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THE CHOICE
of

LEADING

MANUFACTURERS

For over four years Thordarson
transformers have predominated in
the receivers and power units of
leading radio manufacturers.

Such patronage is not an accident.
It stands as a positive proof of a
superiority of product. It demon-
strates the effectiveness of a policy
of service rendered to the n'th de-
gree by an efficient and smooth
running organization.
We are at present manufacturing
over twelve hundred different typesof transformers. Among our cus-
tomers are more than a hundred
radio manufacturers.

Thordarson engineers always standready to help you with your trans-
former problems.

PROMPT DELIVERY
RIGHT PRICES

imairiomilukiirivealnyinfoli.V.11/ 111101

tIORDARSORADIOfupreme in Jtfusicafbrman4
TRANSFORMERS

THORDARSON ELECTRIC MANUFACTURING CO.TrkinSinenter specialists since 1895
WORLDS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER mmulas

Chicago. U.S.A.
(3576)

When writinj to advertisers mention of the PROCEEDINGS will be mutually helpful.



Electrostatic

Condensers

for all

purposes

confidence
well placed

On railroad duty, in Signaling Systems
and Automatic Train Control-where
protection of life and maintenance of
operating schedules is essential-you will
find Faradon, the capacitor of proven
reliability.

It has been demonstrated that Faradon
merits acceptance in other exacting as-
signments such as Marine Direction
Finders and finest radio transmitting and
receiving equipment.

WIRELESS SPECIALTY APPARATUS CO.
Jamaica Plain

BOSTON, MASS., U. S. A.
Establisaed 1907

1847
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Electrical Measuring Instruments
for all Radio Applications

CYCLES
60

Roller, mith Co.
13cn.LE o. Pa

The R -S line includes-in addition to the usual radio
frequency ammeters-a most complete line of 71/2"
and 9", Horizontal Edgewise and Illuminated Dial
Ammeters, Voltmeters, Wattmeters, Frequency
Meters, and Power Factor Meters. A copy of new
R -S Bulletin K-450 should be in the hands of every
man who is interested in electrical measurements.
Your copy is ready. Send for it.

"Over thirty years' experience is back of Roller -Smith"

O
-SMITElectrical Measurin and Protective Apparatus]

H COMPANT
MAIN OFFICE: WORKS:

2134 Woolworth Bldg., New York Bethlehem, Pennsylvania

Offices in principal cities in U. S. A. and Canada. Representatives in
Australia, Cuba, and Japan.
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The new
Kolster Radio Compass

provides
Greater Safety

Visual Bearings-
Simple, Positive Operation

From its aluminum pedestal to the new
enclosed loop, the new Kolster Radio
Compass [Type AM -4490) embodies
every improvement radio science has
to offer. The insulated cylindrical
housing of the loop affords complete
protection against wind, ice, snow-, and
spray. A tiny lamp flashes the signals
of nearby stations. While for long-
distance bearings, a Kolster eight -tube
receiver with a new circuit especially
designed for radio compass work pro-
vides the maximum of selectivity and
sensitiveness.

No knowledge of radio is necessary to
operate the Kolster Radio Compass. It
is built for the navigator. The positive
unidirectional indicator gives instan-
taneous readings without guesswork
or computation. A new and improved
Kolster automatic compensator corrects
all natural errors, and makes direct
readings absolutely accurate.

Kohler Radio is also setting new
standards of performance in brose.

KOLSTER RADIO CORPORATION
200 Mt. Pleasant Avenue

Newark, N. J.
1928, Kolster Radio Corporation

When writing to advertisers mention of the PROCEEDINGS will be 'mallet). helpful.



QUALITY RADIO PRODUCTS
Standards of Excellence for

Radio Reproduction

The real worth of any radio set depends
upon "tone quality"-the ability to
reproduce music as it is broadcast from
the studio. The problem has never been
one of refining the radio frequency
amplifier-it has always been the
manufacturers of audio systems who
have had to develop their products to
reach the pinnacle of natural repro-
duction.

AmerTran products are never built
down to a price-the procedure has
always been reversed-"How good
can it be made-then reduce the cost by
applying economies in manufacture."
The products shown on this page are but a
few of the thirty odd AmerTran devices in
the field of radio reproduction, each of
which has attained the degree of perfection
necessary to be introduced as an AmerTran
product.
The facilities of our engineering department
are at the service of every one interested in
better radio reproduction. We will answer
to the best of our ability any question in
the audio or power fields.

AMERICAN TRANSFORMER COMPANY
Transformer Builders for more than 28 years

161 Emmet St. :: Newark, N. J.

Amer Tran De
Luxe Audio
Transformer,

Standard of Ex-
cellence; each

na.cro.

AmerTran Push -
Poll Amplifier-
First stage Amer -
Dan DeLuxe and
second stage
AmerTran Push -
Pull for two Pow-
er Tubes. AC or
DCsets,171 or tic
type tubes. Price,
east of Rockies-
less tubes, go.co.

AmerTran ABC Hi -Power Box -soovolts DC plate
voltage, current up to :roma; AC filament current
for rectifier, power tubes and sufficient 116 and an
AC Tubes for any set. Adjustable bias voltages for
all tubes. Price. ease of Rockies-less tubes-Sgs.co.

AmerTr an
Push -Pull
Power Stage-
completely
wired with in-
put trans-
former
choice of out-
put trans-
formers de-

pending ou speaker and power
tubes.

Price, east of Rockies-less
tthes-136zo

Push -Pull Amplifier. ABC Hi -Power Box and Push -
Pull Power Stage licensed under patents owned or
onrrolled by RCA and may be bought comylete

with rubes.

MINEER!fiSefigelelith"RERMRPREEfinfinfflefigersgRRARIMEREERfaefiNNERfi
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BE S1J
TO

INVESTIGATE

RCR10CON

LONG LIFE

FILTER CONDENSERS
"Reckoned in Years-Not Hours"

Manufactured by

CONDENSER CORPORATION OF AMERICA

259-271 Cornelison Ave., Jersey City, New Jersey
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Radio - Is - BETTER - With - Dry - Battery - Power

ou can candle
an egg-but not a battery

THERE isn't much difference in the size or shape of batteries. And
you can't tell how good they are before you use them. 11 If you
could, one element alone would win your preference for Burgess.
That element is Chrome. ¶ Chrome is the preservative that main-
tains an abundance of unfailing energy in Burgess Batteries-long
after most dry cells cease to function. The black and white stripes
are individual marks for identifying Burgess Chrome Batteries.
Buy them for long lasting, dependable performance!

-the preserving element used in leather, metals, paints
Chrome and other materials subject to wear, is also used in Bur-

gess Batteries. It gives them unusual staying power.
Burgess Chrome Batteries are patented.

Ask Any Radio Engineer

BURGESS BATTERY COMPANY
General Sales Office: CHICAGO

Canadian Factories and Offices: Niagara Falls and Winnipeg

BURGESS BATTERIES
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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CAMBRIDGE INSTRUMENTS

Range
18-4000 cycles

6 x ix x8 inches
weight 15 lbs.

Campbell Frequency Meter
THIS COMPACT, portable instrument is designed for the
accurate measurement of audio -frequencies from 18 to

4000 cycles. At 1000 cycles its accuracy is within 0.1%.
Adjustment is made by moving the pointer over the open
scale until silence in the telephones indicates that an exact
balance exists between the mutual inductances and resistances.

There are five primary ranges each controlled by a separate
switch covering frequencies of 180-400 cycles, 350-650 cycles,
600-1300 cycles, 1200-2600 cycles and 1800-4000 cycles.

Secondary ranges one tenth of the primary values are obtained
by use of the range switch.

Fully described in List R 170
This is only one of the many Cambridge Precision
Instruments for use in the field of Radio Research.

We invite your inquiries.

CAMBRIDGE
INSTRUMENT Comec.

3512 Grand Central Terminal, NEW YORK

When writing to advertisers mention of the PROCEEDI NGS will be mutually helpful.
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ADIOT '1\ ON
UX-250

The Newest Power Radiotron, with
a Maximum Undistorted Power

Output of 4650 milliwatts
The UX-250 has a lower plate resistance
than power amplifier Radiotrons hereto-
fore offered. This low plate resistance is par-
ticularly desirable for use with present day
loudspeaker driving mechanisms which
usually have a relatively low impedance.

The characteristics of the UX-250 are as follows:
Recommended Maximum

Plate Voltage 250 300 350 400 450 Volts
Negative Grid Bias 45 54 63 70 84
Plate Current 28 35 45 55 55 Milliamp.
Plate Resistance (A -C) 2100 2000 1900 1800 1800 Ohms
Mutual Conductance 1800 1900 2000 2100 2100 Micromhos
Volt. Amplification:Factor 3.8 3.8 3.8 3.8 3.8
Max. Undistorted Output 900 1500 2350 3250 4650 Milliwatts

Filament 7 5 Volts...1 25 Amperes
Max. Overall . . Height 6% in. . . Diameter 2 11/16 in.
Base Large RCA Standard UX

RADIO CORPORATION OF AMERICA
New York Chicago San Francisco

RCA Radiotron
MADE BY THE MAKERS OF THE R.ADIOLA

When writing to advertisers mention of the PROCEEDINGS will be mutually
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Greenleaf Whittier Pickard
SECOND PRESIDENT OF THE INSTITUTE, 1913

Greenleaf Whittier Pickard was born in Portland, Maine on February
14, 1877. He is the grandnephew of the poet, John Greenleaf Whittier.
Mr. Pickard was educated at Westbrook Seminary, Westbrook, Maine;
Lawrence Scientific School of Harvard University; and Massachusetts
Institute of Technology.

In 1898-99 he was with the Blue Hill Observatory doing experimental
radio work. For several years he was research engineer for the American
Wireless Telegraph and Telephone Company. In 1902-06 he was as-
sociated with the research department of the American Telephone and
Telegraph Company in radio telephony. He practiced consulting engineer-
ing in 1906-7. Since 1907 he has been a consulting engineer for and director
of the Wireless Specialty Apparatus Company of Boston.

Mr. Pickard is well-known for his early inventions in connection with
radio telephony, the crystal detector, loop aerials and direction -finding
systems and various static mitigating devices used during the war. He
has about one hundred United States and foreign patents.

In 1926 the Institute Medal of Honor was awarded to Mr. Pickard.
He has been a prolific contributor to the PROCEEDINGS of the Institute.
Mr. Pickard is a Fellow of the Institute.
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Graduated from College of Mech. and Elec. Engineering, University of
California, 1914. Radio operator and installer United Wireless and
Marconi Companies, 1910-13. Expert Radio Aide to Navy Department
1915-20. Engineer with Federal Telegraph Company in charge of re-
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degree from University of Michigan, 1922, and Ph.D. New York University,
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New York University. Member of the Institute and of the American
Physical Society and Sigma Xi.
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INSTITUTE ACTIVITIES

APRIL MEETING OF THE BOARD OF DIRECTION

. At the April meeting of the Board of Direction, held in the
offices of the Institute on the fourth, the following were present:
Alfred N. Goldsmith, President; L. E. Whittemore, Vice-
President; Melville Eastham, Treasurer; Ralph Bown and
Donald McNicol, Junior Past Presidents; Arthur Batcheller,
J. H. Dellinger, A. H. Grebe, R. A. Heising, R. H. Marriott,
and J. M. Clayton, Secretary.

The following were transferred or elected to the higher grades
of membership in the Institute, upon favorable recommendation
of the Committee on Admissions: Transferred to the Member
grade: F. L. Brittin, C. L. Davis, F. P. Guthrie. Elected to the
Member grade: Nathaniel Baldwin, A. L. Loomis, W. A.
Schneider, Alexander Senauke, John S. Smith, H. J. Warner.

One hundred and eight Associate members and ten Junior
members were elected.

The Institute's Medal of Honor for 1928 was awarded to
Professor Jonathan Zenneck of the Techniscke Hochschule,
Muenchen, Germany, for his contributions to original research
on radio circuit .performance and to the scientific and educational
contributions to the literature of the pioneer radio art.

Letters from the Federal Radio Commission, requesting
certain suggestions from the Institute regarding the allocation
of Broadcast channels to Zones and States were read. It was
decided that the invitation of the Commission to send representa-
tives to an informal conference of engineers to be held in Washing-
ton on April 6th to discuss these matters should be accepted. A
Committee composed of the following members of the Institute
was appointed: R. H. Marriott, Chairman; J. H. Dellinger,
C. W. Horn, and L. E. Whittemore. The joint report of the
engineers present at the conference is printed on page 556 of this
issue.

An invitation from the Washington Section of the Institute
to hold the 1929 Convention of the Institute in Washington,
D.C. was read. The Board voted to accept this invitation, and
decided that the 1929 Institute Convention will be held in
Washington.
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Institute Activities 549

ENGINEERING RISE IN RADIO

The above is the title of a serial account of the rise and
progress of radio, from the engineering and invention viewpoints,
which has been written by Donald McNicol, past president of
the Institute. The story begins in the June, 1928 issue of the
magazine Radio Engineering published in New York, and will
be continued in the monthly issues throughout the year.

APPLICATIONS FOR TRANSFER OR ELECTION

It is very helpful if applicants for transfer or election to the
higher grades of membership in the Institute (Member and
Fellow) will forward a statement of their training and past ex-
perience to the persons whose names are used as references in
connection with applications. Much time on the part of the
Committee on Admissions in communicating with references
will be saved.

In general where the Junior or Associate applicant does not
know five Associates, Members or Fellows whose names can be
used as references, it will be acceptable if these applicants
furnish the names of five non-member engineers, or persons who
are otherwise engaged in scientific work, who are personally
familiar with the applicant and his radio interests.

Institute Meetings
NEW YORK MEETING

I. F. Byrnes, of the General Electric Company, presented a
paper "Recent Developments in Low Power and Broadcasting
Transmitters" at the New York meeting held on April 4th in the
Engineering Societies Building, 33 West 39th Street. The paper
is printed elsewhere in this issue.

Following the presentation of the paper the following
members took part in its discussion: Messrs. F. M. Ryan,
Melville Eastham, A. N. Goldsmith, J. H. Dellinger, 1. F. Byrnes,
E. L. Nelson, and others.

Over three hundred members of the Institute and their guests
attended this meeting.

On May 2nd K. S. Van Dyke of Wesleyan University will
read a paper "The Piezo-Electric Resonator and its Equivalent
Network" before the New York meeting.



550 Institute Activities

On June 6th two papers will be presented before a New York
meeting. They are "Developments of Radio Aids to Air Naviga-
tion" by J. H. Dellinger and Haraden Pratt, of the Bureau of
Standards, and "Aircraft Radio Installations" by Malcolm P.
Hanson, of the Radio Division, Naval Research Laboratory.

ATLANTA SECTION

On March 28th a meeting of the Atlanta Section was held in
the Chamber of Commerce Building. Mr. Clark of the A. H.
Grebe Company presented a paper "Radio -Frequency Receiving
Sets."

On April 4th, in the Chamber of Commerce Building, a meet-
ing of the Atlanta Section was addressed by M. 0. Mosteller on
"Shield Grid Tubes." A second paper by I. F. Byrnes on "Recent
Developments in Low Power and Broadcasting Transmitters"
was read by C. F. Daugherty.

BUFFALO -NIAGARA SECTION

A meeting of the Buffalo -Niagara Section was held in Foster
Hall, University of Buffalo, on March 14th. William E. Brindley,
of the Radio Engineering Department, Westinghouse Electric
and Manufacturing Company, presented a paper on "Line Power
Operated Radio Sets."

The paper pointed out the public's preference for economies
and conveniences of the line -power operated radio broadcast
receivers as justification for the further development and produc-
tion of this type of apparatus.

In order that the relative merits of the two generally accepted
methods of accomplishing light -socket operation might be plainly
evident, the series filament method was described first. The
method, which involves the use of tubes whose filaments are
heated by alternating current, was then discussed. This discussion
involved the means for lighting the filaments of a -c. tubes, and
for obtaining suitable plate and bias voltages; the precautions
taken to prevent undesirable couplings between the various
amplifier circuits of the receiver; means for locating grid returns
at the electrical center of the filaments to keep hum at a mini-
mum; input voltage regulation; line voltage accommodation and
utilization of electro-dynamic d -c. excited cone speakers with
line -power operated sets.
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On April 11th there will be a joint meeting between the
Canadian, Rochester, and Buffalo -Niagara Sections in Foster
Hall, University of Buffalo.

CANADIAN SECTION

The Canadian Section held its March meeting on the four-
teenth in the University of Toronto. R. A. Hitchcock, of the
Radio Engineering Department, Westinghouse Electric and
Manufacturing Company, presented a paper, "Quartz Radio
Frequency Standards." Messrs. Soucy, D. De F. Bagley, D.
Hepburn, T. R. Rosebrugh, C. A. Lowry, and J. F. Hill dis-
cussed the paper.

Seventy-four members attended the meeting.
On Wednesday, May 2nd, Mr. Clark, of the Bell Telephone

Company of Montreal, will present a paper on "Carrier Current
Communication," in the Electrical Building, University of
Toronto.

CHICAGO SECTION

A meeting of the Chicago Section was held on March 16th
in the Auditorium of the Western Society of Engineers,
Monadnock Building. Walter Danley presented a paper "A
High -Frequency Filament Lighting Supply System." The paper
was discussed by Messrs. Miller,. Marco, and Wilcox.

Forty-four members attended this meeting.

CLEVELAND SECTION

A meeting of the Cleveland Section was held on April 6th in
the Case School of Applied Science. Clayton C. Russell, engineer
of station WTAM, presented a paper on "Behind the Microphone
of WTAM." The paper described the aerial, station, and
equipment of WTAM, the first storage battery operated radio
station. Pictures were projected to illustrate fully present and
past equipment in use at the station.

Forty-two members attended the meeting.

DETROIT SECTION

The Detroit Section of the Institute held a joint meeting with
the Detroit -Ann Arbor section of the American Institute of
Electrical Engineers on the evening of March 20th in the audi-
torium of the Detroit Edison Company. After viewing an
interesting motion picture entitled "Voices Across the Sea,"
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which portrayed the transatlantic telephone circuit in operation,
F. H. Riddle, Chairman, presented the principal speaker of the
evening.

Austin Bailey, of the American Telephone and Telegraph
Company, presented "The Transatlantic Radio Telephone
Circuit." He presented the problem of connecting the respective
telephone systems of North America and Europe, separated by
over 3,000 miles of ocean. The speaker indicated that the most
feasible way of carrying out this connection, for the present at
least, appeared to be by the use of radio. Some of the major
difficulties involved in making !such a connection were pointed
out. From the fundamental radio telephone circuit which might
be used for communication between two individuals on two sides
of the Atlantic ocean, consisting of a radio transmitting station,
a radio receiving station, a telephone transmitter, and a tele-
phone receiver for each person, the present transatlantic radio
telephone arrangement was developed. A rather detailed account
of the wire circuit arrangements, the voice -operated switching
device, the single side -band radio transmitter, the receiving wave
antenna and the double demodulation radio receiver was given.
Lantern slides of schematic circuits and of the necessarily compli-
cated apparatus units were shown and explained.

Los ANGELES SECTION

The Los Angeles Section of the Institute met on March 19th
at the Elite Cafe, 633 S. Flower Street, Los Angeles. T. F.
McDonough, in the absence of Mr. Wallace, the Section Chair-
man, presided. R. B. Parrish, Consulting Engineer of Los
Angeles, talked on inductive radio interference and power leak
hunting. Bert Fox described some interesting short wave experi-
ments.

Twenty-two members attended the meeting.

PHILADELPHIA SECTION

The Philadelphia Section held a meeting on March 23rd in
the Bartol Laboratories, Philadelphia. W. E. Thompson, of the
Moore School of Electrical Engineering of the University of
Pennsylvania, presented a paper on "Sound." Messrs. Patterson,
Wilson, and others discussed the paper.

Sixty members of the Section attended the meeting.
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PITTSBURGH SECTION

The first organization meeting of the newly formed Pitts-
burgh Section was held on April 3rd in the English Room of the
Fort Pitt Hotel.

The following officers were elected: Chairman, W. K. Thomas;
Vice -Chairman, L. A. Terven; Secretary, A. J. Buzzard, and
Treasurer, Anthony Mag.

A paper entitled "Televox" was presented by R. J. Wensley,
of the Westinghouse Electric and Manufacturing Company.

Forty-nine members attended this meeting.

ROCHESTER SECTION

A meeting of the Rochester Section together with the
Rochester Engineering Society and affiliated societies was held
on March 2nd in the Rochester Chamber of Commerce Building.

Hugh M. Stoller, of the Bell Telephone Laboratories, pre-
sented a paper, "Television." Five hundred and seventy-eight
persons attended the meeting.

On April 6th a meeting of the Rochester Section was held in
the Hotel Sagamore. C. A. Boddie, of the Radio Research
Engineering Department of the Westinghouse Electric and
Manufacturing Company, presented a paper, "Carrier Current
Communication and Control."

WASHINGTON SECTION

The following committees are announced by F. P. Guthrie,
Chairman of the Washington Section: Menibership Committee:
Haraden Pratt, Chairman, G. D. Robinson, C. B. Mirick,
Comdr. B. V. McCandlish, Eugene Sibley, J. E. Smith and C. D.
Backus. Publicity Committee: R. D. Heinle, Chairman; Carl
Butman, Thomas Stevenson, Bert Linz, and S. R. Winters.
Meetings and Papers Committee: L. P. Wheeler, Chairman,
Captain Guy Hull, and T. Parkinson.

A meeting of the Washington Section was held on April 12th
in Picardi's Cafe, 1417 New York Avenue, N. W. Dr. C. B.
Jolliffe (Vice -Chairman) presided.

Alfred Crossley, of the Naval Research Laboratory, presented
a paper, "Modes of Vibration in Piezo-Electric Crystals." Messrs.
Dellinger, Wheeler, Robinson, Jolliffe, Brewington, Hund,
Herndon, Heaton, and others participated in the discussion which
followed.
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Fifty-seven members attended the meeting.
On May 10th two papers will be presented before the Section.

The first, by M. P. Hanson of the Naval Research Laboratory,
will be "Aircraft Radio Installations." The second, by J. H.
Dellinger and Haraden Pratt, will be on "Radio Aids to Air
Navigation."

Institute Committees
RADIO ADVISORY COMMITTEE, DEPARTMENT OF COMMERCE

Lewis M. Hull has been appointed the Institute's representa-
tive to the Radio Advisory Committee to the Department of
of Commerce, to succeed Professor L. A. Hazeltine.

SUBCOMMITTEE ON RECEIVING SETS

A meeting of the Subcommittee on Receiving Sets was held
at the Institute Office on March 7th. Those present were: J. H.
Dellinger (Chairman), E. Austin, E. J. T. Moore, B. Olney,
M. C. Batsel, C. A. Wright, J. H. Pressley, G. C. Crom, W. A.
Diehl, E. T. Dickey, and V. M. Graham.

The subject of changing the value for Interference Output was
brought up, and after some discussion it was decided to change
this value under Definition of Terms from 0.000005 to 0.00005
watts (50 microwatts). The report of the Committee on Ad-
ditional Tests was read and discussed. A number of changes were
recommended, and the report was referred back to the Committee
to be rewritten in final form. The report of the Committee on
Test Procedure was next taken up, and it was decided that some
change should be made in the output termination for receiving
sets. It was decided to refer this matter to a committee of four,
to consist of two members from the Subcommittee on Receiving
Sets, and two members from the Subcommittee on Electro-
Acoustic Devices.

Dr. Dellinger informed the Committee that he felt it would
be impossible for him to continue to serve as Chairman of the
Subcommittee due to his having accepted the chairmanship of
the Committee on Meetings and Papers.

Mr. E. T. Dickey has been appointed Chairman of the Sub-
committee on Receiving Sets.

On April 5th a meeting of the Subcommittee on Receiving
Sets was held in the Institute Office. Those present were: E. T.
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Dickey (Chairman), R. H. Langley, E. Austin, C. A. Wright,
G. C. Crom, V. D. Landon, E. J. T. Moore, and W. A. Diehl.

I. G. Maloff was appointed representative from this Sub-
committee to the Subcommittee on Bibliography.

The purpose of this meeting was to coordinate the work which
had been done so far along the line of revising the Receiving Set
Test Standards. The various sections of the standards were gone
over in considerable detail, and recommendations made regarding
their improvement. It was decided to put the final writing up of
the standards in the hands of the Subcommittee, the membership
of which is as follows: E. Austin (Chairman), L. M. Hull, and
V. M. Graham. This committee is to review the entire standards
for the Receiving Sets Subcommittee, and their report will be
circulated among the membership of the Receiving Sets Sub-
committee and then presented to the main Committee for further
consideration.

A letter was read from the Bureau of Standards in reference
to a proposed change in their standard frequency schedules. It
was the opinion of the Subcommittee that it would be desirable
to rearrange their schedule so that the complete broadcast band
of frequencies may be covered in one evening's transmission of
standard frequencies.

SUBCOMMITTEE ON ELECTRO-ACOUSTIC DEVICES

The final meeting of the 1927 Subcommittee on Electro-
Acoustic Devices of the Standardization Committee of the
Institute was held at Institute headquarters on March 7th.
Final action was taken on a number of general terms and defini-
tions that had not been the subject of written discussion. The
reports of two of the Subcommittees, one covering definitions of
horns and radiators and the other covering suggested symbols
to be used in connection with the definitions of Electro-Acoustic
Devices, were considered, but not finally acted upon. A report
covering all terms and definitions that had been adopted by this
Subcommittee, together with a file of unfinished matters, is
being prepared for submission to the main Committee.

At the request of the Subcommittee on Receiving Sets the
Chairman appointed Melville Eastham and H. A. Frederick as
members of a special Subcommittee to cooperate with a similar
group from the Receiving Sets Subcommittee with the object
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of specifying the nature of the load in the testing of radio re-
ceiving sets.

The Chairman expressed his appreciation to the members of
the Subcommittee for their cooperation and work in preparing
the first set of terms and definitions of electro-acoustic devices to
be proposed by an Institute Committee.

Report of Radio Engineers to the
Federal Radio Commission

At the request of the Federal Radio Commission, the Board
of Direction of the Institute appointed a committee to attend
the informal conference of engineers to consider proposed broad-
casting channel allocation. The report which follows is a'report
of the recommendations of engineers present at the Conference,
and was prepared by J. H. Dellinger, Acting Chairman of the
conference held in Washington on April 6, 1928.

RESOLUTION

It is the opinion of the engineers in attendance that from a
radio engineering standpoint, under the provisions of the 1928
law requiring equality between zones, Plan A, submitted for
discussion by the Commission, modified as follows, represents
the maximum obtainable radio service from the available broad-
casting channels in the present state of the art.

CHANNELS FULL TIME
ASSIGNMENTS

Per Zone U. S. Per Zone U. S.

Class C 5,000 to 50,000 watts 10 50 10 50
Class B 300 to 1,000 watts 18 36 18 90
Class A 0 to 250 watts 4 4 40 200

DISCUSSION

Division into Classes.-The readjustment of station al-
locations required by the 1928 Radio Law gives the Radio
Commission an opportunity to provide the radio listeners of the
United States with a grade of radio broadcasting service far
superior to that furnished under the present allocation of
stations. A redistribution of broadcasting stations among the
states will result, if the proposed classification of services be
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established, in the satisfactory reception of more programs at a
higher signal strength by a greater number of listeners in a larger
total area than at present, and will do this with less interference
than now exists.

The fundamental change required to bring about any material
improvement is to provide a considerable number of channels
upon which only one station operates. The reason for this is
purely physical fact. Since heterodyne interference extends to
many times the distance to which actual program service from a
broadcasting station extends, operation of two or more stations
on a channel results in an area of destructive interference much
greater than the area in which program service is provided.
Program service, free from interference, can be furnished at
great distances from a station only when the station has exclusive
use of its channel.

Since there are only 90 channels available for broadcasting in
the U. S., ninety is the upper limit of the possible number of
stations giving service at considerable distances.

When two or more stations operate simultaneously on a
channel, program service can be furnished at short distances
from each station without destructive heterodyne interference
within that distance, provided the stations are located at proper
distances apart corresponding to the power used. Under these
conditions many stations can be operated for short -distance
local service on a single channel. Outside the local service areas
heterodyne interference will prevent satisfactory reception.

Sections of the country remote from centers of population
can not be given service except by the stations first mentioned,
which have exclusive use of their channels (Class C).

It follows that the country as a whole can be given the service
it demands only by having more than one class of station, (1)
long-distance stations operating on exclusive channels, (2)
shorter -distance stations, operating on shared channels. Consider-
ing the broadcasting needs and development in this country, it
is apparent that the second class can advantageously be sub-
divided into stations of moderate distance range (Class B) and
small stations of very small distance range (Class A).

Number of Channels in Each Class.-The number of channels
(50) indicated for Class C stations is the minimum that should
be provided, in view of the far greater service, both distant
and local, that will be rendered by such channels, owing to
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to the absence of heterodyne interference and the consequent
possibility of the use of greater power. The distribution of the
remaining 40 channels between Classes B and A represents the
best judgment of the engineers from present information. A

further study should be made of this point on the basis of service
requirements of various areas of the country. It is believed that
the final answer on this point will not depart widely from the
figures given.

Duplication of Assignments Per Channel.-It is clear that
the stations depended upon for service over large areas must
that the stations depended upon for service over large areas must
operate on heterodyne -free channels and that therefore there
must be only one assignment to each Class C channel.

The moderate -distance (Class B) and short -distance (Class
A) channels may each be used by a number of stations in simul-
taneous operation, since the only desideratum is good service
within the local service range of each station. The power required
for moderate -distance service (Class B) will not permit as much
duplication of stations on one channel as will the smaller power
required for short -distance service (Class A).

The amount of duplication recommended is: for each Class
B channel, on the average of two and a half assignments in the
U. S. (i.e., the assignment of every other channel in each zone) :
and for each Class C channel, 50 assignments in the U. S.
(10 in each zone).

The limitation to two and a half assignments for each Class B
channel is determined by the geographical circumstances of the
two smallest zones (1 and 2), together with the requirement of
the law of equality between zones. Points in zones 1 and 2 average
less than 500 miles apart, a distance too small to permit the
assignment of any one channel in both zones with recommended
power.

Equality with Respect to Classes.-The provisions of the
law requiring equal distribution among zones, and, according to
population, among the states, of station licenses, frequencies,
time, and power, must be applied separately to each of the three
classes of stations mentioned. This results from the inclusion of
the number of licenses as one of the elements of equal distribu-

tion.
Station Power.-In order to merit the use of a Class C

channel a station must be competent to serve a large area. It
follows that no Class C station should be allowed to operate with
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less than 5,000 watts power. The only upper limit for this class
need be that fixed by the production of inter -channel interference,
and, in consideration of the geographical distribution possible,
may be 50,000 watts at the present time.

For the moderate -distance (Class B) channels powers of
300 to 1,000 watts will give satisfactory service, and for the short -
distance (Class A) channels power should not exceed 250 watts
per station because of the extensive duplication permitted.

As an exception to these general recommendations for Classes
B and A, it is noted that where two or more stations operating
on the same channel are all increased in power by the same factor,
their heterodyne -free service ranges will be substantially un-
affected and a better signal (with respect to noise interference)
will be delivered within each service area. This will be at the
expense of producing a stronger heterodyne whistle outside the
service areas of the two stations concerned.

Time Division.-The expedient of time division does not in
general lead to superior service to the listener. It is inherently
uneconomic. Where several stations in an area are now dividing
time, the duplication of plant and overhead necessarily results
in poorer service than would result were these stations to be con-
solidated into a single station using all the time.

For the Class C stations praticularly, time division should
not be allowed. An exclusive (Class C) channel is capable of
delivering such excellent service over large areas that care should
be taken to restrict the possible service from these channels by
an uneconomic arrangement such as time division.

For the Class B and Class A channels there will doubtless be
local conditions demanding, and perhaps justifying, time division
in spite of its inherently uneconomic nature. However, the ap-
plication of time division has been made difficult under the terms
of the new law. Since the law requires equality of the number
of hours and licenses among zones, and, according to population,
among the states within each zone, if time is divided on a given
channel among several stations in any one state, this division
must be duplicated on some channel in every other zone and
proportionally in every state.

The same difficulty will exist in any attempt to divide time
between stations located in different zones, as might be sought,
e.g., to take advantage of the time difference between the east
and the west coasts. Time division between stations in widely
separated localities is subject to the further objection of seriously
complicating the maintenance of the proper frequency separation
between stations in each of the localities to minimize inter -
channel interference.



OBITUARY

With deep regret the Institute announces the death of

abomao I. 3Bricitol

Mr. Bristol served both as President and Secretary of the
Atlanta Association of Radio Engineers, and the growth of that
organization which permitted its incorporation into a Section of
the Institute of Radio Engineers was mainly due to his untiring
efforts.

As an official of the Georgia Power Company, a leader in the
activities of the Atlanta Section, and as a friend, he won the
respect and admiration of all with whom he came in contact.
The Section and his many friends throughout the South feel
the loss of this ardent worker most keenly.



STUDIES OF HIGH -FREQUENCY RADIO WAVE
PROPAGATION*

BY

A. HOYT TAYLOR AND L. C. YOUNG
(Naval Research Laboratory, Bellevue, Anacostia, D. C.)

Summary-Studies of multiple signals of high frequency have been
made upon a quantitative basis with reference not only to the round -the -
world signals (sometimes called echo signals) but to nearby echoes which have
a very much shorter time of arrival. A method of predicting in advance the
the likelihood of round -the -world echoes occurring between any two different
stations has been worked out.

Further studies of nearby echoes show a remarkable retardation on very
high frequency signals coming from the Rocky Point stations to Washington,
these signals traveling an actual distance varying from 2900 kms. to
over 10,000 kms., although the great circle distance is only 420 kms. The
apparent violation of the skip distance law by these stations as observed in
Washington has been explained. The nearby echo signals have been tentatively
assumed to be due either to reflections from a heavily ionized region in the
neighborhood of the magnetic poles or more likely to be due to scattered re-
flections thrown backwards from the first and second zones of reception,
which follow the skip distance region. This throwing back of the signal thus
permits under certain conditions the reception of the signal on very high
frequency within what is really the skipped zone, the signal having entered
this zone by a very indirect route and with a considerable time retardation as
compared with the direct route.

Influence of both nearby and round -the -world echo signals upon various
types of radio communication have been briefly discussed.

lilOR some time the Naval Research Laboratory has been
interested in the study of so-called echo signals, particular-
ly those which travel entirely around the world. Early

in the fall of 1927 it was decided to put these studies on a quantiL
tative measurement basis in the hope of obtaining information
which would be of value in the more general study of wave
propagation in theory and practice. It was expected that these
studies would throw additional light upon the structure of the
Heaviside layer and its daily and seasonal variations. Early
in these studies, however, certain phenomena manifested them-
selves which gave added incentive.

There are, of course, many questions bearing on wave propa-
gation that are by no means cleared up at the present time but
among them are several which are of considerable theoretical

' Original Manuscript Received by the Institute, March 12, 1928.
' Presented before meeting of Washington Section of the Institute, March

8, 1928.
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and practical interest and which may be mentioned at the out-
set of this report:

(1) Why are signals usually received during the daylight
hours in Washington from the Radio Corporation's group of
stations at Rocky Point, operating on frequencies so high that
Washington is well inside of the skip distance zone? This point
was raised in a paper by Dr. A. H. Taylor'.

(2)  Why do distant stations show what may be termed a
normal time interval for round -the -world signals, whereas the
Radio Corporation group as measured in Washington invariably
show time intervals notably shorter than the normal time inter-
val? These two questions are intimately related.

(3) Can any further explanation be given of the fact that
high -frequency signals usually show the worst fading at moderate
distances and much less fading at the extreme limits of the
range?

(4) What influence will echo signals, so-called, or multiple
signals, which is a better designation, have practically upon
low -speed telegraphy, high-speed telegraphy, telephony, fac-
simile transmission and television?

(5) To what degree can directive transmitting and receiv-
ing systems be expected to suppress multiple signals?

(6) During what hours of the day and what seasons of the
year are different types of multiple signals to be expected?

(7) Finally, whether there is anything in the nature of echo
signals which is in contradiction with the general theoretical
principles already laid down.

This paper being only in the nature of a preliminary report
we do not by any means pretend to give final answers to all
these questions, but it is believed that it will throw consider-
able light upon some of them and introduce possibly some new
speculations which may at least stimulate constructive criticism,
comment, and further work along similar lines in other parts
of the world, which we believe to be the only means of finally
settling some of these questions.

Turning to the consideration of multiple signals which are
due to waves which have traveled around the world in the sense
opposite to the direction from transmitter to receiver, a number
of observations will be presented giving the equivalent time
for the signals to pass entirely around the world, these times

I PROC. I.R.E., 14, p. 539, August, 1926.
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being based on the observed time differences between the direct
and the rearward signal; namely, between the signal coming
by the short route transmitter to receiver and the one coming
by the long route in the opposite way around the world.

It should perhaps be explained at this point that records
were made upon a Westinghouse multiple tower oscillograph
and by the use of two superheterodyne receivers using different
transfer frequencies and usually operating on antennas of differ-
ent directivity. Another way to handle these two receivers is
to use the same transfer frequency and the same heterodyne,
thus avoiding whistling between the receivers. The fact that
the higher frequencies from San Francisco failed to go around
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Fig. 1-Around-the-World Signals from PQW, Lisbon, 9:15 A.M., De-
cember 8, 1927. Frequency 19,180 kc.

seems to agree with the theoretical deduction that the height
of the layer seldom averages low enough on the necessary great
circle for 16,700 kc. and therefore would rarely, if ever, be low
enough to carry around the still higher frequency.

The expression "height of the Heaviside layer" as used in
this paper means the height of the equivalent reflecting layer.
It does not mean the height at which the electron concentration
is the maximum. In reducing path retardations to a time basis
the velocity of light in free space has been used so as to put
all observations upon simple comparative basis. No allowance
has been made for the number of reflections which a wave might
make in going from one point to another either by direct or
indirect routes. Such corrections would slightly modify the
time figures but not by any large amount.

Fig. 1 shows an observation taken, on PQW, Lisbon, the
multiple signal being marked E. The frequency here under
observation is approximately 19,000 kc. The time of this par-
ticular observation was 9:15 A.M. Washington time. This figure
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shows multiple signals which are almost of the same order of
intensity as the direct signals and almost equally clearcut.
The dbservation was taken also in such a way as to indicate
the direction from which the echo signal came. The line 1 on
the top of the figure is the timing line from a 100 -cycle tuning
fork. Line 2 which shows the direct signals practically without
echoes was taken on an antenna highly directive towards Lisbon,
whereas line 3 which shows the echoes as well as the direct
signals was taken on an antenna having strong westerly directiv-
ity. This directivity is, of course, not sharp enough to shut out
the direct signal from Lisbon but is good enough to emphasize
greatly the strength of the echo signal. Our general conclusion
from a great many studies of this sort is that echo signals from .

European stations generally come in during the fall and early
winter months best during the middle of the morning hours,
say from 0900 to 1200 zone five time2 and from the southwesterly

TABLE I
ECHOES ON DISTANT STATIONS

Call Letter Location Time of
Observation

Observed
Time

Around World Freq. kc.
Equivalent (approximately)

NPO San Francisco 1310 0.1120 0.1393 16700
" U.S.A. 1410

1410
0.1130
0.1130

0.1405
0.1405

16700
16700

' ' 1420 0.1125 0.1400 16700
1420 0.1120 0.1393 16700

.
* 1420 0.1125 0.1400 16700

AGA Nauen 0905 0.0920 0.1382 20250
Germany 0908 0.0920 0.1382 20250

0915 0.0920 0.1382 20250
" 0915 0.0910 0.1367 20250PQW Lisbon

Portugal 0915 0.0980 0.1374 19180
0915 0.0990 0.1386 19180

" 0915 0.0975 0.1352 19180
" 0920 0.0975 0.1352 19180

1110
1110

0.0985
0.0980

0.1380
0.1374

19180
19180

1110 0.0985 0.1380 19180
1010 0.0985 0.1380 19180

PCPP Kootwijk
Holland 0920 0.0950 0.1362 18600

0930 0.0925 0.1326 18600
0931 0.0940 0.1347 18600

' 0930 0.0940 0.1347 18600
' 0905 0.0960 0.1376 18600

0905 0.0960 0.1376 18600
0905 0.0970 0.1390 18600
0912 0.0965 0.1383 18600
0855 0.0930 0.1333 18600
0855 0.0940 0.1347 18600
0858 0.0965 0.1383 18600

PCRR Kootwijk
Holland 0926 0.0960 0.1376 14600

0928 0.0960 0.1376 14600
0928 0.0940 0.1347 14600
0928 0.0940 0.1347 14600
0940 0.0950 0.1361 14600
0940 0.0960 0.1376 14600
0940 0.0940 0.1347 14600

2 (Editor's note: Zone five time is 75th meridian time -Eastern Standard
Time.)
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direction. The same is generally true of the Rocky Point group
of the Radio Corporation.

On the other hand, echoes from the Naval Station NPG at
San Francisco on a frequency of 16,700 kc. rarely are picked up
on a collector with strong westerly directivity and when they
are so picked up they indicate by their timing that they have
traveled around the world in the same direction as the direct
signal. Such echoes, however, are usually weaker than the
reverse direction type but can be at times extremely annoying
although those times are more limited in duration and do not
occur as often during the year. Directivity is no defense what-
ever against echo signals of such a nature but it is a great de-
fense against echoes coming in the reverse direction, as Fig. 1
plainly indicates. Table I gives a summary of measurements on
various distant stations; the first column giving the call letters
of the station; the second, its location; the third, time of observa-
tion; the fourth, the actual observed time interval between direct
and echo signals; and the fifth, this same time interval reduced to
the equivalent interval for a transit entirely around the world.

A study of this table shows variations in the time of round -
the -world transit which are clearly outside of the errors of ob-
servation, but nevertheless the figures are fairly consistent
and with few exceptions can be correlated with a reasonable
Heaviside layer height. It is not believed that these round -the -
world signals follow a curvilinear path around the world but
that they encounter the layer at intervals and are turned down
and reflected back up again from the earth's surface. Variations
in layer height will therefore introduce small variations in the
path's difference between' the direct signal and the echo signal,
and indeed we regard the failure of these values to show greater
constancy as clear evidence of this manner of progression of the
waves. From an average of round -the -world time values a
figure can be set which can be called the normal time interval
for round -the -world signals in the frequency band between
16,000 and 22,000 kc. Without an intimate knowledge of the
exact number of jumps which the wave makes both for direct
signal and echo signal, it will be impossible to say exactly what
this value should be for a given height of the layer as there are a
number of possible combinations. Further than this we cannot
go although it is likely that there is some variation in this time
interval with the frequency.
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Turning for a moment to the question of the season of the
year and time of day when signals of this nature should occur,
it is possible to make certain theoretical predictions which,
so far as our study has progressed, have been verified by prac-
tice. There is considerable evidence in favor of the assumption
that the principal signal energy comes along a great circle path
both for the direct and for the round -the -world signals. This
is a very difficult matter to subject to experimental verification,
nevertheless in the absence of information to the contrary we
shall assume for the present at least that the main signal energy
does so come to the receiver, our main reason in making such
assumption being the action of collector systems of the Beverage
type with a fair degree of directivity. This being so, it can be
seen that a round -the -world signal originating, in the northern
hemisphere during winter time must, unless a great deal of the
preceding theoretical work be wrong, get through the northern
hemisphere during the light hours and do its dark hour transit
in the southern hemisphere where it is summer. Otherwise,
radiations starting out along great circles which would violate
this simple principle would surely encounter regions where the
Heaviside layer was too high for such frequencies to come down
again to earth.

So far as directional observations have been taken on echo
signals this simple principle has been substantiated and if one
takes the globe and traces upon it the possible paths of great
circles which would bring the echo signal back to the near neigh-
borhood of the transmitter, it is quite plain that signals orig-
inating in the northern hemisphere and observed regularly close
to the transmitter will show echo signals only during certain
hours of the day and that these hours are by preference between
0800 and 1200 local time in the winter. It is also clear, if one
lays off the possible great circles which would meet the simple
condition of transversing their night path in the summer hemi-
sphere, that the seasonal change from winter to summer will
gradually push this echo period towards the afternoon, and
indeed this is generally true of the observations today. We
venture to say that in the mid -summer period (which we have
not yet had opportunity of carefully observing) the reverse
will exist and the favorite echo period will be between 1900 and
midnight for the same stations.
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Now, when transmitter and receiver are widely separated
more complicated conditions govern the situation, but these con-
ditions also are subject to analysis. For instance, if one considers
the situation between San Francisco and Washington and re-
members that here we are practically limited to one great circle
and not to a choice of any one that may be possible for the
signal to find its way around on, it can be seen that there are
only a few periods of the day and of the year when the great
circle San Francisco -Washington traced backwards could be
expected to pass through a region with a sufficiently low Heavi-
side layer height. One of these periods is during the fall and
early winter months at 1500 Washington time, and it is signifi-
cant indeed that very few echoes have ever been found on NPG
at any other time of the day and, so far, of the year. It is believed
also that the occasions on which, even at these times, the layer
is low enough to give this effect without losing the reverse
signal at some point of the route, are relatively few and far
between, which is also borne out by observations. Further evi-
dence on these points is that the Radio Corporation stations
on frequencies considerably higher and located not far from
NPG have failed to give any echoes at all except at extremely
rare and transient intervals.

Another important observation can be made here upon the
performance of stations to the south of us. Strong signals are
received here from the Radio Corporation station at Bogota,
HJG, both in the 13,700 kc. and in the 27,400 kc. bands at
certain hours of the day, but never have echo signals been ob-
served on this station or on any of the stations in the Argentine
and Brazil on similar frequencies. Theoretically, no echoes
would be expected because such echoes would have to pass
over both poles and one or the other is bound to be in total
darkness during its winter period even in the daytime, and
therefore probably has too high a layer to permit such frequen-
cies to be carried around. Whether it will be possible during
the equinoctial period to observe echoes on such southern sta-
tions is a point of considerable interest but upon which we have
so far no positive information. It is barely possible that during
these periods the average layer height might be low enough
to get certain frequencies around. It is also quite clear that
only very high frequencies, namely, above 14,000 kc., are suit-
able for sending frequencies entirely around the world, except
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at certain very limited periods, because the signal must tra-
verse thousands of miles of daylight and only the very high
frequencies have the low absorption necessary to accomplish
this.

Fig. 2 shows a record on CRHB, Cape Verde Islands, on
approximately 16,500 kc. Unfortunately the timing line was

imednier''''s410Thoi
Fig. 2-Around-tie-World Signals from Cape Verde Islands, 1 P.M.,

January 3, 1928.

omitted in this photograph accidentally so the measurement is
not available, but the record shows a clear enough echo which
is evidently of a reverse direction signal. The more southerly
position of the Cape Verde Islands shifted the favorite echo
period from the morning hours toward afternoon, this record
being taken at 1300 zone five time and strong echoes being
observed for at least one and a half hours later. All this in-

44111111,
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Fig. 3-Around-the-World Signals from 2XBC, 11:15 A.M., December 2,
1927. Sending ABC.

formation checks in with the general idea that echo signals
must make their night transit in the summer zone and is in
agreement with the general theory that the summer night
layer height is notably lower than the winter night layer height
except in the tropics where there is not so much difference be-
tween summer and winter. Again on this point the Naval
Stations in the tropics have noted that they could continue on
into the dark hours with very high frequencies over certain
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long distance circuits -much later into the night than can be
done in the northern hemisphere except in the northern summer.

If this simple rule then is noted, it is not difficult to predict
at what time of day echo signals may be expected and how
that time of day varies with the time of year, and it is quite
clear that when stations are geographically widely separated the
times of day and times of year will be very much more limited
than when the observations are taken near the transmitter.
It is also clear that between certain stations there is little likeli-
hood of echoes of this type ever being observed. Taking the
figure 0.139 as the general average for round -the -world signals
in the frequency band from 16,000 to 21,000 kc., a marked devia-
tion is at once observed when we consider the observations on
the Radio Corporation group.

Fig. 3 shows a typical record out of a large number taken
on 2XBC at Rocky Point on a frequency of approximately
20,000 kc. The timing line 1 is made by a 100 -cycle fork. Line
2 shows the signal received on a collector of directivity to the
northeast, the signals marked E being those echo signals that are
plainly discernible and identifiable. Line 3 shows the echoes

TABLE II
AROUND THE WORLD SIGNALS -ROCKY POINT GROUP

2XBC
Time of Observation

AroWox. 19,900 kc.
Echo Time

WLL
Time of Observation

Approx. 18,000 kc.
Echo Time

1010 0.1290 1035 0.1105
1145 0.1250 1035 0.1050
1145 0.1240 1035 0.1080
1145 0.1260 1035 0.1100
1225 0.1265 1145 0.1265
1225 0.1250 1154 0.1265
1250 0.1260 1155 0.1270
1255 0.1260 1230 0.1275
1255 0.1250 1235 0.1280
1255 0.1250 1248 0.1280

1248 0.1285
1147 0.1260

WIT Approx. 18,500 kc. WBU Apwox.21,200kc.
1115 0.1250 1025 0.1265
1120 0.1250 1037 0.1275
1034 0.1270 1055 0.1205
1050 0.1250 1012 0.1195
1320 0.1200 1130 0.1100
1005 0.1265 1025 0.1250
1040 0.1250 1125 0.1260
1048 0.1265 1000 0.1260
1120 0.1260 1240 0.1260
1025 0.1260

WIK Approx. 13,800 kc
1200 0.1230
0920 0.1270
0920 0.1280
0920 0.1290
1230 0.1110
0937 0.1330
0945 0.1260
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plainly discernible on a collector of pronounced westerly directiv-
ity. The fact that the echoes are stronger and more clearcut
on the westerly collector indicates that the echoes are coming
from a general westerly or southwesterly direction. The timing
interval instead of being 0.139 seconds is 0.124 seconds.

Table II is a summary of observations taken on the Rocky
Point group. An inspection of this table shows that in no case
do the signals appear to take the normal time interval to go
around the world. Moreover it is seen that the observed time
intervals vary from 0.110 to 0.129. Not only are these time
intervals decidedly too short, but they show a. greater variation
than several observations on distant stations. These observations
are indeed of great interest. Our first thought was to explain
these observations by assuming that the round -the -world signals

krat  41,0 00,01100'01,4
----,

oto,,AU,smooONVAleat44404ffeee fp, irs,,
Fig. 4-Around-the-World Signal from NKF.

followed some course differing from the great circle route by an
amount corresponding to the time interval, but we were unable
to think of any physical mechanism which could produce such
a path. It would be much easier to think of conditions which
would make the time interval too long than to think of con-
ditions which would make it too short. It had long been sus-
pected that the so-called direct signals coming from the Rocky
Point group on these frequencies and which apparently violated
the skip distance law were not really direct signals. Means were
therefore investigated to throw further light upon this matter.

This Laboratory placed one of its own high -power transmit-
ters on 18,500 kc. and obtained the consent of the Carnegie
Institution to take observations at their laboratory on the edge
of Rock Creek Park some ten miles distant. Fig. 4 shows a
typical echo signal on our own station NKF and with the time
interval 0.1390 second. It should be explained that since we
had control of the transmitter in this case we were able to arrange
it to send extremely short dots of the order of duration of about
one -hundredth of a second and widely spaced. This was ac-
complished by punching a transmitter tape with the letter E
with ten or fifteen spaces between each letter and then running
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the tape through a Creed transmitter at high speed. Roughly,
these dots came about three to the second.

Table III shows the results of round -the -world signals from
NKF taken at the Carnegie Institution ten miles away, meas-

TABLE III
AROUND THE WORLD SIGNALS FROM NKF.

Front of Dot Rear of Dot

0.1401 0.1382
0.1380 0.1382
0.1398 0.1375
0.1406 0.1385
0.1387 0.1376
0.1386 0.1385
0.1397 0.1400

Average 0.1393 0.1387

Average -front and rear, 0.139 Sec.

urements being given both from the front end of the dot and
rear end of the dot which show slight differences which seem to
give slightly higher values for the front of the dot than the
rear of the dot. We are not willing to lay any special weight

1111.111111111-1111101111100mingiewawarmisisvismorisimare

Fig. 5 -Reflections from NKF.

upon this timing difference as it is quite small, but at any rate
the observations show remarkably little variation and give a
general average close to the general average or normal value
for distant stations, differing thereby markedly from observa-
tions on the Rocky Point group. It was therefore conclwded
that the so-called direct signals from Rocky Point which appear
to violate the skip -distance law, being received well through -

TABLE IV
SUMMARY OF IlmmEcTioNs FROM NKF
0.0111 0.0207 0.0311
0.0116 0.0212 0.0312
0.0118 0.0222 0.0330
0.0119 0.0224 0.0335
0.0131 0.0226 0.0335
0.0138 0.0232 0.0335
0.0142 0.0232 0.0343
0.0149 0.0232 0.0345
0.0183 0.0233 0.0349

0.0239 0.0355
0.0181 0.0241 0.0358
0.0184 0.0243 0.0358
0.0185 0.0243 0.0359
0.0188 0.0296 0.0360
0.0190 0.0258 0.0360
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out the daylight hours but fading out in the very late afternoon
and coming in again just before dawn, were not coming direct at
all but were themselves echoes or multiple signals of an entirely
different character from round -the -world signals. But if this were
true, our own station should also show additional multiple sig-
nals or echoes very close to the reference signal or ground wave.
Such indeed proved to be the case, as is shown by Fig. 5 where
very short time echoes are clearly shown of the values 0.0138,
0.0235, and 0.0315 respectively.

Table IV is a summary of these nearby echoes found on NKF.
We therefore concluded that the so-called direct signals from
Rocky Point which appear to be violating the skip -distance law
were similar echoes, but we sought for definite means of proving
this point and finally hit upon means for doing so. The Rocky
Point transmitters like most high -frequency transmitters hav-
ing frequency multipliers, for instance, one of them transmitting
on 18,000 kc. has somewhere in the preceding stages consider-
able energy on 9,000 kc. which is weakly coupled to the antenna
system but which should be capable of giving recordable signals
in Washington. Examination of this matter shows that such was
indeed the case and observations were taken on 2XBC and
WLL on this basis and on the following assumptions; first, the
lower or half frequency could not be an echo signal because it
would have to travel too far for such a frequency to give a good
signal in broad daylight, our shortest echoes of this character
indicating a path retardation of the order of 2,900 km. Con-
sidering the weak radiation on relatively small power put out
by the transmitter on this half frequency it is hardly possible
that so perfect a signal could have been received at Washington
by any other than a normal sky wave route, which means for a
Heaviside layer height of under 200 km., an approximate dis-
tance from New York to Washington for this signal of about
500 km. Of course, the same relay keyed both the half fre-
quency and the high frequency and no question of relay lag was
herein involved.

Fig. 6 shows a typical record on 2XBC clearly showing that
the high frequency not only arrives later by 0.007 or 0.008 of a
second but that the signals are strung out somewhat longer
than those arriving on the lower or half frequency. The two
frequencies in question were approximately 18,900 and 9,450
kc. In connection with the observations on NKF this con-
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elusively establishes the fact that these high -frequency signals
from the Rocky Point area are not violating the skip -distance
law at all. Nor are they ground waves or scattered waves which
could not possibly be accounted for on this timing basis, but

Fig. 6-2XBC, 12:50, February 29, 1928.

they are signals thrown into the skip distance area from a point
or a number of points well outside of that area. If we suppose
that there are several such echoes of which we have sometimes
identified as many as three on NKF, it will be seen that the
first echo with the shortest time interval will be the one that
starts the recorded dot in the record of the higher frequency.
If, therefore, we measure from the beginning of the half fre-
quency dot to the beginning of the high frequency dot we get
a time interval corresponding to the nearest echo or the shortest
reflection.

Table V summarizes the values obtained on this shortest
reflection or echo, which has a value between 0.007 and 0.008

TABLE V
SUMMARY OF SHORTEST REFLECTIONS 2XBC

0.00834 0.00866
0.008.57 0.00805
0.00802 0.00853
0.00882 0.00808
0.00835 0.00700
0.00846 0.00738
0.00803 0.00750
0.00888 0.00724
0.00823 0.00776
0.00814 0.00765
0.00833 0.00755

of a second and corresponds to a signal which has traveled some
2400 km. further in coming to Washington than the half -fre-
quency signal has. Since the half -frequency signal itself has
traveled approximately 500 km. the total distance traveled
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by the high -frequency signal in coming from Rocky Point to
Washington is about 2900 km. It is very suggestive to know
that the average daylight skip distance on these frequencies
is about half of this figure. This point will be considered in
detail later on. There are plainly to be observed in some of these
photographs on the Rocky Point stations interference patterns
produced by subsequent echoes.

On Fig. 6 at the point marked X such an interference pattern
is shown. Obviously, it will be difficult from the observations
made thus on regular traffic and not on special signals to extract
the values for intermediate reflection intervals, but the longest
interval may be determined by measuring from the end of the
half -frequency dot to the end of the corresponding high -fre-
quency record. There is also the possibility of occasional round -
the -world signals creating some confusion in these latter type
of measurements. For instance, in Fig. 7 the point marked R

Fig. 7-Around-the-World Signal from 2XBC, 9:10 A.m. February 29,
1928.

is clearly not a nearby, but a round -the -world signal. It is
preferable to take these records on nearby echoes at such times
when round -the -world signals are not occurring. Apparently
then, it is definitely determined that these high -frequency
signals within the skip -distance band, New York to Washington,
are not violating the skip -distance law but as can be seen from
Table V on the nearest reflection and Table VI which gives the
list of other and somewhat longer reflections, that we have
yet to explain where these reflections come from, both for
Rocky Point stations and for NKF. We do not propose to at-
tempt to answer this question at the present time, but will only
make a few suggestions as to possible explanations, leaving
the final decision to the future when other studies with special
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reference to directivity and at other localities widely separated
from our own may throw further light upon these points.

It may appropriately be mentioned at this time that since
electrons diffuse much more readily along the lines of magnetic

TABLE VI
LONG REFLECTIONS ON 2XBC

0.0152 0.0214 0.0321
0.0165 0.0282 0.0311
0.0178 0.0264 0.0338
0.0141 0.0255 0.0300
0.0169 0.0254 0.0345
0.0197 0.0278 0.0325
0.0190 0.0264 0.0314
0.0126 0.0262
0.0106 0.0226
0.0137
0.0173

force than they do athwart them, there should be considerably
more electronic concentration at the neighborhood of the north
magnetic pole and that the distance to the north magnetic pole
is about right to account for the intermediate set of echoes.
The nearby set of echoes might be thought of as being due to
reflections of the wave from rough portions of the earth's sur-
face directly back on itself, so to speak, and coming from the
first zone of reception; namely, from just above the edge of the
first skipped distance. If we look to the southward of Rocky
Point on the map we find a rough, more or less mountainous
region at the correct distance to be in a position to throw such
signals back into the skipped zone between Washington and
New York. Equally well, if we look to the northward in Labra-
dor we can find such a zone. It is also true that another group
of reflections have a time interval suitable to be echoes from
throwback signals from the rough country in the Rocky Moun-
tain area. But the last set of reflections corresponding to time
intervals of the order of 0.035 of a second and to a distance of
the order of 10,000 km., is difficult indeed to account for. One
would have to go south to the Andes or northeast to Switzer-
land in order to get a similar region adapted for throwing back
such signals. We confess, however, that at the present time we
are not aware of any reasonable explanation of these nearby
echoes which we have found on the Radio Corporation's group
and, to the same order of magnitude, upon our own station.
We confess also that we have put forth the polar electron con-
centration idea and the backward reflection idea with no extreme
faith in its probability. At the same time we believe that it is
not at all impossible for these things to occur. We are naturally
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reluctant to entertain the idea of an additonal layer with ex-
tremely high electron concentration and of so great a height,
namely 1400 km., which would be necessary to explain the path
retardations on these nearby echoes by reflections and multiple
reflections from such a layer. The existence of such a layer
besides being utterly unaccountable on any known physical
basis will be too much in contradiction with well-known and
well -established facts concerning the behavior of radio waves
in various parts of the spectrum. If we are forced to accept
the backward reflection idea it can be seen that the nature of
these reflections will frequently be such as to give the effect
of bad scattering and no definite direction to such signals. Under
special geographical conditions and at very high frequencies
where long skip distance is obtained before the main wave can
find anything that can throw it back upon itself, a certain degree
of directivity on certain signals might be observed.

Turning now to the seven questions outlined in the first
part of this report, it is perhaps worthwhile to see what answers
or partial answers can be given to them in the light of what we
have so far determined as to the nature and timing of both nearby
and distant echo signals. (1) It is clear that the signals from
the Rocky Point group of stations as received in Washington
on very high frequencies do not violate the skip distance law nor
are they signals formed by a scattering in the normal Heaviside
layer. The timing intervals indicate that they come from dis-
tances between 2500 and 10,000 km. in making the transit
from Rocky Point to Washington, although the straight line
distance is only 420 km.

(2) The abnormal time interval on the Radio Corporation
group at Rocky Point is fully explained and brought into unison
with observations on our own station and in fair agreement with
those of distant stations, as soon as we recognize that the signal
which arrives first is itself an echo signal of variable time interval
corresponding to the above mentioned path retardations.

(3) Violently fading of high -frequency signals at points only
moderately distant from the transmitter may be partly due
to nearby echo signals which overlap and in continually shifting
phase thus contribute to this fading. At points of very much
greater distances the nearby echoes would be much reduced
in strength and of corresponding lesser importance in produc-
ing fading effects.
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(4) All of these echo signals can produce under suitable
conditions disastrous effects upon almost all known forms of
radio communication. The long time echoes coming as they
do around the world can usually be taken care of by directive
receiving systems, but if short time echoes occur it seems likely
that they will come from various directions and directive re-
ceiving systems will not be of so much advantage. Upon low
speed telegraphy the short time echoes will have little or no
effect, their main results being to produce a slight fuzziness of the
signal. But upon telephony they will have a very disastrous
effect and probably equally annoying effects for facsimile trans-
mission and television. Fortunately, we shall usually be mainly
interested in telephony, facsimile transmission, and television
only over long distances. The evidence herein presented is per-
haps one more argument for the reservation of such frequencies
for long distance work only.

(5) Directive receiving systems can obviously be used to
great advantage with certain types of echoes but can hope to
do but little with others. Fortunately, in long distance work
we may expect comparatively little trouble from nearby eehoes
on account of their lesser intensity. Directive transmission
is probably capable of giving considerable assistance on all
kinds of echoes, but can by no means hope to shut out com-
pletely the short time echoes referred to in this paper. In fact,
this type of scattering by ground reflection may be largely
responsible for the widening of the angle of the beam to greater
values than would be expected from an observation of its local
performance. if ground reflections of this magnitude occur at
all they can throw off a great deal of radiation from a beam
as well as throw it directly back upon itself.

(6) The hours of the day and the seasons of the year when
round -the -world signals can be expected can be predicted for
any given pair of stations by reference to the simple principle
that round -the -world signal must make most of its night tran-
sit in the summer hemisphere and if the great circle between
two stations is such that this is not possible, round -the -world
echoes will not occur. There is entirely too little information
at hand to predict in the matter of the short time echoes. It is
urgently requested that observations on a quantitative basis be
carried out in various parts of the world on this matter in order
to demonstrate whether this is a phenomenon more or less pe-
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culiar to this part of the world or is more general in its occur-
rence. Only by such observations can any decision be made be-
tween possible tentative explanations of the phenomena in-
volved.

(7) There appears to be nothing in the nature of echo signals
so far observed which is in contradiction with the general the-
oretical principles already laid down.



THE STATUS OF FREQUENCY STANDARDIZATION*

BY
J. H. DELLINGER

(Chief of Radio Section, Bureau of Standards, Washington, D. C. )

Summary-The measurement of frequency, hitherto of laboratory in-
terest only, has become of first -rank importance in reducing radio interference.
This has come about through the increasing use of all available radio channels
particularly at broadcasting and higher frequencies. While an accuracy of
one half per cent was satisfactory five years ago, accuracies a thousand times
as good are now sought.

The piezo oscillator is meeting the needs of this situation in large part.
Much effort is being devoted to making the piezo oscillator as constant as
possible. Commercially available piezo oscillators, without temperature
control, are generally reliable to about 0.03 per cent, just barely enoagh to
meet the Federal Radio Commission's requirement of one-half kilocycle. In
order to reach greater accuracy, considerable work is being done on the primary
standards of frequency, to insure the highest constancy and accuracy. The
Bureau of Standards and other organizations are engaged on a cooperative
program to attain an accuracy of 0.001 per cent. Comparisons with other
nations show that the national laboratories of the larger countries are already
in agreement to about 0.003 per cent.

Temperature controlled piezo oscillators will probably allow the holding
of station frequencies so close that several stations can broadcast on the same
frequency without heterodyne interference. Use of these or equivalent devices
is vital to the maximum utilization of the very high frequencies; the separation
of 0.1 per cent between high frequency stations which is practicable in the
immediate future is largely determined by frequency variations, and can be
reduced as practice improves.

INTRODUCTION

ADIO manufacturers, transmitting stations, and standard-
ization agencies have found it necessary to increase their
accuracy of frequency measurement progressively during

the past four or five years. This need has come about through
the increasing use of the available radio channels and particularly
through the development of broadcasting and of high -frequency
transmission. While an accuracy of one-half per cent was satis-
factory five years ago, it is now necessary to give consideration
to accuracies a thousand times as good. It is not merely a
question of measurement. Frequencies of transmitting stations
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must be actually held constant with very great accuracy. This
is becoming more and more important as the available radio
channels become saturated. The maximum number of com-
munications can be packed into the radio spectrum only if each
stays within its own channel, as any wandering due to inaccurate
frequency adjustment causes interference with the communica-
tion on the adjacent channel.

Interference due to frequency variations is perhaps now the
main source of interference, as far as technical (apparatus) causes
of interference are concerned. Receiving sets are now so well
designed that other sources of interference can be tuned out.

PIEZO OSCILLATORS

The advent of the piezo oscillator has met the needs of the
situation in part. The device is a readily available standard,
in terms of which frequencies may be measured to any desired
precision (in the sense of fineness of adjustment). The accuracy
with which frequencies may be thus made available is the subject
to which this discussion is mainly devoted. Since piezo oscillators
may be used for frequency comparison with practically unlimited
precision, the question of their accuracy depends essentially on
their constancy, and on the accuracy and constancy of the basic
standards in terms of which they are standardized.

When the piezo oscillator was introduced, two or three years
ago, it was quite commonly thought that it was an invariable
standard of frequency. It has, however, been found that there
are a number of factors which introduce variations in the fre-
quency of the electromotive force produced by a vibrating quartz
plate, and also in the frequency of response of a piezo resonator.
These factors are the temperature, the particular method and
details of the mounting of the quartz plate, the circuit constants
of the associated circuits, and the methods of coupling between
the circuit in which the quartz plate is inserted and the necessary
auxiliary and measuring circuits. It is not true that highly
accurate comparisons can be made by sending a quartz plate
in the mail from one laboratory to another. The effects of the
circuit constants may vary the frequency produced by a piezo
oscillator several parts in 1000, and therefore a complete piezo
oscillator must be sent for accurate comparisons. If it is desired
to make measurements to as great an accuracy as one part in
10,000, it is necessary that the voltages used in the piezo oscillator
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be carefully measured and that the circuit arrangements and
voltages be always the same in use as under the conditions of
original calibration. This has been proved by special experi-
mental trials of the effects of different circuit details on the
frequency, by theoretical studies, and by the results of actual
trial in practice. To carry the accuracy still further, to one part
in 100,000, it is necessary not only to control.carefully the circuit
constants but also to keep the quartz plate at constant tempera-
ture.

CONSTANCY AND ACCURACY OF STANDARDS

In order to secure maximum coherence of the results of fre-
quency measurements, and minimum interference between
stations adjusted thereby, it is necessary that all measurements
be made in terms of the same primary standard, provided that
standard has the two requisite properties, accuracy and con-
stancy. Of these two, constancy is by far the more important,
since the outstanding need is that the results of frequency
measurements agree with one another, regardless of where or
when made. If all should be 0.1 per cent different from the actual
absolute value there would be no serious practical consequences.
but if different laboratories or stations should have standards
differing by 0.1 per cent there would be hopeless confusion and
interference. This is not to say that absolute accuracy of the
primary standard is unimportant; the highest accuracy must be
sought, but this is less urgent than the maintenance of a standard
of high constancy.

The official primary standard for the United States is that
maintained by the Bureau of Standards. During the past four
years the Bureau has steadily improved the constancy and
accuracy of this standard by continuous research. In order to
have a primary standard adequate to the present and the im-
mediate future, the Bureau determined last year to establish and
maintain a standard which should be constant to one part in
100,000, or 0.001 per cent. Such accuracy is difficult to attain
in almost any line of physical measurement. The work is being
carried on with the cooperation of other Government Depart-
ments and the various commercial organizations which have had
experience in establishing frequency standards or constructing
piezo oscillators of great constancy. Four organizations (the
General Electric Company, Westinghouse Company, Navy
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Department, and Bureau of Standards) have constructed tem-
perature -controlled piezo oscillators which are intercompared and
kept under observation at the Bureau. These are also compared
against other standards of the Bureau, including quartz plates,
tuning forks, and a special frequency meter. Absolute measure-
ments of their frequencies, against time standards, are made by
three organizations, the Navy Department, Bell Telephone
Laboratories, and the Bureau of Standards.

The absolute measurement of frequency is a most interesting
subject, but in this paper I will only be able to mention it briefly.
Since frequency is the reciprocal of time, an absolute frequency
measurement is a comparison against a standard of time. Ideally,
this should be made as directly as possible against the primary
time standard, the rotating earth. In practice, measurements
are made against a standard clock, permitting frequency measure-
ments in terms of the mean solar second. The measurements are
usually made with the aid of an intermediate device (tuning fork,
alternator, or oscillator) which produces an audio frequency,
this being measured in terms of the clock. The comparison
between the audio frequency and the radio frequency of the
standard under measurement is made by a step-up process, such
as the use of a harmonic amplifier' or cathode-ray oscillographs2.

The measurement may be made even more directly in terms
of the time standard by methods which have recently been
worked out to eliminate the intermediate audio -frequency device.
Such methods have been devised by the National Physical
Laboratory in England, the Naval Electrotechnical Institute in
Italy, and by the Bell Telephone Laboratories.' in the U. S.

INTERNATIONAL FREQUENCY COMPARISONS

Since both high- and low -frequency signals can be received
over large portions of the world, it is of the greatest urgency not

1 Frequency Measurement in Electrical Communication.-Horton,
Ricker, and Marrison. Trans. A.I.E.E., 42, p. 730; 1923.

A Self -Contained Standard Harmonic Wavemeter.-D. W. Dye.
Phil. Trans., Roy. Soc. London, 224, p. 259; 1924.

Establishment of Radio Standards of Frequency by the Use of a
Harmonic Amplifier.-Jolliffe and Hazen. Bureau of Standards Scientific
Paper No. 530. 1926.

1 Primary Radio -Frequency Standardization by Use of the Cathode -
Ray Oscillograph.-Hazen and Kenyon. Bureau of Standards Scientific
Paper No. 489, 1924.

3 Precision Determination of Frequency. Horton and Marrison.
PROC. I.R.E., 16, p. 137; February, 1928.
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merely that all U. S. radio be on a single frequency basis, but
that this be true of the whole world. The international aspect
of this is being cared for by the national standardizing labora-
tories of the various nations through intercomparisons of fre-
quency standards. The Bureau of Standards has been par-
ticularly active in initiating and directing this work.

International comparisons of any physical quantity can be
made by sending the standards of that quantity successively to
the laboratories of the different nations. In the frequency com-
parisons that method has been followed with one exception.
About five years ago it appeared that greater accuracy might
possibly be obtained by another method, namely, the simul-
taneous measurement in the various laboratories of the fre-
quencies of waves transmitted from stations of sufficient power
to be received simultaneously in many nations. In 1924 such a
set of comparisons was organized by the Bureau of Standards and
measurements were made in the national laboratories of England,
France, Italy, Germany, and the United States. The results of
such comparisons extending over a number of weeks were only
fairly satisfactory. The accuracy of measurement was not as
good as had been hoped. The result, briefly, was to show an
agreement between the various countries within about two parts
in 1000. The methods used, and independent evidence of various
kinds, were such that it was certain that the standards used in
each of these countries were more accurate than this. The ob-
served differences were therefore due in large part to the methods
of measurement.

From the foregoing experience it was concluded that the
more common method (actual transportation of standards from
one laboratory to another) used in connection with other physical
quantities should be considered anew. Just at that time, about
four years ago, enough had been learned of the possibilities of
piezo oscillators and piezo resonators to make it appear that
they offered particular advantages as portable standards.
Measurements upon piezo-electric devices therefore offered a
method which might be superior to the scheme of measuring
simultaneously the frequencies of transmitted waves. The first
attempt of this kind was an informal series of measurements
made in several national laboratories by W. G. Cady, Professor
at Wesleyan University, Middletown, Connecticut. He took a
number of piezo resonators (not oscillators) abroad; the results
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of his measurements are published in his article, "An Inter-
national Comparison of Radio Wavelength Standards by Means
of Piezo-electric Resonators."'

 In December, 1925, the Bureau of Standards sent a piezo
oscillator to Europe, sending it first to the National Physical
Laboratory of England, which was to send it in turn to the labora-
tory of the Telegraphie Militaire in France, to the Naval Electro-
technical Institute in Italy, to the Physikalisch-Technische
Reichsanstalt in Germany, and then to be returned to the
Bureau. A second piezo oscillator was sent in July, 1926, in the
other direction, i.e., beginning with the Physikalisch-Technische
Reichsanstalt. It is to be noted that complete piezo oscillators
were sent, not merely the quartz plates.

The measurements upon these two piezo oscillators, on
account of the necessary delays in getting from one laboratory
to another, were only completed in December, 1927. The results
are given in Tables I and II.

These results show that piezo oscillators, even without temper-
ature control, provide a far more dependable method of making
international comparisons of frequency standards than simul-
taneous measurements of station frequencies. The indicated
differences between the various laboratories have a maximum
of eight parts in 10,000; the net result is to show an agreement
by this method which may be summarized as a few parts in
10,000. It was uncertain as a result of this work whether the
observed differences were due to variations in the piezo oscillators
used as the means of comparison or to actual differences in the
basic standards of the different countries.

The same method was used, viz., the sending of piezo oscil-
lators, to make comparisons between the frequency standards
of the United States, Canada, and Japan. Early in 1927 a piezo
oscillator was sent to Canada, was there measured by the Radio
Service of the Department of Marine, then returned and
measured again by the Bureau of Standards. The results were
of the same order as those obtained in the European com-
parisons, and were considered by the Canadian administration
as giving a comparison of standards to as great an accuracy as
their measurements permitted. The Bureau of Standards sent
the same piezo oscillator in March, 1927, to Japan. The average
of the Japanese values differs from the Bureau of Standards

4 PROC. I.R.E., 12, p. 805, Dec. 1924.
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measurements by only one part in 10,000. The detailed results
are given in Table III.

Piezo oscillators with temperature control began to be con-
structed in 1927, and a great increase of the possible accuracy
of the comparison of standards of different laboratories was thus
presented. As I was going to Europe in the summer of 1927 for
the Bureau of Standards, an opportunity was afforded to use
one of these instruments for comparisons with the standards of
the national laboratories of Europe. It was hoped that by taking
this improved instrument to the European laboratories a fre-
quency comparison could be obtained that would surpass the
previous ones in accuracy. I accordingly had the pleasure of
making frequency measurements, all of which were very satis-
factory, at the National Physical Laboratory in London, at the
laboratory of the Telegraphie Militaire under General Ferrie
in Paris, at the Italian Navy Laboratory in Livorno, Italy, and
at the Physikalisch-Technische Reichsanstalt in Berlin. I wish
to acknowledge the splendid cooperation given me in each of
these laboratories by my collaborators, Dr. D. W. Dye at the
National Physical Laboratory, Prof. R. Jouaust in Paris, Prof.
G. Vallauri in Livorno, and Dr. E. Giebe at the Reichsanstalt.
The measurements were made in July and August.

The frequencies of the piezo oscillator were measured at the
Bureau of Standards before I left the United States and again
after my return. The instrument contained two quartz plates
in a thermostatically -controlled heated enclosure, the quartz
plates being kept at a temperature of 46 degrees C. Instruments
were provided to insure that filament and plate voltages were
always the same. The frequencies of both quartz plates were
approximately 200 kilocycles.

It was interesting to find that in all the laboratories the same
general method is used for frequency measurements of high pre-
cision. Typically, there are three generators placed in the labora-
tory about ten feet apart; one is the piezo oscillator under
measurement, one is the auxiliary oscillator or heterodyne, and
the third is the standard instrument against which the piezo
oscillator is to be measured. There is coupled to each of these a
single circuit which contains a receiving set with telephone
receivers connected to it. The method of measurement is in all
cases some variation of the simple procedure of listening for the
frequency difference between the auxiliary generator and the
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piezo oscillator, and by one process or another reducing this
difference to zero, and then adjusting to equality with the
auxiliary generator the standard in terms of which the piezo
oscillator is being measured (or else determining the difference
between the standard and the auxiliary generator).

TABLE IV
SPECIAL TEMPERATURE -CONTROLLED PIEZO OSCILLATOR WITH QUARTZ PLATES F. AND Z

Laboratory
Date
1927

Y

Frequency Minus
Mean
B. S.

Frequency Minus
Mean
B. S.

Bureau of Standards June 15 200.122 200.142
National Physical Laboratory,

England. July 14 200.118 0.000% 200.128 -0.006 %
Telegraphic Mihtaire, France Aug. 4 200.134 +0.008% 200.149 +0.004%
Istituto Elettrotecnico e Radio-

telegrafico, Italy. Aug. 18 200.119 0.000% 200.137 -0.002%
Physikalisch-Technische Reichs-

anstalt, Germany. Aug. 31 200.131 +0.006% 200.152 +0.006%
Bureau of Standards Nov. 18 200.115 200.138

Bureau of Standards Mean
B. S. 200.118 200.140

The results, shown in Table IV, justified every hope. The
differences between the different laboratories in these measure-
ments ranged from zero to five parts in 100,000, the average of
the departures from the mean being three parts in 100,000.
This agreement is indeed as good as the degree of certainty of
the national standards. It is concluded that by using a portable
temperature -controlled piezo oscillator in which the currents
through the circuits are always adjusted to the same value, it
was possible to get a 10 -fold increase of accuracy over that
attained with the simpler type of piezo oscillator used in the
previous comparisons. This assurance as to the accuracy of the
frequency standards available in the larger countries determined
the action of the International Radio Conference in October,
1927, on the subject of frequency measurements, as expressed in

Article 3 of the General Regulations of the International Radio-
telegraph Convention.

The accuracy attained in these comparisons is not by any
means the limit attainable. The instrument used in the com-
parisons was one upon which complete studies had not been
made as to temperature equilibrium, frequency lag, and tempera-
ture coefficient of the quartz plate. No doubt as time goes on we

can improve upon this. On the whole, however, I feel that it
has been demonstrated that the several national laboratories are
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measuring frequencies with an accuracy satisfactorily in advance
of the immediate requirements of radio practice. The standards
of frequency of the larger countries agree sufficiently well to
insure against interference provided the transmitting stations
are accurately adjusted according to their national standards.

APPLICATIONS IN BROADCASTING AND HIGH FREQUENCIES

The developments in the accurate measurement of frequencies
have their principal applications in those portions of the radio
spectrum where the congestion of radio traffic is greatest, viz.,
broadcasting and high frequencies. The Federal Radio Com-
mission requires every broadcasting station to operate within
0.5 kilocycle of its licensed freque'ncy.. At a frequency of 1500
kilocycles this means that the frequency must be maintained
within 0.03 per cent. There were no means commercially avail-
able by which this could be done, a year ago. At the present time,
using as a station frequency standard a piezo oscillator without
temperature control but carefully operated, the requirement
can just be met. To be certain of satisfactory operation, a piezo
oscillator should be investigated over the range of temperatures
at which it will operate, as sudden large changes of frequency with
temperature occur in some of them.

The advent of temperature -controlled piezo oscillators opens
up new possibilities. It is apparent, from the experience I have
recounted, that these instruments can be relied upon, under
conditions of practical use, to 0.003 per cent or better. At a
frequency of 1000 kilocycles, this corresponds to a constancy of
30 cycles or better. In other words, two or more broadcasting
stations using these devices could operate on the same frequency
and remain synchronized so closely that there would be no
audible beat note between their carrier frequencies. This is the
only practical possibility at present available for eliminating
heterodyne interference. Use of this plan may offer a way out
of the hitherto insoluble problem of too many broadcasting
stations. It is not an easily operated plan; it requires great care
in operation of the piezo oscillators at all stations; but it seems
to me at present the most practical of the various theoretically
possible plans.

The increase in accuracy of frequency measurements has an
application of at least equal importance in the use of very high
fequencies. Since 0.03 per cent is about the limit of dependa-
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bility of piezo oscillators without temperature control, it is not
feasible at the present time to use narrower channels than 0.1
per cent. To illustrate, successive channels can be 10 000, 10 010,
10 020 kilocycles, etc. With a commercially available piezo oscil-
lator used as a station frequency standard, the second of these
channels could be reliably held within 10 007 and 10 013 kilo-
cycles. Greater deviation than this would bring the transmission
dangerously near the adjacent channels and cause interference.
Thus, assuming the use of the best commercially available equip-
ment and great care in the operation of stations, high -frequency
channels cannot be spaced closer than 0.1 per cent at the present
time.

More stations can be operated on the high -frequency waves
almost in proportion to the increase in accuracy of the frequency
control of transmitting stations. While it is true that there are
other factors influencing the width of channel, e.g., selectivity
of receiving sets, nevertheless for CW work it is likely that the
channel width could be narrowed to something like 0.01 per cent
if first-class temperature -controlled piezo oscillators, or apparatus
of equivalent accuracy, were universally used in high -frequency
stations. To illustrate again, at 10 000 kilocycles the channels
would be 1 kilocycle apart, and the frequency of each would be
maintained within 300 cycles. CW receiving sets can readily
distinguish traffic with the minimum separation provided under
such operation. For the whole frequency spectrum above 2000
kilocycles, this would mean that, in place of some 2000 CW
station assignments possible under present conditions, about
20 000 could be accommodated.

Discussions

Henry Shore t : As Dr. Dellinger has pointed out, the second
is the logical basis of our frequency measurement and standard-
ization. Since this is so, it seems to me that any frequency
standard should be directly and intimately related to the basis.
Thus the frequency standard should be controlled by the clock
or pendulum. A method of accomplishing this has been suggested
by Dr. V. Bush of Massachusetts Institute of Technology.

The method consists of series of multivibrators interlocked
and controlled by impulses from the standard time piece, the

t Research Engineer, Radio Corporation of America, New York
City. Original Manuscript Received by the Institute, January 24, 1928.
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first multivibrator having a fundamental period of 2 cycles per
second. The second multivibrator has a period of 40 cycles per
second, the third a period of 1600 cycles per second and so on
up the frequency spectrum. The clock impulses, furnished say
by means of photocell, simply serve to maintain the fundamental
frequency constant and do not drive the multivibrator units.

For a more detailed description of the multivibrator the
excellent paper of J. K. Clapp, "Universal Frequency Standard-
ization from a Single Frequency Standard," Journal Optical
Society of America, 15, No. 1, July, 1927, should be consulted.

G. W. Kenrickt : Dr. Dellinger, in his interesting paper, has
directed attention to the importance of the frequency standardiza-
tion of broadcasting stations and suggested the use of standard-
ized crystals at the stations to insure the constancy of the emitted
frequency. I would like to direct attention to another possibility
which suggests itself for holding these frequencies at such values
as to insure suitable separations.

According to this plan as many stations as necessary would
be established as standardization stations to transmit, on a radio
channel, a standard frequency preferably equal to the desired
frequency separation of the broadcasting stations or some exact
sub -multiple thereof (let us say 10 kc. for example). These signals
could now be received at the various broadcasting stations; and,
after demodulation, passed through sufficient stages of frequency
multiplication to bring them into correspondence with the given
broadcasting station's assigned frequency. Such frequency
multipliers utilizing accentuated harmonics in vacuum -tube
circuits and resonance phenomena are, of course, quite well-
known to the present stage of the art. Prime harmonics, not
readily obtainable by several stages of successive multiplication
alone, are readily available by the introduction of sum and
difference frequencies produced by the modulation of the output
of the higher multiplier stages by that of the lower stages or the
fundamental.

It will be noted that this method of standardization has the
advantage that the requisite frequency separations are secured
independently of the precision of the 10 kc. standard which,
however, is a single standard and hence readily producible with
a high degree of precision and constancy at some central point,

Instructor, Moore School of Electrical Engineering, University of
Pennsylvania, Philadelphia. Penna. Original Manuscript Received by
the Institute, January 30, 1928.
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such as the Bureau of Standards. In my opinion this method
has a distinct advantage over the use of a large number of
independently calibrated crystals maintained at broadcasting
stations under conditions necessarily less rigorous than those to
which a central standard could be subjected. It will be noted
that a minute injury or disturbance in any of these secondary
crystal standards will correspondingly produce interference, and
not infrequent recalibrations would hence be desirable.

The production of suitable frequency multiplying sets for
use in the method here described, particularly in the considerable
quantity necessary for the equipment of all broadcasting stations,
would seemingly be readily practicable at a per unit cost in-
consequential in comparison to the total investment in even a
small modern station. It will be particularly noted that, once
adjusted to the proper harmonic, the standardization at each
station (by dead beat methods) may be obtained without further
adjustment of the apparatus and will be essentially independent
of local conditions.

J. H. Dellinger: The work mentioned by Mr. Shore is an
interesting addition to the work I mentioned on direct com-
parisons
the method is the one developed by the National Physical
Laboratory. The use of multivibrators is not a good feature,
as they are inferior to the harmonic amplifier.

The method Mr. Kenrick mentioned of holding broadcasting
station frequencies on the licensed values is theoretically correct.
However, outside of the difficulty of distributing the basic fre-
quency to all stations, the most serious objection to the method
is the requirement that every broadcasting station use a harmonic
amplifier to compare its frequency with the lower frequency
standard. This would introduce a complicated apparatus of
laboratory type into every station; it is very unlikely that the
station personnel would in all cases be competent to secure the
desired results.
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Summary-The theory of detection of small signals by grid rectification
with the high -vacuum triode of the 201A type is briefly discussed by means of
the mathematical method of Carson. Special attention is given to the grid -
leak, grid -condenser arrangement. The relation between the non-linear
distortion and the degree of modulation and between the frequency distortion
and the grid impedances is discussed. A convenient method is described for
experimentally ascertaining the frequency distortion in detection and illus-
trated by means of the results in a typical case; this distortion is compared
with that due to resonance in the r.f. amplifier circuits. A method of securing
efficient grid -rectification in the super -heterodyne system is described. The
detection coefficients for the 200A alkali -vapor tube are given in an appendix.

IN an important paper recently published in the PROCEEDINGS
(15, 113, 1927) Chaffee and Browning have considered in
a very general way the theory of detection of small signals

with the three -electrode tube. In the introduction to this paper
Professor Chaffee kindly refers to some unpublished manuscript
notes which I sent him in 1924 dealing with the special case of
grid -circuit detection with the high -vacuum device. In these
notes I had made a somewhat different mathematical approach
to the subject, which appeared to me to.have certain advantages
of conciseness and to exhibit the results in a simple and physically
fundamental way. I had also restricted myself to the detection
by grid rectification because technically it was of most im-
portance. Believing that these old notes might be found to
cover some detailed aspects of the grid-detection process not
specifically covered in some of the other papers I have ventured
in the present paper to reproduce them in abridged form, with
the omission of mathematical details.

With grid -circuit rectification the desired result of detection
of a modulated carrier -wave is the production at the grid -
filament terminals of the tube of a low -frequency voltage faith-
fully resembling the original modulation. This audio voltage
is then amplified by the tube in the usual way. Due to the
independence of ep and ii, the functions of rectification and

 Original Manuscript Received by the Institute, November 11, 1927.
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amplification are divorced from each other and the device may
be regarded as playing the dual role of an amplifying -rectifier.'
The theory of the amplification of the replica modulation voltage
is well-known and the calculations are carried through by the
customary application of the fundamental plate -circuit theorem,
taking into account such impedances at the modulation fre-
quency that may be present in the plate circuit.

In the case of plate -circuit rectification the device may also
be regarded as an amplifying rectifier, but the amplification
now takes place at the carrier frequency and previous to recti-
fication in the plate circuit. The simplicity of this view is some-
what disturbed by the variability of the amplification -factor
IA, which should be taken into consideration in calculating the
higher order effects.

1. Summary of Assumptions.-The restricted scope of the
discussion may be indicated by the following list of assumptions,
which are assembled here for convenient reference:

(1) Discussion restricted to high -vacuum triode of the
201A type in the characteristic of which there are no kinks due
to excitation of resonance radiation, or to ionization;

(2) The electron grid current is a function only of the grid
potential and is not affected by the plate potential;

(3) The intensity of the signals is so small that terms of
higher order than the second can be neglected;

(4) Specimen signal is of the type e0=E0(1 -m sin at) sin wt.
(5) Plate rectification is negligible compared to that in the

grid circuit.
Regarding the accuracy of (1) and (2) see the curves for the

201A tube shown in Fig. 4.
2. Grid -Circuit Rectification. Elements of the Mathematical

Problem.-The theoretical elements of the problem are shown
in Fig. 1. The impedance denoted by Z. is commonly called
the "grid -impedance" and is in series between the supply net-
work (terminals AB) and the grid circuit of the tube. This is
not restricted to the conventional form, i.e., condenser and
grid -leak resistor in parallel, but may be of any linear type.
The impedance denoted by Zi (or admittance A. i) represents
the input admittance of the tube in so far a,s it arises from the

This was noticed in 1918 by L. M. Hull, to whom the expressive
term amplifying -rectifier is due. See "Operation of an Electron Tube as
an Amplifying Rectifier," Phys. Rev., 15, 557, 1920.
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capacity between grid -filament electrodes, and the feed -back
from the plate circuit through the grid -plate capacity. The
admittance due to the electron current is in parallel with the in-
put admittance and is non-linear, the functional relationship
being denoted by 1,,=f(e9).

13

Fig. 1-Elementary Detector and Impact Circuit.

The supply circuit is arbitrarily represented as a simple
resonant LC circuit, but the restriction is merely one of con-
venience. As I pointed out in a discussion of a paper before
the Institute in 1918,' it is necessary in general to take the
impedance of this network into consideration. The impressed
voltage eo may be reduced to an equivalent voltage eo across AB,
and where the impedance Z, would enter in a discussion which
ignored the supply circuit we shall find it necessary to add to
Z, the impedance of the supply circuit looking into it from the
terminals AB. With these artificialities the problem is reduced
to that of a non-linear circuit containing linear and non-linear
impedances in series with an impressed voltage. The impressed
voltage will be considered to be a modulated carrier of the form:

eo= Eo(1-m sin at)sin wt, (1)

where k is the coefficient of modulation. The modulation fre-
quency a will be considered as lying below the carrier frequency
(0.

Various mathematical devices are available for the solution
of such non-linear problems. In particular a very fundamental

2 Meeting of November 29, 1918; PROC. I.R.E., 7, 185, 1919. That
the impedance of the supply network affects the first -order voltage passed
on to the grid circuit of the tube is obvious, and trivial. What I refer to
is the effect of this impedance upon the higher -order r.f. voltages,
2w, 302, , nw which are generated by the non-linearity of the grid -
current characteristic. If the supply network contains impedances
which are significant at these frequencies the low -frequency detection
terms may be profoundly modified. This may augment or diminish the
distortion depending upon the signs and values of the higher -order
parameters.
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and convenient formulation in an integral equation has been
devised by Carson.' In the steady state Carson's integral equa-
tion solution degenerates into the older power series solution
which is somewhat better known and easier to handle. It is
especially convenient when small amplitudes are involved and
the parameters are such as to insure convergence of the series.
Carson has made use of the power series method in discussing
the steady state theory of the triode under van der Bijl's as-
sumption of constant A. I have applied this method to the pre-
sent problem and the results, so far as the second -order effects
are concerned, may be summarized briefly as follows.

3. Modulated Signal; e0=E0(1-m sin at) sin wt.-It is
sufficiently accurate to assume that that eg, the voltage on the
grid of the tube, is a replica of the voltage e0 of the above form,
and that the r.f. drop in Z. can be taken care of by saying that
ep= 8e'0, 0 being a complex constant. The second order effects,
upon which detection is mainly due in the case of small signals,
is calculated as follows: It may be shown that the "equivalent
second -order" voltage is:

P2 eg2 1 d2io--(e92) = - - , (2)
2A 2A 2 deo'

where A is the admittance (total) of the GF terminals of the
tube for the components of the above voltage. For the modu-
lated signal (1) this voltage is:

P2
62E02 [1 - 2m sin at+ m2 sin' at] sin' cot. (3)A

detection distortion

The first term in the brackets represents an inaudible voltage
and is of no interest; the second represents the desired voltage
corresponding to detection and is proportional to m sin at; the
last, corresponding to the square of this quantity, represents
amplitude distortion (of the second -order) which is undesir-
able. We may note that the distortion depends upon the
coefficient of modulation, m. The relative distortion might
be expressed by:

Distortion voltage m
(4)

Detection voltage 4

3 .1. R. Carson, Phys. Rev., 17, 116, 1921; or "Electric Circuit Theory
and Operational Calculus," Ch. 10, New York, 1926.
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In order to keep the distortion down to tolerable values m must
be properly regulated. High -quality telephony by this method
thus demands a considerable outlay of power in the carrier.
I understand that it is standard practice in the better broad-
casting stations to limit m to 20-30 per cent, to which corresponds
a relative distortion in detection at the receiver of about 5
per cent. The coefficient m is not, however, a very useful con-
ception when the modulation undergoes the wide fluctuation
of practice.

Of the equivalent second -order voltage (3) the second term
is the useful demodulation effect. It is of main interest, and the
other terms need not be further considered. Retaining only
low -frequency components, the el component of the voltage
across Z and ZAB (to which the voltage across the grid is ob-
viously equal), is:

1 d2i Z.'e°-
2 de,,2 1-EZ,'A62mE

02 sin at (5)

Here the impedances or admittances are functions of the fre-
quency a.

4. Detection Coefficient for Second -Order Grid Rectifica-
tion.-The a -frequency voltage acting upon the grid as a result of
the rectification is

1 d2i,
e(audio) =-

22 de
Z I mEo2 sin (at -I-0), (6)

,,

E(audio) =DgmEe; (7)
where

Ze(a)
Z -

1 +Z(a)A (a)

D, is the detection factor for second -order grid -rectification and
when multiplied by the square of the amplitude of carrier
voltage and the modulation coefficient gives the amplitude
of the audio voltage. If r.m.s. values are employed:

E(r.m.s.) = OD,mE0(r.m.s.)2 (8)

The detection factor consists of two parts: the first, 1/2
is a tube parameter and equivalent to an expression which I
proposed in 19194 to represent the detecting action of the tube;

4 PROC. I.R.E., 7, 139, 1919.
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the second, which may be called the grid -impedance factor,
represents the effect of the grid apparatus (Z cooperating with
the tube. The general requirement for efficient detection is that
Z  shall be large for the modulation frequency and small for the
carrier frequency. For high -quality telephony the modulation
frequency extends over a considerable range, from about 50
to 10,000 cycles per second, and in order to prevent frequency
distortion in the process of detection we have the further re-
quirement that Zc shall remain as nearly constant as possible
over this range. As the audio impedance of Z c increases without
limit and the input admittance Ai vanishes the detection
approaches its ultimate value:

1 dlig 1Do= - - - 
2 de2 g (9)

This quantity was proposed by L. A. Hazeltine' as a detection
factor for grid -rectification, expressing the merit of the tube as a
detector. While it is appropriate only in somewhat ideal cir-
cumstances, as I urged in this 1919 discussion, it is nevertheless
of value as indicating the ultimate possibilities of the tube when
and if Zc can be so selected as to take advantage of them.
Hazeltine's factor might be termed the ultimate detection coeffi-
dent or the optimal detection coefficient.

Fig. 2-Grid Leak and Condenser Arrangement for Grid -Circuit Detection.

5. Grid -Condenser and Grid -Leak Arrangement.-With
further reference to radio telephony by means of a r.f. carrier
it may be of interest to consider briefly the action of the vener-
able grid -condenser, grid -leak form of Z,. (Fig. 2) So far as the
audio -frequency action is concerned it is a matter of indifference
whether R, is shunted across Cc, as shown in Fig. 2, or connected

6 L. A. Hazeltine: PROC. I.R.E., 7, 173, 1919.
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directly between grid and the positive terminal of the grid -
biasing battery Ec, because the audio impedance of the r.f.
apparatus LC is negligible. The function of Rcis to provide the
high audio impedance necessary for efficient detection, while C.
by-passes the r.f. currents and prevents a significant r.f. drop
across Re. It is interesting to compare this with the older
theories in some of the textbooks. In these explanatimis detection
is intimately connected with the charging of Ce, and Rc simply
serves in the case of the high -vacuum tube as a leak for this
charge, whereas from our present viewpoint R, is the essential
element, and so far as the process of detection is concerned C.
is not only superfluous but harmful as a potential source of fre-
quency distortion.

If w is large enough the r.f. spectrum of the modulated signal
will cover a small range about w, so that if there be no r.f. im-
pedance in the plate circuit of the detector tube, 6 is constant.
If there is significant carrier -frequency impedance in the plate
circuit of the detector, as for example in the case of a resistance -
coupled audio amplifier (where the by-pass condenser must be
limited in order to preserve reproduction of the high audio
frequencies), or in the still more unfavorable case of an R -coupled
amplifier used with a superheterodyne receiver with inter-
mediate frequency of the order of 106 cycles, the component of
input impedance due to feed -back through the grid -plate ca-
pacity must be considered and the determination of 6 can perhaps
be made more easily by experiment than by computation.

So far as audio response is concerned the quantity of direct
interest is 62. Fig. 3 illustrates the variation of this quantity
in a typical broadcast receiver as the capacity of the grid -
condenser Ce is varied. The ordinates are derived from the output
audio voltage (with constant modulated r.f. signal in the antenna)
which is proportional to 62. The circuit conditions immediately
antecedent to the detector were typical: L = 200 microhenrys,
C = 0.0004 ads; 201A tube (Eb=67 v., E, return to positive
filament terminal). It will be seen from this curve that the value
of Ce could be reduced to about one-half the conventional value
(0.00025 gds.) without much sacrifice of grid voltage.

The grid impedance factor Z in (6) depends upon the grid -
electron conductivity (g.), the admittance of Ze, and input ad-
mittance of the tube (Ai), all at the frequency of modulation.
Thus:



600 Ballantine: Detection by Grid Rectification

1
Z =

g.+Ai(a)+A.(a) (10)

The tube factor g, may be determined experimentally as a
function of the grid -operating voltage. The parameter, dg,Ide,
may then be derived from this data by taking the slope of the
conductivity curve for several values of e.. The admittance of
Z. is easily computed, but the input admittance A is somewhat
more complicated.

10

14..2 A-.- p 0
nc. AMP i- -.

0 50 200 300

C. ( mids)
403

Fig. 3-Variation in 62 = (Eo/Eg)2 in a Typical Case as Affected by
Grid -Condenser Capacity.

6. Continuation. Special Case; Zero Input Admittance.-
To get an idea of the relative effects of these several elements we
may temporarily ignore the input admittance, and consider the
cooperation of g. and Z.. In these circumstances the amplitude
of Z is:

I Z I =1/V(ge+g0)'+a2c,=. (11)

The variation of Z with the modulation frequency a represents
a frequency -distortion in the process of detection which is
worth noticing in the case of telephone reproduction.

Experimental values of the parameters of a UV -201A type
tube which are of interest in the calculation of the detection
factor are shown in Fig. 4. This tube was an old one in which the
emission had fallen somewhat and is thought to be a better
specimen of tubes in use than a new one would have been. The
full -line curves represent grid conductance (dioldeo) and the
dotted curve the grid current i, for a plate voltage of 45. The
actual potential assumed by the grid when using a grid -leak
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resistance R, returned to positive filament (Ec= 5) are determined
graphically as follows:

2:9=1(eg) (a)

c.E -Eg
25= (b)

R,

(12)

Curve a is the grid -current, grid -voltage curve of the tube;
curve b is a straight line intersecting the Eg axis at Ec and the
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Fig. 4-Experimental Values of Grid Electron Conductance g0 and Grid
Current ti, for UV -201A Type Tube Showing Operating Points for
Various Values of Grid -Leak Resistance.

axis at Ec/R, amperes. The intersection of these two curves
gives the actual grid potential. The intersections for Re's of 2, 1,
and 1/2 megohms are shown in the figure, amounting to 0.7, 0.9
and 1.1 volts respectively. The values of Dg for various values
of R, as a function of the modulation frequency have been
computed from the formula:

1 dgg 1
D.=

2 de, V (g.-1-go)°i-a2ce2

These are shown in Fig. 5.
For low modulation frequencies the detection factor increases

with the grid -leak resistance and is approximately equal to unity
for 2 megohms. The frequency distortion due to the shunting
effect of the grid condenser (Cc = 0.00025 Add.) at the higher
frequencies also increases with Re; for Re=- 2 megohms the ampli-

(13)
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tude at 5000 cycles has fallen to 62 per cent of its normal value.
If the higher frequencies are to be preserved it appears desirable
to avoid this distortion by employing a low R. This involves
a double sacrifice in amplitude, double because not only the
detection factor is reduced, but the losses introduced into the
r.f. LC circuit by the increased electron conductivity further
reduce the r.f. amplitudes. From the latter viewpoint it is some-
what preferable to keep the grid -electron conductance low and
to obtain the desired high value of g.=g, by making g, high. The
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Fig. 5-Detection Coefficient of Second -Order Grid Rectification for
UV -201A Tube for Various Grid Leaks as Affected by Audio -
Modulation Frequency. Dotted Curve Showing Effect of Audio
Input Impedance (trans. plate load).

proper bias for this may be obtained by disconnecting the
return from the positive filament and using a battery E, of less
than 5 volts. This will minimize the r.f. losses due to this ad-
justment, but there still remains the decreased detection factor.
The makers of the UV -201A tube recommend a grid -bias of from
5 to 8 megohms. Under these conditions the sensitivity will be
good but the frequency distortion will be rather severe.

The above recommendation has been defended by W. B.
Roberts of the Radio Corporation Test Department,6 who cal-
culates that with a 201A tube the use of a 5-megohm leak will

 PROC. I.R.E., 15, 793, 1927.
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result in a decrease of but 10 per cent at 4500 cycles. The grid
resistance at the resulting operating point is stated to be 65,000
ohms. This conclusion is in startling disagreement with the con-
clusions of this paper (as well as the data of Chaffee and Brown-
ing) which is to be attributed to Mr. Roberts' error in choosing the
grid resistance. This is actually more nearly 250,000 ohms, and
65,000 ohms corresponds to a grid -leak of 0.5 megohms, not 5 meg-
ohms. In these circumstances the frequency distortion would be
serious, as Fig. 5 shows. This is confirmed experimentally when
the plate rectification is relatively small (as is usually the case),
and the impressed voltages lie within the bounds contemplated by
the "small signal theory" (i.e. below about 0.3 volt r.m.s.). Both
plate rectification and higher impressed voltages tend to offset
the frequency distortion (vide Sec. 8) and the experimental re-
sults under these conditions may be deceptive.

7. Continuation. Effect of the Input Admittance, Ai.-In
the preceding section the input admittance was assumed to be
zero in order to exhibit the action of the grid -condenser and
grid -leak in the simplest possible way. We may now take
this into consideration and briefly indicate its effect.

The input admittance in question is that presented at the
modulation frequency a. As occasioned by the grid -plate capacity
of the detector tube it will depend among other things upon the
audio impedance in the plate circuit. Two types of plate load
are of practical interest: (1) an audio interstage coupling
transformer, and (2) a coupling resistor; both will usually be
shunted by a small by-pass condenser to reduce the r.f. input
admittance. If the precise nature of these impedances is known
over the audio range the input admittance may be computed
from formulas previously published ;6 but this is likely to prove
a vexatious process and the required values are perhaps more
easily arrived at by direct measurements. The results of such
measurement of the components gi (input conductance) and Ci
(input capacity) for the UV -201A tube are reproduced in Fig. 6a
for the two types of plate load.

In the first case, the transformer (R.F.L. Model 3A) was
of average characteristics as follows : L1= 40 h., L2=430 h.,
«L1= 0.4 h., C2= 0.00016µf d., ratio 3.3/1. The tube constants
were as follows : Eb= 45 v., E, =1 v., µ = 8, C, (grid -plate) = 8.5

° J. M. Miller, "Scientific Papers of the Bureau of Standards," No
351, 1919. Stuart Ballantine: Phys. Rev., 15, 409, 1920.
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µAdds., C1 (grid -filament) =4 Awfds. The referred secondary
capacity antiresonates with L1 at about 700 cycles, marked no
on the curve. Below this the transformer reactance is inductive
and gi is negative. Above no and up to frequency n1, near which
the referred secondary capacity resonates with the leakage
reactance, the reactance is negative and gi is positive. Above ni
the leakage reactance prevails for an interval in which gi again
becomes negative. The input capacity, Ci, varies from about 112
µµfds. to a minimum of 33 i.g.tfds. near n1.
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Fig. 6a-Input Conductance, gi, and Input Capacity, Ci, of UV -201A
Tube as a Function of Audio -Frequency for Two Types of Plate Load,
(1) Transformer and (2) 100,000 -ohm Coupling Resistor.

In the case of the R -coupling arrangement, Eb = 90 v., and
the coupling resistor was 100,000 ohms with a by-pass condenser
of 0.0005 /Ad. Here gi rises and C1 falls continuously with in-
creasing frequency.

The effect of these input admittance variations upon the
"impedance factor" Z and the detection factor D, may be com-
puted from (10). The results are represented by the dotted
curve in Fig. 5 for the case of a 2-megohm grid -leak resistor and
an audio -transformer plate load. The effect of Ai is not par-
ticularly striking. The chief effect is that due to the increased
total capacity, which has been increased by Ci about 50 per cent.
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The curves for the transformer and resistor will therefore be very
much alike. In the absence of Ai the amplitude had decreased
to about 62 per cent at 5000 cycles; with Ai it is decreased to
about 50 per cent of its low -frequency value.

By arranging a proper audio -frequency feed -back I have
found it possible to compensate the falling off of the detection
factor at high audio frequencies, and even to give it the rising
characteristic which is useful in compensating the frequency
distortion due to the selectivity of tuned circuits, audio -amplifier
and loudspeaker characteristics, etc.

8. Effect of Plate Rectification upon Frequency Distortion.-
For small signals the rectification in the plate circuit may
be represented by an equivalent voltage, E, acting as usual
through the plate resistance and external impedance, where:

1 Pip 1

2 Se92 g,

and 6, = Z,(.0)/Z,(co)+R,. The quantity 6', depends upon the
degree of by-passing of the external impedance in the plate cir-

p
A B 0

Fig. 6b-Vector Addition of Grid and Plate Rectification; Grid -Leak
and Grid -Condenser Arrangement.

cuit for the r.f. components and is analogous to the corresponding
quantity for the grid circuit. Considering the grid -condenser,
grid -leak arrangement and adding the effects of plate rectifica-
tion to those due to the grid, we get for the total voltage effective
in the plate circuit:

1 Pi,
[

1

E=E02m D,6,2
2 Se,2 gc+g,+A(a)+Ac(a)

plate rectification grid rectification
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The combination of these two rectification effects is illustrated
vectorially in Fig. 6b. The vector G represents the grid detec-
tion; as the frequency varies from 0 to infinity its endpoint de-
scribes the semicircle AO. The plate detection is represented by
the vector P which is constant with respect to frequency. The
vector sum of these revolves about the point 0 and its end point
describes the semicircle BP. It is immediately clear that the
effect of plate detection is to reduce both the total detection and
its variation with frequency. In particular when P =1/2 G
(zero frequency), or:

pig 1

Dp8,2-
4 be2 gc+r

the frequency distortion vanishes and the detection is halved.
When P>G(0) the detection increases with the frequency in-
stead of diminishing. The experimental curves shown in Fig. 6c

OR 0 1, to

tine Os   cor,o
MN,

WOO

FREQUENCY (-Mtt.)

Fig. 6c-Effect of Plate Rectification on Frequency Distortion; Nominal
Grid Detection with Grid -Leak and Grid -Condenser; 201A Tube,
5,000 meters.

illustrate the two types of variation. For conventional values
of the constants grid rectification is so much more efficient than
plate rectification that the latter affects the distortion to a
negligible extent.

This furnishes another method of adjusting the distortion;
like that suggested in Section 6 (i.e., reducing Cc /ge-I-g g) it in-
volves a sacrifice in efficiency.
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9. Experimental Method for Determining Frequency Distor-
tion.-The frequency distortion in a grid -circuit detector caused
by the variation of the grid impedance factor may also be
investigated directly by experimental methods. Fig. 7 illustrates
a method' which I have used successfully for several years and
as applied to the usual grid -leak, grid -condenser arrangement
have found simple and convenient when a calibrated modulated
r.f. carrier is not at hand. The constant voltage furnished by an
adjustable audio oscillator is introduced in series with the grid -
leak R. as shown. If not normally so connected the grid -leak is
connected between grid and filament during these measurements
to permit grounding the a.f. source. The audio voltage is kept
small enough so that first -order effects alone are concerned;
it is then not necessary to filter the output before leading it to

DET.

Fig. 7-Experimental Method of Studying Frequency Distortion in Grid
Detection (Grid Leak and Grid Condenser) using Audio -Frequency
Oscillator.

the output meter. The "amplifier" should preferably have a gain
at least equal to that of the audio amplifier of the average radio
broadcast receiver. If the frequency -response curve for the ampli-
fier (including the amplifying performance of the detector tube)
is not known it may be found at the same time by making 0

and plotting output against frequency. Absolute values are of
no interest. The ratio of the two curves found with Re =
and lic=Rc, corrected so that it approaches unity at low fre-
quencies, varies with frequency in precisely the same way that
the grid impedance factor varies with frequency. For if e

represents the impressed audio voltage, then the voltage e, across
the grid -filament terminals will be

e, gc
- ge X grid z factor. (15)

e g,± A +7:Wee

7 This scheme was devised independently by H. A. Wheeler; (Discus-
sion at I.R.E. Convention, January, 1927.)
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The convenience of the method depends upon the grid -leak
impedance being a pure resistance; in the general case other
methods must be resorted to.

It should be pointed out that this method measures only the
variation of grid impedance and will. not give a true picture of
the frequency distortion when there is appreciable plate rectifi-
cation. If plate rectification is suspected it is preferable to use
for the measurements a calibrated r.f. carrier, modulated at
various audio frequencies.

10. Relation of Detector Distortion to other Sources of Fre-
quency Distortion in a Typical Receiver.-A question of prac-
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Fig. 8-Illustrating Frequency Distortion in the Process of Grid Detec-
tion to Other Sources of Distortion in a Typical Broadcast Receiver.

tical interest is the relation of the frequency distortion in the
detector to other sources of frequency distortion in the receiver.
I have tried to indicate an answer in Fig. 8 for the case of a typical
five -tube broadcast receiver. This receiver employed two stages
of r.f. amplification and three tuned circuits, the circuits being
arranged in the form of a Wheatstone a -c. bridge to render each
stage monodic so that true cascade selectivity would be obtained.
The top curve, labeled Audio Amplifier, represents the distortion
in the two -stage audio amplifier, the amplification being measured
as the ratio of voltage at the grid of the power tube to that at
the grid of the detector tube (as described in the last paragraph,
Rc= 0). The power tube contained its normal electrophone
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load but so filtered as to prevent coupling through the internal
impedance of the common B battery. The transformers (R.F.L.,
Model 5A) were two which I had designed for another purpose
and happened to be at hand. In addition some artificial feed -back
was introduced between the stages in order to iron out residual
irregularities in the response curve. The resulting response curve
is fairly uniform and suitable for this comparison.

The effect of the detector distortion is added to the audio
amplifier in the dotted curve, which was taken by the method
of the last section. Conditions were typical: 201A tube, Rc= 2
megohms, Cc = 0.00025 µMs.

The final heavy curve represents the distortion in the entire
receiver and was obtained by introducing into the antenna a
constant carrier modulated at various audio frequencies by a
constant amount (20 per cent). The frequency of the carrier
was 750 kc. (400 m.). The distortion due to the selectivity of
the r.f. amplifier is rather pronounced at this frequency; at
1300 kc. (230 m.) it is scarcely noticeable up to 5000 cycles.
The distortion in the process of detection thus appears to be
important in comparison with that due to selectivity in the
r.f. amplifier even at a frequency where this latter is most promi-
nent. At 1300 kc. the detector distortion is considerably more
important, and tells the whole story if the audio system is good.

11. Application to the Super-Heterodyne.-The superhetero-
dyne utilizes two detectors: the first converts two frequencies
of the order of 10' into a difference frequency of the order of 105;
the second converts this difference frequency into audio fre-
quencies ranging from 0 to 10'. Thus the frequencies in each
detector differ by one order of magnitude. In the ordinary
receiver they differ by at least two orders of magnitude (carrier
106, audio response 104). It has already been shown that in the
ordinary receiver the use of a grid -condenser, grid -leak form of
Ze is attended with difficulties; in the superheterodyne these
difficulties are considerably magnified. In the second detector
it is necessary to filter the plate circuit carefully in order to keep

high, particularly when a resistance -coupled audio amplifier
is employed. The problem becomes really acute, however,
in the first (frequency -changing) detector.

A theory of detection which considers only the second -order
effects will not, of course, apply to the process in the first detector
of the superheterodyne. If this were the case the signal amplitude



610 Ballantine: Detection by Grid Rectification

would rise continuously with the heterodyne voltage. Actually,
as Armstrong showed experimentally, it reaches a maximum
and an "optimum heterodyne" exists. Appleton and Taylor
have given a rough mathematical explanation of this in terms
of the higher order parameters of the tube, of which the fourth
seems to be of most importance. However, according to the
series analysis of this problem given in Sec. 2, each higher order
effect is derived from that of next lower order, and it may be
inferred from the second -order terms that in the usual arrange-
ment of the first detector in the superheterodyne the detection
takes place by plate -circuit rectification and not by grid -circuit
rectification as the frequent connection of a grid -leak and

1

Fig. 9-Arrangement for Increasing the Efficiency of Grid -Rectification in
the First Superheterodyne Detector. Anti -resonant Circuit LC is
Tuned to Difference (intermediate) Frequency.

condenser in the grid circuit by many persons would seem to
suggest. Consider the efficiency of the grid -condenser, grid -leak
arrangement in this case.

For C, = 0.00025 /Ad. and Rc = 2 megohms the detection factor
at a frequency of 104 according to Fig. 4 has fallen to 40 per cent
of its d -c. value; at an "intermediate frequency" of 105 it will
have fallen to 4 per cent of its d -c. value on account of the low
impedance of C, for this frequency. In these circumstances the
contribution of the grid -circuit rectification is very doubtful.
In the plate circuit, on the other hand, the coupling transformer
or filter has a high impedance at the intermediate frequency
and efficient detection probably takes place here.

In order to see if the efficiency of detection in the grid -circuit
under conditions of optimum heterodyne might not be better
than that of the plate circuit under similar conditions I investi-
gated, several years ago, the scheme shown in Fig. 9. Here the
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circuit LC, anti -resonant at the intermediate frequency, is placed
in series with the grid and replaces the grid -condenser and leak.
The constants can be so chosen that the impedance is low at the
carrier frequency and maximum at the intermediate frequency.
The efficiency of detection in the grid -circuit is thus increased
from 4 to about 50 per cent. In order to avoid complications due
to feedback from the plate into LC through the grid -plate
capacity I used a neutralizing arrangement. Among other things
a very noticeable increase in selectivity in the i.f. tuning is to be

-nes fil return
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Fig. 10-Electron Grid Conductance of 200A Type Detector Tube for
Various Plate Voltages. Small Circles Indicate Operating Points
with 1 and 2 Megohm Grid Leaks. Returned to Positive or Negative
Filament Terminals.

observed immediately with this arrangement. The same thing
can be done in an ordinary detector where sharp audio dis-
crimination is desired, as in the case of c.w. telegraphic work to
eliminate noise. In this case LC are tuned to perhaps 1000 cycles.
The question as to the relative merits of grid and plate -rectifica-
tion for frequency changing in the heterodyne is not relevant
to the present paper and will be considered in detail in a later
publication. Fig.. 8 is included merely to indicate how grid
rectification may be obtained, if desired.

ADDENDUM

Note on the Detection Characteristics of the 200A Type
Tube.-Since this paper was written the 200A type detector



612 Ballantine: Detection of Grid Rectification

tube has been placed upon the market. This tube appears to
contain alkali vapor, derived from a capsule contained in a
small hemispherical boss welded to the plate. So far as I know,
very little technical information has been published relating
to the theory of operation of this alkali vapor device or to its
detection characteristic. It may therefore be of some interest
to include curves of grid conductance for a specimen tube selected
at random from stock, and a calculation of the detection factor
for small signals.

From the viewpoint of detection the main thing of interest
is the variation of grid conductance with the grid potential.
This is shown in Fig. 10. The grid is of fine mesh and the ampli-
fication factor is about 20; this shifts the region of operation
to negative values of Eg. The correct negative operating potential
may be obtained with the usual values of grid -leak by changing
the grid return from the po-sitive to the negative terminal of the
filament. The actual operating points for grid -leaks of 1 and 2
megohms for both positive and negative returns are marked on
the curve for E0=45 v. It is noticeable that in this tube the plate
has more influence upon the grid conductance than was the case
with the 201A type tube, hence our separation of the amplifying
and detecting functions is not strictly correct. The operating
point giving the greatest range of linearity between g. and Eg
is found at Eg= -1.85 v., which may be approximated by the
use of a 2-megohm leak with positive filament return or a
1-megohm leak with negative filament return. The range of
linearity is about 0.1 volt, which in view of the high amplification
factor will be adequate to take care of the amplitude of the carrier
voltage.

The detection f actors for low frequencies at various operating
points are given in the following table:

TABLE I
LOW FREQUENCY DETECTION -FACTOR (GRID -RECTIFICATION) FOR 200A TUBE (Ep =45 V.) TOR

VARIOUS GRID -BIASES

Rg Eg Ego go Dg

1 5 v. 1.62 v. 2.85 X10° 0.567
2 5 1.8 2.1 1.4

1 0 v. 1.91 1.5 1.97
2 0 2.0 1.0 2.06

A comparison with the factors for the 201A tube (Fig. 5) will
indicate that there is not much difference between Dg for the
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two types for the same grid conductance (same r.f. loss); the
difference, however, favors the new tube. The increase in signal
strength which is observed when this tube is substituted for the
201A is therefore probably to be accounted for by its increased
efficiency as an amplifier which results from the much higher
amplification factor. The plate resistance at the operating point
(Eg = -1.85) is about 35,000 ohms. In view of this an audio
coupling -transformer designed to operate with the output
resistance of the 201A tube will not be satisfactory with the new
tube, necessitating redesign with probably a lower turns -ratio.
When this is attended to and the same frequency -response
characteristic is attained it may be found that the over-all
performance has been reduced to about that of the 201A tube.
For resistance -coupling the tube may have some advantage,
provided the plate circuit is carefully filtered to keep down
r.f. input impedance.

It is a pleasure to acknowledge the experimental assistance
rendered by Mr. Raymond Asserson.

LIST OF SYMBOLS

A g= gg = 1/Ro= Admittance of grid -filament terminals of tube
due to electron current.

A, = Input admittance exclusive of electron current.
 A = Acl-A0=Total admittance of GF terminals of tube.
Ac= Admittance of apparatus in series with grid circuit of tube.
gi = Conductance component of input admittance.
Ci = Capacity component of input admittance.
Cc = Capacity of grid -condenser.
gc= 1/R, = Admittance of grid -leak.
ig = Electron grid current.

E0 = Amplitude of carrier voltage.
e0 = Modulated signal =E0(1-kF(t)) sin wt.
e= Audio voltage across GF due to detection.

E = Amplitude of above.
m= Coefficient of modulation.

p2, . , P. Differential grid -current parameters of tube.
Dg= Detection factor for grid -circuit rectification.
Z = Grid -impedance factor.

e0' = Equivalent voltage across AB (Fig. 1) due to eG.



RECENT DEVELOPMENTS IN LOW POWER AND
BROADCASTING TRANSMITTERS

BY
I. F. BYRNES

(Radio Engineering Dept., General Electric Company, Schenectady, N. Y.)

Summary-Various types of radio transmitting equipments are de-
scribed, ranging in output from 200 to 2000 watts. The application of
master -oscillator power -amplifier circuits for low- and medium frequency
transmitters is explained, and the uses of quartz crystal control for high -fre-
quency and broadcast transmitters are described. A brief explanation is also
given of the equi-signal system of radio beacon transmission, which promises
to become an important aid in the navigation of aircraft.

HE purpose of this paper is to describe the more important
commercial developments which have taken place in low -
power transmitting equipment during the past two or

three years. The term "low power" as used in this paper refers
to equipment with an output of less than 5 kw. This is a more
or less natural division of radio transmitting apparatus since
outputs of less than 5 kw. are generally obtained with air-cooled
vacuum tubes using motor generator sets as a source of power
supply, while transmitters having outputs of more than 5 kw.
utilize water-cooled tubes with high voltage rectifiers as the usual
source of plate supply.

A definition of the method of rating vacuum -tube equipment
is essential in comparing various classes of apparatus or in dis-
cussing overall efficiency, arrangement of tubes, and general
performance. The transmitters covered in this paper have their
ratings based on the power delivered to the antenna, exclusive
of all losses in loading inductors or antenna series capacitors
included within the transmitter proper or mounted externally.
This method of rating is of considerable importance in deter-
mining the design of a transmitter since unfavorable antenna
conditions and other factors often result in high losses in the
antenna loading system which are not included as part of the
output from the transmitter.

Vacuum -tube transmitter development during the ten years
from 1917 to 1927 might be divided roughly into three periods.
From 1917 to about 1920 we may say that the fundamental

* Original Manuscript Received by the Institute, January 26, 1928.
Presented at New York meeting of the Institute, April 4, 1928.
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oscillator circuits were fairly well -determined and limited
military and commercial applications of tube transmitters
were made. The problem of designing reliable apparatus re-
quired considerable attention during this period, while larger
size vacuum tubes were developed to meet the demand for higher
outputs.

In the period from 1921 to 1924, we have seen a considerable
revision in the type of circuits used in the various transmitters.

Fig. 1-Front View of Transmitter, Model T-4.

Master -oscillator circuits, providing continuously variable fre-
quency control with a high degree of stability, supplanted the
former antenna oscillator circuits. Much progress was also made
in securing simplified controls. In the older transmitters, it was
necessary to make critical adjustment of tapped coils or coupling
devices and transmission was generally limited to a definite
number of frequencies. The newer designs permit all adjustments
to be made from the front of the panel and the loading on the
vacuum tubes is not dependent upon the skill of the operator.

Work done during the past three years or so has consisted
largely of commerical development of transmitters suitable for
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high -frequency operation, together with refinement in circuit
and mechanical design of low- and medium -frequency trans-
mitters. The exacting requirements for constant frequency in
the case of the very high frequency equipment have been met
through the application of quartz crystal control. The use of
crystal control brought about the development of cascade radio -

Fig. 2-Rear View of Transmitter, Model T-4.

frequency amplifier circuits so that the comparatively small
output obtained from the crystal -controlled tube could be ampli-
fied to the desired level. In order to secure high frequencies from
comparatively thick crystals, frequency multipliers were also
utilized by taking advantage of the harmonics produced in the
plate circuit of a tube when the grid is properly biased and sup-
plied with a high exciting voltage. Crystal control has also
been applied in the broadcast field so that a very high degree of
frequency constancy may be attained by a station. Equipment
of this type is described in detail further in this paper.
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200 -WATT TRANSMITTERS

Transmitting equipment, having an output of 200 watts,
was developed for the U. S. Coast Guard for service on many of
their smaller vessels. A front view of the transmitter, which is

known as model T-4, is shown in Fig. 1 and a rear view in Fig. 2.
Particular attention was directed in the design of this trans-
mitter to reduce the number of controls to a minimum and at

Fig. 3-ICW Te egraph Attachment for \ ,.!el T-4 Transmitter.

the same time provide for setting the frequency and maintaining
it to a high degree of accuracy.

The transmitter utilizes four CG -1984 (UV -211) vacuum
tubes, one functioning as the master oscillator and the other
three as radio power amplifiers. When used on the average small

ship antenna, whose capacitance generally lies within the values
of 0.0006 to 0.001 Afd., the transmitter covers a continuous
frequency range from 250 to 500 kilocycles. CW and ICW
telegraphy are obtained by placing the signal switch on the panel
in the proper position. The two large pointers near the bottom
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of the panel control the master oscillator variometer and the
antenna variometer. The desired transmitting frequency is set
by means of the master oscillator variometer and the antenna
circuit is then resonated for maximum current by means of the
antenna variometer. In addition, the antenna inductance switch
is provided in order to select any one of four taps which are pro-
vided on the antenna loading inductor.

The four vacuum tubes are mounted in a cushioned cradle
near the of the transmitter_in order to permit adequate ven-
tilation and provide for easy replacement. Four instruments
are also mounted near the top of the panel and indicate antenna

Fig. 4-Three-Unit, Four -Bearing Motor -Generator Set.

current, filament voltage, total plate current, and plate voltage.
Rheostats are supplied to permit convenient control of the fila-
ment and plate voltages. A momentary contact start -stop push
button is mounted in the center of the panel for starting and
stopping the motor generator set. A similar switch is also
supplied for external mounting on the operator's table so that
the equipment may be controlled from either location.

The rear view shown in Fig. 2 illustrates the arrangement of
the various component units in the transmitter. The metal
container in the lower right section shields the master -oscillator
variometer. The capacitors in the master -oscillator circuit
are mounted directly above the variometer. All high -frequency
wiring in the transmitter is made with copper tubing while low-
frequency and control circuits are run in lead -covered wire.

In order to provide ICW telegraphy with this equipment, a
separate attachment is supplied as showmin Fig. 3. This unit,
whose operation will be described more in detail later, is designed
for installation in any convenient place in the radio room and
contains no moving parts and requires no adjustment.
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A 3 -unit, 4 -bearing motor -generator set is supplied to furnish
filament and plate power and power for the ICW attachment.
This machine is shown in Fig. 4, and the automatic starter for
controlling it, in Fig. 5. The motor operates from a line supply
of 110 to 125 volts direct current and is also built for operation
from a 32 -volt d -c. system. Slip rings are provided on the motor

Fig. 5-Automatic Starter.

winding in order to furnish alternating current for heating the
filaments of the vacuum tubes. The plate generator is rated 0.8
kw. at 1000 volts direct current. The third unit of the M.G.
set is known as the tone alternator and delivers 0.25 KVA at
110 volts and 500 cycles. Ball bearings are provided in this motor
generator set.

The theory of operation of this 200 -watt transmitter may
be understood by referring to the schematic circuit diagram in
Fig. 6. The master -oscillator tube, consisting of one CG -1984
tube, has its frequency controlled by the variometer L-4 which



620 Byrnes: Broadcasting Transmitters

operates in a capacity -coupled circuit. This variometer is shunted
by three capacitors connected in series marked C-1, C-2 and C-4.
Capacitor C-3 is the usual plate -blocking capacitor and serves
to keep the d -c. plate voltage off the oscillating circuit and at
the same time provides a low reactance path for the radio -
frequency energy. The d -c. plate supply for the master -oscillator
tube is obtained from the 1000 -volt generator through the radio
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Fig. 6-Schematic Circuit Diagram of Model T-4 Transmitter.

choke L-3. Grid excitation to the three CG -1984 power amplifier
tubes is obtained through capacitor C-5 and resistor R-4. The
grid -leak circuit of the radio -amplifier tubes is made up of in-
ductor L-2 which acts as a radio -frequency choke, and resistor
R-1. The grid leak on the master -oscillator tube is resistor R-3.

Capacitor C-10 is used to stabilize the radio amplifiers, while
capacitor C-7 is the plate by-pass unit and provides a low re-
actance path for the high -frequency energy in the power -amplifier
plate circuit.

The power output from the radio -amplifier tubes is delivered
to the antenna through the antenna transformer T-1. Flexible
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leads are provided to taps on the primary of this transformer to
make adjustments for unusual antenna conditions. In the or-
dinary case, these adjustments are made at the factory and it is
not necessary to readjust them in the actual installation.

The antenna circuit is adjusted for resonance to the frequency
of the master oscillator by means of the antenna loading inductor

Fig. 7-Front View of Model ET -3627-A Transmitter.

L-1 which, as stated before, is provided with four taps and a
variometer.

Since modern radio traffic conditions require rapid change-
over from send to receive, a magnetically operated break-in
relay is supplied in the transmitter. This relay is designated as
K-2 in Fig. 6. It is equivalent to a double -pole, single -throw
relay, with the parts designed to operate at keying speeds up to
40 words per minute. One pair of contacts are in series with the
low side of the antenna circuit and serve to short circuit the input
to the radio receiver during the transmitting condition. The sec-
ond pair of contacts key the transmitter and are so timed that
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they close slightly after and open slightly before the contacts in
the antenna circuit. This arrangement prevents sparking at the
antenna contacts and reduces the disturbance from clicks in the
radio receiver.

The fundamental keying circuit may be understood by re-
ferring to the schematic diagram. The negative lead from the

Fig. 8-Rear View of Model ET -3627-A Transmitter; Motor -Driven Chopper
in Upper Right Section of Frame.

1000 -volt generator connects to one of the key contacts on the
break-in relay. After passing through these contacts, the negative
plate circuit connects to the mid -point of the filament transfor-
mer R-2. In addition, the grid leaks R-1 and R-3 of the radio
amplifier and master oscillator respectively are returned to the
negative side of the plate circuit. This form of keying circuit
therefore breaks both the negative plate circuit and the grid
current with the result that a negative potential is impressed
upon the grids of the tubes whenever the contacts open. Com-
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paratively large amounts of power can be keyed in this manner
with but slight sparking at the relay contacts.

The method of obtaining ICW telegraphy in this transmitter
is of interest as it provides the equivalent of positive plate
modulation without the use of additional vacuum tubes. Five -
hundred cycle power from the tone alternator on the motor -
generator set is supplied to the primary of transformer T-3

Fig. 9-Front View of 500 -watt Coast Guard Transmitter.

shown on the diagram in Fig. 6. This transformer steps up the
voltage to a suitable value for introducing directly into the plate
circuit of the main power -amplifier tubes. The reactor L-5
provides an appropriate path for the d -c. plate current normally
required by the power -amplifier tubes while capacitor C-11
provides a path for the 500 -cycle power. The resistor R-9
shunted around reactor L-5 is used to prevent transients or
surges set up while keying. The output current of the amplifier
tubes is proportional to the plate voltage impressed upon them and
the arrangement shown permits the 500 -cycle voltage either to add
to or subtract from the normal d -c. plate voltage. A pleasing
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note having constant characteristics is obtained with this modu-
lating system and it has the additional advantage that it may
be heterodyned at the receiving station if desired.

200-wArr R.C.A. TRANSMITTER

Fig. 7 shows a front view of the model ET -3627-A transmitter,
developed for the Radio Corporation of America, which has been

Fig. 10-Re:A. View of 500 -watt Coast Guard Transmitter.

extensively applied for marine installations. The fundamental
circuits in this transmitter are quite similar to those in the
Coast Guard 200 -watt equipments but some changes have been
made to meet the requirements of commercial service. An
adjustable positioning device for the master -oscillator variometer
is of particular interest and is shown in the lower left section
of the panel in Fig. 7. This device permits any five frequencies
within the 312- to 500 -kilocycle range to be selected and a



Byrnes: Broadcasting Transmitters 625

permanent adjustment maintained. Such an arrangement is of
considerable help to an operator in changing from his calling to
his working frequency as it makes it unnecessary to set the
master -oscillator pointer carefully at an exact position on the dial.

ICW telegraph is carried out in the ET -3627-A transmitter

Fig. 11-Rear View of 500 -watt Coast Guard Transmitter with Shielded
Compartment Removed.

by means of a motor -driven chopper. Referring to Fig. 8, this
chopper may be seen in the upper right section of the frame.

Extensive applications have been made of the ET -3627-A
transmitter for coastwise vessels or for other ships which require
a compact transmitter capable of giving a reasonable communica-
tion range. The daylight range under normal conditions from
this transmitter when transmitting on CW is from 400 to 600
miles, while night ranges of 1500 miles have been obtained. These
ranges are for transmission over water.
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500 -WATT COAST GUARD TRANSMITTER

In order to meet the need for higher power equipment than
provided for in the sets already described, a 500 -watt transmitter
was developed for the U. S. Coast Guard. A front view of this
transmitter is shown in Fig. 9. Fig. 10 shows a rear view of the
transmitter with the shielded compartment in position over the
master -oscillator and audio -amplifier circuits, while Fig. 11 is a
rear view with the shielded compartment removed.
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Fig. 12-Schematic Circuit Diagram Showing Fundamental Arrangement
in 500 -watt Transmitter.

A continuous frequency range of 125 to 500 kilocycles is
provided by this equipment when used on an antenna whose
capacitance falls within the limits of 0.00085 to 0.001 dd.
Since a transmitter of this power rating is ordinarily used on
ships where fair-sized antennas may be erected, it is not designed
to work into as low a value of capacitance as the smaller set.
In addition, much lower transmission frequencies are possible.
Signalling may be carried out by CW or ICW telegraphy, and
the audio circuits in the transmitter are so designed that tele-
phony may be carried on with slight modifications in the wiring.

The transmitter uses a total of seven vacuum tubes as follows:
1 CG -1984 (UV -211) as master oscillator.
3 CG -1984 (UV -211) as intermediate amplifiers.
1 CG -2172 (UV -851) as main radio amplifier.
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1 CG -2172 (UV -851) as modulator.
1 CG -1984 (UV -211) as audio amplifier.

The functioning of these tubes will be described later with
reference to the circuit diagram.

The CG -2172 tube is normally rated at 1 kw. output and
operates on a d -c. plate voltage of 2000. The filament requires

Fig. 13-View of 2 -kw. Transmitter.

15.5 amperes at 11 volts and is heated from alternating current.
The use of a 1 kw. tube in this transmitter to secure a nominal
output of 500 watts was desirable for two reasons. In order to
operate the antenna at the lower frequencies, a considerable
amount of loading inductance is required with its corresponding
losses. In order to provide ICW telegraphy, and at the same
time permit telephony to be used later if desired, the CG -2172
tube was selected as a modulator. Actual tests on the completed
transmitter showed that outputs of from 500 to 750 watts could
easily be obtained even under unfavorable antenna conditions.



CM.

628 Brynes: Broadcasting Transmitters

One of the chief electrical requirements for this transmitter
was that it should permit any frequency within the specified
band to be selected in a short period of time and that it should
maintain this frequency constant to within 350 cycles despite
normal changes in antenna characteristics or variations in line -

supply voltage. Experience has shown that a high degree of
frequency stability in a transmitter of this power can be

Fig. 14- \ iew of 2 -kw. Transmitter.

obtained through the use of an intermediate amplifier between
the master oscillator and the main radio amplifier. This arrange-
ment enables the master -oscillator or frequency-determining
circuit to be built with relatively small well -shielded units, while
the intermediate amplifier acted as a buffer to prevent reaction
from the antenna circuit from disturbing the load on the master
oscillator.

A schematic circuit diagram showing the fundamental ar-
rangement in the 500 -watt transmitter is shown in Fig. 12. The
master -oscillator circuit is the capacitively -coupled type with
inductance variation provided for changing the frequency. In
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the transmitter proper two such variometers are utilized in order
to spread out the frequency scale.

Referring to Fig. 12, the three intermediate power -amplifier
tubes, which are connected in parallel, have in their plate circuits
an inductor L-6 and a resistor R-5. The values of these two

Fig. 15-View of 2 -kw. Transmitter.

units are so selected that fairly uniform amplification is obtained
over the entire frequency range of the transmitter. For this
reason, no adjustments of any nature are required in the inter-
mediate amplifier circuit. The voltage built up across L-6
and R-5 is used to excite the grids of the CG -2172 radio -amplifier
tube, through the coupling capacitor C-4. A grid leak choke L-5
and a grid leak R-3 are provided in the grid circuit of the radio-
amplifier tube. The plate circuit of the CG -2172 amplifier is
coupled to the antenna circuit through the output transformer
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T-1. In the actual transmitter, two of these transformers are
supplied with an appropriate band change switch to place either
transformer in circuit, depending upon the frequency desired.
The characteristics of output transformers such as used in these
transmitters are similar in some respects to standard power trans-
formers. The primary or plate winding is designed with sufficient
reactance so that the input to the power -amplifier tubes is limited
until the antenna circuit is in resonance to the frequency being
supplied to the grid of the amplifier. This provides simplified
tuning for the radio operator as the power -amplifier tube does
not draw its full load until the antenna circuit has been correctly

Fig. 16-External Loading Coil.

resonated. Loading of the antenna circuit is accomplished in
the usual manner with a tapped inductor and a variometer for
fine adjustment.

ICW telegraphy is accomplished by the familiar plate modu-
lation system common to many broadcasting transmitters. The
iron core reactor L-5, in Fig. 12, is common to the plate circuit
of the radio -amplifier tubes and the modulator tubes. Audio
frequency for modulating is obtained from a small tone alterna-
tor A-1 in the schematic diagram. The output from this machine
passes through a step-up transformer T-4 where it is impressed
upon the grid -filament circuit of the audio-amplifier tube. The
audio -amplifier is of the reactance -capacitively -coupled type and
delivers this output through capacitor C-10 to the modulator
grid. In order to carry on telephony with this transmitter, it
is merely necessary to substitute a microphone and battery for
the tone alternator.
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Referring again to Figs. 10 and 11, the general mechanical
design of the 500 -watt equipment may be observed. The master -
oscillator, intermediate -amplifier, and audio -amplifier circuits
are mounted in the left rear section of the transmitter. Complete
shielding of these units is provided. The vacuum tubes are
mounted above the audio -amplifier unit in a cradle which is
cushioned with springs and sponge rubber. A door on the front
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Fig. 17-Schematic Diagram of ET -3638 Transmitter.
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of the panel provides for easy replacement of these tubes. The
output transformers and the antenna -loading inductor with the
antenna switch are mounted in the right rear section. Extensive
use is made of Mycalex insulation on the antenna inductance
switch. The band change switch which selects the appropriate
output transformer is also insulated with Mycalex. As it is
necessary to carry transmitters through narrow doors on ship-
board, the design is such that easy disassembly of the transmitter
into two or more sections can be accomplished. A small terminal
board is built on one of the panels to provide for interconnection
between units.
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2 -Kw. R.C.A. MODEL ET -3638 TRANSMITTER

For large vessels handling a considerable amount of traffic at
long distances, a 2 kw. radio transmitter provides a logical
rating. It is also suitable for shore installations, where com-
paratively long distance transmission is required. Views of a
2 -kw. transmitter developed for the Radio Corporation are shown
in Figs. 13, 14, and 15.

Fig. 18-Front View of 2 -kw. Transmitter with Telephone Attachment.

The ET -3638 transmitter uses a total of seven vacuum
tubes. Five of these tubes are type UV -211 and the remaining
two are type UV -851. One of the UV -211 tubes operates as a
master oscillator, four UV -211 function as intermediate ampli-
fiers, and the two UV -851 tubes are connected in parallel as
the main radio power amplifiers. A continuous frequency range
of 125 to 500 kilocycles is covered by the transmitter when used
on the average ship antenna. An antenna current of about 25
amperes is the usual value obtained. Continuous -wave and
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interrupted continuous -wave telegraphy are provided, the latter
being obtained by means of a motor -driven chopper.

Power supply for the transmitter is obtained from a 3 -unit
motor -generator set consisting of a motor with slip rings for
filament heating, a 2000 -volt 4.6 kw. plate generator, and a small
bias generator for holding grid bias on the various tubes.

Fig. 19-Rear View of 2 -kw. Transmitter with Telephone Attachment.

In order to permit operation at the lower radio frequencies on
antennas whose capacitance is somewhat lower than the average,
an external loading coil is supplied such as shown in Fig. 16.
When operating into an 0.001 antenna at 125 kilocycles, the
potential on the antenna end of the loading inductor reaches val-
ues as high as 32,000 volts. For this reason, ample insulation
is provided on the loading inductors and on the antenna switch
which changes the taps.
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Extensive shielding has been employed in this 2 kw. trans-
mitter not only to permit a high degree of frequency stability to
be maintained, but also to enable the transmitter to be installed
close to metal bulkheads without causing high losses. The various
shields are easily removed for inspection or repair of the trans-
mitter.

A schematic circuit diagram of the ET -3638 transmitter is
shown in Fig. 17. This circuit is in most respects similar to those
already described. The motor -driven chopper, for ICW, is used
to break the grid leak current on the master oscillator tube.
A cut-off bias obtained from the 125 -volt bias generator is main -

Fig. 20-Three-Unit Motor Generator set.

tained on the grids of the four intermediate amplifiers and the
two main amplifiers, so that the plate current of these tubes falls
to zero whenever the excitation from the master -oscillator tube
is interrupted by the chopper.

A considerable amount of work has been done to minimize
harmonic radiation from transmitters of this type. Suitable
design of the output transformer and the antenna loading in-
ductors, together with shielding, has resulted in very low radia-
tion of harmonic energy. Measurements taken on a transmitter of
this type show that the fundamental energy is approximately
30,000 times as great as the second harmonic and about 60,000
times as great as the third harmonic component. Referring
to Fig. 17, the capacitor C-13 in shunt to the primary of the out-
put transformer T-3 is used to by-pass the very high frequency
harmonics.

U. S. COAST GUARD MODEL T -2-A 2 KW. TRANSMITTER

A 2 -kw. transmitter with a telephone attachment was de-
veloped for service on some of the larger vessels of the U. S.
Coast Guard. Front and rear view of this equipment are shown
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in Figs. 18 and 19 respectively. The general arrangement of
tubes in the radio transmitter proper is similar to that employed
in the 500 -watt Coast Guard equipment, with the difference that
more tubes are used. The transmitter proper has one CG -1984
(UV -211) as a master oscillator, four similar tubes in parallel
as intermediate amplifiers, and two CG -2172 (UV -851) tubes as
the main radio amplifiers. In order to carry on telephony or ICW

Fig. 21 -400 -watt Transmitter

telegraphy, a separate telephone attachment which may be
mounted alongside the transmitter, is furnished. This attach-
ment utilizes one CG -1984 as the speech amplifier and one CG -
2172 tube as the modulator. When the signal switch on the
transmitter is placed in the tone or ICW position, the plate vol-
tage on all the tubes is reduced in order to permit the modulator
tube to control properly the output of the radio amplifiers. The
transmitter covers the same frequency range as the 500 -watt
Coast Guard set, namely, 125 to 500 kilocycles.
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The type of 3 -unit motor-generator set supplied with equip-

ments of this nature is shown in Fig. 20. This machine is designed

to carry its load when operating in high ambient temperatures

such as are encountered in engine rooms.

AIRCRAFT RADIO BEACON EQUIPMENT

An interesting development being carried out at the present

time consists of a system for guiding aircraft. It is known as the

F'g. 22-Experimental Form of Goniometer.

double beam equi-signal method of transmission and permits the

use of standard receiving apparatus in the aircraft. An additional

feature is that the pilot or operator need not possess an extensive

knowledge of the telegraphic code.
Two large loops are used for transmission instead of the con-

ventional type of antenna. These loops are installed at right

angles to one another and each produces, if separately energized, a

well-known figure eight pattern of radiated energy. A goniometer,

similar to the well-known Bellini-Tosi type, is utilized with



Byrnes: Broadcasting Transmitters 637

necessary modifications to adapt it best for this beacon system.
The goniometer couples the radio transmitter to the transmitting
loops and by variations of the rotor of the goniometer, the combined
pattern of the loop may be rotated. In other words, the gonio-
meter permits the combined pattern to be set for a desired course,
with convenience from the transmitting station, without physi-
cally changing the position of the large transmitting loops.
The rotor, or primary, of the goniometer consists of two coils which
are alternately connected to the radio transmitter by means of an
automatic relay. By suitable adjustment of the angle between the

Fig. 23-Automatic Signalling Device.

two rotor coils, the patterns of the two loops are made to overlap,
and in this overlapping zone what is known as an equi-signal area
is maintained.

In order to produce interlocking signals, the automatic relay
may be arranged to send for example, the letter N on one rotor
coil and the letter A on the other coil. By suitable timing, the dot
of the A is made to begin as the dash of the N terminates, with
the result that the receiving operator hears a series of dashes, as
long as he is flying in the equi-signal zone. Tests have shown that
the width of this equi-signal zone is to the order of 2 to 3 miles
at distances of about 100 miles from the transmitting station and
this width can be varied by suitable adjustment at the goni-
ometer.

Fig. 21 shows a 400 -watt transmitter which is being used for
some of the experimental work with the aircraft beacon. This
transmitter utilizes two UV -204-A tubes in a self -rectified circuit
with 500 cycles plate supply and is adjusted to operate on a
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frequency to the order of 290 kilocycles. An experimental form of
the goniometer is shown in Fig. 22. The two inside or rotor coils
may be clearly seen, while the secondary or outer coils which
consist of several turns are wound at right angles to one another
and connect to each of the transmitting loops. The automatic
signalling device shown in Fig. 23 is provided with cams for

Fig. 24-View of 1 -kw. Broadcast Transmitter.

sending the appropriate letters to secure the interlocking signal.
A small rheostat is provided to vary the speed of the motor
which drives this signalling device.

An installation of the radio beacon equipment has been
made at Hadley Flying Field, New Brunswick, N. J., and with
the aid of this equipment, practical operating data and the gen-
eral characteristics of the beacon system are being obtained.
This work is being carried on in cooperation with the Depart-
ment of Commerce and active steps are being taken to work out
a practical system that may be used throughout the country.
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1 -Kw. BROADCASTING EQUIPMENT

A broadcasting transmitter that meets the requirements for
present-day high -quality service should possess at least three
important characteristics. The design should permit the carrier
wave to be conveniently adjusted and maintained to within at
least 500 cycles of the assigned frequency. It is also important

Pig. 25-View of 1 -kw. Broadcast Transmitter.

that the carrier frequency should not fluctuate while modulation
is taking place. The second requirement which the equipment
should possess is to provide a high degree of fidelity so that the
modulated output of the transmitter conforms as faithfully as
possible to the input to the microphone. The third requirement
concerns overload capacity and the various circuits should be
so designed and the tubes chosen to prevent distortion from over-
loading on high modulation peaks. Unless such overload capacity
is provided for, it is necessary for the supervising operator to
smooth off the peaks excessively with consequent impairment of
the quality.
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Various views of the 1 -kw. broadcast transmitter are shown
in Figs. 24, 25, and 26. The condenser microphone with its self-
contained amplifier is shown in Fig. 27.

The transmitter as normally designed covers a frequency
range from 666 to 1200 kilocycles, although it may be easily

Fig. 26-View of 1 -kw. Broadcast Transmitter.

modified for any frequency within the broadcast band. The
complete equipment utilizes the following vacuum tubes:

2 UX-201-A as audio amplifier.
1 UX-210 as audio amplifier.
2 UV -211 as audio amplifiers.
4 UX-851 as modulators.
1 UV -211 as master oscillator.
2 UV -211 as intermediate radio amplifiers.
1 UV -851 as the main radio amplifier.
1 UV -211 as oscilloscope rectifier.
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All of the above tubes are contained within the transmitter
proper with the exception of one of the UX-201-A tubes which is
mounted with the condenser microphone.

It will be observed that four modulator tubes are used and one
main radio -amplifier tube. This ratio permits maximum modula-
tion to be obtained without overshooting the modulator tubes.
Due to the use of such a low -impedance bank of modulator tubes,

Fig. 27-Condenser Microphone with Self -Contained Amplifier.

combined with a large modulation reactor, the low audio fre-
quencies are well maintained.

A schematic circuit diagram is shown in Fig. 29. All the
vacuum tubes to the left of the antenna circuit in this diagram
are in the audio -frequency circuit, while the tubes to the right
are in the radio -frequency circuit. The condenser microphone
works into the first UX-201-A tube, this tube being mounted with
its associated output transformer, in the microphone housing.
The secondary winding on the output transformer is of low
impedance so that the microphone cable may be run for a con-
siderable distance without picking up interfering current. The
first three stages of audio amplification in the transmitter proper
are the resistance type, and the fourth stage utilizes an iron core
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reactor in its plate circuit. Volume -control potentiometers are
provided on the input to the third and fifth stages of amplifica-
tion. Provision is also made for ready connection to incoming
lines for outside pick-up service.

Referring to the radio -frequency tubes in the schematic
diagram, the master oscillator has its frequency controlled by
means of a variable capacitor for fine adjustment and by varia-
tion of taps on the inductor for coarse adjustment. This tube sup-
plies grid excitation to 2 UV -211 tubes which are provided with
a tuned tank circuit and function as intermediate amplifiers.
The main radio -amplifier tube, a UV -851, also has its plate cir-
cuit tuned and is in turn inductively coupled to the antenna

Fig. 28-Three-Unit Plate Motor Generator Set.

circuit. Complete shielding is employed to provide maximum
frequency stability and the various coupled circuits minimize
harmonic radiation.

One of the problems in the successful operation of a broadcast
transmitter consists of reducing all hum or background of noise
in the carrier wave to an extremely low value. In the ET -3633
equipment, this is accomplished by the use of suitable filter for
the plate circuit of the vacuum tubes and by the use of a separate
direct -current filament generator for all the larger tubes. The
audio amplifiers have their filaments heated from a storage bat-
tery. Fig. 28 shows the three -unit plate motor generator set and
Fig. 31 the filament motor generator set.

The oscilloscope supplied with the equipment for checking the
percentage modulation is of interest. This unit is shown in Fig.
30 and is equivalent to the familiaroscillograph with the exception
that it contains but one vibrator and is designed to use an incan-
descent lamp as a light source. The UV -211 tube which is con-
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netted as a rectifier in the transmitter is coupled to the antenna
circuit and is utilized to supply the audio frequency to the
oscilloscope.

The first transmitter of the ET -3633 type is in service at
station CYJ in Mexico City. Similar transmitting equipment

Fig. 30-theilloseope Supplied with Equipment for Checking
Percentage Modulation.

has been built for Cornell University and St. Lawrence Uni-
versity.

CRYSTAL -CONTROLLED BROADCAST AMPLIFIER

A 1 -kw. crystal -controlled amplifier which is used in some of
the General Electric broadcast stations is shown in Figs. 32 and
33. This unit supplies grid excitation to the water-cooled high -

Fig. 31-Filament Motor Generator Set.

power radio -frequency amplifiers. A schematic diagram is shown
in Fig. 34 and illustrates the various circuits which are employed
in the crystal -controlled unit. The crystal -controlled tube,
type UX-210, operates with the crystal connected between its
grid and filament circuits. The plate circuit of the tube is tuned
by means of a variable condenser which is designed to cover the
broadcast -frequency band. The crystals themselves are mounted
in a temperature -controlled compartment and a thermostat is
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supplied in order to maintain the temperature constant at 45
deg. C. Provision is made for mounting four crystals, any one of
which may readily be selected by means of a switch on the panel.

A second UX-210 tube is used to amplify the output from the
crystal -controlled tube and this in turn is followed by a UV -211,
50 -watt tube. Two additional UV -211 tubes connected in

Fig. 32-Front View of 1 -kw. Crystal -Controlled Amplifier.

parallel amplify the output from the first UV -211 tube and these
are followed by a 1 kw. tube type UV -851. Straight amplification
is employed throughout this unit, the crystal being ground for
the final output frequency that is desired. Sufficient energy is
available from the UV -851 stage to excite 1 or 2 water-cooled
radio -amplifier tubes.

1 -KW. HIGH -FREQUENCY TRANSMITTER

In order to investigate the transmission characteristics of
some of the higher frequencies, a 1 kw. transmitter was developed
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to cover a continuous frequency range from 3748 to 14990
kilocycles (80 to 20 meters). This transmitter was designed so
that crystal control could be employed for any desired frequency
within the range, and in addition master -oscillator control was
supplied so that gradual and continuous variation of frequency
was possible. A number of plug-in coils were utilized so that
efficient operation throughout the band could be maintained.

Fig. 33-Rear View of 1 -kw. Crystal -Controlled Amplifier.

A front view of the 1 kw. transmitter is shown in Fig. 35.
The view in Fig. 36 is taken with the shielding door open, which
provides access to all the removable coils and also the vacuum
tubes. Each amplifier stage is enclosed in its own shielded com-
partment in order to secure satisfactory stability.

The various circuits in this high -frequency transmitter are
covered in schematic form in Fig. 37. A total of six vacuum tubes
are used. The first or crystal -controlled tube is known as type
SA -14 and is similar to the standard UX-210 except that it has
a higher amplification constant and higher plate impedance.
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The crystal -control tube excites a second SA -14 tube, the plate
circuit of this tube being tuned to some multiple of the crystal
frequency. In some cases the third harmonic of the crystal fre-
quency is utilized while for the higher frequencies the fifth har-
monic is selected. The third tube in the transmitter is a standard
UX-210, and is designed either to amplify the output from the
preceding stage in the case of crystal control or to act as a self -

Fig. 35-Front view of 1 -kw. Transmitter.

excited master oscillator when crystal control is not desired. A
double -pole, double -throw switch provides for quick changeover
from crystal to master operation or vice versa.

The remaining three stages consist of a UV -211, a UV -204A,
and a UV -851 tube respectively. Each of these stages is designed
with a tuned plate circuit inductively coupled to the following
grid circuit. Variable condensers are provided so that the various
stages may be balanced to prevent self -oscillation.

FACTORS INFLUENCING THE TYPE OF CIRCUIT

In any discussion of the various types of transmitting equip-
ment, such as described in this paper, the question may be asked
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what factors chiefly influence the selection of one type of output
circuit as compared to another, when intermediate stages of
amplification are necessary, etc. It has been our experience that
for commercial equipment which is required to cover a fairly
wide frequency band with a minimum number of controls, an
antenna transformer, such as shown in Fig. 6 in the circuit
diagram, is preferable. With a properly -designed antenna trans -

Fig. 36-View of 1 -kw. Transmitter with Shielding Door Open.

former, the tubes are better protected against overload in case
the circuits are not correctly resonated and frequency ranges
having a ratio of approximately 2 to 1 may be covered without
any adjustments whatever being made on the antenna trans-
former.

In the case of very high frequency transmitters where dis-
tributed capacitance of the circuit becomes increasingly im-
portant, it seems desirable to tune definitely the plate circuit of
the final amplifier tube in order to secure best operation. We
then have a so-called tank output circuit instead of the untuned
antenna transformer arrangement.
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The power rating of a transmitter determines to a large extent
whether or not intermediate stages of amplification are required.
In order to secure a high degree of frequency stability in a master -
oscillator, power -amplifier type of set, it is essential that con-
siderable circulating energy be maintained in the master circuit.
In addition, it is desirable to make the capacitance and induc-
tance elements in the master circuit so that they maintain their
values over long periods and so that they may be easily shielded.
This ordinarily results in a fairly small master -oscillator assembly
with a 50 -watt tube as the usual type. If a 50 -watt tube is too
small to provide sufficient excitation for the main power amplifier
in a transmitter, it is then desirable to introduce an intermediate
stage of amplification or perhaps several stages. In the 2 kw.
type of transmitter such as previously described, the intermediate
amplifier is so designed that it functions without adjustment over
the complete frequency range of the transmitter.

In the case of crystal -controlled transmitters, cascade -
amplifier circuits 'are necessary due to the low level obtained
from the crystal -controlled tubes. For high -frequency trans-
mitters where, of course, crystals are chiefly used, developments
are now under way with transmitters which will be equipped
with special high -frequency tubes. Such tubes similar to the new
UV -852 tubes will be designed to have low inter -electrode
capacities which make them more suitable for operation at the
higher frequencies than the present standard tubes.

The problem of measuring the output of high -frequency trans-
mitters by means of a dummy load has been given considerable
thought. If an attempt is made to use the conventional dummy
antenna resistors, it is found that their inductance has an ap-
preciable effect on the load circuit, and accurate measurements
are difficult. One method which has been successfully used to
measure high -frequency power consists of a bank of incandescent
tungsten lamps which are used to load the transmitter. These
lamps are mounted in a compartment with a photo -electric
cell and their brilliancy controls the internal resistance of the
cell. Such a device may be calibrated on direct current or low -
frequency alternating current and tests have shown that ac-
curate measurements can be made with such a system. In other
words, the brilliancy of the lamp when heated by high frequency
is the same as when heated by an equivalent power at low fre-
quency or by direct current.



APPARENT NIGHT VARIATIONS WITH CROSSED -
COIL RADIO BEACONS*

BY

HARADEN PRATT

(Radio Engineer, Bureau of Standards, Washington, D. C.)

Summary-The combined effects of apparent wave direction shifts and
fading, of signals from a crossed coil type of radio beacon as received on air-
planes in flight at night, are described. A brief explanation of the operation
of such a beacon is given. The results of observations of similar signals at
night received on an automobile, together with some general conclusions, are
mentioned.

IT early became apparent that the employment of coiCan-
tennas on airplanes for determining the directions or bearings
of radio stations was beset with difficulties. The coils were

necessarily limited in size and considerable amplification was
needed to secure a signal of suitable strength. Airplane engine
ignition interferences in the radio receiving system prevented
the use of very much amplification and so the distance range was
limited. The high level of noise present on aircraft prevented
a close observation of the minimum signal sector during rotation
of the coil, thereby impairing the accuracy of that method as
applied to aeronautical navigation; not to mention many other
disqualifying practical and operational difficulties.

While the complicated system of taking several bearings on
airplane radio signals from ground stations and communicating
a position back to the airplane has found successful application
in Europe, various means for the taking of radio station bearings
from airplanes were attempted without reaching a practical
solution of this problem. It was not, however, until the crossed
coil radio beacon was proposed that those interested in the art
became encouraged to expect the realization of a simple and
workable system to guide aircraft.

The crossed coil beacon idea was investigated by the Bureau
of Standards several years ago, and further work on it carried
forward by the Signal Corps, since which time its development
has been rapid, and there are now several operating beacons
installed in the eastern part of the United States.

 Original Manuscript Received by the Institute, March 24, 1928.
Publication approved by the Director of the Bureau of Standards of the
U. S. Department of Commerce.
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Essentially, this beacon comprises two coil antennas disposed
in two vertical planes fixed at an angle to each other. In a simple
form of the beacon, this two -coil system is free to be rotated
v,bout a vertical axis. When the coils are similarly excited with
radio -frequency currents modulated at an audio rate, signals of
equal intensity from each will be heard on a receiving set when
situated along any one of the two vertical planes bisecting the
angles between the planes of the coils. At other points the signal
intensities from each coil will be different. This marking off in
space of vertical equisignal planes constitutes the directive
feature of the crossed coil type of beacon, and these equisignal
zones are frequently referred to as the courses set down by it.
Ordinarily, only one of these courses is used.

In its practical application and for convenience in construction
the beacon used in this country employs a radiating system of two
large fixed single -turn loops disposed at right angles to each other.
It is possible to rotate the radio field about these antennas with-
out rotating the antennas. A suitable goniometer interposed
between these loops and the power source permits, by the turning
of its rotor, the rotation in space of the equisignal zones. A me-
chanical device automatically transmits the letter A on one coil
and the letter N on the other. These are so interlocked that a
continuous buzz or dash is heard along the equisignal zone. The
width of this zone where the perfect continuous dash only is
heard depends largely upon the acuteness of the observer's
attention, and may vary between limits, for example, of from 11
to 3 degrees. To the right or left of this zone either the letter
A or N predominates distinctly.

For the guidance of aircraft the crossed coil beacon possesses
several obvious advantages:

(1) There is no zone of minimum or maximum signal strength
to be observed.

(2) Location of the course or beam is secured by an auto-
matic comparison of two signals.

(3) Regardless of the position of the aircraft within a wide
angle when off the course this beacon furnishes a definite signal
enabling the craft to locate and return to its proper course.
This characteristic permits temporary detours to be made during_
flight around stormy areas or obstructions, a very important and
valuable feature.

(4) The aircraft uses an ordinary receiving set with the usual
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trailing wire antenna permitting signals to be received under
the most favorable conditions as regards minimum sensitivity
of airplane receiving set to local noise and disturbances.

(5) An aircraft may be guided along a set and invariable air-
way without reckoning wind drift.

These advantages had much to do with the selection of this
type of beacon for application to our national airway systems
particularly those over which schedule mail airplanes operate.

To secure information of a practical nature, receiving equip-
ment was installed in the summer of 1927 on a mail airplane
operating between the airports of Cleveland and New York over
an airway approximately 380 miles long. Two directive radio
beacons were available, one at the New York terminal and the
other at a point 170 miles west near Bellefonte, Pa. The radio
frequency used was 290 kc. The audio modulation was at the
rate of 500 cycles per second. The radiating loops were of a
triangular shape 300 feet long and 80 feet high at the apex. The
current in each loop was 8 amperes. This route crosses the
Allegheny mountain ranges which occupy nearly all of that
region and is a particularly favorable one for this experimental
flying both because of the rough topography and the prevalent
foggy and cloudy weather.

The accuracy of the directive beacon as a guide had been
established as of a high order, through considerable use in the
past, but upon examination of the situation it was learned that
all previous experience with it had been confined to daylight
flying. Its operation at night had been untried and it was not
known to what extent the well-known night shift phenomenon
previously observed with direction -finding systems might affect
it. Night flights over the airway mentioned were therefore
undertaken in August, 1927, and the writer immediately observed
results inconsistent with those secured by day. During the first
flight it seemed impossible to keep the airplane on a course
corresponding to the interlocking dash signal. No sooner was
this signal received when it would change to the letter A or letter
N. No amount of manipulation of the airplane would improve
the situation. The dash signal would come and go at intervals
of a few minutes. It soon became apparent that at the distance
involved, which was about ninety miles, no accurate fixed course
existed, but that the equisignal zone was rapidly moving about
in an indefinite way.
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This disconcerting effect indicated that some further study
of the phenomenon must be made, and several night flights up
to distances of 175 miles from the beacon were undertaken.

In every case the shifting of the equisignal zone or course
was noticed. The general results secured from five flights made
at an average altitude of 2000 feet may be stated as follows:

(1) Within 25 miles of the beacon the shifting was not of a very
serious nature.

(2) At 50 miles the shifting became pronounced but due to
the zone appearing to be stationary in its proper position for
possibly 75 per cent of the time, the beacon could still be de-
pended upon when used with judgment.

(3) At a distance of 100 miles the shifting became very pro-
nounced and persisted for more than 50 percent of the time,
giving the beacon a questionable value.

(4) At 125 miles the beacon was of no further use as a guide.
(5) The shifting of the zone was gradual so that at first

one would be inclined to think it due to the movement of the
airplane.

(6) It appeared that the topography of the country between
the beacon and the airplane exerted a considerable influence on
the extent of the variation.

(7) Exceptional variations in shift over an arc as great as
100 degrees in azimuth were noted, but in general the change
was confined to within possibly 25 degrees.

(8) Beyond 15 miles the fading of the general level of signal
received was very severe during flight over mountains. Several
variables being involved, no conclusions have been reached as
to the relative contribution of each factor.

A few observations of the Bellefonte beacon at night have
been made on the ground at Washington, a distance of 134 miles.
While present, the shifting phenomenon was less pronounced
than that observed in the air. On a night flight from Harrisburg
to Washington no shifting of the zone was noticed, using signils
from a beacon at College Park, Md. As there are no marked
mountain ranges near College Park, these observations would
indicate that topographical features have an important bearing
on the matter of these variations.

To shed further light on the question, two sets of night-time
measurements on the Bellefonte beacon were made in October
1927 by an automobile party, one at a point 22 miles and another
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32 miles distant, both locations being in mountainous territory.
Records obtained with a graphic field intensity recorder were
made of signals transmitted by one Bellefonte loop, using both
a vertical antenna and a coil antenna placed in a vertical place
extending towards the beacon. Ratios of the extent of the varia-
bility over a period of several minutes, to the average field in-
tensity were observed to be:

at 22 miles with coil antenna 0.25
with vertical antenna zero

at 32 miles with coil antenna 0.44
with vertical antenna 0.07

Ratios of the variability to the maximum field intensity were
observed to be:

at 22 miles with coil antenna 0.43
with vertical antenna 0.05

at 32 miles with coil antenna 0.56
with vertical antenna 0.1

Rotating the coil antenna around its vertical axis so as to
receive minimum signal showed a variation in the direction of the
arriving field as large as 30 deg. over a ten-minute interval.

Observing
Location

Miles
from

Bellefonte
Date Time

Maximum Average Direction
Receiving Fluctua- Fluctua- Shift
Antenna tion in tion in in

per cent per cent degrees

Pa.Newville,. 53 Oct. 28 10:15 P.M. Vertical 38 13 -
53 10:35 P.Y. Coil 140 118 62

Andersonburg, Pa. 40.5 1:59 A.Y. Vertical 3 3 -
40.5 " 2:19 A.M. Coil 35 32 30

Lewistown, Pa. 22.7 Oct. 29 6:22 P.M. Vertical 2 0.5 no obser-
22.7 6:02 P.M. Coil 3 0.75 vation

Sunbury, Pa. 48.5 Oct. 30 4:32 A.Y. Vertical 0 0 no obser
48.5 6:22 A.M. Coil 93 88 vation

Woodward, Pa. 18.7 Oct. 30 11:59 P.M. Coil 22 16 8

Hartleton, P!. 27 Oct. 31 2:12 A.M. Vertical 18.5 9 -
27 1:52 A.M. Coil 65 57 56

Sunbury, Pa,; 48.5 6:20 A.M. Vertical 0 0 -
48.5 4:15 A.Y. Coil 21 13.8 15

Hartleton, P!. 27 11:54 P.M. Vertical 0 0 -
27 11:39 P.M. Coil 12.5 7 12

Woodward, Pa. 18.7 Nov. 1 12:52 A.M. Vertical 0 0 -
18.7 1:07 A.Y. Coil 7 3 2

Suntury, Pa. 48.5 Oct. 31 9:13 P.M. Vertical 3 9
48.5 8:55 P.M. Coil 38 38 12

Lewistown, Pa. 22.7 Nov.. 1 6:10 P.M. Vertical 8 1.4 -
22.7 6:10 P.M. Coil 30.5 18 -
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The coil and vertical antennas were used so that a crude idea
might be secured as to the relative extent of apparent shifts in
the direction of propagation of the wave, and fading or variation
of the received signal strength. The observed shifts of the equi-
signal zone of the crossed coil beacon signals could be due to either
or both effects. The results seem to indicate that fading plays a
minor part in the phenomenon.

Observations using an automobile were made again, about
November 1, 1927. The results are tabulated as follows, signals
from one Bellefonte antenna loop being observed:

The values tabulated in the last column are those maximum
shifts observed by following the minimum received signal on a
coil antenna through rotation of the coil over a period of several
minutes. These data were all taken in mountainous sections of
Pennsylvania. They agree in general with the results secured by
the first automobile party.

It is hoped that this brief outline of these preliminary observa-
tions made by the staff of the Bureau of Standards will serve to
focus attention on the performance of this type of radio beacon
so that its limitations as a guide for flights at night may be
studied and practical information secured whereby these per-
formance characteristics and the conditions influencing them may
become better understood.

The data on field intensities given in this paper were secured
through the courtesy of Mr. T. Parkinson, Research Associate
at the Bureau of Standards, who undertook the automobile trips
and made the ground observations.
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OSCILLOGRAPHIC OBSERVATIONS ON THE
DIRECTION OF PROPAGATION AND

FADING OF SHORT WAVES*

BY

H. T. FRIIB
(Bell Telephone Laboratories, Inc., New York City)

Summary-The short-wave transmission path is generally but not always
located in the vertical plane through the transmission and receiving points.

Direction finding depends upon determining the direction of the wave at
the receiving point; it does not give accurate results when the twilight zone is
in the way of the wave path.

The angle between the earth and the direction of short-wave propagation
varies continuously and the changes in this angle are much larger than the
changes in angle of propagation in the horizontal plane.

The observations are consistent with the view that the fading is mainly
caused by wave interference.

INTRODUCTION

THIS paper is intended to be a description of a method for
determining the absolute direction of propagation of short
waves. The experimental results presented were obtained

on 16 -meter transatlantic signals. The experiments also give
some valuable information on fading.

The method depends upon the beating effects of two re-
ceived signals, one from the distant and one from a local source
when applied to two spaced receivers, the local signal being
common to the two. The local signal does not vary or suffer
from fading; therefore the beat notes produced in the two sets
will represent the signal from the distant station both in relative
phase and amplitude, providing the amplitude does not change
at a greater rate than can be represented by the beat frequency
and this condition is not ordinarily observed. The fading period
of the signal' was in general five seconds and the beat frequency
was held at 500 cycles per second.

The beat note outputs of two receivers are connected to the
deflection electrodes of a fi ament type of "Braun" or cathode-
ray tube and the resulting figure shows the phase difference and
the amplitude of the signal waves at the two receiving points.
The figure may be a straight line, an ellipse or a circle and it

* Original Manuscript Received by the Institute, March 21, 1928.
1 Signals from GBK (British beam station) 16m. were generally

used.
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will change according to the instantaneous value of the ampli-
tude of the field of the signal wave at the two antenna locations.

For a small separation (a fraction of a wavelength) the
figure maintained a constant shape and varied only in size.
For several wavelengths separation the figure varied continuous-
ly in both size and shape indicating random fading and phase
relations. Using different antennas, horizontal on one set and
vertical on the other, it was found that the phase and amplitude
relations between the vertical and horizontal fields generally

t. 4
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Direct/on of 68K

ascdhgroph
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with director's G

Fig. 1

varied at random even when the receivers were close together.
In the following description of the experiments the sets were
always separated by one-third of a wavelength and only vertical
antennas were used. Other distances of separations, for instance
one-half wavelength, would have produced similar results.

DIRECTION -FINDING IN THE HORIZONTAL PLANE

A top view of the experimental apparatus is shown sche-
matically in Fig. 1-A. The two receivers2 R1 and R2 are located
so that the line connecting them is at right angles to the great

2 Double detection receivers as shown in Fig. 9 of a paper by H. T.
Friis and E. Bruce, "A Radio Field -Strength Measuring System," PROC.
I.R.E., 14, pp. 507-519, Aug. 1926. The rod antennas were only two feet
long in order to prevent distortion of field. The low frequency parts of
the sets were made exactly alike so that the oscillograph figure did not
change when the beat note was varied. Type 224-A oscillograph made by
the Western Electric Co. was used.
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circle direction of the transmitting station GBK and the local
source oscillator is located in the direction of the transmitting
station. Fig. 1-B shows calculated oscillograph figures for
different directions, A, B, etc. of propagation of a signal wave.
For the direction A there will be no phase difference of the fields
at R1 and R2 and the oscillograph figure will be a straight line.
Direction B will cause a phase difference (27r1 sin 0)/X = (2x sin 0)/3,
where 1 is the separation of the sets and the ellipse B, Fig. 1-B,
will be the resulting figure. The figures have been experimentally

416 f
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su,/ace d the earn Recenris

0 -
loco/ souire

A Side view of o,o,00rotus for ierticti/ ,ohne drat/on hiding
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with directions 4C-- -G.

Fig. 2

90°
6

checked by means of a second local source oscillator located in
directions A, B, etc. in place of a distant signal. The trans-
atlantic signal waves from GBK produce the figures A to C as
shown in Fig. 1-B. The size of the observed figures change con-
tinuously and they often decrease to zero but there are no appre-
preciable variations in their shape. A straight line or thin ellipse
changing in length is the characteristic figure for daylight con-
ditions over the entire transmission path of the signal waves,
indicating that the wave path is very nearly located in the
vertical plane of the transmitter and receiver points. With the local
source oscillator located in a fixed position in relation to the two
receivers, the whole system has been used successfully as a
direction -finder by rotating it until a straight line figure is
obtained.
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The passing of the "shadow wall" or twilight zone through
the wave path of the signal causes large changes in the figure.
At times its shape will change continuously from a line to an
ellipse, such as C in Fig. 1-B; again it will remain an ellipse for
a long period, indicating deviation in the direction of propaga-
tion in the horizontal plane. A deviation of as much as 30 deg.
from the true direction has been observed. The figure will usually
change in amplitude but it is only the largest figures that should
be considered in this horizontal direction -finding system. It
has unfortunately not been possible to reproduce the actual
figures, like a moving picture, but later calculated figures will
be shown which may give an idea of the changing oscillograph
figures.

DIRECTION -FINDING IN THE VERTICAL PLANE

Fig. 2-A shows the apparatus used. Two receivers R2 and
R3 and the local source oscillator are now located in the direction
of the transmitter. Fig. 2-B shows calculated oscillograph
figures for waves A, B, etc. arriving at different angles 0 with
the earth. A wave A coming along the earth will cause beat Rotes
at R3 and R2 with no phase difference, i.e., the figure will be a
straight line since both signal A and the local signal travel
along the same path. Direction B will cause a phase angle
27r/(1- cos 0)/A and the ellipse B, Fig. 2-B, is the resulting figure.
These figures were again checked by means of a second local
source oscillator in place of the distant signal. However, this
local oscillator was moved around in the horizontal plane and
not in the vertical plane as this is much simpler and there should
be no difference between a wave propagated horizontally at an
angle 0 with the direction R2 - R3 and a wave propagated in the
vertical plane of R2 - Ra and with the angle 0 with the earth.
For down -coming waves the field at R2 and R3 will be the re-
sultant of two waves, a direct wave and one reflected from the
ground. The ground being the same at R2 and R3 and the sets
being at the same height over the ground, the ground reflected
waves have no effect on the relative phase of the low -frequency
beat notes.

Fig. 2-B shows that small angles cannot be determined as
there is too little difference between the ellipse and the straight
line. This might be overcome by arranging the sets R2 and R3
over each other but complicated effects caused by the reflected
waves from the ground are then introduced.
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Signals from GBK gave figures A to E shown on Fig. 2-B.
During more than a month's observations the figure would be a
straight line during the morning hours, indicating small angle
propagation. Towards noon the figure changed continuously
from a line to an ellipse, being elliptical most of the time. In
the afternoon it changed more rapidly from lines to ellipses.
Figures corresponding to angles as large as 60 deg. have been
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observed. Later it was found that large angle propagation oc-
curred in the morning also, i.e., the phenomena are very irregu-
lar and many further observations are required before definite
conditions as to systematic variations can be drawn. So far the
results indicate that the changes in angle of propagation in the
vertical plane are much larger than the changes in angle of
propagation in the horizontal plane. The figures change in size
just as in the horizontal direction experiments and here also it
is only the largest figures that are to be considered.

The ellipse B, Fig. 2-B, tells us that the wave is propagated
at an angle 0 with the line passing through R2-R3, but it does
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not identify any particular line in the conical surface satisfying
this condition. It is therefore necessary to have both a horizon-
tal plane system and a vertical plane system going at the same
time so that figures for both can be observed simultaneously,
in which case it is easy to determine the movement of the wave.
This was done, one receiving set R2 being common to the two
systems and the two oscillographs being mounted close together.
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The results already mentioned are based on the use of this
double system.

FADING

The oscillograph pictures mentioned above would continu-
ously increase and decrease in magnitude with an average fading
period of five seconds. The small pictures in the fading valleys
seemed, at first, to be very irregular, but careful observation
disclosed that they practically always consisted of a small line
or ellipse rotating quickly one way or the other but practically
never exceeding a rotation of more than 180 deg. These char-
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acteristic rotating figures, and also the fact that the direction
of propagation changes all the time, suggests that fading is caused
by wave interference. In Figs. 3, 4, 5, 6, 7 are shown calculated
oscillograph figures which would result from a signal composed
of two waves A and B of the same amplitude' propagated in
different directions as shown in the top of the figures. It is
assumed that the relative phase 4) between the waves changes
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Fig. 7-Wave-Interference Figures.

continuously and the figures correspond to different phase angles.
Now these figures have a striking resemblance to the actual
figures observed on signals from GBK. The signal figures are
sometimes much more complicated but this may be caused by
interference between more than two waves. Also the amplitudes
of the two waves may not be alike in which case the signal will not
decrease to zero during a fading period, as is often found to be the
case. The figures shown in Figs. 3 and 4 illustrate the rotating

It is assumed that each of the two waves induce the same e.m.f. in
the receiving antenna.
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feature of the actual figures. The ellipse figure in Fig. 3 and the
line figure in Fig. 4 rotate clockwise with increasing phase angle
0. It would have been counter -clockwise in case the angle cp
had decreased. Note that the speed of rotation is fastest when
the figure is small which is in agreement with actual observations.
As many as four consecutive fading periods have had the same
rotation direction, which means that the relative length of the
two wave paths has changed four wavelengths.

In Figs. 3 and 4 the two waves A and B are located in the
horizontal plane and the plotted figures correspond to a hori-
zontal plane direction -finding system. In Figs. 5, 6, 7 are plotted
the figures that would be observed simultaneously in a hori-
zontal plane direction -finding system, H, and in a vertical plane
direction -finding system V. These figures are typical of actual
observations.

The total length of each wave path is of the order of 300,000
wavelengths, so it is not remarkable if one path changes a few
wavelengths in relation to the other, and thereby causes a con-
tinuously changing phase shift of the two waves.

In addition to wave -interference fading there may also be
absorption fading, by which is meant quick changes in absorp-
tion of a single wave. It is also possible that a single ray may
fade due to path changes analogous to what would be produced
in light reflection by a rippling reflecting surface. It is believed
however that wave interference is by far the most common
cause of short-wave fading.



AN AUTOMATIC RECORDER FOR MEASURING
THE STRENGTH OF RADIO SIGNALS AND

ATMOSPHERIC DISTURBANCES*

BY

E. B. JunsoN
Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D.C.)

SU frifflary-A description is given of apparatus for automatically re-
cording the field strength of low frequency stations and atmospheric distur-
bances. The receiver, amplifiers, rectifier, and recorder are switched on by
relays controlled by a clock and arranged so that for different 5 -minute periods
during the hour the strength of several stations may be recorded. The sen-
sitivity of the system remains constant over long periods, provided the filament
and plate currents do not change. Calibration can be made at any time from
either a radio frequency or audio frequency source. Typical curves of
the variations in signals and atmospheric disturbances are shown.

HE recording system described was designed for the pur-
pose of obtaining knowledge of the behavior of radio sig-
nals over considerable periods without the presence of an

observer. With the apparatus used it is possible to obtain hourly
observations of the field strength of several stations and atmos-
pheric disturbances throughout the twenty-four hours.

The entire apparatus is controlled by a clock, which, at
different five-minute periods during the hour, actuates a series
of relays automatically turning on the receiving set and ampli-
fiers and tuning to the desired stations.

Fig. 1 shows the schematic diagram of the circuit and Fig. 2
shows the arrangement of the apparatus.

The receiving set is of the conventional autodyne type with
two tuned circuits having a tuning range from 60 kc. (5000 m.)
to 12.0 kc. (25,000 m.). Two antennas are used, one having
an effective height of 16 meters for reception of transatlantic
stations and atmospheric disturbances, while the other having
an effective height of 1.5 meters is used for nearby American
stations.

In order to insure greater constancy of sensitivity, only
audio -frequency amplification is used. This consists of two

 Original Manuscript Received by the Institute, January 5, 1928.
Publication Approved by the Director of the Bureau of Standards of the
U. S. Department of Commerce. Read at the meeting of the Inter-
national Union of Scientific Radiotelegraphy at Washington, Oct.
13, 1927.
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stages of transformer coupling followed by four stages of resis-
tance -capacity coupling. With this arrangement, as long as
all the filament currents remain constant and the plate voltages
do not change the system retains its calibration with sufficient
accuracy (within 10 per cent) over periods of several months.

The last audio -frequency amplifier is coupled to a recti-
fier circuit, containing the recording galvanometer, through
an air -core audio -frequency transformer. A three -electrode
tube having the plate and grid connected is used for rectification.

Rece/mr& 0vlro tor

R - .whey..

Amp. Amp.

Fig. 1-Automatic Recorder. (Laboratory for Special Radio Transmission
Research-Bureau of Standards.)

Generally, tubes used in this manner give a slight galvanometer
deflection, when no signal is present, due to the initial velocity
of the electrons. This current, however, can be balanced out
by a reversed e.m.f. across the galvanometer if it is comparable
to the current received from signals.

Records of the variation of signals and atmospherics are
made with a Cambridge -Paul Thread Recorder.

This instrument is essentially a sensitive recording gal-
vanometer having a moving coil arranged to give a series of
instantaneous records of the galvanometer deflections. The
moving coil of the galvanometer has attached to it a pointer
which overhangs the drum carrying the paper, while between
the pointer and the drum an inked thread is stretched parallel
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to the axis of the drum at a short distance above its surface.
A presser bar is situated above the galvanometer pointer which
is normally held free of the pointer by a cam and its follower.
At regular intervals the cam makes a half revolution, first allow-
ing the presser bar to fall upon the pointer and immediately
raising it to its normal position. As the presser bar falls it de-
presses the pointer on the drum nipping the inked thread between
the pointer and the paper producing a dot on the paper, which
makes a visible record of the deflection of the galvanometer at
the moment. The drum of the recorder is arranged for two

Fig. 2.

speeds, one giving a complete revolution in twenty-four hours
and one giving a revolution every two hours for short time
records. For the present purpose the twenty-four hour revolu-
tion is used.

The clock controlling the entire system has its face plate
equipped with twelve brass segments arranged in a circle, each
segment representing five minutes. A spring on the end of the
minute -hand makes an electrical connection with each segment
as it passes over.

The cam allows the presser bar to depress once every 30
seconds, making ten dots on the paper for one five-minute seg-
ment.

For the present purpose, the first five-minute segment in the
hour is connected so that when the minute -hand contact passes
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over it, a relay closes, turning on the receiving set, tuned to the
station having the highest frequency of those to be measured.
The amplifiers, the rectifier tube, and the presser bar control
are switched on simultaneously by means of other relays.

The following segments operate the same relays as the first,
but are arranged to close other relays which connect parallel
variable capacities across the primary and secondary tuning ca -
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Fig. 3-LY, WGG and Atmospheric Disturbances, March 11-12, 1927.

pacities of the receiving set. This allows the receiver to be tuned
to other frequencies effective only for a certain clock segment.

The entire system is slightly sensitive to change of tone.
The pitch of the signals being recorded is therefore set to 1000
cycles by comparison with an electrically -driven 1000 -cycle
tuning fork. A 30 -ohm damping resistance across the galvano-
meter coil slows its period so that it is little affected by change
of speed in transmission. Absolute calibration of the receiving
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Fig. 4-WSS, WRT, WII, WSO and Atmospheric Disturbances,
July 12-13, 1927.

set is obtained from a radio -frequency oscillator feeding into the
antenna circuit, while the amplifiers and rectifier may be checked
at any time by connecting them to the output of the telephone
comparator.'

The deflection -current curve of the galvanometer is nearly
straight over the usual range of observations. As a protection

1 PROC. I.R.E., 12, p. 521, 1924.
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against heavy atmospherics the deflection is limited just below
full scale by limiting the output of the last amplifier tube.

Continuous records of several stations and atmospheric
disturbances have been made at the Laboratory for Special
Radio Transmission Research of the Bureau of Standards since
February, 1927. During the winter months when atmospheric
disturbances were low, records were made of Lafayette (LY)
and Rugby (GBR) along with Tuckerton (WGG) or Rocky
Point (WSS). During the heavy static season, measurements
were confined to four American stations, namely, two New
Brunswick stations, (WII and WRT), Rocky Point (WSS) and
Marion (WSO), reception being on the small antenna. The
large antenna, however, is used for reception of atmospheric
disturbances.

Fig. 3 shows a typical 24 -hour record of Lafayette (LY),
Tuckerton (WGG) and atmospherics at 12 kc. (25,000 m.).

In Fig. 4 are given typical 24 -hour summer curves, of WSS,
WRT, WII, WSO and atmospherics, which show in the case of
WSS and WSO an apparent interference of the reflected and
direct waves during the night.



DISCUSSION ON THE DISTORTIONLESS RECEPTION
OF A MODULATED WAVE AND ITS RELATION TO

SELECTIVITY* (F. K. Vreeland)

Lester L. Jonest : Dr. Vreeland's paper has teen very interest-
ing to us because it indicates the answer to selectivity problems
in broadcast reception. The question of what can be done with
the circuits of our old teacher, John Stone Stone, tends to be
confused nowadays.

I am one of those who believe that a great deal may be ac-
complished by proper use of the selectivity inherent in the old

r
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Fig. 1-Selection by a Tuned Circuit.

art circuits. Dr. Vreeland brings up very interesting view-
points as to the selectivity of tuned circuits. There is one point,
however, which appears to me to be somewhat misleading.

In the fifth and seventh paragraphs of the section "Limita-
tions of Selectivity by Resonance," Dr. Vreeland states, "Be-
cause of the geometric property of such circuits the ordinates
of each graph for a two -circuit system are equal to the squares
of the corresponding ordinates for a one -circuit system" and

Presented at the Annual Institute Convention, January 9, 1928. Pub-
lished in the PROCEEDINGS, 16, 255, March 1928.

t Consulting Engineer, New York City.
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referring to Figs. 1 and 3, that "These graphs are perfectly
general and independent of any particular values of inductance,
capacitance, or frequency, and they do not involve any assump-
tions as to whether the circuits are coupled by amplifying tubes
or otherwise, or as to the degree of amplification." This state-
ment raises a point which is at variance both with my own
experience with coupled circuits and with the impression to be
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Fig. 2-Case of Optimum Inductance Coupling.

gotten from recent considerations on the question of selectivity.
I think the truth is somewhere between Dr. Vreeland's state-
ment and these recent considerations.

In fact, to check up on the theory I had learned years ago
with Dr. Goldsmith, I had curves made today using coupled
circuits with tube voltmeters for measuring amplitudes and
confirmed my belief that coupled circuits of the old art are not
nearly so bad as some would have us believe.

If you take two sharply tuned circuits having resonance
curves, such as in Fig. 1, and couple them together moderately
the curve of response for the second tuned circuit is as shown
in Fig. 2. This is taken with the first circuit driven by an os-
cillator adjusted to the different frequencies shown as the ab-
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scissas. You will note that the curve of Fig. 2 is broader than
that of Fig. 1 at the top and narrower at the base. It is only
when the coupled circuits are coupled so loosely as practically
to lose the desired signal that the response curve at the peak
is of the form stated by Dr. Vreeland. But why should one
couple tuned circuits so loosely as to lose the desired signal?
At the base part the response curve for two moderately coupled
circuits is hardly different from the geometrically selective
response curve for two very loosely coupled circuits. Here,
I believe, Dr. Vreeland's statement is correct.

I do not know what constants Dr. Vreeland has for his bridg-
ing reactance X3. It appears to me, though, that his band

L2

Fig. 3.

selector could easily be redrawn as a pair of coupled circuits
as shown in Fig. 3, in which L1 and L2 are loading coils, C1
C2 tuning condensers and L3 and L4 coupling inductances. By
substituting a conductive coupling for the inductive coupling
(see dotted line) these coupled circuits have the appearance of
Dr. Vreeland's band selector.

In fact, by slighly over -coupling the tuned circuits a response
curve having incipient humps and quite square topped could be
obtained.

I am sure that if the attention of radio engineers is directed
to these desirable characteristics in the old art some very good
receiving circuits can be designed.



1___MMI IP! ,  

USE OF AN OSCILLOGRAPH FOR RECORDING
VACUUM -TUBE CHARACTERISTICS*

BY

W. A. SCHNEIDER
(Department of Physics, Washington Square College, New York University)

Summary --This paper describes the method involved and results ob-
tained in using an oscillograph for plotting photographically vacuum -tube
characteristics. The main requirement is an alternating voltage of fairly
pure wave -form with as few harmonics as possible. The "dynatron" action
of vacuum tubes is shown very clearly when large alternating e.m.f.'s are
applied to the grid. Static and dynamic characteristics can also be quite
easily recorded.

THE most common method used in the study of vacuum -
tube characteristics is to employ voltmeters and ammeters,
and, by connecting them into a suitable circuit, take

readings of both instruments, as one of the factors (e.g., E5)
is deliberately varied. After this the readings are recorded in a
table, and then transferred to a graph. In this way a picture is
obtained of what actually takes place in the tube if we did not
have to stop to take readings. The method is, however, long and
tedious, especially so if all the various types of characteristics
for the many changes which may occur in the study of the
operation of a vacuum tube have to be plotted.

The writer was interested in the study of the behavior of
vacuum tubes when large positive potentials were applied to the
grid of the tube, i.e., when the tube acts as a negative resistance.
The characteristics in this case have been studied and inter-
preted by Hull.' The use of the negative resistance action of
the vacuum tube has also enabled Barkhausen and Kurz2 to
obtain oscillations experimentally by means of a vacuum tube
of enormously high frequency (X about 10 cm.). Many papers
have been published by Gill and Morrell' to explain the produc-
tion of these very short waves.

The oscillograph was used very effectively in plotting these
curves. Since the advent of a one -element oscillograph of low
price on the market, this instrument has become more and more
a piece of general laboratory equipment. Among its many uses

* Original Manuscript Received by the Institute, February 24, 1928.
1 A. W. Hull, Phys. Rev. 7, p. 1, 1916, and PROC. I.R.E., 5, p. 5, 1918.
2 Barkhausen and Kurz, Physikaliache Zeitschrift, Jan. 1920.
3 Gill and Morrell, Phil. Mag. S 6, 49, No. 290, Feb. 1925.
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676 Schneider: Recording Vacuum -Tube Characteristics

such as tracing transient phenomena, wave shapes, current -
voltage phenomena, etc., we can now add that of tracing vacuum -
tube characteristics of almost any description. The only main
requirements are a source of alternating current-frequency
not important-of as pure a wave -form as possible. The lower
the frequency, the more the characteristic will be spread out on
the time axis. The writer after trying many different sources
found that the wave -form as supplied in New York City is nearly
enough sinusoidal so as not to affect the picture noticeably as
recorded on the photographic drum. The harmonics may show
up when large magnification is applied. If the power supply is
not of good wave -form, a contact maker on a rotating slide wire,
properly connected, will furnish the necessary variable e.m.f.,
this arrangement having the advantage that the frequency can
be changed at will.

The only other requirement is that the oscillograph element
shall have the necessary sensitivity. For most vacuum -tube
work a sensitivity of 10-4 amperes per mm. deflection on the
rotating drum is sufficient, although it is not difficult to obtain
elements of much larger sensitivity.

Although the curves shown in the diagram were taken with a
3 -element Siemens and Halske Instrument, a cheaper one -element
oscillograph will suffice for this purpose just as well.

The curves shown in Fig. 1 were taken to show the "dy-
natron" action of an ordinary UX-201A vacuum tube. The
plate voltage E, was kept at a fixed value and to the grid was
applied the alternating e.m.f. of various values (10 different
values were used from 28.2 volts for curve I to 155 volts for
curve 10) as shown in Table I.

TABLE I
Curve Max. Bp (yoke) Curve Max. Bp (volts)

1 28.2 6 98.7
2 42.3 7 112.8
3 56.4 8 126.9
4 70.5 9 141.0
5 84.6 10 155.0

The negative characteristic is very evident. The different
pictures in Fig. 1 are for various fixed values of plate voltage.
The graphs in each case must be read from the right to the left
on account of the direction of rotation of the film and it will be
further noticed that only one half is necessary to give the actual
characteristic.
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Although the shape of the curves in Fig. 1 is interesting they
can not be interpreted very easily because the units on the grid -
voltage (Er) axis are different for each curve, the maximum value
on the figure representing all the values given in Table I.

In Fig. 2 this difficulty is overcome by photographing the
various I -E, characteristics under conditions of different plate
voltages, the grid -voltage axis now being the same scale for all
the curves in the same diagram, the different diagrams being
plotted with grid values of 120, 90, 60, 30, and 20 volts respec-
tively.

Very many interesting results can be seen from these curves.
One of these is that the current through the tube under certain
conditions will be larger from plate to filament than from the
usual filament to plate. It is not the purpose of this paper, how-
ever, to go into the results found.

The next set of curves represented in Fig. 3 show the effect
of changing the filament current in a plate -current, grid -voltage
characteristic. The set of curves obtained in each picture of Fig.
3 are for a constant plate voltage. The different sets are for plate
voltages of 165, 136, 90, 60, and 45 volts respectively, the varia-
tion in grid voltage in each case being between limits of ± 70
volts. The filament current was varied from 0.45 amperes to 0.5
amperes (for a UX-171).

In Fig. 4 will be seen the effect of grid voltage on displace-
ment of the characteristic with respect to the plate -current axis.
They are all Er -I, curves, each set being for a fixed filament
current, but 5 different values of grid bias, viz. +10, 0, -10,
-20, and -30 volts. Here again most interesting results are
noticed. In all curves for a grid bias of -30 volts the character-
istic takes a sudden dip at a small positive plate potential in
such a fashion as just to give zero plate current when the variable
plate voltage is zero. All these effects fall in line exactly with
other methods and theory.

The above curves are typical of the results to be obtained by
using the oscillograph for this purpose. Many other similar uses
in connection with characteristics naturally suggest themselves,
such as transformer characteristics, etc. In Fig. 5, for example,
are curves showing the relation between static and dynamic
characteristics. They are plate -current, grid -voltage character-
istics (for constant I, and Er). The highest curve is the static
characteristic. The other five lower curves are for resistances
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680 Schneider: Recording Vacuum -Tube Characteristics

in the plate circuit of 500, 1000, 2000, 5000, and 10,000 ohms,
respectively. The slopes of these curves play important roles in
the operation of the tube in any type of vacuum -tube circuit.

Lastly in Fig. 6 is shown a calibration which is simply carried
out by passing certain known currents through the element
(in this case about 2 milliamperes) showing the uniform sensiti-
vity for all parts of the film and at the same time giving a per-
manent record of the sensitivity of the element.

When it is remembered that each of the above curves are
drawn in 1/120th of a second the advantages of such a method are
obvious.

In conclusion the writer wishes to thank Mr. Frank Wenger
for valuable aid rendered in carrying out the above tests.



BOOK REVIEWS

The Theory of Sound, BY LORD RAYLEIGH. Macmillan and
Company, London. Revised Edition, 1926, 494 pages.
15 schillings net.

BY HARVEY FLETCHERt

' "The Theory of Sound" by Lord Rayleigh has been the stand-
ard text on the subject during the last 50 years. It has been
used to good advantage by investigators interested in the trans-
mission of electrical vibrations. It is an interesting coincidence
that the first edition of this book appeared in 1877, the same year
that Alexander Graham Bell demonstrated his invention of the
telephone before the British Association for the Advancement of
Science. The previous year Lord Kelvin had seen Bell's demon-
stration at the Centennial Exposition in Philadelphia and had
made reference to it in a lecture that fall at Glasgow. It is
remarkable that a text which is still invaluable to a telephone
engineer was written before the invention of the telephone. To
one not familiar with the book, this may seem incredible.

Lord Rayleigh's treatment of the subject of vibrating systems

was so thorough that when the art of electrical transmission
of speech was developed, the equations which he had already
written down proved to be adequate for the phenomena of this
novel field provided only that the meanings of the constants were

properly altered. Nowadays the tendency is in the opposite
sense for most engineers are more familiar with electrical trans-
mission than acoustical transmission. Consequently, when a
problem involving the transmission of mechanical or acoustical
vibrations presents itself, the analogous electrical circuit is

sought so that one may better understand the process of trans-

mission.
A second edition of "The Theory of Sound" appeared in 1894.

It was greatly revised and enlarged over the first edition and
contained among other additions a new chapter on "Electrical

Vibrations." In this chapter it was shown that the equations
which were formerly developed for representing mechanical
motions could be applied directly to the new problems of electrical

transmission. In recent years an owner of the two volumes of

this edition spoke of his ownership with considerable pride as
it was very difficult to obtain copies. In 1926, however, it was re-
printed and now any one may obtain copies of this valuable work.

Bell Telephone Laboratories, Inc., New York City.
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In the introduction a general description of the phenomena
of sound is given. The material in most elementary text -books
on Physics is patterned very largely after that presented in its
pages. It includes an account of experiments on the speed of
sound in liquids and solids and a statement of the factors which
govern the physical characteristics of musical sounds; namely,
pitch, loudness, and quality. The nature of the various musical
scales is explained in the way which has since become customary.

The author then proceeds to give the simple theory of har-
monic vibrations and applied it to systems having a single degree
of freedom. In his treatment of the so-called intermittent
vibrations he laid the foundation for the theory of a modulated
carrier current wave which is now so familiar to radio engineers.
The equations developed in this connection can be applied
directly to the modern problems of modulation. In his treatment
of the asymmetrical natural vibrations of one degree of freedom,
he derives equations which are applicable to the case of an over-
loaded vacuum tube or to a rectifier.

Next comes the development of the theory of a vibrating
system having any number of degrees of freedom. The sets of
linear differential equations used for representing the behavior
of such a system are the same as those used for representing the
behavior of a connected system of electrical networks; con-
sequently, the theory expounded by Rayleigh can be transferred
readily to the analysis of the properties of electrical systems such
as wave filters, artificial lines, and other complicated networks.
The only alterations required are those to be made in the
meanings of the various constants. One is astonished to observe
how completely the theory developed in this book parallels the
more recent generalized theory of electrical networks.

The reciprocal theorem is proved for a very general case.
It is shown that it holds for impulses as well as for steady-state
frequencies. As an illustration of this theorem, the case of the
struck piano wire is cited. If the hammer strikes the wire at a
point X1 the displacement at a point X2 is the same as the
displacement would be at Xi if the stretched wire were struck at
the point X2. One familiar with electrical circuits can very readily
apply the equations to a corresponding electrical case. There is
an interesting application of this reciprocal theorem in the case
of telephone booths. If two people, one inside such a booth and
one outside of it, talk to one another with voices of equal strength,
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they hear one another equally well, provided of course there are
no other sounds present.

It is well to give a word of warning here. There are frequent
misapplications of this reciprocal theorem because the meaning
of sources of equal strength is often misunderstood. For example,
in fluids sources of equal strength are those "produced by the
periodic introduction and abstraction of equal quantities of
fluid or something whose effect is the same." This does not
necessarily mean that the same amount of sound power is
radiated from two sources of equal strength. "For instance,
a source close to the surface of a large obstacle emits twice as
much energy per second as an equal source situated in the open."

In his treatment of the transverse vibration of strings both
when free and when loaded, Rayleigh laid the foundation for
the theory of transmission of electrical vibrations on loaded and
non -loaded cables. The general equations for determining the
arbitrary constants from the initial conditions of the system,
which he developed for the acoustic case, are equally valid for
the electrical problem.

The next subject is the vibration of bars. For the longitudinal
and the torsional oscillations, Rayleigh shows that the same
equations hold as for the transverse oscillations of stretched
strings, provided that the constants which in the earlier case
stand for the tension and linear density of the string are in this
case interpreted as the elasticity and the volume -density of the
material of the bar. In the author's characteristic language:
"A bar under tension which is sufficient to double its length will
emit the same note as that due to longitudinal vibration."

The transmission of vibrations from one bar to another of
different material and size across a mechanical junction corre-
sponds quite closely to the transmission of electrical vibrations
from one circuit to another with different constants. It is strik-
ingly difficult to transmit energy of vibration from air to steel,
or vice versa, for the amount which crosses the junction is only
0.00001 of that which arrives at it. In other words, a transmission
loss (sometimes called reflection loss) at a junction between air
and steel is about 50 TU. It is shown that the free period of
torsional vibrations of bars must lie between 1.4 and 1.7 times
the longitudinal free period.

The treatment of the lateral vibration of bars leads to much
more complicated differential equations, but the subject is
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treated in a masterful fashion. He shows that the period of
vibration of a solid object of any shape whatever varies as the linear
dimension if the material and shape are kept constant. As one of the
practical applications, it is shown that the period of vibration of
a tuning fork is independent of the thickness perpendicular to the
plane of bending, inversely proportional to the thickness in the
plane of bending, and proportional to the square of the length.

The treatment of the vibration of stretched membranes leads
to a differential equation which is the same as for a stretched

Fundamental
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Fourth Overtone
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string except that an additional term is added. When the boun-
dary is rectangular, frequencies are given by the equation

n2

f= --
p a2+ b2

where T is the tension, p the superficial density, a and b the di-
mensions of the rectangular boundary, and m and n the integers.
When the boundary is rectangular the solution leads to a Fourier
series and when the boundary is circular to a series of Bessel
functions. It is interesting to note the modes of motion associated
with the harmonics of such a stretched membrane. The sketches
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in Fig. 1 indicate the forms for the first four overtones of the
square membrane.

Similarly, in Fig. 2 are shown the frequencies and modes of
vibration for a circular boundary. It is seen that most of the
periods are inharmonic so that a sound emitted from such a
membrane would not in general be musical. However, the author

I.000

2.296

3.156

1.594

2.653

3.501

3.652 4.060
Fig. 2

2.136

2.918

3.600

4.154

points out the interesting fact that the first, the second, the
fourth, and the sixth overtones form a series of musical intervals
which are approximately 4/3, 5/3, and 2, that is, notes on the
major musical scale. A circular membrane has a fundamental
frequency 4 per cent lower than that of a square membrane of
the same material, equal area, and equal tension.

In the treatment of the vibration of plates the mathematical
difficulties are still greater and only approximate solutions can be
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obtained. However, they prove to be sufficiently accurate to
check with what experimental values are available. Rayleigh
treats the case of a vibrating ring and from the results is able
to make some interesting deductions concerning the pitch of
bells.

As I said before, the last chapter of the first volume deals
with electrical oscillations; the important formulas used in
alternating -current theory are deduced, including coupled cir-
cuits and a detailed account of the induction bridge. The
author shows how a branch containing a self-inductance and a
resistance may be treated mathematically as though it were a
single resistance. In this connection it may be interesting to re-
mark that Lord Rayleigh frequently refers the reader to Heavi-
side's work for more complete solutions of the electrical problems
dealt with. It will be remembered that this second edition came
out in 1894. His frequent reference to Heaviside's work indicates
his high regard for it even at this early period. Inasmuch as
this book appeared in its second edition six years before the in-
vention of the loading coil, it is interesting to quote the following
paragraph:

For a further discussion of the various cases that may arise the
reader must be referred to the writings of Heaviside already cited.
The object is to secure, as far as may be, the propagation of waves
without alteration of type. And here it is desirable to distinguish
between simple attenuation and distortion. If, as in (16) and (18)
P is independent of p, the amplitudes of all components are reduced
in the same ratio, and thus a complex wave travels without distortion.
The cable formula (15) is an example of the opposite state of things,
where waves of high frequency are attenuated out of proportion to
waves of low frequency. It appears from Heaviside's calculations
that the distortion is lessened by even a moderate inductance.

The effectiveness of the line requires that neither the attenua-
tion nor the distortion exceed certain limits, which, however, it is
hard to lay down precisely. A considerable amount of distortion is
consistent with the intelligibility of speech, much that is imperfectly
rendered being supplied by the imagination of the hearer.

The second volume is concerned principally with a par-
ticularly detailed study of aerial vibrations. The general equa-
tions representing the motion in a disturbed liquid or gaseous
medium are first developed. These equations are then applied
to several important cases. The first is the simple case of the
vibration of air in a tube. The equation for representing such
a disturbance is the same as that obtained for the transverse
vibration of strings, or the torsional or longitudinal vibration
of solid bars. These three types of vibrators produce sounds with
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overtones harmonically related to the fundamental. For this
reason they are usually employed in making musical instruments.

Rayleigh shows that the transference of energy along a
wavetrain of plane sound waves can be described by equations
with constants formally identical with those used in circuit
theory. To take an example; there is a quantity, the product of
the density of a fluid by the speed of sound in it, which enters
the equations in precisely the same manner as electrical re-
sistance into the circuit equations, and is in fact designated as
"radiation resistance." The rate of flow of energy through a
unit area parallel to the plane of the wave -fronts is the product
of this quantity by the square of the particle -speed. Analogous
formulas for other forms of Ohm's law also hold-the velocity
of the particles corresponding to the electrical current, the
amplitude to the quantity of electricity flowing in the circuit,
and the pressure change to the electrical potential difference.
The formulas for the velocity of propagation of sound in terms
of the gas constants are developed along the usual lines; in
addition it is shown that an exact solution of the problem requires
that different frequencies be propagated at different rates.
However, the differences are very small and are usually negligible.

From his equations the author predicts that an object placed
in a fluid traversed by sound waves must experience a pressure
-in certain conditions, a torque-the amount of which can be
computed from the intensity of the sound. This was the origin
of the "Rayleigh disk" (the qualitative theory is given in. this
book, the quantitative theory being first worked out by Koenig)
which is now used in the fundamental work of calibrating instru-
ments to measure sound intensities.

In connection with the development of the theory of vibration
of air columns, he deduces from the theoretical equations the end
correction of the tube, i.e., the amount by which its length de-
parts from one -quarter or one-half of the wavelength of its
fundamental according as it is closed at both ends or only at one.
The conditions at the boundary between two media having
different constants are considered and equations deduced which
give the amount of reflection and refraction of a sound beam
striking such a boundary at any angle. As a practical appli-
cation, it is shown that regular corrugations on a reflecting plane
do not impair the reflection of sound unless their height is
comparable with the wavelength. Considering the size of the
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wavelengths of ordinary sounds, one sees that even a wall
which seems very rough to eye or hand will reflect sound like
a perfect mirror.

Next the author deduces the general equations for spherical
waves and makes some important applications, notably to the
theory of conical horns and ear trumpets; this problem involves
the reciprocal theorem which I have already mentioned. It is
shown that a listener will obtain the same loudness when holding
a conical horn to his ear as he would obtain if the horn were
inverted and its small end held at the speaker's mouth. This
conclusion, however, is correct only under certain conditions
to which .the connection between ear, horn, and mouth must
conform. He points out the definite limitations of a horn radiating
sounds having wavelengths larger than the opening of the horn.
Similarly, Rayleigh shows why it is that no appreciable shadows
are cast by solid objects in the path of sounds usually en-
countered, and also shows why concave mirrors for concentrating
sound are of no avail except when they are very large compared
to the wavelength. Concerning the acoustics of buildings, this
very significant paragraph occurs:

In connection with the acoustics of public buildings there are
many points which still remain obscure. It is important to bear in
mind that the loss of sound in a single reflection at a smooth wall is
very small, whether the wall be plane or curved. In order to prevent
reverberation it may often be necessary to introduce carpets or
hangings to absorb the sound. In some cases the presence of an audi-
ence is found sufficient to produce the desired effect. In the absence of
all deadening material the prolongation of sound may be very consid-
erable, of which perhaps the most striking example is that afforded
by the Baptistery at Pisa, where the notes of the common chord
sung consecutively may be heard ringing on together for many
seconds. According to Henry it is important to prevent the repeated
reflection of sound backwards and forwards along the length of a hall
intended for public speaking, which may be accomplished by suitably
placed oblique surfaces. In this way the number of reflections in a
given time is increased, and the undue prolongation of sound is
checked.

From the equations for the transmission of sound through
air of uneven temperature, it is clear that sound must be refracted
upward through air of which the temperature increases with
height and consequently that a speaker's voice must be heard
more clearly by a listener above than by one below him.

Rayleigh gives a thorough treatment of the behavior of air
resonators and deduces formulas which have since been checked
by experiment and have proved very useful in the design of
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resonators and other acoustic apparatus involving air chambers.
Before leaving the subject of air vibrations in tubes, he con-
siders the various methods of exciting the natural frequencies,
including the theory of the excitation of organ pipes and whistles,
reed instruments such as the clarinet and the oboe, the Rijke tube
which is excited by a hot flame, etc.

In considering the reflection of sound, some formulas are
developed which have important application in the design of
radio and telephone apparatus involving vibrating diaphragms.
Formulas for the extra mechanical impedance which the sur-
rounding air imparts to a circular diaphragm supposed for
mathematical convenience to be cut out of an infinite plane are
given in terms of functions which may be readily calculated
for any numerical case. Formulas are likewise given for the cor-
responding quantity in respect to a solid sphere oscillating in air.
When the sphere is small compared to the wavelength, the effec-
tive mass added by the air is one-half of the mass of the air dis-
placed by the sphere. The resistance due to the air is very small
and consequently very little sound energy is radiated by such a
vibrating device. For example, for a sphere one centimeter in
radius vibrating at 1000 vibrations per second, the resistance is
only approximately 1/1000 of the mass of displaced air while
the mass reactance is 500 times this value. The mechanical
impedance offered by the air to the vibration of a small circular
disk in an open space is greater than for a sphere, the mass
reactance being about 25 per cent greater than for a sphere
having the same radius.

The equations given for calculating the intensity near a
solid sphere due to a distant source may be used to good ad-
vantage in calculating the intensities near the human head, an
important use when considering the theory of binaural location
of sounds. The air reaction on other types of vibrating bodies,
including the string, is calculated. For example, it is shown that
the air reaction on the vibrating string is so small that the
energy directly radiated is less than 1/40,000 of that radiated
when it is attached to a sounding board. Similarly, wires or
small objects of any shape offer little obstruction to the passage
of sound waves.

When the viscosity of the air is taken into account the equa-
tions indicate that the decline in amplitude of advancing sound
waves is very small. It is fastest for the high frequencies. For
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example, a sound having a wavelength of one centimeter loses
two thirds of its initial amplitude in travelling through 88 meters,
while a sound of 10 centimeters advances through 8800 meters
before suffering an equal reduction. In this treatment important
formulas are developed which give the velocity and the attenua-
tion of a sound wave travelling in a tube. These equations have
since been shown by direct experimental tests to be valid over
wide ranges of frequencies and sizes of tubes. For example, a
tube 1.4 inches in diameter has an attenuation of 0.15 TU per
foot for a sound of 1000 cycles. In other words, such a sound
would be reduced to about 3 per cent of its original intensity in
travelling a length of 100 feet of tube. The attenuation for
other frequencies is proportional to the square root of the
frequency.

The author next develops, in the familiar way, the equations
for water waves of two distinct types (gravity waves and capil-
larity waves). He then discusses at great length the behavior of
jets of water under various conditions. One of his interesting
conclusions is that a jet having a circular cross-section is the
only one which will maintain its form. If a jet issues from an ori-
fice with a non -circular cross-section, its form as it proceeds
through the air will vary cyclically about the circular form.
Jets of air are also considered and it is shown how to construct
a flame which is very sensitive to high-pitched sounds. It is
interesting to note that such a sensitive flame is affected most
at those points of a standing wave where the ear indicates there
are silences. In other words, the ear indicates a maximum
loudness of sound at those places where the pressure changes
are greatest, whereas the sensitive flame becomes disturbed
most at those places where the pressure changes are zero and
the velocity of the air particles is at a maximum.

The last chapter is concerned with a description of the facts
and theories of audition. Although this portion of the work has
lost much of its value owing to the quantity of data subsequently
assembled, it shows how competently the author judged the
significance of such data as were available when he wrote.
He also stresses strongly the need of more accurate experimental
data.

As would be expected, he gives a clear presentation of the
correct theory of hearing as well as the correct theory of the
formation of the vowel sounds. This statement probably would
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be disputed by some investigators now working in this field,
but I think only by those who do not have a clear notion of the
dynamics involved. The additional experimental facts have
made it necessary to modify somewhat the views which he has
expressed. However, the clear-cut fashion in which he expounds
both of these theories is quite in contrast to the confused think-
ing of many who have written on this subject since his time.
Papers are still appearing which show that the authors do not
grasp the important points so ably discussed by Lord Rayleigh.
For example, he expounds the Helmholtz resonance theory
of hearing with the understanding that the pitch is determined
from the position of the maximum response, realizing full well
that a considerable portion of the end organ must be stimulated
by every tone. He also gives an explanation of the production
of the summation and difference tones which is undoubtedly
correct; namely, that they are due to the non-linear response
of the hearing mechanism of the middle ear.

After his clear explanation of the relationship between the
two rival theories of vowel production, namely, that championed
by Willis and sometimes called the inharmonic theory, and that

and Helmholtz and sometimes
called the harmonic theory, it is hard to see why there has been
such a discussion of the relative merits of these two theories
since his book was published. He plainly indicates that these two
theories are only different ways of looking at the same phenom-
ena and each is convenient and useful according to the purposes
of the problems at hand.

It is frequently stated that when a treatise on a scientific
subject has become 10 or 15 years old, it is ready for the cellar
or the garret, its obsolescence being due to the rapid advances
which science is making. This book on "The Theory of Sound"
is certainly an exception. It is now more than 50 years old and
it will continue to be used for a good many years to come as one
of the principal sources of information concerning the theo-
retical aspects of the production and transmission of sounds
and will contribute largely to all fields of work where vibrations
are concerned.

Cunningham Tube Data Book. E. T. CUNNINGHAM, INC., New
York City. 84 pages, 9 x 12. Price $2.50.
This book presents in compact form much necessary informa-

tion on current types of radio tubes used in receivers and socket
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power devices. There are brief pointed chapters on radio tube
operation and performance with some special reference to the
thoriated filament. But the principal value of the book is the
detailed description of each of eighteen types of Cunningham
radio tubes and the curves and data showing average character-
istics of each of these tubes. With the multiplicity of tube types
on the market at present, and as other manufacturers make
similar lines, this book is a valuable aid in the selection and opera-
tion of a tube for best performance, and in the design of equip-
ment to use with the tube.

S. S. KIRBY
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are those which have been supplied by the Jewell Electrical

Instrument Company.
The development of each new tube has required a new tube

tester. Every new requirement has been met by Jewell.
With the introduction of the new D.C. tubes requiring high

voltages and new A.C. tubes comes the need for a new tube
tester. This has been met with the new Jewell Pattern 145 tube
tester.

Pattern 145 tube tester contains multiple scale instruments
with ranges high enough to include tests on power tubes of the
210 type and alternating current tubes such as the UY-126 and
UY-127, and also tubes having filament terminals at the top.
Two sockets are provided in the panel so that four and five prong
tubes may be tested without the use of adapters. The instruments
may also be used separately for general test purposes by connect-
ing to binding posts on the panel.

Full information and prices of this instrument are given in a
special circular No. 1147. Write for a copy.

"28 Years Making Good Instruments"

Jewell Electrical Instrument Co.
1650 Walnut St., CHICAGO

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Improved Method of Condenser
Impregnation Developed

by Polymet
Radio Industry Hails Improved Manufacturing
Process of Important Unit for Sets and Eliminators

Special to Manufacturers

NEW YORK-The Polymet Manufacturing Corp. is
using a new and exclusive method of impregnation in
the manufacture of Polymet Condensers. Competi-
tive field tests demonstrate the following advantages-
longer life through sustained insulation resistance,
greater load carrying capacity, thus better service.

The condenser block being the heart of the "B"
power supply, electric set and power unit manufactur-
ers are showing great interest in this new Polymet
Condenser. They see in this improvement a way to
speed up their production, reduce manufacturing costs
and cut service and inspection expenses.

Voltage tests and life tests prove that Polymet
Condensers stand up and that the eliminators and re-
ceivers in which they are used "stay -put." For these
reasons Polymet Condensers are being adopted as
standard equipment by many of the foremost power
unit and receiving set manufacturers.
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POLYMET MANUFACTURING
CORPORATION

591 Broadway. New York City
POLYMET PRODUCTS

Filter Condensers-Block Condensers-B kelite
Moulded Condensers-Resistors-Grid Leaks-

Phone Plugs-Rheostats, Etc.
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Convenient
and Reliable!

The convenience of variable resistance has never been ques-
tioned. It provides exact, not approximate, resistance. But
reliability-well, that is another matter. Many variable re-
sistances are noisy, short-lived, troublesome, tricky and not
dependable.

But with the

DUPLEX
cLAROSTAT

Reg. U. S.
Pat. Off.

you secure positive reliability,
together with the convenience
of resistance adjustable to
specific requirements. Silent.
Holds adjustment. Fool-
proof. Handles current
safely within rated wattage.
Has longer life than most
components with which it may be assembled. Service troubles are
reduced to absolute minimum when you specify CLAROSTAT.

Write for technical data on CLAROSTATS.
Also, do not hesitate to place your problems

before us. Are you receiving our
technical bulletins?

Typical of the versatility of the
CLAROSTAT line. Two variable
resistors in one, with universal re-
sistance range and center tap, screw-
driver adjustment. Wide range of
applications in receiver, power unit,
amplifier, A -C tube, line balancing,
and so on.

American Mechanical Laboratories, Inc.
R ,I1,1 A Specialists in Variable Resistors

285-7 N. Sixth St. :-: Brooklyn, N. Y.

cLAROSW
When writing to advertisers menticn of the Proceedings will be mutually helpful.
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Nothing Else But
Condensers

Millions of Them
WE make one thing and one

thing only-wax impreg-
nated paper condensers in die -
press steel jackets, in medium and
large capacities. We make no set
hardware, no eliminators, no
transformers, no parts, no sets.
Our entire concentrated effort is on
one product alone. Such specialization
assures highest quality, economical pro-
duction and real service.

Millions of Fast Condensers are in
daily use in radio sets made by the
leading set manufacturers. Fast con-
densers are renowned for their high in-
sulation resistance and excellent and
dependable electrical characteristics.

Manufacturers looking for a depend-
able source of supply will find here one
of the largest organizations of its kind
in the world.

April 19, 1928.
JOHN E. FAST & CO.
Gentlemen:

In May 1927 we started using your con-
denser banks in our Basco B eliminator
power unit and in our Basco Combination
A & B Power Unit.

We now have something better than
15,000 of these Basco Units in operation,
and although we offer in our guarantee to
replace any condenser bank that fails, we
have not had such requests from either
our dealers or users, and as far as we
know we have never had an occasion to
replace any of these condenser banks.

This performance is so exceptional that
we are voluntarily passing the information
on to you, and you are at perfect liberty
to use this information as you desire, and
we trust that the records of our very
remarkable experience with your product
will be of substantial help to you.

Very truly yours,
BRIGGS & STRATTON CORP.

Send us your specifications.

6
Established 1919

3982 Barry Avenue, Dept. I.R.E., Chicago, U.S.A.

When writing to advertisers mention of the PRUCELDINGS will be mutually helpful.
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LEUTZ
Universal Transoceanic

0

THE following partial list of TRANSOCEANIC owners
speaks for itself :

Mrs. Herbert Pulitzer
Mr. Percy Woodward, President, Waldorf

System
Mr. J. S. Coffin, President, Lima Locomo-

tive Co.
Mr. Robert B. Gable, President, Wm. F.

Gable Co.
Mr. George S. Pomery, President, Pome-

Toys Inc.
Mr. Joseph B. Sessions, President, Ses-

sions Foundry Co.
Yacht "Happy Days"
U. S. S. Brooks, Officers Wardroom
U. S. S. Dobbins, Officers Wardroom
U. S. S. Utah, Officers Wardroom
U. S. S. Bridge, Officers Wardroom
U. S. S. Vega, Officers Wardroom
U. S. S. Arkansas, Officers Wardroom
U. S. S. King, Officers Wardroom
Mr. Gil Anderson, Stutz Co.

Ignacio G. Javellana, P.I.
Mr. P. Van Leyden, Amsterdam
Mr. Joao Tenuto S. Paulo
Mr. M. Suarez Gonzalez, Villahermosa,

Mex.
Mr. James L. Breese, Southampton, L.I.
Mr. D. T. Hinchen, Sydney
Mr. Henry A. Hogg Dunedin, N. Z.
Electrical Testing Laboratories, New York

Ci
Mr. IIoracio Carmonia Vial, Tacna, Chile.
Mr. Thorne Donnelley, Chicago
Continental Photo Stores, Bombay
Grace Line Inc., New York City
Okura & Co., New York and Tokio
American Transformer Co., Newark
Consul Gunther Eisemann, Berlin
U. S. Veterans Hospital, fipple, Arizona
Capt. M. S. Goldsborough, U. S. N.,

retired.

THE UNIVERSAL TRANSOCEANIC is a powerful nine tube receiver designed
for the advanced broadcast listener and experimenter. The normal wave-
length range is 200 to 56o meters which can be extended down to 35
meters and up to 3600 meters by adding extra interchangeable tuned
transformers.
Each Transoceanic is made to special order. The most advanced Trans-
oceanic uses four 222 Screened Grid Tubes in the radio amplifier, 200A
detector and a four stage audio amplifier. Two of the four stages are
power amplifiers in a push pull system using either 2-210 or 2-250 power
tubes. Power units are available to supply 450 volts of B current and
the necessary C and A currents, giving complete electric operation.

Write for Latest Literature Today

C. R. LEUTZ, Inc.
195 Park Avenue, NEW YORK CITY
Cables "EXPERINFO" New York

When writing to advertisers mention of the PROCEEMNGS will he mutually helpful.
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Permanent
Insulating Qualities

UNAFFECTED by smoke, salt fogs
and fumes, constant in their elec-

trical and physical characteristics,
*PYREX Radio Insulators give perma-
nent insulation for all radio work.

They represent the true fusion of materials
resulting in a homogeneous, non -porous
insulator, uniform throughout its struc-
ture-high in dielectric strength-low in
power loss.

Dust and dirt cannot accumulate on
their original diamond -hard and super-
smooth surface. There is no "glaze" to
check or craze.

Made in several styles and in various
sizes: antenna, lead-in, stand-off, bus -
bar, inductance shapes, bushings, rods
and cylinders.

A treatise on the unique chemical, physical and
electrical properties of the special glasses from
which these high-test insulators are made will
be sent on request. Write for "PYREX In-
dustrial Glass Products."

CORNING GLASS WORKS
Industrial and Laboratory Division

DEPT. R-2

CORNING, NEW YORK
*Trade -mark Reg. U. S. Pat. Off.

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Wanted ,..

A Chief Radio Engineer for a
Leading Radio Manufacturer

c}1.large outstanding manufacturer
in the radio industry is looking

for the right man to fill the position of
Chief Radio Engineer.

The man we are after does not read the
want ads-that's why this ad is not in the
classified section. He is not looking for
a job because he has one-and behind it
there is a record of high achievement.
Perhaps he is now Chief Radio Engineer
for some other manufacturer-or he may
be Assistant Chief Engineer-capable of
filling a higher position.
He is thoroughly seasoned, and has out-
standing executive ability.

He not only is familiar with every phase
of radio utility design and construction-
but he is appreciative of the market re-
quirements in the radio industry.
The man we are after is prompt in deci-
sion and action. He will get in touch
with us immediately.

All applications will be confidentially
treated, and must give detailed outline
of training and experience, age, reference,
and salary expectations.
All members of our Engineering Depart-
ment know of this advertisement.

Address replies to Box 802, I.R.E.

lichen writing to adveraters mention of the PROCEEDINGS will be mutually helpful.
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VARIABLE CONDENSERS
for

TRANSMISSION
CAT. No. 149

Super -Construction

Heavy Brass Plates . . . Substantial Cast Aluminum
End Plates . . . Steel Shaft Projecting Through Both
Ends . . . Cone Bearings with Locking Device
Highly Polished Rubber Insulating Blocks.

The following table gives data on stock condensers:
Max. Plate Overall

Type Breakdown Number of Cap. Spacing Depth Wt.
No. Voltage Plates Mmfd. Inches Inches Lbs. Price
K 3.000 19 200 .250 6.750 4.0 $17.50
L 3,000 33 350 .250 9.100 8.0 21.00
M 3.000 59 650 .250 13.620 12.5 29.00
N 5.000 11 60 .500 6.750 3.5 17.25
0 5.000 19 100 .500 9.100 7.0 20.00
P 5.000 33 180 .500 13.620 10.5 28.00
R 10.000 7 25 1.000 6.750 3.0 17.00
S 10,000 11 45 1.000 9.100 6.0 19.00
T 19.000 19 80 1.000 13.620 9.5 27.00

Write for Bulletin 39

MANUFACTURES A COMPLETE LINE OF
R E L APPARATUS FOR SHORT WAVE TRANS-

MISSION AND RECEPTION.
sor

RADIO ENGINEERING LABORATORIES
100 Wilbur Ave. Long Island City, N.Y., U.S.A.

When writing to advertisers mention of the PROCELDI NGS will be mutually helpful.
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For More Accurate and Efficient Voltage Control

-ALM

-r Vt- y,..C) L. 7'

THIS superior resistance is a
triumph of engineering inge-
nuity! Its unique construction

permits the use of a much larger
resistance wire and keeps the unit
cool on the air cooled engine prin-
ciple. This gives Truvolt a far
greater current -carrying capacity.
Resistance wire, providing an un-
usually low positive temperature
coefficient is used in Truvolt with
consequent permanent accuracy.
Also the ingenious method of

ferA
17:(

Arp

ELECTRAD
TRUVOLT

(Trade Ma:k)

All Wire Resistances
winding a large quantity of this
wire of comparatively low resis-
tance into a small space assures a
much finer regulation of voltage.
Twenty-two stock types of Tru-
volts with resistances up to 50,000
ohms. All rated at 25 watts.

Also a Full Line of Fixed Wire
Resistances

Our Engineering Department will
gladly submit data in connection
with any resistance problem.

Electrad Specializes in a Complete Line of Resistances for Radio and
Electrical Purposes. Write for complimentary copy of the

Electrad Control Manual
Dept. 266

175 Varick Street, New York

ELECT A\
When writing to advertisers mention of the PROCEED! NGS will be mutually helpful.
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Announcement
HE ISOLANTITE COMPANY OF AMER-
ICA announces the production of a complete
line of extruded forms of ISOLANTITE for

use in the construction of resistance units of high and
low energy dissipation, and for other manufacturing
purposes requiring such forms. This special program is
conceived in the interest of manufacturers who desire
an expeditious service on a more fully completed line
of quality ceramic products for these purposes.

Now you may have these scientifically processed, non-
porous, accurately fabricated tubes and rods in a
variety of sizes to meet the various requirements of
grid leak as well as power resistance manufacture.

Special fluted tubes, forms for air spaced windings, in-
ternal channeling in a broad range of cross sectional
patterns-all this is simply and economically accom-
plished by the ISOLANTITE extrusion process.
We shall be glad to quote on ISOLANTITE parts pro-
duced to your specifications.

May we send you samples?

6

Isolantite Companyof America
( hworporated)

New York Sales Office:
551 Fifth Avenue, NEW YORK

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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RANSFODMERS
Power Packs

Chokes
Special Electrical Units
designed and built to meet your re-
quirements. Highest standard,
giving perfect performance. Will
improve your results.

Send us your blue prints and speci-
fications or consult our experienced
Engineering Department.

Our clientele now includes many
leading manufacturers of the coun-
try. We invite your inquiries.

Member R. M. A.

Established in 1917
The Acme Electric and Manufacturing

Company
1653 Rockwell Avenue Cleveland, Ohio

Also Manufacturers of famous Acme
Radio Power Units, known from

coast to coast.

When writing to advertisers mention of the PROCEEDINGS will be mutually helPful.
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The New HAMMARLUND
Equalizing Condenser

(Markedly Improved)

ASMALL INSTRUMENT of great importance in manufac-
turing efficiency and economy-for neutralizing,

balancing or compensating inequalities of capacity in radio
circuits. Has an exceptionally wide adjusting range; 3
mmfds to 4o mmfds. Compact and rugged. May be
attached directly to socket or condenser. Mica dielectric
and adjustable phosphor -bronze spring plate firmly riveted
to Bakelite base. Cannot slip or short.

Let us quote on your requirements.

HAMMARLUND MANUFACTURING COMPANY
424-438 West 33rd Street, New York

More than a
score of radio
designers official-
ly specify Ham-
marlund Preci-
sion Products
for their newest
circuits.

ri IL, 70k. sate, Radio,

,trammarlund
PRECIS/ON

PRODUCTS

Trade inquiries
invited concern-
ing several new
a n d appealing
liammarlund de-
velopments, hav-
ing a wide sales
demand.

When writing to advertisers mention of the PROCEEDINGS will he mutually heit7u/.
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Four Advanced Developments
1. SHIELDING. Shielding r. f. coils
is accepted as improving the modern
receiving set. Three additional lead-
ing manufacturers have recently

tested overall
"gain" in their re-
ceivers using alu-
minum cans on the
r. 1. coils. Both as
a shield and in its
effect on the coil
characteristics alu-
minum was found
to be eminently
satisfactory.

Aluminum possesses advantages
of lightness, workability and per-
manent, pleasing appearance that
are offered by no substitute metal.
It does not require lacquer or other
treatment.

Aluminum r. f.
Coil Shield

In diameters up to 2.75 inches
our extrusion process of making
deep cylindrical Aluminum cans is
decidedly economical. In drawn
Aluminum shells intermediate an-
nealing is eliminated.

2. CONDENSER BLADES. Alu-
minum condenser blade sheet is now
available with tolerance of foot,
and with total variation within one
sheet limited to .000s inch. This
company produces finished blades
of gauge tolerance and flatness
hitherto unattainable.

3. SOLDERING TO FIXED
CONDENSERS. The Research
Bureau of the Aluminum Company
of America has developed a satis-
factory method of soldering termi-
nals to aluminum foil fixed con-
densers.

4. CASINGS.
Aluminum casings
for audio transfor-
mers and similar
apparatus possess
unique electrical
advantages, light-
ness and excellent
appearance. Paint
or lacquer is unnecessary.

Aluminum Trans-
former Casing

Radio Engineers are invited to send for data on all sub-
jects involving the use of Aluminum in radio design.

ALUMINUM COMPANY OF AMERICA

ALUMINUM IN EVERY *c1; COMMERCIAL FORM
ALUMINUM

Pittsburgh, Pa.2470 Oliver Bldg.

ALUMINUM
`Me mark of Qualitq in Radio

When writing to advertisers ',fertile's of the PROCEEDINGS will be mutually helpful.
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Condensers
that

Last Longer
and

Serve Better
CONDENSERS made by Automatic Electric Inc. con.

tinue to serve faithfully long after other makes break
down or "go dead". To those familiar with the history
of this company and its contributions to telephone engi-
neering and development, this fact will not be surprising.

Condensers made to meet the requirments of large tele-
phone companies must "stand up" under years of constant
service. There can be no guess work as to design or con-
struction and no compromise with quality.

For near:y forty years, Automatic Electric Inc. has been
meeting these rigid specifications. Now, through the en-
largement of its condenser manufacturing facilities, filter
and by-pass condensers of the same high quality are avail-
able to the radio trade and to the radio manufacturers and
jobbers. They may be had in a variety of capacities and
styles or made to meet particular specifications.

cAddress all communications to

jk.G.BURT, JR.
1033 WEST VAN BUREN ST.

CHICAGO, U. S. A.

REPRESENTING

/ [il [if I Automc.7itici.EO.luetAr.ic Inc. [111 ill Ili %

4-1-r

,1=r

ar

"-=
0-4=1

a-(=
STROWGEFOUTOMATIC

CONDENSERS
MADE BY
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R A D I O PARTS

XCESSIVE overhead due to constant changes and
improvements in the radio has- spelled the doom of
many a promising concern. Why not reduce this item
to a normal size by using Scovill as one of your

production units? Given a sample, blueprint, or even an idea,
Scovill will assume production responsibilities for large quan-
tities of radio parts such as condensers, screw machine parts,
switches, etc. Then you can increase or decrease production
at will. Scovill-made products can be depended on for con-
sistent quality and exactness of detail. Every step in the
manufacturing process is supervised by trained men.

Scovill means SERVICE to all who require parts or finished
products of metal. Great factories equipped with the last word
in laboratories, and modern machinery manned by skilled work-
men, are at your disposal. Phone the nearest Scovill office.

MANUFACTURING COMPANY
7 L,-7

Waterbury, Connecticut
NEW YORK - CHICAGO - BOSTON - SAN FRANCISCO
DETROIT - PHILADELPHIA  Los ANGELIS - ATLANTA

PROVIDENCE  CLEVELAND - CINCINNATI

Member, Copper and Brass Research Association

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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01/CERT
SPEAKER

eAn entirely NEW

type of

FARRAND SPEAKER

FARRAND
MFG. CO.,` Inc.
Long Island City
New York

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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New Temple Air -Chrome
Speakers for Manufacturers

PATS. Pl. P.

Note the simple and sturdy ap-
pearance of the Temple A s r -
Chrome. Temple Air -Chrome
Speakers are licensed under the

Whitmore inventions.

The rear view of model F, the
oblong model, showing the unit

installation.

GE MANI

LARGE SAMI

&WM IRANI
SMALL SAW

Cross section showing principle
employed.

THE Temple Air -Chrome represents one of
the most startling speaker developments
that the industry has ever seen. It couples

Temple engineering and experience in speaker
manufacturing with one of the most advanced
principles ever developed in sound reproduction
and at the same time carries with it mare of
the essentials demanded by manufacturers than
any speaker developed up to this time.
The Temple Air -Chrome is of the open radia-
tor type. Its diaphragm is so arranged that the
larger front half is tuned to the lower fre-
quencies and the smaller, or back half, to the
higher frequencies. This type of constriction
makes possible the balanced tension principle
whereby the slightest impulse is carried from
the driving unit to the diaphragm without any
loss. Lightness is combined with rigidity,
climatic changes have no influence in that no
paper is used, and the mechanical construction
and design eliminates the inherent difficulties
ordinarily met with in open radiator types.

Three Standard Sizes
Model F-18" x 23" Model J-24" x 24"

Model K-14" x 14"
All Light in Weight

As can be seen from the illustration, Temple
Air -Chrome speakers are plain but business -like
in appearance. The square or rectangular
frames not only offer maximum protection for
the entire unit, but makes possible an ease of
installation which manufacturers will appreciate.
The three standard sizes lend themselves to a
multitude of cabinets or console designs. The
weight factor being negligible makes for a re-
duction in handling and shipping expense and
increases the safety factor while in transit.

Special Temple Double Action
Unit Employed

The inherent factors of the Temple Air -Chrome,
plus the performance of a specially developed
powerful Temple Double Action Unit, accounts
for its handling capacity-for its enormous
volume-its brilliancy-its full response to all
audible frequencies. That's why the Temple
Air -Chrome will not chatter-why it is suited
particularly to every kind of power output.

May we send you further particulars. Also write
us for complete information on Temple Ex
ponential Air Columns and Temple Double Ac-
tion Units made particularly for manufacturers.

TEMPLE, Inc.
Air -Chrome Division

1935 S. Western Ave. Chicago, Illinois

VAMA6A4444M LEADERS IN DESIGN

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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FIRST CHOICE
of the Keenest Minds in Radio

FIRST (III)I( L- betAtise 1)urliam was the first and °rig-
inal -metallized filament" resistor-because years of

heavy product not and the en MIA., act. of leading, radio manu-
facturers have )risen LA 1/1. to Fixture a pellect product.

1)urbain Resistors and Pow MAIM, are the tOaders in their
field because thtir uniform. unfailing accuracy and absolute
reliability base lwan pulsed litre and nine spin.

phis is ss by they are the first (twite of foremost engi-
neers, leading filanuraeturk n, piideselinial set builders and
infutnied ['Ads, Lint MIO 6.11.111.1nd yualir results

Liles Dpirh.uu Rut,l rs .H1.1 0t1[11.tin lit

Rad:. .

R E S IS TOR S Ff POWEROHMS
11111NAIIL/ \ Al IL1,1,11N11 t tl.. 11,1.5 I
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These New GI CONDENSERS
Will Speed Up Your Production!

Type .

41
" \

)11
. -

F4-
A...,

-.° e
.---- e

c,,, e Note
Bath -tub

- Construction

UR six years' knowledge and experience as condenser
specialists designed and built these new GI Con-Odensers.

The bath -tub construction of the type 41
double and triple condensers greatly simplifies their as-
sembly. This feature will speed up your production. The
new GI Condensers are more accurate because: first, they
are more rigidly built; second, plate spacings are wider;
third, plates are made of a special process material that is
more efficient. It will pay you to consider the new GI
Condensers for your new receivers. Their prices are sur-
prisingly low.

GI Single
-..

Condenser -c....

What a sturdy little con-
denser the new GI single
type is! And it is as

No
1111%Igt,

pendable as it looks! No __.
finer condenser is built.
There are both single and ' -
double hole mountings. Can _.-----') V.k,

,,be easily mounted on front
1

r

or sub -panel. May be had
in any capacity.

'N

Write TODAY for Further Details and Prices

GENERAL INSTRUMENT CORP.
"Condenser Headquarters"

225 Varick St. :: New York City

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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HAVE YOU THESE?
Here are two Institute supplies every

member should own.

Pins and
Watch Charms

Both are of 14K gold, enameled in white, maroon, blue, or gold
for the appropriate grade of membership. The pin is supplied with
a safety catch and is finished on one side.

The watch charm is fitted with a suspension ring, and is hand-
somely finished on both sides.

PIN
Price $3.00, any grade

WATCH CHARM
Price $5.00, any grade

Proceedings
Binders

The binder pictured above will hold over twelve individual issues
of the PROCEEDINGS. It serves as a temporary transfer binder or
as a permanent cover for a year's supply of PROCEEDINGS. It is
made of handsome Spanish Grain Fabrikoid in blue and gold. It
is so constructed that no matter where the pages are opened they
will lay flat. Strap binders hold each copy firmly in place.

Price $1.50 each or $2.00 with your name or
volume stamped in gold.

Jos

To obtain Binders, Pins, or Watch Charms address the
Institute office and enclose cash or check with order.

When writing to advertisers mention of the PROCEFDINGS will be mutually helpful.
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A Smooth Positive Volume Control
For Circuits Using "AC" Tubes

THE delicate balance of "AC" circuits require a different
method of volume control than that commonly used with

battery sets.

Centralab Radiohms RX-ioo or RX-o25 have been developed
especially for smooth volume control with "AC" tubes. They
have the same appearance as standard Radiohms, but the taper
of resistance is entirely special.

The RX-ioo Radiohm in the secondary of an R. F. stage will
control oscillation as well as volume. The RX-o25 across an
R. F. primary provides volume control and does not detune.
The same unit has the proper resistance for antenna circuit
control, but no antenna circuit resistance will prove as uni-
formly satisfactory as when used across one of the R. F. stages.

A Centralab PR-o5o Power Rheostat in series with the "AC"
transformer will provide accurate voltage control and lengthen
the life of the tubes. Centralab wire wound Potentiometers and
Fixed Resistors will prove trouble free in the power circuits.

Write for full information about these high quality controls.
The new "AC" information sheet is

now ready for you.

CENTRAL RADIO LABORATORIES
Keefe Avenue, Milwaukee, Wisconsin

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in Radio and Allied Engineering Fields

The J. G. White
Engineering Corporation

Engineers-Constructors
Builders of New York Radio

Central
Industrial, Steam Power, and Gas
Plants, Steam, and Electric Rail.

roads, Transmission Systems.
43 Exchange Place New York

Q R V
RADIO SERVICE, Inc.

JOHN S. DUNHAM
J. F. B. MEACHAM

Devoted to Servicing Broadcast
Receivers Exclusively

1400 BROADWAY, NEW YORK

WISCONSIN 9780

Need Trained Radio Men?
Our Employment Department can sup-
ply thoroughly trained, experienced
Radio Mechanics, Salesmen, Assemblers,
Repairmen, Operators, etc.
No charge to employer or employee. If
you need expert Radio help, let us
recommend some one from our list.
Bulletin of available men sent upon
request.

National Radio Institute
Dept. I.R.E., Washington, D. C.

BRUNSON S. McCUTCHEN

Consulting Radio Engineer
17 State Street

NEW YORK

Electrical Testing
Laboratories

RADIO DEPARTMENT
also

Electrical, Photometric,
Chemical and Mechanical

Laboratories
80th Street and East End Ave.

NEW YORK, N. Y.

J. E. JENKINS and S. E. ADAIR
Engineers

Broadcasting Equipment
General Radio Telephone

Engineering

1500 N. DEARBORN PARKWAY
CHICAGO, ILLINOIS

ARCTURUS
A -C TUBES
Detector-Amplifier-

Hi-Mu Power

A -C Adaptorless Cable
For Batteryless Radio

John Minton I. G. Maloff

JOHN MINTON, Ph.D.
Consulting Engineer

for
Developing - Designing -

Manufacturing
of

Radio Receivers, Amplifiers, Transform-
ers, Rectifiers, Sound Recording and

Reproducing Apparatus.
Radio and Electro-Acoustical

Laboratory
8 Church St. White Plains, N. Y.
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Variation of Resistance
with Impressed Voltage
All Units Rated -2 Megohms

Volts Across Unit
40 B0 120 160

Use Fixed Resistors
That Stay "Fixed"

The above curves show the compara-
tive stability of Bradleyunit-B resistance
under various voltages as compared
with the resistances of two other well-
known makes of units.

With a voltage variation from 0 to 200
volts, the Bradleyunit-B resistance
varied about 3 5%. The first competi-
tive unit varied 7%, and the second
competitive unit varied over 21% with
only 140 volts across the unit.

Hence, radio manufacturers using Brad-
leyunit-B do not need to use special
test conditions in checking the resistors
used in their equipment.

Allen-Bradley Co., 282 Green

Bradleyunit B
for Radio Manufacturers

These remarkable solid -
molded resistors are practically
unaffected by moisture. They
do not depend upon a glass
enclosure for protection.

Can be furnished with c r with-
out leads for soldering. Made
in values from 500 ohms to 10
megohms.

Tapped resistors also offered
to meet your specifications.
Write today.

field Ave.,Milwaukee,Wis.

Resistors
{{'Len writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Standard fully mounted
3:r A.F. amplifying trans-
former with flat curve
from too to 50oo cycles
priced 25 per cent below

the market.

Typical distributing amplifier with light
socket power supply which, fed by any
radio receiver output, will deliver over
forty watts of undistorted power to eighty
loud speakers (at 50o milliwatts per speak-
er). Flat characteristic from 5o to 5000
cycles and uniform volume whether one or
eighty speakers are in use at one time.

Better
and Cheaperc-.9

Parts for the Manufacturers
DOES your engineering department know

that to your production can be brought
the same high quality of audio amplifying

and power supply equipment that has made
Silver -Marshall, Inc., the leading parts manu-
facturer in the ultra -critical fan field? Do *our
engineers know that you can get this high
quality for less than you are now paying? Don't
spend time in wondering how this can be done
but let S -M submit samples and quote prices
for your 1928 requirements. You will be sur-
prised at the improvement on the one hand and
the saving on the other that S -M can bring
to you.

No matter what your requirements in power
equipment and amplification, S -M makes a
standard, stock item for your needs-or can at
a moment's notice. From a small amplifying
transformer with a flat curve from below 100
to above 5000 cycles priced 25 per cent below

the manufacturers' market, to a
complete ABC power unit for
any receiver priced from 25 to 30
per cent lower than competition,
and up to complete power ampli-
fier installations like the one il-
lustrated below, S -M apparatus
will save you money and bring
consumer approval. Whether
your requirements are large or
small, for a hundred transform-
ers or a complete socket power
amplifier for coverage of a thou-
sand rooms or twenty-five thou-
sand people by voice, radio or
phonograph records-S-M can
help you to do it better and
cheaper.

Js Jon

Silver -Marshall, Inc.
846 West Jackson Blvd.

Chicago, U.S.A.
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Deadly as a
Serpent's

Fangs!

Play Safe With

PARVOLTS!
VOLTAGE Surges in electric -

powered radio strike at filter con-
densers with the lightning speed and
deadly power of a venomous snake.

Imperfect condensers, improperly
rated condensers, non-
uniform condensers-all
break down sooner or
later under the destruc-
tive action of voltage
overloads. Blown con-
densers usually mean
blown tubes, burned out
transformers and chokes
and even the destruc-
tion of speaker units.

Why take chances
with ordinary conden-
sers when ACME PAR -
VOLTS give you positive
protection?

These condensers are
made only from highest

grade insulation papers and special
foils. Every detail of manufacture is
under the constant supervision of ex-
perts who have devoted many years
to the manufacture of condensers for

heavy and continuous

ACME PARVOLT FILTER
CONDENSERS

aro supplied in all standard
mfd. capacities for 200, 400.
600. 1000. and 1500 Volt
D.C. requirements. Uniform
height and width for easy
stacking. Supplied singly or
in complete housed blocks for
the important power supply
units such as Thordarson.
Samson and others.
ACME PARVOLT BY-PASS

CONDENSERS
are supplied in all standard
mfd. capacities and for all

required voltages.

industrial duty.
Every PARVOLT is

tested to R.M.A. and
N.E.M.A. standards and
can be relied upon. for
accuracy and COI!.ITINU-
OUS DUTY. Sold by
leading jobbers and

= dealers.
Made by THE ACME

WIRE Co., New Haven,
Conn., manufacturers of
magnet and enameled
wire, varnished insula-
tions, coil windings, in-
sulated tubing and
radio cables.

ACME PARVOLT CONDENSERS
Made by the Manufacturers of

ACME CELATSITE HOOK-UP WIRE
ENAMELED CELATSITE ACME

AERIAL WIRE FLEXIBLE and SOLID SPAGHETTI

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Newsof the completion
of the grin Canal on
October 26, 11126. was

Ens4dn,rac.nrosstheos.ctazi

at intervals neck being

tired toneoon herdwas
The news thus traveled
from Buffalo to the
Battery in Now York
City In the arimcing
time of one hour.

Among true enthusiasts, probably
no feat of present-day radio engineenng
has aroused greater interest than the
Grebe Synchrophase A-CSi x. Probeoly
none has been awaited with greater
expectancy-not from Buffalo to the
Battery, but from Coast to Coast.

For those who appreciate real
radio enjoyment- the utmost in
tonal beauty, range and selec-
tivity-have long since come to
a realization that the nineteen -
year -old Grebe method of slow,
painstaking production has in
each step of radio (development
resulted in perfection.

The Grebe Synchrophase A -C Six is
no exception to the rule. With distinct-
ive Grebe innovations it proves that
there is as wide a difference between
Alternating Current (All -Electric)
sets as betwzen those using batteries.

Grebe Synchrophase Seven.
$145; Grebe Synchrophase F.ve.
$105; Grebe Natural Speaker,
$35; Grebe No. 1750 Speaker.
$17.50.

Hew the Grebe Synchrophase
A -C Six today, or send for Book-
let I, which fully explains this
new receiver.

441syr,71R0!.tiAs

a -c. six
I1D2 (0)

A. H. Grebe el Co., Inc., 109 W. 57th St., New York City
Factory: Richmond Hill. N. Y. Western Branch: 443 So. San Pedro St.. Los Angeles

Makers of quality snouts since 1909
When writing to advertisers mention of. the PROCEEDINGS will be mutually helots!.



Vacuum Tube Bridge

Type 361-B Vacuum Tube Bridge

The type 361 Vacuum Tube Bridge provides circuits for
the quick and accurate determination of vacuum tube
characteristics. The bridge reads the dynamic character-
istics directly (amplification factor, plate resistance, and
mutual inductance) no computation being required.

The new type 361-B bridge is designed to accommodate the
new alternating current tubes as well as the direct current
types.

Type 361-B Vacuum Tube Bridge. Price, $220.00.

Described in Bulletin 4201.

GENERAL RADIO COMPANY
Manufacturers of Electrical and

Radio Laboratory Apparatus
30 STATE STREET CAMBRIDGE, MASS.

GEORGE NAN, l'ONAPANY. MENASHA. WISCONSIN


