attenuation of one s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>