


CONTENTS

Officers and Board of Direction, 1929
Past Officers of the Institute

Past Managers of the Institute
Institute Committees for 1929
Instituté Representatives in Other Technical Bodies- :
- General Information - - - -
History of the Institute - - ~ - -

Institute Awards

Membership, Admissions, Eligibility, etc.

Institute Badges

Certificates of Membership - -

Meetings

Forming a Section of the Institute
American Standards Association - -
Repqrt of Board of Direction for 1928
Comparative Balance Sheet -

Constitution of the Institute -

Amendments to the Constitution

~ By-Laws Governing Settions - - =

Report of Standardization Committee for 1928
1ndex to Report '

Directory of Membership, Aiphabetically Listed -
Directory of Membership, Geogfaphically Listed-
Iritlex to Proceedings, 1927-1928 - = - -

3




OFFICERS AND BOARD OF DIRECTION, 1029

(Terms expire January 1, 1930, except as otherwise noted) -

President A
A. Hoyr Tavior

Vice-President
ALEXANDER MEISSNER

Treasurer

Secretary Editor
MELVILLE EasTHAM ;

Jonx M. CLayToN Wanter G. Capy

Managers
L. M. HuL.
R. H. Marrior?

R. A. Hemsing

L. E. WHITTEM :
J. V. L. HogaN one

J. H. DELLINGER
’ (Serving until Jan, 1, 1931)
-R. H. ‘I\IANSON ARTHUR BATCHELLER
(Serving until Jan,"1, 1031) (Serving until Jan. 1, 1932)
C. M. Jansky, Jr. ’
(Serving until Jan, 1, 1932)

Junior Past Presidents
Ranrn Bown
ALFRED N, GoLpsmiTH

Board of Editors, 1929

Wavrer G. Capy, Chasrman
STUART BALLANTINE G W PICKARD
RavLrn BatcreER E. WHITTEMORE
CaRL DRrener W. Wmsou

PAST OFFICERS OF THE INSTITUTE .

PRESIDENTS

R. H. MARRIOTT............. ceerena1012
G. W. PICKARD.
L. W. AUSTIN. ..

" JOHN STONE STONE

A. E. KENNELLY..

M. 1. PUPIN....

G. W. PIERCE.
J.V.L.HOGAN..........veuee veeens

E. F, W. ALEXANDERSON

FULTON CUTTING

IRVING LANGMUIR

J. H, MORECROFT.

J. H. DELLINGER

DONALD M¢NICOL

RALPH BOWN....oovvmiivnneiiaennes
ALFRED N. GOLDS\I]T][

VICE‘PRESIDENTS

R. H. MARRIOTT..

JOHN STONE STONE

G. W. PIERCE

J. V. L. HOGAN

E. F. W. ALEXANDERSON
FULTON CUTTING.

E. L. CHAFFEE.....
J. H. MORECROFT
J. H. DELLINGER
DONALD MeNICOL
RALPH BOWN
FRANK CONRAD

. SECRETARIES

E. J. SIMON..ooovrivnens .. 1013-1014
D. SARNOFF.............. eeaes L 1015-1017

ALFRED N. GOLDSMITIL,....... 1918-1927
JOHN M. CLAYTON...........cvvveen 1028

ASSISTANT SECRETARIES

THOMAS T. TRAPNELL...............1014
R H. LANGLEY......oovvrirenennnnns 1914

JOHN M. CLAYTON..
C. L. PORTER.........c.oc.ve-

TREASURERS -

J. H. HAMMOND, JR...covvvvnnnonen 1014
W, F. HUBLEY........... e 1915-1016

MELVILLE EASTHAM.

L. R. KRUMM........ Seeieeeseaenees
W. F. HUBLEY 1918-1927
.o 1927-1028 ;

EDITOR o
ALFRED N. GOLDSMITH........1913-1928
ASSOCIATE EDITORS

Q. H. CLARK. ...evenreinneniensen 1014

GEORGE R. METCALFE.........1026-1027

MANAGERS

E. F. W, ALEXANDERSON, 1917-18

E. H. ARMSTRONG, 1016-17-18~19; 1621
L. W. AUSTIN, 1916-16-17

ARTHUR BATCHELLER, 1028
EDWARD M. BENNETT, 1023-24-25
W, H. G. BULLARD, 1916; 1921

‘'W. G. CADY, 1028

E. H. COLPITTS, 1021-22-23
GEORGE 8. DAVIS, 1015; 1917-18-19

" J. H, DELLINGER, 1928
* MELVILLE EASTHAM, 1922-23-24-25—20-27

LLOYD ESPENSCHIED, 1013; 10156-16-17-
18-19-20-21-22-23-24-25-20

L. F. FULLER, 1928

A. H. GREBE, 1024-25-20-28

LOUI8 A. HAZELTINE, 1023-24-25~20-27

R. A. HEISING, 1927-28

GUY HILL, 1914-15~10; 1018-19-20

J. V. L. HOGAN, 1913-14-15; 1821-22-23-24~
25-20-27-28

L. R. KRUMM, 1921

GEORGE H, LEWIS, 1818-10; 1926

" DONALD MeNICOL, 1010-20-21-22-23-24

R. H. MANSON, 1927-28

R. H. MARRIOTT, 1014-15-16; 1020-21-22;
1920-27-28

J. H, MORECROFT, 1922

H. W, NICHOLS, 1924-25

M. 1. PUPIN, 1918-18

A. E. REOCH, 1025-26-27

D. SARNOFF, 1918-19-20

E. J, BIMON, 1915,

G. 0. SQUIER, 1018-19-20-21-22

JOHN STONE STONE, 1916-17-18-10

R. A. WEAGANT, 1014-15-16-17

L. E. WHITTEMORE, 1926-27




COMMITTEES OF THE INSTITUTE OF RADIO ENGINEERS, 1929

Committce on Meetings and Papers

: 0. B. Haxson H. M. TurNER
%Iféo‘xrvAXUDLZn' Chairman L. C. F. HorLE Paurn T. WEEKS
W. R. G. Bager J. W. HorToN JuLius WEINBERGER
ST.UART BALLANTINE . M. HuLL HaroLp A. WHEELER
R. R. BaTcrER . M, KinrNER L. P. WHEELER
M. C. BarseL S. 8. Kinsy W. C. Wnite
Zen Bouck . H. L. E. WHITTEMORE
Ravrru Bown . . - W. WiLson

R. M. Wisg "’
%\II% %ﬂ:?m _ . L. Irving WoLFF

L. M. CLEMENT .
All chairmen of Meet-

gu’{t‘ B;%KHEEY;!. ings and Papers Com-
B. E. SHACKELFORD mittees of Institute sec-

%D?\?n g]f:lll’:u N. H. SuAvgnTER tions, ez officio.

Committee on Admissions
R. A. HeisiNg, Chairman F. H, Krocer J. S.‘ Swairn ]
An{nmn BATCHELLER é G, LEIl-i § A. . Van Dyex
] EORGE LEW . .
g II" Il'l)tfv:rl:nns ALEXANDER MEessNner  All chairmen of Insti-
C. M. Jansky, Jr. E. R. Suvure tute sections, ex officio.

Committee on Awards

iLE E i . W. AusTIN Ratre Bown
IﬂELVI‘uLB Easrhay, Cha"{'{r‘fn(},lé A A Torn oy

Committee on Broadeasting

L. M. HuLt, Chairman
J. V. L. Hogan C. W. Honn
E, L. NeLson " R. H. Marziorr

ArTaur BaTcHELLER
CARL DREHER
Pavr A. Greene

Committee on Constitution and Laws

H. M Chairman  W. G, H. Fincu G, W. Pickarp
II%.AEPH B':)]:;lrlfo"’ e H. E, HaLLBoRG HanoLp ZeaMans
E. N. Curtis J. V. L. HogaNn

Committee on Membership

1. 8. CoGaEsuaLL, Chairman
F. R. Bunick R. 8. Knusg A. F. Murray
W. W. Brown PenpLeroN E, LEupe M., E. PAckMAN
H. B, Coxneap H. P, Maxin J. E. Smith
H. C. GawLER S. R. MonToaLy Jomv_ C. StroEeBEL, JR.
All secretaries of Institute sections, ex officio. .

Committee on Nominations

MeLviLLE Eastiay, Avrrep N. Goupsmirn R. H. Mansox
Chairman Do~aLp McNicow G. W. Pickarp

. Committee on Publicity
W. G. H. Fincn, Chairman - Frep EuLert J. F. J. Mangr
H. W. Bavkar A, H. HarLoran A. H, Monrse
Zeu Bouck it H. I}EXNL }I.é}.tljlzo;:NN
.E.B LOYD JACQUET . G.
6 E. DoNias Arrnur H. Lynen WiLris K, WiNg

ORRIN E. DunLap

6

Committee on Institute Sections

E. R. Suure, Chairman L. A. Brigas A, F. Munray
AvusTIN BalLey F. E, ELprEDGE B, E. SHACKELFORD
M. Bergern D, H. Gage

All chairmen of Institute sections, ez officio.

Committee on Standardization

J. H. DELLINGER, Chairman GENERAL FERRIE Gino MONTEFINALE
. C. BaTseL Avrrep N. GoupsaiTi E. L. NELsSoN
. R. BLar 0. B. Haxson L. G. PaceENT
J. V. L. Hogcan HARADEN PraTT
W. E. HorLraxp H. B. Ricumonp
. A. M, Craven C. B. JoLLirrE C. E. RicrArD
. McL. Davis R. S. Knuse A. T, Rose
. T. Dickey GEORGE LEws H. M. Tur~ER
/. DREYER R. H. Manson K. B. WarNER
. P. Epwarps ALEXANDER MEssyer C. E. Wirriaxms
. W. Epwarps C. B. Mirick Hipersvau Yaar

TEE 0L

g
-—

€nO

INSTITUTE REPRESENTATIVES IN OTHE
TECHNICAL BODIES A

Council of the American Association for the Advance-
ment of Science. ... J. H. DELLINGER

Radio Advisory Committee, Bureau of Standards,
Department of Commerce.....................0......... L. M. Hpm.

AMERICAN STANDARDS ABS0OCIATION

J. H. MoRrECROFT

. M, HuLL

. J. V. L. Hogan
Technical Committees—

Transmitting and Receiving Sets and Installations. . -MrLviLLE EAsTHAM
Component Parts and Wiring. . .... e i W. P. Powgrs
Vacuum Tubes 1. J. KeLLy, Jn.
Electro-Acoustic Devices,..,.,,.. ... "/~ A. E. KENNELLY
Power Supply and Outside Plant R. H. Horning

Sectional Committee on Electric Wiring and Apparatus
in Relation to Fire Hazard (National {Clectric
0de)eun.n i e iereeanens DoxaLp McNicon
Sectionpl Committee on Electrical Installations on
Shlpbonrd.................................; ......... J. V. L. HogaNn
Sectional Commitice on Scientific Symbols and Ab-
breviations. ........ e i e A. E. KeNNELLY

{ A. E. KenNELLY

Sectional Committee on Radio

Sub-Committee on Electrical Abbreviations—Including { L. E. WiitTEMORE

(Alternate)
Sectional Committee on Standards for Drawings and -
Drafting Room Practices. ......... e iieneaa. L. E. WuirteMone




GENERAL INFORMATION

Institute History

Prior to the formation of the Institute of Radio Engineers, two
other organized groups of radio enthusiasts held meetings in New
York and Boston. These were the Wireless Institute and the Society
of Wireless Telegraph Engincers.

On May 13, 1912, these two organizations were merged, taking
the new name of the Institute of Radio Engincers. Headquarters
were established in New York.

The Society of Wireless Telegraph Engineers had a membership
of eleven on January 1, 1907, and forty-threc on January 1, 1912,
The Wireless Institute had fourteen members on J anuary 1, 1909, and
twcr}ty-scven members on January 1, 1912, The Institute of Radio
Engincers, at the time of its foundation, had less than fifty paid-up
members,

l.’rominent in the early work of the Society of Wircless Telegraph
'Engme?rs were John Stone Stone, Lee DcForest, and Fritz Lowenstein.
Those identified with the initial work of the Wireless Institute in-
cluded: John S, Murphy, R. A. Somerville, Joseph D. Fountain,
R. B, Rqspress, R. A, Cleva, John Gregg, E. Barnwell, Philip Farns-
worth, Sidney L, Williams, R. H. Marriott, G. W. Pickard, Harry
Shgen}akcr, and Eugene Thurston. The consolidation of these two
societies and the initial work of organizing the Institute of Radio

Engir}(:crs were done by J, V., L. Hogan, A. N, Goldsmith, and R. H.
Marriott. .

Aims of the Institute

Che Institute of Radio Engincers functions solely to advance the

art and science of radio communication. It numbers among its
members nearly all of the men who have been prominent in the
dev.clopmcnt of radio in the United States, as well as many noted radio
eng:ncers and scientists in other countries,

lrhc mcmbcrship'of the Institute consists of those persons who are
qua.hf.icd for any of its several grades of membership, cither through
thex.r mter_cst in radio communication, or by practice of some phase of
radio engincering as a profession, The cligibility of an applicant to
membership in any grade is finally determined by the Board of Diree-

i itute, i i
tion of. the Instltut.e, In most cases on the recommendation of the
Committee on Admissions,
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Through the presentation and publication of original papers, by

. affording its members the opportunity of meeting to discuss radio

problems, by awards of honors and prizes, and in other ways, the

- Institute fosters and encourages the development of this important

means of communication, and particularly aids in the exchange of
radio information of a technical and engineering nature.

Publications
The papers presented at the meetings of the Sections and of the

* Institutc in New York, together with the discussions and other papers

e L .
d R ey e b & g e i o e e P LA oo S : . -
" s T b e Bt v b st it S e,

© submitted by Institute members, are printed in the Procirpines of

the Institute of Radio Engincers, published monthly. The Prockkp-
INGs thus constitutes a continually growing store of information on
all phases of radio engineering. Since the first issue in 1913, 549
papers have been printed. The Procerpinas is sent free to all In-
stitute members of all grades. The subseription price to non-members
is $10.00 per year.

One of the most active Committees of the Institute in the past
has been the Commitice on Standardization. Standardization Reports
giving definitions of terms and standard graphieal symbols used in
radic communication were issued in 1913, 1915, 1922, and 1926.
The Standardization Report for 1928 appears in another portion of
this Year Book. These Standardization Reports have become an
important reference authority on terminology and symbols in radio
practice.

This Year Book is the sixth one the Institute has published; the
first appearing in 1914, the second in 1916, the third in 1926, the
fourth in 1927, and the fifth in 1928,

Institute Awards for Meritorious Achievement in Radio

The Institute each year makes two awards to radio investigators in
recognition of noteworthy inventions or other developments in radio
technique.

One award, the Institute Medal of Honor, is a gold medal suitably
engraved. The Medal of Honor is awarded to that person who has
made public the greatest advance in the science or art of radio com-
munication, regardless of the time of performance or publication of the
work on which the award is based.

"The advance may be an unpatented or patented invention which
has been completely and adequately deseribed in a scientific or engi-
neering publication of recognized standing, and must be in actual
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operation. Preference will be given to widely used and widely useful
inventions. . ‘

The advance may also be a scientific analysis or explanation <?f
hitherto unexplained phenomena of distinct in}portax.lce to the radio
art, though the application thereof need nof, be immediate. ?ref.erenfze
will be given analyses directly applicable in the art. Publication, in
this case also, must be in full and approved form. .

The advance may further be a new system ‘of traffic regu.lutxon or
control; a new system of administration of radio companies or of
service of steamship, railroad, or other companies; a leglslatwfz pro-
gram beneficial to the radio art, or any portiop of the E)pcra.tmg or
regulating features of the art. It must be publicly described in cle:}r
and approved form and must, in general, be actpally adopted in
practice. .

This medal has been awarded to the following:

E. H. Armstrong John Stone Stone
E. F. W. Alexanderson.....1919 M. L. Pupin

G. Marconi G. W. Pickard

R. A. Féssenden L. W. Austin

Lee De Forest Jonathan Zenneck

The other award is known as the Morris Licbmann Memorial Prize.
This award was made possible through the generosity of Emil J. Simon,
o Fellow of the Institute. It is given to perpetuate the memory of the
late Colonel Morris N. Licbmann, The award consists of the sum of
five hundred dollars which is the annual income deriyed from the
principal of the gift of ten thousand dollars.

The award is made by a special committee, appointed annually
by the Board of Direction, to that member of the Institute who, in the
opinion of this committee, shall have made the most important
contribution to the radio art during the preceding calendar year,

The Morris Liecbmann Memorial Prize has been awarded to the
following:

L. F. Fuller

R. A. Weagant
R. A. Heising
C. S. Franklin A. Hoyt Taylor
H. H. Beverage Walter G. Cady

All members of the Institute are eligible as candidates for .these
highly valued prizes. Each year’s developments are carefully reviewed

J. R. Carson
Frank Conrad
Ralph Bown

and examined by the Committees appointed, and by the Board of Di-.

GENERAL INFORMATION 11

rection, the awards being made by vote of the Board in the case
of the Institute Medal of Honor, and by vote of the committee ap-
pointed by the Board in the case of the Liebmann Memorial Prize.

The names of the engincers who have already been granted awards
clearly show that the younger men as well as the pioncers, and the
design, development and factory engincers as well as research engi-
neers, have been given due recognition in the making of awards.

Grades of and Qualifications for Membership

The several grades of membership in the Institute of Radio Engi-
ncers as well as the qualifications required for each, dues, fees, ete.,
are tabulated on page 12. Full details will be found in the Constitution
under Articles IT and II1. All the benefits of membership are available
at once to all new members of any grade, except that Juniors are not
eligible to vote. Membership means, also, that one is enrolled with
others having a similar interest in radio, and that one is on record
as being among those who arc interested and active in the develop-
ment of this new and useful branch of the electrical engineering indus-
try. '

The grades of Fellow and Member require a much higher degree
of technical training and experience than the grade of Associate. In
order to maintain a high standard of membership, the Board of
Dircction in cach case very carefully scrutinizes the applications for
Fellow and Member grades.

Before applying for membership in any grade the applicant should
carefully read the Constitution of the Institute to ascertain for which
of the several grades he is eligible. An extract from the Constitution -
dealing with admissions, eligibility, fees, ete., is printed on the back
of the application form obtainable from Institute Headquarters.

When filling in the application form, the applicant should submit
the names of those persons who have knowledge of his professional
experience, rather than those who have a high professional standing,
but eannot vouch for him. The personal signatures of references are
not required.

Institute Badges

The authorized Institute badge is of 14-karat gold, finished in
enamel and gold lettering. The Fellow’s badge is of blue lettering on a
gold background, Member’s badge of gold lettering on a blue back-
ground, Associate’s badge of gold lettering on a maroon background,
and Junior's badge of gold lettering on a white background. The
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badge is made in three different forms: a screw-back lapel button,
a lapel pin, and watch charm, The lapel button is approximately
one-half the size of the emblem shown here, and sells for $2.75 (any
grade). The lapel pin and watch charm are approximately of the size
of the illustration. The charm is finished on both sides and is provided
with a ring for suspending the charm from a watch chain or fob. The
lapel pin is priced at $3.00 (any grade) and the watch charm is supplied
at $5.00 (any grade). Any of these may be ordered through the office
of the Secretary.

Members of the Institute of Radio Engineers are authorized to
indicate their grade of membership in the Institute only in the follow-
ing manner:

Annual
Dues

Transfer
Fee to
Next Grade

Fellow I. R. E.
Member I. R. E.
Associate 1. R, B,

Certificates of Membership

Upon application to the Secretary’s office membership cards are
sent to all members each year, and diplomas are supplied to Members
and Fellows. The membership cards are signed by the Secretary
and the diplomas are signed by the President and the Secretary.

Entrance
Fee

References
Required
Five Fellows
Five Fellows or
Members
tFive Fellows,
Members or

Associates
tFive Fellows,
Members or

Associates

Meetings .

New York meetings of the Institute of Radio Engincers are held on
the first Wednesday of each month (except luring July and August)
at the Engineering Societics Building, 33 West 39th Street, New York
City. On these occasions engineering papers-are presented. These
papers describe recent developments in radio, and are the subject of
general discussion on the part of those in attendance.

or

in
es associates or friends are given. These should preferably be persons engaged

Person Who is

Interested
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Years Active in
Radio Engineering

Sections

The following Sections of the Institute, which in most cases meet
once a month, have been organized in_localities where there is a
sufficient number of Institute members:

AtraNTA—Walter Van Nostrand, Chairman, George Llewellyn,
Secretary, P. O. Box 1593, Atlanta, Ga.

BostroN—George W. Pierce, Chairman, Melville Eastham, Secre-
tary, 30 State St., Cambridge, Mass. ,

BurraLo-N1agara—L. C. F. Horle, Chairman, P. S. March,
Secretary, 428 Richmond Ave., Buffalo, N. Y.

‘Cuicaco—H. E. Kranz, Chairman, John H. Miller, Sccretary,
Jewell Electrical Instrument Co., 1650 Walnut St., Chicago, 111,

Connected with the

Radio Arts.
A Person Interested

in the study of

A

mum
Age
6 *x

Mini-

Member
Associate. .. ..

flicient, usually, if the names of five busine

*The maximum age of a Junior member is 20 years. Upon attaining the age of 21, the Junior member is transferred to the
in engineering or scientific work.

grade of Associate. . L . ‘ .
In the case of the Junior or Associate applicant who is unable to supply the names of five members of the required grade,

.. 1
it is su
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CLEV:ELAND—Brucc W. David, Chairman, D. Schregardus, Secre-
tary, Ohio Bell Tel. Co., 750 Huron Road, Cleveland, Ohio.

CoxNEcTICUT VALLEY—Q, A, Brackett, Chairman, F. C. Beekley,
Secretary, 96 South Main St., W, Hartford, Conn. :

DerroiT—A. B. Buchanan, Chairman, W. R. Hoffman, Secretary,
615 W. Lafayette Blvd., Detroit, Michigan.

Los ANGELEs—T. F. Mec Donough, Chairman, W. W, Lindsay, Jr.,
Secretary, 1348 Club View Drive, Los Angeles, Calif.

NEw OrrLEANs—Pendleton E. Lehde, Chairman, Anton A. Schiele,
Secretary, 1812 Masonic Temple, New Orleans, La.

PmuapELenia—J. C. Van Horn, Chairman, John C. Mevius,
Secretary, 5135 N. Fairhill St., Philadelphia, Pa.

PirrsBuren—L. A, Terven, Chairman, T. D. Cunningham,
Secretary, 513 Holmes Street, Wilkinsburg, Penna.

Rocnester—A. B. Chamberlain Chairman, Arthur L, §
. -L. Sch
Secretary, 3 Kodak Park, Rochester, i\* Y. , o

‘ SAN FraNcisco—Donald K. Lippincott, Chairman, Paul Fenner,
Se‘cretg’ry, Custom House, San Francisco, Calif,

SEATTLE—Austin V Eastman, Chairman, Abner R. Wi
. . Willson
Secretary, 8055-14th Ave. N. E., Seattle, Washi;Jgton. ,

ToronTo—A. M. Patience, Chairman, C. C Meredi
-G th, Secret.
110 Church St., Toronto, Onta,rio, Cunada’. lith, Secretary,

WasniNeToN—T., P, Guthrie Chairman, T. McL. Davi
' . R ris S
4302 Brandywine St., Washingto’n, D.C. , IS, Secretary,

Procedure to be Followed in Forming a Section

In forming a Section of the Institute, the following i
procedure: ! owing 18 the approved

a. Carefully read the “By-Laws Governing Sections”
page 40 of this book. § Sections” found on

b. Make a tentative canvass of the members residing within
the territorial limits of the proposed Section. If at least twenty-
five (pf'efembly thirty-five) Associates, Members, or Fellows favor
and will support a Section, if established, obtain from Institute
Headquarters a petition form, In making this tentative canvass
ef?'o.rt should be made to obtajn applications from desirable and

 eligible non-members. Wherever there are less than twenty-five

members of the Institute but it ig felt that applications can be

obtained from the Necessary number of eligible non-members, this
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tentative canvass may be made and the membership applications
forwarded to the Institute’s Offices. In making this tentative
canvass consideration should be.given to the probable permanent
Chairman and other officers of the Section, if formed. Much of
the success of a Section depends on the calibre of the Chairman and
the interest taken by him in the affairs of the Section. Institute
Headquarters, therefore, would like information as to the probable
candidates at the time the request is made for the petition forms.

¢. On receipt of the petition forms and list of members residing
within the territorial limits, an organization meeting should be
called for the purpose of obtaining signatures to the petition, and
to form a temporary organization.

d. The petition form, properly signed by the required number
of members and accompanied by the minutes of the temporary
organization meeting, should then be forwarded to the Inmstitute
Headquarters for presentation to the Board of Direction.

e. Upon receipt of the approval of the Board of Direction of
the Institute, a meeting should be called for the purpose of forming
the permanent organization. At this meeting the officers of the
Section should be elected and the several standing Committees
organized. :

f. Thereafter not less than five meetings shall be held annually.

g. A full report of each meeting mus* be made to the Head-
quarters of the Institute on the form supplied by the Institute.

American Standards Association

The American Standards Association serves as a national clearing
house for engineering and industrial standardization and acts as the
official channel of cooperation in international standardization. It
conducts its work through the activity of Scetional Committees, the
responsibility for each of the several hundred standardization projects
being in the hands of one or more cooperating agencies known as
“sponsors.”

The Institute of Radio Engineers and the American Institute of
Electrical Engineers are joint sponsors for the Sectional Commitiee
on Radio. The Institute of Radio Engineers is also cooperating in the
formulation of standards on five other subjects, its representatives on
all of these Sectional Committees being given on page 7.

The Sectional Committee on Radio is composed of representatives
from nineteen cooperating organizations. The Exccutive Committee
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of the Sectional Committee on Radio consists of the following officers
and Chairmen of Technical Committees:

AvrreD N. GorpsMmiTh, Chairman

C. H. Suarp, Vice-Chairman

L. E. WHITTEMORE, Acling Secretary

* Chairmen of Technical Committees:

Transmiting and Receiving Sets
and Installations

A. F. Van Dyck

L. G. PacenTt

C. B. JoLLIFFE
Lroyp EspeENscHIED
L. W. Cuugs

REPORT OF THE BOARD OF DIRECTION
INSTITUTE OF RADIO ENGINEERS
+ 1928

To T™HE MEMBERS OF THE INSTITUTE:

The following constitutes a brief summary of the principal activi-
ties of the Institute during the year.

General. Progress in all Institute activities during the year 1928
has been very gratifying. The steady and healthy growth of the
Institute’s membership has been maintained without intensive mem-
bership campaigns. Meetings have been held regularly throughout the
year with better attendance and more interesting types of technical
programs. The annual three-day Convention in New York City was
attended by over seven hundred members. Two new Institute Sec-
tions were organized. Tours to Sections by prominent engineers were
arranged. Additional financial assistance was given each Section.
The editorial pages of the Prockepines were increased by some
sixty-eight per cent, at the same time, it is felt, maintaining the aim
of the Institute to publish only the best in radio engineering. A number
of new departments in the Proceepings were introduced. A pre-
liminary standardization report was issued. A number of new com-
mittees were formed and adopted policies covering procedure and
courses of action. On several occasions the Board of Direction of the
Institute was consulted by the Federal Radio Commission for as-
sistance in its technical problems. The headquarters office of the
Institute was removed to more spacious and fitting quarters. The
office staff was increased to take care of the additional duties involved -
in the operation of the Institute. '

Directors’ Meetings. The Board of Direction held ten regular meet-
ings in New York City, The dverage attendance was cight, with an
average of four hours’ time devoted to each meeting. The Board con-
sidered and acted upon all of the major problems which are involved
in the management and operation of the Institute. The business tran-
sacted at these meetings hasbeen duly recorded in thé minutes thereof.
Matters of general information to the Institute membership have
been published, from time to time, in the Institute Notes section of
the ProceepiNGs. During April an invitation from the Federal
Radio Commission to send representatives to an informal conference

_ to consider technical problems arising in connection with the allo-
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cation of broadeast channels to zones and States was received by the
Institute. A speeial meeting of the Board of Direction was called to
formulate suggestions and to appoint a committee of the Board to
attend the conference. The allocation plan put into effect by the
Coxfnnis§ion on November 11, 1928 is closcly related, in its main
engineering aspects, to that recommended by the Board of Direction,
I?uring November a speeial meeting of the Board was called to con-
sider the proposed revised draft of the Institute’s Constitution pre-
pared by the Committee on Constitution and Laws.

Address of President before Manufacturers’ Association. On
June 7th President Goldsmith presented an address, “Cooperation
bf:t\veen the Institute of Radio Engincers and Manufacturers’ Asso-
ciations,” before the annual convention of the Radio Division of the
National Electrical Manufacturers’ Association at Chicago. This
address was published in the August 1928 issue of the ProcrEDINGS,

Annual Convention. The Third Annual Convention was held in
Ne“t Yot:k City’ on January 9th to 11th, with headquarters in the
Engincering Socicties Building. Douglas Rigney served as chairman
of the Convention Committce, Following the Installation of 1928
ofﬁcgrs the 1927 Morris Licbmann Memorial Prize was presented.
During the Convention {en {echnical papers were read. Three hundred
a_nd fif t,): members visited eight radio organizations on trips of inspec-
tion. The second conference of Seetion representatives was held
attcnde(.l by delegates from twelve Sections. On the last evening of thé
convention a banquet at the Hotel Roosevelt, in which four hundred
and ﬁft;y members and guests took part, brought the convention to a
close. The registration for the convention was almost one hundred
per cent greater than that of the previous year.

. New Yorl'{ Meetings. Ten regular technical meetings were held in
New York City in the Engincering Socictics Building. On the occasion
of the prescxltat!on of the 1928 Institute Medal of Honor the Institute
was fortunate in having Professor Jonathan Zenneck of Munich,
ge‘rmuny present to receive the award and to address the Institute on

The Importance of Radio Telegraphy in Seience.” The average
attendance gb New York meetings during the year was over three
hundred. The available meeting room was always over-crowded;

howe
Ver, arrangements have been completed to secure a room of ade-
quate size in the future,

- Hzadquarters.. Ear.ly in the year the headquarters office was re-
oved to the Engincering Societies Building in which are located the
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headquarters of a large number of the national engineering societies.
Increased office space of approximately fifty per cent was secured to
provide satisfactory facilitics for the increased office staff. A members’
conference room was made available for letter-writing, members’
informal meetings, and committee and Board meetings. Three
additional members to the office staff were secured. The duties inci-
dental to the publication of the ProcrepiNas, handling of general
and Section correspondence, and general office operation have necessi-
tated the addition of nine employees to the office force during the past
two years. Much new office furniture and equipment has been pur-
chased.

COMMITTEES

The major activities of the Institute proper are sponsored by and
accomplished through the voluntary work of the many Institute
committees. Without the continued assistance of its committees
none of the functions of the Institute could be carried out. During
1928 all Institute committees have been engaged steadily in their
work. Committee membership is rightly considered a direct contri-
bution to the radio art.

Meetings and Papers. While it was thought that the Committee on
Meetings and Papers, J. H. Dellinger, Chairman, would carry on its
duties mainly through correspondence and the work of its individual
members, four meetings of the Committee were held during the year.
The Committee established policies and proeedures for the review and
handling of papers for the ProcEEDINGS which were subsequently form-
ally approved by the Board of Direction. The Committee inaugurated -
the Publication of a page in the ProceEpinNgs “Suggestions to Contri-
butors,” designed to assist contributors in following an approved style
in the preparation of papers submitted for publication. During the
year the Committec reviewed one hundred and eleven papers, approv-
ing ninety-nine of these for publication after many had been revised
by the authors. The Committee made all tentative plans for the
technical sessions of the forthcoming annual convention to be held in
Washington, D. C. on May 13-15, 1929. In addition to these dutics the
Committee was responsible for the arrangment of all New York meet-
ing programs, .

Board of Editors. In November it became evident that it would be
necessary to establish a Board of Editors to assist in the greatly
increased technical editorial duties required in the publication of the
Proceepings. Such a Board was appointed with membership as fol-
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lows: Alfred N. Goldsmith, Chairman, Stuart Ballantine, Ralph
Batcher, W. G. Cady, Carl Dreher, and Greenleaf W. Pickard. All
extensive technical editing is being carried on by this Board.

Committee on Broadcasting. To assist the Federal Radio Commis-
sion and the general public in the multiplicity of technical problems
confronting the whole art, a Committee on Broadeasting was created
in November. Its membership is: Lewis M. Hull, Chairman, Arthur
Batcheller, Carl Dreher, Paul A. Greene, C. W. Horn, R. H, Marriott,
and E. L. Nelson. The Committee is active in the solution of various
technical problems brought to its attention, both through correspon-
dence and holding of meetings at frequent intervals.

Committee on Awards. A standing Committee on Awards was
appointed in June to make recommendations to the Board of Direction
a8 to candidates for the Institute Medal of Honor and the Morris
Licbmann Memorial Prize. J. V. L. Hogan is Chairman of this
committee. The Committee recommended candidates for the 1928
Liebmann Prize, and early in 1929 will recommend the names of the

recipients of the 1929 Institute Medal of Honor and the Lichmann
Prize.

Committee on Admissions. The Committee on Admissions of which
R. A. Heising is Chairman held eleven meetings during the year,
considered and referred to the Board of Direction for final action
applications from two hundred and forty-seven persons for direct
election or transfer to the higher grades of membership in the Institute.
The recommendations of the Committec were as follows:

Acted Upon  Approved
8 7

Transfer to Fellow grade
Recommended by the Committee

on Membership for transfer to

the Fellow grade : 15
Election to the Fellow grade. ... 2
Transfer to the Member grade. ., 41
Recommended by the Committee

on Membership for transfer to :

the Member grade . 26
Election to the Member grade. .. . 89 56

The high standard of membership in the election or transfer of
members during the year has been due to the thorough and careful
consideration of each application by the Committee. During 1928
the plan of publishing in the ProceEpINGs the names of all applicants
for membership, prior to action by the Committee or the Board, was
inaugurated to further assist in the maintenance of a high standard
of Institute membership,
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Committee on Sections. Four meetings of the Committee on Sec-
tions, Donald McNicol, Chairman, were held during the year. New

- Sections were organized in Pittsburgh and New Orleans. Preliminary

work looking to the formation of Sections in four additional terri-
tories has been completed. The Committee arranged for tours on the
part of prominent engineers during the year to provide one or more
programs for the following Sections: Atlanta, Buffalo-Niagara, Chi-
cago, Cleveland, Connecticut Valley, Detroit, Los Angeles, New Or-
leans, Philadelphia, Pittsburgh, Rochester, San Francisco, and Wash-
ington. Members of the Committee visited several Sections to es-
tablish better personal contact between the Section officers and the
Committee. '

The table below indicates the scope of Section activities during
this and immediate past years:

Membership on Number of Meelings Average
December 15, 1928 1926 1927 1928 Allendance 1928
30
124

77
157

96

Section

Atlanta 24 -
Boston

Buffalo-Niagara

Chicago

Cleveland

Connecticut Valley

Detroit

Los Angeles

New Orleans

Philadelphia

Pittsburgh

Rochester

San Francisco 128
Seattle 53
Toronto 127
Washington (D.C.) 125

Committee on Nominations. A Committee on Nominations, J. H.
Dellinger, Chairman, was appointed in June to prepare a suggested
slate for 1929 elective officers and members of the Board of Direction,
for consideration by the Board of Direction. Such a report was
rendered to the Board of Direction on September 5th.

Committee on Constitution and Laws. The Committee on Con-
stitution and Laws, R. H. Marriott, Chairman, was appointed in
April. The Committee held five meetings during the year. Several
drafts of a new Institute Constitution and By-Laws were prepared and
revised, the Committee’s immediate work being completed when the
final revised draft was submitted to the Board of Direction for adop-
tion at the special November meeting.

Committee on Publicity. The Committee on Publicity, of which
W. G. H. Finch was Chairman, provided extensive publicity for all
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New York meetings of the Institute, releases being given wide dis-
tribution through press associations, i.e. national wire services and
being sent to two hundred and fifty newspapers monthly. During
the 1928 Annual Convention news releases were senf to two thousand
five hundred papers at regular intervals, The work of the Committee
was, in a large measure, responsible for the excellent attendance at
all Convention sessions, and has assisted materially in the duties of
the Committee on Membership in bringing the Institute to the
attention of desirable non-members.

18
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Committee on Membership. The Committee on Membership,
H. F. Dart, Chairman, held seven meetings during the year. The
Committee sponsored the activities of the Membership Committee
of Sections with whose aid applications for membership were received
from one thousand and seventy-eight non-members during the year.
The total net gain in membership during 1928 was seven hundred and
fifty, bringing the Institute membership to five thousand. The Com-
mittee on Membership assisted the Committee on Admissions and the
Board of Direction by recommending various Associates and Members
for transfer to the higher grades of membership in the Institute.

Committee on Standardization. The Committee on Standardiza-
tion, L. E. Whittemore, Chairman, has been very active in its work
to complete the 1928 Standardization Report, with the assistance of
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its sub-committees whose Chairmen are as follows: Vacuum Tubes,
L. A, Hazeltine, 1927, C. B. Jolliffe, 1928; Receiving Sets, J. H.
Dellinger, 1927, E. T. Dickey, 1928; Electro-Acoustic Devices, R. H.
Manson; Circuit Elements, H. M. Turner; Power Supply, W. E.
Holland; Radio Transmission (formerly Use of the Transmission Unit),
J. V. L. Hogan; and Bibliography, the late C. A. Wright. Through
correspondence and frequent meetings all of the sub-committees have
completed drafts of reports for consideration by the Committee. The
Committee has held four meetings since these drafts were completed
in November and the final report for 1928 has been substantially
completed to allow its being published in the 1929 Year Book.

ADVERTISING
32%

MEETINGS

AND
SECTIONS
24%

INCOME EXPENSE

DUZS AND FEES:- MEMBERS® DUES, EN~
TRANCE, AND TRANSFER FEES.

ADVERTI%INO:- PROCEEDINGS AND
YEAR BOOK,

PUBLICATIONS:~ PROCEEDINGS, YEAR BOO
PRELIMINARY STANDARDIZATION RE-
PORT, ETC

\ ETC.

MEETINGS AND SECTIONS:- SECTION RE-
FUNDS, CONVENTIONS, NEW YORK
MEETINGS, PREPRINTS, ETC.

ADMINISTRATION:= OPERATION EXPENSES
AS SALARIES, RENT,OFFICE EQUIP-
MENT, POSTAL?, ETE.

Fig. 2 :
MISCELLANEOUS

MISCELLANEOUS SALES;:~ REPRINTS.
SUBSCRIPTIONS TO PROCEEDINGS,
EMBLEMS, BINDERS, ETC.

Publications. During 1928 ninety-nine technical papers, sixtecn
discussions to papers, fifteen book reviews, two reviews of current
literature, and one hundred and thirty-three pages of Institute Notes,
comprising a total of almost eighteen hundred pages, were published
in the Proceepings. The chart of Fig. 1 shows the yearly total of
editorial pages published in the Proceepings since 1912. The Refer-
ences to Current Radio Literature, prepared by the Bureau of Stan-
dards, were published monthly. The scope of the Institute Notes
section of the ProcEEDINGS was widened to include a monthly section
of personal notes, short semi-technical news notes, & monthly frontis-
piece of an officer or member of the Board of Direction of the Institute,
monthly lists of members elected and applications received for member-

- ship, ete. Seven thousand copies of the PrRocEEDINGS were published

monthly.
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In July seven thousand copies of a one hundred and §e.venty-ﬁt¥1e
page Year Book were printed and distributed. In addition to c;
usual material of general information, past officers and mer.nbers of
the Board of Direction, Constitution and By-Laws,. the 1928 Yea;
Book contained a catalog of the Institute membership arranged bot

ically and geographically. :
ﬁlplg:;? tt!lclouzand c{(;)pigs (?f the preliminary draft of the .rep'ort of the
Committee on Standardization were printed fmd. distributed to
members and non-members interested in standardization.

90,000, ‘ '

——INCOME
«===EXPEN

%

y
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Advertising. On the first of the year the handling of all advertisx.ng
solicitation for Institute publications was transferred from an ou.ts.;lde
agency to the office of the Institute. The income from advertising,
through this arrangement, was practically double t.hut of .the formfzr
year. The average number of advertising pages printed monthly in
the PROCEEDINGS was increased from twenty-six to forty. Twenty-eight
advertising pages were printed in the 1928 Year Book.
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Finances. The financial management of the Institute has been such
that for every dollar received from the membership in dues about
two dollars and ten cents has been spent. This has been made possible
through the large increase in revenue from sources other than member-
ship dues. In Fig. 2 will be scen a chart showing the proportion be-
tween total income and the various major sources of income, and the
proportion between total expenses and each general class of expense.
The chart of Fig. 3 shows the yearly income and expense from 1920
to date. It will be noted that the yearly net surplus is not increasing,
it being felt that the small surplus being set aside each year should
adequately take care of any contingencies which may arise in future
years requiring a source of reserve funds.

Deaths. The following members of the Institute died during 1928:

Chas. Allen Wright '
H. M. Freeman

John H. Cuntz

Robert Loghry

Harry R. Kneltles
William Le Queux

Harold D. Xent

Ernest Tyrman

E. L. Bernds

T. R. Bristol

C. W. Evarts

Gay H. Mead

Warren Ellsworth Balsdon
‘Chester Douglas Pederson
Frederick G. Simpson

GEOGRAPHICAL DISTRIBUTION OF INSTITUTE MEMBERSHIP ON
December 15, 1928
Continental United States
Alaska '

Central America
China
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Costa Rica..coveeeeini ittt iieneannn,
Cubg...oovveerennnn, e
Czechoslovakia. .

Denmark. .

Dutch Ensb Indies

Eg
En

THE INSTITUTE OF RADIO ENGINEERS, INC.
COMPARATIVE BALANCE SHEET

December 31, 1928 and 1927

Dec. 31, Dec. 31, Increase.
ASSETS 1928 1027 Decreage
CASH

On Depoait—Corn Exchange Bank. $14,208.82 8,886.34 5,322.48
On Deposit—National State Bank

Newark........... 7.29 7.29
On Depomt—Savinga "Account—

National State Bank, Newark.. 5,342.77 5,134.50 208.27
Secretary’s Imprest Fund Corn

Exchange Bank,.......... 417.18 1,610.00 1,192.82
Secretary’s Imprest Fund, Cun'ency 175.00 175.00

TOTAL CASH 20,151.06 15,813.13 4,337.93
ACCOUNTS RECEIVABLE
. 133.00 120,50 12.50

1,073.65 2,316.45 1,242.80
88.00 234,21 146.21
35.00 35.00

30.00

22,00 8.00
1,501.67 1,106.67  395.00
TOTAL ACCOUNTS RECEIVABLE 2,826.32 3,834.83 1,008.51

NOTES RECEIVABLE 20.67 90,00 63.33
INVENTORY :
ProceepiNgs on Hand. ., .. 5,141.20 2,705.96 2,435.24
Bound Volumes on Hand 8 735.00 360.78
Paper Stock on Hand. ... 3, 321 27 1,801,31
Bindera on Hand... 36.75 205,62 168.87

TOTAL INVENTORY 7,072.10 6,067.01 104.28
INVESTMENTS. 31,102.50 26,990.00 4,202.50
FURNITURE AND FIXTURES.. .$5,541.36
JOuN M. CLAYTON Lear-Reserve for Depreciation..... 1,664.82 3,876.54 2,070.75 905.79

Secretarz ACCRUED INTEREST ON INVESTMENTS 618.33 510.00. 78.33
. PREPAID EXPENSES

Unexpired Insurance Premiuma. ... 54.54 65.04 10.50
Stationery Inventory....... 300.00 250.00 50.00

TOTAL ASSETS $60,118.16 7,621.668 8,596.49

[
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G‘ermnny
Gibraltar

—
O =~

Mexico.......
New Zealand
Palestine. . ..
Poland. ..
Porto Rico
Portugal
Russia. ..

—
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Dee. 31, Dec. 31, Increase

LIABILITIES AND SURPLUS 1028 1927 Decrease
ACCOUNTS PAYARLE $ 4,087.40 3,015.83 1,671.57
207.00 207 .00

111,28 22,02 88.36

24.00 23.00
478.97
116,70

cean .. 75.00
Subacriptions to Proceepinas. . 2,723.790 2,653. 120

TOTAL LIABILITIES 8,217.05 6,527.45 1,089.00
MORRIS LIEBMANN MEMORIAL FUND
Principal, .. P . 10,000.00 10,000.00
Unexpended income, 71.87 77.87

TOTAL LIEBMANN FUND 10,077.87 10,077.87
SURPLUS .
Balance January lat 40,010,314 37,423.05 3,492.30
Operating Profit for Year 6,000.80 10,892,03 3,986.04
Adjustment of Inventory for Prior Years. . 7,400,54 7,400.54

SURPLUS DECEMBER 814t 47,823.23 40,016.34 6,900.80

R b o s i

TOTAL LIABILITIES AND SURPLUS $60,118.16 57,521,606 8,596.49




CONSTITUTION

ADOPTED AT THE First MEETING OF THE INSTITUTE OF RapIo
EnciNeers, May 13, 1912; AmenpeEp NovEMBER 2, 1914,
AND DECEMBER 5, 1915

ARTICLE I

NAME AND OBJECT

Skc. 1—The name of this organization shall be the Institute of
Radio Engineers.

Sec. 2—Its object shall be the advancement of the theory and
practice of radio engineering and of the allied arts and sciences, and
the maintenance of a high professional standing among its members.
Among the means to this end shall be the holding of meetings for the
reading and discussion of professional papers and the publication of
such papers, discussions and communications as may seem expedient.

ARTICLE 1I

MEMBERSHIP

Sec. 1—The membership of the Institute shall consist of :

a. Honorary Members, who shall be entitled to all rights and
privileges of the Institute except the right to nominate, vote and
hold office.

b. Fellows, who shall be entitled to all rights and prmleges of the
Institute.

¢. Members, who shall be entitled to all rights and privileges of
the Institute except the right to hold the oﬂice of President and Vice-
President.

d. Associates, who shall be entitled to all rights and privileges of

the Institute except the right to hold the office of President, Vice-

President, and Editor.
e. Juniors, who shall be entitled to attend all meetings and to re-
ceive copies of all Institute publications. }
Skc. 2—Honorary members may be ‘chosen from among those

who have rendered acknowledged eminent service to radio sc1ence,
or the radio arts,

28
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- 8Ec. 3—A Fellow shall be not less than thirty years of age and shall
be either:

a. A radio engmeer by profession. As such he shall be quahﬁed
to design and take responsible charge of important radio work; he
shall have been in the active practice of his profession for at least
seven years, and shall have had responsible charge of important
radio work for at least three years.

When the applicant holds in a principal national society of an

“allied branch of engineering, membership in a grade for which the

qualifications indicate & standing equal to that required for the grade
of Fellow herein, such membership shall be considered equivalent to
three of the required seven years of active practice of the radio pro-
fession. _

b. A professor of physical science or of electrical engineering. As
such he shall have attained special distinction as an expounder of the
principles of radio science and of radio engineering; he shall have had
at least seven years-experience as a teacher of physical or electrical
subjects and shall have had responsible charge, for three years, in a
radio course of a- principal school of science and engineering. Any
years of experience as defined in paragraph “a” that the applicant
may have had as a radio engineer shall be considered the equivalent
of the same number of years of experience as a “tencher of radio
subjects.” . '

¢. A person who had done notable orlgmal work in radio science
of a character to give him a recognized standing at least equivalent

4 . to that required for the Fellows under paragraphs “a” and “b”.
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d. A person regularly engaged in radio work for at least seven years,
who, by inventions or special proficiency in contributions to the radio
science or the radio arts or radio literature, has attained a standing at
least equivalent to that required for Fellows under paragraphs “a”
and “b.” '

Sec. 4—A Member shall be not less than twenty-five years of age
and shall be either:

~ a. A radio engineer by profession. As such, under general direction
he shall have designed and taken responsibility for important radio
engineering work; he shall have been in the active practice of his pro-
fession for at least four years.

 When the applicant holds in a principal national society of an allied
branch of engineering, membership of a grade for which the qualifi-
cations indicate a standing equal to that required for the grade of
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Member herein, such membership shall be considered equivalent to
two years of the requisite four years of active practice of the radio
profession,

b. A teacher of physical science or of electrical engineering. e
shall have had ai least four years experience as a teacher of radio
subjects in a school of recognized standing. Any years of experience
the applicant may have had as a radio engineer shall be considered
the equivalent of the same number of years of experience as a “teacher
of radio science or of radio engincering.”

c. A person regularly employed in radio or closely allied work
for at least four years, who, by invention or by proficiency in radio
science, the radio arts, or radio literature, or as an executive of any
radio enterprise of large scope, has attained a standing equivalent to
that required for Members under paragraphs “e” and “b.” In the case
of such an executive the applicant must be qualified to take responsible
charge of the broader features of radio engincering involved in the
work under his direction. :

d. A commissioned officer of the Army or Navy of the United
States Government or of any foreign government, who has been
regularly engaged in radio work for a period of at least three years,
who shall have had responsible charge of important government radio
work for at least one year and who shall have attained the rank of
Captain in the Army or Licutenant in the Navy.

Ske. 5—An Associate shall be not less than twenty-one years of
age and shall be:

a. A radio engincer by profession.
b. A teacher of radio subjects.

c. A person who is interested in and connected with the study or
application of radio science or the radio arts.

Stc. 6—A Junior shall be not less than sixteen years of age nor
over twenty-one years of age, and shall be a person who is interested
in the study or application of radio science or the radio arts.

On attaining the age of twenty-one years, Juniors shall be trans-
ferred to the grade of Associate. -

Sec. 7—In all cases, graduation from the radio course or electrical
course of a school of science or of engineering of recognized standing
shall be considered the equivalent of one year’s radio experience.

SEc. 8—Any person who is a Member at the time this group of
amendments is adopted, shall not be barred from eligibility to the
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grade of Fellow because of the age limitation, provided he shall
otherwise be eligible as herein defined. .

Any person who is an Associate at the time this group of amend-
ments is adopted, shall not be barred from eligibility to the grade of
Member because of age limitations, provided he shall otherwise be
eligible as herein defined.

ARTICLE 111
ADMISSIONS AND EXPULSIONS

Sec. 1—Honorary Members shall be recommended by at least
ten members of the Board of Direction, and upon unanimous vote of

- the Board shall be proposed to the membership for election. A person

elected an Honorary Member shall be promptly notified thereof by
letter. The election shall be cancelled if an acceptance is not received
within six months after the mailing of notice.

Sec. 2—Applications may be made for admission or transfer to
any grade of mémbership. Applicants shall give references to members

of the Institute as follows:

For the grade of Fellow, to five Fellows.

Tor the grade of Member, to five Fellows, or Members. ,
Tor the grade of Associate, to five Fellows, Members or Associates.
For the grade of Junior, to five Fellows, Members or Associates.

Lach application for admission or for transfer from one grade to
another shall embody a concise statement, with dates, of the candi-
date’s training and experience, and shall be in such form and such de-
tail as may be preseribed by the Board of Direction. It shall be signed
by the applicant and shall contain a promise to conform to the re-
quirements of that grade of membership to which he may be elected.

Each of the members referred to by the applicant shall be requested
by the Secretary to address a letter to the Board of Dircction stating
the extent of the writer’s personal knowledge of the applicant and his
training and experience. 1f at least a majority of the corporate mem-
bers named as references do not furnish the requisite endorsement, the
Secretary shall eall upon the applicant for additional names, and not
until written communications have been received from at least three
members shall the application be considered by the Board of Direction.

The requirements of the foregoing paragraph may be waived in
whole or in part where the applicant is well-known, either personally
or by reputation, to the Board of Direction, or where the application
is for Junior or Associate grade.
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An applicant who is so situated as not to be personally known to
the required number of members of any grade may give the names,
occupations and addresses of responsible non-members to complete
the required number of references.

Sec. 3—A list comprising the names, ages, addresses and ocecu-
pations of all new applicants for admission or transfer shall be sent
by the Secretary to each member of the Board of Direction.

The Board of Direction may consider applications for admission
or transfer to the grade of Member at any regular meeting held at
least two weeks after the list containing the applicants’ names has
been sent to each member of the Board of Direction.

The Board of Direction may consider applications for admission
or transfer to the grade of Fellow at any regular meeting held at least
four weeks after the list containing the applicants’ names-has been
sent to each member of the Board of Direction.

A record affirmative vote, oral or written, of at least two-thirds
of the Board members voting at any regular meeting, shall elect or
transfer an applicant for any grade. A vote on any application shall
stand, unless withdrawn ‘by the Board member voting, until the
application is finally acted upon.

SEc. 4—A rejected applicant may renew his application for mem-
bership at any time after the expiration of one year from the date of
the ballot rejecting his previous application.

Sec. 5—All elected candidates shall be duly notified and shall
subscribe to the Constitution and Rules of the Institute. Forms for
this purpose shall be preseribed by the Board of Direction. If these
provisions are not complied with within six months from the noti-
fication of election, such clection shall be considered void, unless for
special reasons the time shall be extended by the Board of Direction.

" Membership of any person shall date from the date of his election,

Sec. 6—Fellows, Members, Associates or Juniors, if found delin-
quent in their duties may be tried by the Board of Direction, and
upon decision of the Board their names shall be submitted to the
Institute to determine their suspension or expulsion. A three-quariers

vote of the Institute shall be necessary to ratify such action of the
Board. : ‘

SEC. 7—A member may resign his membership by a written com-
munication to the Secretary, who shall present the same to the Board of

Direction; when, if all his dues have been paid, his resignation shall
be accepted.

CONSTITUTION

ARTICLE 1V

DUES
Sec. 1—The entrance fee, payable on admission to the Institute,

' shall be as follows:

Admission to the grade of Fellow, ten (810) dollars.

Admission to the grade of Member, five (85) dollars.

Admission to the grade of Associate, three (83) dollars.

Admission to the grade of Junior, one (81) dollar.

The transfer fee from one grade of membership to another shall be
the difference between the corresponding admission fees.

The entrance fees shall be waived until January 1, 1927,

SEc. 2—The annual dues payable by members, whether resident

or non-resident, shall be as follows:

a. By Fellows, ten ($10) dollars.
By Members, seven dollars and fifty cents (87.50).
By Associates, four (84) dollars.
By Juniors, three dollars and fifty cents (83.50).
b. Honorary Members shall be exempt from all payments.

Skc. 3—The annual dues shall be payable on the first day of

. January, in advance of the ensuing year. It shall be the duty of the

Secretary to notify each member of the amount due at the time of
giving notice of the annual meeting.

Skc. 4—Persons clected after July 1st of any ye:r shall pay only
one-half of the dues for that year.

SEc. 5—Any person whose dues arc more than three months in
arrears shall be notified by the Secretary. Should his dues not be paid

A when they become six months in arrears, he shall lose the right to vote

or to receive the publications of the Institute. Should his dues become
nine months in arrears, he shall he again notified in form prescribed

by the Board of Direction, and if such dues become one year in arrears,
{ he shall forfeit his connection with the Institute. The Board of Direc-

tion may, however, for cause deemed by it sufficient, extend the time

=4 for payment and for the application of these penaltics.

Skc. 6—The Board of Direction may, for sufficient cause, tem-
porarily excuse from payment of annual dues any member; and the
Board may remit the whole or part of dues in arrears, or accept in lieu
thereof desirable additions to the library or collections.

Sec. 7—Every person admitted to the Institute shall be considered

;"( a8 belonging thereto and liable for the payment of all dues until he shall
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have resigned, been expelled, or have heen relieved therefrom by the
Board of Direction.

ARTICLE V
OFFICERS

Sec. 1—The governing body of the Institute shall be a President, a
Vice-President, a Secretary and a Treasurer and Editor of Publications,
six clected Managers, and three appointed Managers who shall to-
gether constitute the Board of Direction.

Sec. 2—The terms of all officers, except the six elected Managers,
shall be one year each, and shall begin at the close of the annual
meeting at which election is made. The terms of all officers shall
continue until successors are duly elected. The: President and the

Vice-President shall not be eligible for immediate renomination to

the same office.

Sec. 3—Two Managers shall be clected each year and serve for
three years.

For the year 1915 six elected Managers were voted upon as follows
The two candidates receiving the highest number of votes to serve
three years; the two candidates receiving the next highest number of
votes, two years; the two candidates receiving the next highest number
of votes, one year, :

Sec. 4—The three appointed Managers shall be chosen by the
Board of Direction to serve for terms of one year. These appointed
Mansgers shall have no vote in the election of their successors.

ARTICLE VI
MANAGEMENT

the Board of Direction at which-he may be present and shall be an

" the annual meeting.

Sec. 2—The Board of Direction shall manage the affairs of the In-
titute in conformity to the laws under which the Institute is organized
and the provisions of the Constitution. It shall direct the investment
and care of the funds of the Institute; make appropriations for specific

purposes; act upon applications for membership as heretofore pro- ;;

vided; take menasures to advance the interests of the Institute; appoint
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all its employees, and generally direct its business. The Board of
Direction shall make an annual report at the annual meeting, trans-
mitting the report of the Treasurer and of the ‘other officers and of

% committees. Five members of the Board of _Direction shall constitute

a quorum,

Sec. 3—The Treasurer shall receive all moneys and deposit same
in the name of the Institute. He shall invest all funds not needed for
current disbursements, as shall be ordered by the Board of Direction.

¥ He shall pay all bills, when certified and audited, as provided by this

Constitution and by the rules to be prescribed by the Board of Direc-
tion. He shall make an annual report and such other reports as may
be prescribed by the Board of Direction. °

The Board of Direction shall secure a satisfactory surety for the

4 faithful performance of his duties by the Treasurer, and shall renew
+ the same during the month of January of each year.

Sec. 4—The Secretary will be expected to attend all meetings of

* the Institute and of the Board of Direction; prepare the business

thereof, and duly record the proceedings thercof. He shall see that

3 all moneys due the Institute are carefully collected, and without

loss transferred to the custody of the Treasurer. He shall carcfully

. scrutinize all expenditures and use his best endeavor to secure economy

in the administration of the Institute. He shall personally certify the

. accuracy of all bills or vouchers on which money is paid, and shall
. countersign the checks drawn by the Treasurer against the funds

of the Institute when such drafts are known to him to be proper, and

i duly authorized by the Finance Committee. He shall have charge of
4% the books of account of the Institute, and shall furnish, when required
¥ by the Board of Direction, a statement of receipts and expenses under

) ' ‘d their several headings, and also a statement of monthly balances. He
Skc. 1—The President shall have general supervision of the affairs

of the Institute. He shall preside at meetings of the Institute and of |

shall present annually, to the Board of Direction, a balance sheet of
his books as of December 31st and shall furnish from time to time

5 - He shall deli ddross at 2 such other statements as may be required of him. He shall conduct
cx-officio member of all committees. He shall deliver an address a ";} the correspondence of the Institute and keep full records of the same.
4 He shall perform all other duties which may from time to time be

& assigned to him by the Board of Direction.

SEc. 5—The Board of Direction may also, if they deem it necessary,

appoint an Assistant Secretary, who shall aid the Secretary and be

under his immediate direction in all matters.
Skc. 6—The President, as soon as expedient after the annual
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meeting, shall appoint from the membership, with the advice and con-
sent of the Board of Direction, the following standing committees:
Committee on Papers.
Committee on Standardization.
Committee on Publicity.
Members appointed shall serve until their successors are appointed
or the Committees dissolved.

ARTICLE VII
NOMINATION AND ELECTION OF OFFICERS

Sec. 1—Two months before the annual meeting, nominations for
the offices of President, Vice-President, Secretary and Treasurer and
two Managers, shall be called for from the membership qualified by
this Constitution. Before nominees’ names are submitted to the mem-
bership for final vote, each nominee shall be consulted and if he so
requests, his name shall be withdrawn and the next ranking name
substituted.

For the year 1915, nominations for six Managers were called for.

One month before the annual meeting, the Board of Direction shall
submit to the entire membership excepting Honorary Members and
Juniors, a list of all nominees, which list shall consist of the pairs of
names receiving the largest number of nominations for each office.
In the event of ties in nominations the Board of Direction shall select
the name of the man in its opinion best fitted for that office. The
membership shall then submit written ballots in plain sealed envelopes
enclosed within mailing envelopes marked “Ballot,” and bearing the
members’ signature, voting for officers from the list of nominees. A
majority vote received up to the time of the closing of the polls
(twenty-four hours before the opening of the annual meeting) shall
clect, and no votes by proxy shall be counted. The method of balloting
herein described shall be used for nominating as well as for voting,
except the outer envelope shall be marked “Nomination” in the former
_ case. In nominating, as in voting, no proxies or ballots within un-
signed outer envelopes shall be opened for counting. Ballots, whether
for nomination or voting, shall be checked, opened and eounted by a
quorum of the Board of Direction, at a regular meeting of the Board.
At the time of call for nominations, the Board of Direction shall
submit to qualified voters a list of suggested nominations containing
at least two names for each office.

SEc. 2—The Editor of Publications shall be elected by vote of the
Board of Direction as soon as possible after May 1st.
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ARTICLE VIII
MEETINGS

Sec. 1—There shall be an Annual Meeting, at which the annual

- reports for the year ending December 31st previous shall be presented,

and the Ballot for officers reported. At this meeting fifteen (15)
members shall constitute & quorum,

SEc. 2—Business meetings shall be held as prescribed by the
by-laws.

See. 3—In addition to the Annual Meeting, meetings for the read-
ing and discussion of papers shall be held as ordered by the Board of
Direction, '

Sec. 4—Special meetings may be called by the Board of Direction,
and shall be so called upon request of ten members, which request
shall state the purpose of such meeting. The call for such meeting shall
be issued ten days in advance, and shall state the purpose thereof,
and no other business shall be taken up at such meeting. At these
meetings ten members shall constitute a quorum.

Sec. 5—The Institute may adopt, from time to time, rules for the
order of business at its meetings.

Sec. 6—Meetings of the Board of Direction shall be held at the
time of the annual meeting and at such other times as the Board may
determine, but only on notice to all members of the Board by the Secre-
tary. Notices of time and place of meeting are to be mailed in New
York at least two days in advance.

ARTICLE IX

AMENDMENTS

Sec. 1—Proposed amendmentsto this Constitutionmust be reduced
to writing and signed by not less than twenty Fellows, Members or
Associates, and be submitted to the entire membership, except
Honorary Members and Juniors, who shall vote by letter ballot.
The amendment shall be adopted if seventy-five per cent of the votes
received are in favor of such action, the polls having been open for at
least one month after mailing to the qualified membership, notices of

the proposed amendments. Votes upon the adoption of proposed
amendments shall be checked, opened and counted by a quorum of
the Board of Direction at a regular meeting of the Board.




CONSTITUTION

AMENDMENTS
INCREASE OF MEMBERSHIP DUES

In October 1919, in accordance with the provision of Section 1,
above, the membership approved adoption of an amendment to the
Constitution authorizing increasing the dues as follows:

Per Year
$15.00

oW, + oo eeeereeeeeieaananeen
Fellows oo

Members 0

Associates 7.50

Juniors 5.00
At the Board meeting held in January 1920, it was dfacidcd to defer
advancing the dues to the full amount authorized until a later date.

The dues adopted were: Dot Your
Tellows
Members
Associates
.. Juniors
On January 1, 1926, the dues were advanced as follows:
Per Year

Fellows
Members
Associates
Juniors
This leaves the annual dues for Associate and Juniors below the
amount authorized by the membership in October, 1919.
On January 1, 1927, the entrance fees were reinstated. These are:

NOMINATION AND ELECTION OF OFFICERS

In January, 1921, the membership by letter vote approved change
in Article VII of the Constitution to read as follows:

Article VII, Section 1 of the Constitution to read:

“gpc. 1—Six weeks before the annual meeting, the Board of
Direction shall submit to the entire membership, excepting Honorary
Members and Juniors, a list of candidates (nominees) for the offices
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of President, Vice-President, (Secretary, Treasurer) and two Managers.
This list shall comprise at least one name and not more than three
names for each office, the names being proposed either by Petition as
hereinafter provided, or by (a quorum of) the Board of Direction,
at one of these stated meetings. The list shall contain no indication
as to whether the candidate has been proposed by Petition or by the
Board of Direction. ~

“Nomination by Petitiop shall be made by letter, addressed to the
Board of Direction, setting forth the name of the proposed candidate
and the office for which it is desired he be nominated. For acceptance,
a letter of Petition must reach the Board of Direction on or before
October 15th of any year, and shall be signed by at least thirty-five
Fellows, Members or Associates.

“The list of nominees shall contain the names of all candidates
proposed by formal Petition or by the Board of Direction, but before
this list is submitted to the membership for final vote, each candidate
should be consulted and if he so requests, the fact that he has with-
drawn from election shall be stated after his name.

"“The entire membership, excepting Honorary Members and
Juniors, shall vote by written ballots in plain sealed envelopes, en-
closed within mailing envelopes marked “Ballot” and bearing the
member’s signature, for the officers whose names appear on the list of
candidates. A majority vote received up to the time of the closing of
the polls (twenty-four hours before the opening of the annual meeting,
the date of which shall be stated in the clection notice) shall clect,
and no votes by proxy shall be counted. No proxies or ballots within
unsigned outer envelopes shall be opened for counting. Ballots shall
be checked, opened and counted by a quorum of the Board of Direc-
tion, at a regular meeting of the Board.

“Sec. 2—The Treasurer, Secretary and Editor of Publications
shall be appointed by majority vote of the Board of Direction as soon
as practicable after January 15th of each year, for a term of one year
or until their successor be appointed.”
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BY-LAWS GOVERNING SECTIONS

(The purpose of the Institule in furthering the establishment of Sections
is lo afford opportunily for members situated tn various parts of the
United States and other countries to meet in organized groups for the
discussion of radio engineering topics.) :

1—A petition for the formation of a Section shall be signed by not
less than twenty-five members (any grade except Juniors) residing
within the territorial limits hereinafter preseribed. The Board of
Dircction may decline to authorize the formation of a Section when,
in its judgment, such an organization would not be compatible with
the interests of the Institute.

9—A Section shall be known as: The (name of place or geo-
graphical district) Section of the Institute of Radio Engineers.

3—The principal activity of a Section shall be the holding of
periodical meetings (monthly or bi-monthly, but not less than five
regular meetings annually) for the presentation of original papers
already presented at New York meetings of the Institute, or at other

Sections,

—The territory of a Sectionshallbe theterritory naturally tributary
thereto, but shall not include territory so remote or inaccessible that
members cannot readily attend meetings. For the purpose of deter-
mining the maximum amount of money to which a Section is entitled
under these by-laws, points more than sixty miles from the regular
meating place of the Section shall not be considered a part of the
Section, except when special conditions warrant such action territory
within a reasonable distance may be authorized by the Board of Diree-
tion. If adjacent Sections should be so situated that the sixty mile
limit embraces common territory, the question as to which Section
shall claim such members as reside within this common territory shall,
if possible, be decided by agreement between the Sections concerned;
otherwise by the Board of Dircction. (Sections may carry on their
mailing list for meeting announcements the names of members located
outside of the preseribed Section territory.) ,

5—The Chairman, Vice-Chairman, Secretary and any other officers
of cach Scction must be Fellows, Members or Associates of the
Institute, and shall be clected for the term of one year beginning
January 1, or May 1, and until their successors are elected.

6—The Board of Direction may at any time terminate the exis-
tence of any Section when in its judgment the interests of the Institute
make such action desirable.
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7—Papers and discussions presented before a Section and published
in the ProcEEDINGS shall not be republished except with due ack-
nowledgment of the original source.

8—Original papers presented before a Section, suitable for publi-
cation in the ProcEEDINGS may be presented to the Meetings and
Papers Committee for consideration, which, in judging suitability,
will be governed by the same considerations applied to similar matter
offered from other sources.

9—The Secretary of the Institute will forward to the Secretary
of each Secction copies of all printed announcements of the regular
meetings in New York, and shall forward also the Sceretary of each
Section, three complete sels of proofs, or three pamphlet form copies
of cach technical paper intended for presentation at New York or
for publication in the ProceEpings. This latter is for the purpose of
supplying Sections with advance copies for Section discussion.

10—Each Section shall have a Meetings and Papers Committee and
a Membership Committee, appointed by the Chairman.

11—Each Section shall conduct its affairs in such manner that no
indebtedness shall acerue in excess of the amount due annually as
per-member rebate, specified in paragraph 12.

12—The appropriation of Institute funds during any fiscal year
for aid in Section maintenance shall be the sum determined as follows:
one dollar for each Iellow, Member and Associate residing within
the territory of the Scction at the beginning cf the administrative
year, namely, January 1. Each year, beginning in 1926, the Treasurer
will place to the credit of each Section the acerued rebate calculated
from members’ dues paid in the Section as of March 1 and September 1.
Section Treasurers may draw upon this account quarterly; that is
January 1st, April 1st, July 1st and October 1st.

13—Section Sceretaries shall forward to the Secretary of the Insti-
tute a report of each meeting held by the Section for the presentation
or discussion of papers, and on January ! of each year a statement of
the past year’s accounts. :
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STANDARDIZATION REPORT FOR 1928

PREFACE .

The first Standardization Report of the Institute of Radio Engi-
neers was issued in 1913. This was succeeded by revised reports issued
in 1915, 1922, and 1926. Since the publication of the Report of the
Committee on Standardization for 1926, the Committee has been en-
gaged in a revision of that report, primarily through the work of sub-
committees.

The Institute has had the cooperation, through membership on the
Committee, of representatives of the American Institute of Electrical
Engineers, the radio division of the National Electrical Manufacturers’
Association and the Radio Manufacturers’ Association,

The following plan has been evolved under which the field of radio
standardization has been divided between the Institute of Radio Engi-
neers on the one hand and the manufacturers’ organization on the
other. It is recognized, of course, that in this new field it is impossible
at the present time to determine upon any hard and fast dividing line.

Institute of Radio Engineers. (1) Terms, definitions, and symbols,
and (2) methods of testing materials and apparatus in order to deter-
mine their important characteristics. This work may consist of purely
advisory discussion as to convenient forms of tests, precautions to be
taken, ete., or it may include standardization of definite test pro-
cedures to serve as a common basis of comparison of the properties or
performance of material or apparatus.

Manufacturers’ Groups. (1) Standardization of size and charac-
teristics of apparatus, to promote interchangeability of parts, either
mechanical or electrical, and (2) setting of standard ratings for the
properties or performance of material or apparatus.

The list of terms and definitions contained in this report has been
divided into eight groups in order to facilitate reference to terms which

are related to one another in meaning or in use. An alphabetical index
is appended.

It has been the aim of the Committee to make the report descriptive

and explanatory rather than to make the definitions rigorously exact
in their phraseology.
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PREFACE

- Several new sections have been added to the report dealing with
standard methods of measuring and testing radio apparatus. One
section contains a bibliography relating to r_adio measurements,

The Institute will welcome comments and criticisms which will be
helpful in the work of the Committee on Standardization.

Communications relative to this report as well as to other Institu?e
i matters should be addressed to the Secretary of the Institute of Radio
¥ Engineers, 33 West 39th Street, New York City.
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SuscommirTEE o8 Crrcuir ELEMENTS

H. M. Turner, Chairman , DEFINITIONS OF TERMS USED IN
Edward Bennett Melville Eastham Pacent

L. G. .

A.J. Carter A. N. Goldsmith G. C. Southworth RADIO EN(’INEERI,NG

E. L. Chaffee E. L. Hall L. T. Wilson

G. C. Crom Sylvan Harris L. P. Wheeler

d SECTION 1—GENERAL
SuscommiTreE oN Power SuppLy ' | lues of fodi
— e criodic
W. E. Holland, Chairman 001. Cycle—One complete set of the recurrent values of a p

phenomenon,
W. R. G. Baker Geo. C. Furness ~ W. B. Shulte

C. T. Burke V. M. Graham H. J. Tyzzer . f evel nd. (See 3007, Band
Claude Cairns Harry Houck G. W. Vinal 002. Frequency—The number of cycles per second. ( )

L. W. Chubb J. L. Jatlow of Frequencies.)
E. T. Dickey H. L. Olesen

003. Kilocycle (strictly kilocycle per second)—A thousand cycles per
-SuBCOMMITTEE ON USE OF THE Transyission UNiT second.

J. V. L. Hogan, Chairman

C. Batsel L. M. Hull J. C. Warner
1. Dellinger C. M. Jansky, Jr. H. A. Wheeler
H. Felix E. L. Nel Irvi . :

A. Frederick W. Vanclf.o lII?»oberts rring Wol . 311005, Al.ldlo Frequency—A frequency cf)rr'esponf]mg- to a normally
, audible sound wave. The upper limit ordinarily lies between

SUBCOMMITTEE ON BibLioGrAPHY 10,000 and 20,000 cycles.
C. A. Wright,* 1 . :
C. A. Brial W E‘;:iht’d Chairman s X 1006. Radio Frequency—A frequency higher than those corresponding
. A. Brigham . E. Hollan G. C. Southwort ; io I*
H. A. Frederick L. G. Maloff W. C. White : to normally audible sound waves. (See 1005, Audio Frequeney.)

004. Megacycle (strictly megacycle per second)—A million cycles per

M. second.

J. 1
E
H

* Deceased Note—It is not implied that radiation cannol be secured at 19wer
frequencies, nor that radio frequencies are necessarily above the limit of
audibility.

1007. Facsimile Transmission—The electrical transmission of a copy
or reproduction of a picture, drawing, or document. (This is also
called picture transmission.)

1008. Television—The electrical transmission of a succession of images
and their reception in such a way as to give a substantially con-
tinuous reproduction of the object or scene before the eye of a
distant observer.

1009, Transducer—A transducer is a device actuated by power from
5 one system and supplying power to another system. These sys-
tems may be electrical, mechanical, or acoustic.

49
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1010. Passive Transducer—A passive transducer is one in which th
power supplied to the second system is obtained entirely from th
power available from the first system. .

1011. Active Transducer—An active transducer is one in which th
power supplied to the second system is obtained from a loca
source and is controlled by the power from the first system,

1012. Ideal Transducer—An ideal transducer for connecting two spe- -
cific systems is a passive transducer which converts the maximum
possible power from the electrical system to the acoustic system .

or vice versa.

1013. Fidelity—The degree to which a system, or a portion of a sys
tem, accurately reproduces at its output the signal which is im
pressed upon it.

1014. Distortion—A change in wave form occurring in a transducer or
transimission medium when the output wave form is not a faithful -
reproduction of the input wave form. The principal sources of :

distortion are:

a. Non-linear relation between input and output at a giver
frequency.

b. Non-uniform transmission at various frequencies,

¢. Phase shift not proportional to frequency.

expression of the power being transmitted past this point.

1017. Direct Capacitance (C)—between two conductors—The ratio *

of the charge produced on one conductor to the voltage between it
and the other conductor divided by this voltage, all other con-

ductors in the neighborhood being at the potential of either

conductor.

WAVE PROPAGATION

SECTION 2—WAVES AND WAVE PROPAGATION

2001. Wave—(a) A propagated disturbance, usually. periodic; as an
'~ electric wave or a sound wave.
(b) A single cycle of such a disturbance.
(c) A periodic variation as represented by a graph.

002. Wavelength—The distance traveled in one period or eycle by a
¢ periodic disturbance. The distance between corresponding phases

~ of two consecutive waves of & wave train. The quotient of velocity
3 by frequency.

003. Continuous Waves—Alternating clectric waves in space, of con-
! stant amplitude and frequency.

4
004. Modulated Waves—Continuous waves of which the amplitude
:  orfrequency is repeatedly varied in accordance with a signal wave.

005. Key-Modulated Waves—Continuous waves of which the am-
plitude or frequency is varied by the operation of & transmitting
key in accordance with the characters of a communicating code.

006. Interrupted Continuous Waves—Waves obtained by interrup-
tion at audio frequency in a periodic manner of an otherwise
continuous wave,

b

3 .
:2007. Damped Waves—Electromagnetic waves proceeding in wave
1015. Power Level—The power level at any point in a system is an i}

trains in each of which the amplitude of successive cycles pro-
gressively diminighes.

'2008. Signal—Tlle intelligence, message or effect conveyed in com-
input or output) at which a transducer ceases to operate satis- '

factorily as a result of distortion, heating, breakage, ete.

2010. Carrier Wave—The component of a modulated wave which has
the same frequency as the original unmodulated wave. (See 3004,
Carrier Current.)

011. Radio Field Intensity—The root-mean-square value of the elec-
W trie or magnetic field intensity at a point dye to the passage of




STANDARDIZATION REPORT FOR 1628

radio waves. It is usually expressed in terms of the electric field :

intensity, in microvolts per meter or millivolts per meter.

2012. Radio Noise Field Intensity—A measure of the field intensity
at a point (as a radio receiving station) of electromagnetic wave
of an interfering character. In practice the quantity measured i
not the field intensity of the interfering waves, but some quantit,

which is proportional to or bears a known relation to the field %3300), Radio Transmission—The transmission of signals by means of

intensity. ~

2013. Signal-Noise Ratio—The ratio at a point of the field intensity

of the radio wave to the radio noise field intensity.

2014. Strays—Electromagnetic disturbances in radio reception other :

than those produced by radio transmitting systems.

2015, Static—Conduction or charging current in an antenna resulting
from physical contact between the antenna and charged bodies or
hasses of gas.

In the United States this term has come to be used quite generally as a
synonym for atmospherics.

2016. Atmospherics—Strays produced by atmospheric conditions.

2017. Atmospheric Absorption—A loss of power in transmission of
radio waves due to a dissipation in the atmosphere.

2018. Transmission Loss—The loss of power suffered by a transmitted
wave in passing along a transmission path or through a circuit
device. (Sce 6061, Transmission-Frequency Characteristic.)

2019, Attenuation—The reduction in power of a wave or a current
with increasing distance from the source of transmission. (See

6035, Attenuation Equalizer.)

occurring in the transmission path. (See 1014, Distortion.)

This may be evidenced by

5
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1. A variation in the beat note when a local oscillator is
adjusted to the carrier frequency, or

2. A variation in intensity of the received signal.

SECTION 3—TRANSMISSION

radiated electromagnetic waves originating in a constructed cir-

:3002. Broadcasting—Radio transmission intended for general recep- '
; tion. :

003. Radiate—To emit electromagnetic waves into space.

'3004. Carrier Current—An alternating current which is modulated by
a signal. Ordinarily refers to wire transmission of high-frequency
currents. (See 2010, Carrier Wave.)

005. Carrier Frequency—Frequency of a carrier wave or a carrier
current,

006. Carrier Suppression—That method of 6permion in which the
carrier wave or carrier current is not transmitted.

007. Band of Frequencies—A continuous range of frequencies extend-
ing between two definite frequencies. (See 3011, Radio Channel,
and 1002, Frequency.)

'3008. Side Bands—The bands of frequencies, one on either side of the

carrier frequency, produced by the process of modulation.

233000, Side Frequency—The frequency on either side of the carrier

2020. Fading—The variation of the signal intensity received at a given
location from a radio transmitting station as a result of changes -

frequency produced by the process of single-frequency modula-
tion.

f.13010. Single-Side-Band Transmission—That method of operation in

2021. Swinging—The variation in frequency of a transmitted wave
resulting from momentary changes in the transmitter circuits. ;&

which one side band is transmitted, and the other side band is
suppressed. The carrier wave may be either transmitted or
suppressed. ’
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- 3015, Master Oscillator—An oscillator of comparatively low power so-
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3011, Radio Channel—A band of frequencies or wavelengths of &
width sufficient to permit of its use for radio communication. The
width of a channel depends upon the type of transmission. (See
3007, Band of Frequencies.)

3622. Frequency Changer—A device delivering alternating current at
a frequency which differs from the frequency of the supply current,

3023, Frequency Multiplier—A frequency changer used to multiply by

) an integer the frequency of an alternating current.
3012, Radio Transmitter—A device for producing radio-frequency

power and modifying it in accordance with a signal. 3024. Modulation—The process whereby the frequency or amplitude

' . of a wave is varied in accordance with g signal wave.
3013. Vacuum-Tube Transmitter—A radio transmitter in which

vacuum tubes are utilized to convert the applied electric power

25. Double Modulation—The process of modulation in which a
into radio-frequency power.

carrier wave of one frequency is first modulated by the signal
wave and is then made to modulate a second carrier wave of

3014. Oscillator—A non-rotating device for producing alternating: another frequency.

power, the output frequency of which is determined by the char--

acteristics of the device. (See 3017, Radio-Frequency Alternator.) 2326, Percentage Modulation—The ratio of half the difference be-

tween the maximum and minimum amplitudes of a modulated

: wave to the average amplitude, expressed in per cent.
arranged as to control the frequency of the output of an alnpliﬁcr.:

3016. Alternator Transmitter—A radio transmitter which utilizes®

be operated by virtue of some non-linear characteristic or by a
radio-frequency power generated by a radio-frequency alternator.

controlled variation of some circuit quantity.

3017. Radio-Frequency Alternator—A rotating-type alternating-cur-;

rent generator which generates radio-frequency power. (See 301-
Oscillator.)

"'028.. Magnetic Modulator—A magnetic device wraployed as a modu-

lator and functioning by virtue of its non-linear magnetization
characteristic,

3018. Arc Converter—An electric arc used for the generation of alter- :

029. Vacuum-Tube Modulator—A modulator employing & vacuum
nating or pulsating current.

tube as & modulating element,

030. Duplex Operation—The operation of associated transmitting
and receiving channels in which the processes of transmission and
reception are concurrent.

latory discharge of a condenser through an inductance and a spar
gap as the source of its radio-frequency power.

3020. Spark Gap—An arrangement of clectrodes used for closing als
circuit (usually oscillatory) at a predetermined voltage. Amon

the types of spark gaps are plain gap, rotary gap, synchronous gap
and quenched gap.

SECTION 4—RECEPTION

1. Radio Receiver—A device for converting radio waves into
i perceptible signals,

3021. Impulse Excitation—A method of producing damped oscillatory
current in a circuit in which the duration of the impressed voltage:

. %

is short compared with the duration of the current produced. f

ALY

002. Monitoring Radio Receiver—A radio receiver arranged to enable
an operator to check the operation of a transmitting set.

RECEPTION 55
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4003. Heterodyne Reception—The process of receiving radio waves.by

combining the received voltage with locally generated alte¥nntmg

. voltage. The locally generated frequency is commonly qlfferen

from the received frequency, thus producing beats. This is called
beat reception.

4004. Autodyne Reception—A system of heterodyne reception throug!
the use of a device which is both an oscillator and a detector.

4005. Homodyne Reception—The process of detecting a wave b){ th
aid of a locally generated wave of carrier frequency. (Sometime
called zero-beat reception.) -

4006, Super-Heterodyne Reception—A method of reception in whic
the received voltage is combined with the voltage from a loca
oscillator and converted into voltage of an intermediate frequenc

.which is then amplified and detected to reproduce the origina
signal wave. (Sometimes called “supersonic reception” an
“double detection.”)

4007. Intermediate Frequency—A frequency between that of the car
rier employed in radio transmission and the frequency of modu-
lation, and to which the carrier is converted in super-heterodyne.:
reception,

4008. Reflex Circuit—A circuit arrangement in which one or mor
amplifier tubes amplify the signal both before and after detection

4009. Tuning—The adjustment of a circuit or system to secure opt
mum value of a desired current; commonly, the adjustment of
circuit or circuits to resonance.

4010. Sensitivity—The degree to which a radio receiver responds t
signals of the frequency to which it is tuned. It is measure
quantitatively by the reciprocal of the Normal Radio Field Ir
tensity. (See page 107.)

4011. Selectivity—The degree to which a radio receiver is capable o
differentiating between signals of different carrier frequencie
This characteristic is not expressible by a single numerical valu
but requires one or more graphs for its expression.
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12. Detector—That portion of the receiving apparatus which, con-

i nected to a circuit carrying currents of radio frequency, and: in
conjunction with a self-contained or separate indicator, translates
the radio-frequency power into a form suitable for operation of the
indicator. This translation may be effected either by the conver-
sion of the radio-frequency power, or by means of the control of
local power. The indicator may be a telephone receiver, relaying
device, tape recorder, etc.

The most common type of detector is a vacuum tube operated
on a non-linear portion of its characteristic curve, thereby con-
verting a modulated radio-frequency current into a modulated
direct current,

A tube which operates similarly to a detector tube, but the
output of which does not operate an indicator, may properly be
called a frequency converting tube. (Sce 6048, Rectifier.)

1013. Interference—Confusion of reception due to strays, undesired
signals, or other causes; also that which produces the confusion.

SECTION 5—VACUUM TUBES

001. Vacuum Tube—A device consisting of a number of electrodes
contained within an enclosure evacuated to such a degree that the
characteristics are substantially due to electron conduction.

Note: Where it is desired to call particular attention to the number of
electrodes, the terms diode (5003), triode (5004), and tetrode (5005) may be
used, '

002. Photoelectric Tube—A form of vacuum tube in which the elec-
tron emission is produced by the illumination of the cathode.
(Also called the photoelectric cell.)

Note: Except in the case of this term, the definitions in this Section
relate to devices in which the electron emission is due to heating of the
cathode,

003. Diode—A type of vacuum tube containing two electrodes which
passes current wholly or predominantly in one direction.

Note: A vacuum tube having a single cathode and two anodes which
operate alternately may properly be called a double diode.
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5004. Triode—A type of vacuum tube containing an anode, a cathoc
and a third electrode, in which the current flowing between the:

VACUUM TUBES 59

016. Grid Current—The direct current passing from the grid through
the vacuous space.

anode and the cathode is controlled by the voltage between thez ¥

third or control electrode and the cathode.

5005. Tetrode—A type of vacuum tube containing an anode, acathode,
and two additional electrodes (ordinarily the two additional elec.
trodes are of the nature of grids).

5006. Screen-Grid Vacuum Tube—A type of vacuum tube in which
the capacitance between certain electrodes (ordinarily the control
grid and the plate) is substantially climinated by the interposition
of an additional electrode of suitable potential. (See 5026, Screen-

Grid.)

5007. Cathode—The clectrode from which the electron stream flows.
" (See 5009, Filament.)

5008. Cathode, Indirectly Heated—A cathode in which the heat is
supplied from a separate heater clement.

5009. Filament—A cathode in which the heat is supplied by curren
passing through the cathode.

filament.

5011. Filament Current—The current supplied to the filament to-

heat it.

017. Reversed Grid Current—The direct current passing to the grid
through the vacuous space. -

18. Grid Conductance—The ratio of the change in grid current to
the change in grid voltage producing it, under the condition of
constant plate potential. As most precisely used, the term refers
to infinitesimal changes, as indicated in the defining equation

a

. [
Grid conductance, gg=T;
7]

ep=const,

019. Grid Characteristic—The graph plotted between grid voltage as
abscissas and grid current as ordinates. (See 5031, Plate Charac-
teristic; 5042, Mutual Characteristic; and 5045, Emission Charac-
teristic.)

020. Grid Condenser—A series condenser in the grid or control
circuit of a vacuum tube.

021. Grid Leak—A resistor used to affect ox determine the grid bias.

5010. Filament Voltage—The voltage between the terminals of the " 8022. Anode—The clectrode to which the electron stream flows. (See

5023, Plate.)

]

2
EE

“8023. Plate—The common name for the anode in a vacuum tube.

:"024. Plate Voltage—The voltage between the plate and a specified
point of the cathode. (See page 94.)

b

5012. Control Electrode—The electrode, the voltage between which -

and the cathode controls the current flowing between the an0d0~;i§025. Plate Current—The direct current passing from the plate
and the eathode. : e
through the vacuous space.

5013. Grid—An clectrode having openings through which the electron 5026 Screen Grid—An clectrode of suitable potential interposed
B

between certain of the other electrodes of a vacuum tube to
substantially eliminate the effect of the capacitance between thém.
(See 5006, Screen-Grid Vacuum Tube.)

stream between cathode and anode may pass. i

5014. Grid Voltage—The voltage between the grid and a specifie

point of the cathode. (See page 94.) 2
‘5027, Amplification Factor—A measure of the effectiveness of the grid

- 35
5015. Grid Bias—The direct component of the grid voltage. % voltage relative to that of the plate voltage in affecting the plate
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current; it is the ratio of the change in plate voltage to a change it
grid voltage in the opposite direction, under the condition that th
plate current remains unchanged. As most precisely used, th
term refers to infinitesimal changes in the potentials as indicated
in the defining equation ..

de

Amplification factor p=——, 4, =const.
80

(See 6030, Voltage Amplification.)
Note: See page 99.

5028. Mutual Conductance—The ratio of the change in plate curren
to the change in grid potential producing it, under the conditior

of constant plate voltage. As most precisely used, the term refer s

to infinitesimal changes, as indicated in the defining equation
Mutual conductance, g, = €, = const.
€y
The unit ordinarily used is the micromho.

Note: In rare cases, when the dependence of the grid current on th
plate potential is to be considered, the following terms and symbols may bt
employed: :

Inverse amplification factor

Inverse mutual conductance

9z,
gn= » e, =const.
- dep

(Sec 5042, Mutual Characteristic.)

5029. Plate Conductance—-The ratio of the change in plate current t
the change in plate potential producing it, under the condition o
constant grid potential. As most precisely used, the term refers
to infinitesimal changes, as indicated in the defining equation

&,
Plate conductance, g, = P €,=const.
P

VACUUM TUBES

7 30. Plate Resistance—The reciprocdl of the piate conductance.

1 e,
rp=—=——); ¢,=const..
g Oip

Note: The following relations exist between the terms numbered 5027,
5028, 5029, and 5030.

M
Im=pgp=—.
Ty
31. Plate Characteristic—The gmph plotted between plate voltage
as abscissas and plate current as ordinates. (See 5019, Grid Char-
acteristic; 5042, Mutual Characteristic; and 5045, Emission Char-
acteristic.)

32. Filament Capacitance (C;)—The sum of the direct capacitances
between the filament and all other conductors of a vacuum tube.
(See 1017, Direct Capacitance.)

033. Grid Capacitance (C,)—The sum of the direct capacitances be-
tween the grid and all other conductors of a vacuum tube. (See
1017, Direct Capacitance.)

034. Plate Capacitance (C,)—The sum of the direct capacitances be-
tween the plate and all other conductors of a vacuum tube. (See
1017, Direct Capacitance.)

35. Grid-Plate Capacitance (C,,)—The direct capacitance between
the grid and the plate. (See 1017, Direct Capacitance.)

$036. Grid-Filament Capacitance (C,;)—The direct capacitance be-

tween the grid and the filament. (See 5035, Grid-Plate Capac-
itance; and 1017, Direct Capacitance.)

:5037. Plate-Filament Capacitance (C,;)—The direct capacitance be-

tween the plate and the filament. (See 5035, Grid-Plate Capac-
itance; and 1017, Direct Capacitance.)

Note: All capacitances are ordinarily understood to be taken with the
vacuum tube in its completed form but not in its socket or other holder.

Note: The following relations exist between the capacitances defined in
5032-5037; :

Cy=Cy+Cyy; Cp=Cp+C,y; C;=Cy+Cys.
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5038. Internal Output Impedance—The ratio of the alternating vol-
tage impressed on the output terminals of a vacuum tube to the
alternating current thereby produced at these terminals, in the
absence of impressed alternating voltages at other points.

Note: This is sometimes called simply “output impedance,.” but the
prefix “internal” is preferred in order more surely to distinguish it from the
impedance of the external output circuit.

5039. Internal Output Admittance—The reciprocal of internal output

impedance.

5040. Input Impedance—The ratio of the alternating voltage i.m- ,
pressed on the input terminals of the device to the alternating

current thereby produced at these terminals, in the absence of
impressed alternating voltages at other points.

5041. Input Admittance—The reciprocal of input impedance.

5042. Mutual Characteristic (Grid-Plate Characteristic)—The graph
plotted between grid voltage as abscissas and plate current as
ordinates. (See 5019, Grid Characteristic; 5028, Mutual Con-
ductance; 5031, Plate Characteristic; and 5045, Emission Charac-
teristic.)

5043. Electron Emission—The phenomenon of the liberation of elec-
trons from the surface of a body into the surrounding space,
usually under the influence of heat, illumination, x-rays, impact
excitation, or chemical disintegration.

5044. Total Emission—The value of the current carried by electrons

emitted from a cathode under the influence of a voltage such as

will draw away all the electrons emitted.

6008. Beat Frequency—The number of beats per sccond. This fre-

CIRCUIT ELEMENTS

SECTION 6—CIRCUIT ELEMENTS AND PROPERTIES

001. Resonance Frequency (of a reactive circuit)—The frequency at

which the supply current and supply voltage of the circuit are in
phase.

002. Frequency Meter—An instrument for measuring frequency.

(Frequency meters used in radio work are sometimes called wave-
meters.)

003. Fundamental Frequency—That frequency of which all com-
ponent frequencies are integral multiples.

004. Harmonic—A component of a periodic quantity having a fre-
quency which is an integral multiple of the fundamental frequency.
For example, a component the frequency of which is twice the
fundamental frequency is called the second harmonie.

005. Oscillatory Circuit—A relatively low resistance circuit contain-
ing both inductance and capacity, such that a voltage impulse will
produce a current which periodically reverses.

006. Beating—A phcnomenoﬁ in which two or more periodic quanti-
ties of not greatly different frequencies react with each other to
produce & resultant having pulsations of amplitude.

6007. Beat—A complete cycle of such pulsations.

quency is equal to the difference between the frequencies of the
combining waves.

6009. Series Resonance—A condition which exists in a circuit having

inductance and capacity connccted in serics, when the supply
current and supply voltage are in phase.

5045. Emission Characteristic—The graph plotted between a factor *
controlling electron emission (such as the temperature, voltage or k-
current of the cathode or filament) as abscissas and the total . . L .. )
emission from the cathode or filament ns ordinates. (See 5019, 7 6010. Parallel Resonance—A condition which exists in a circuit having

Grid Characteristic; 5031, Plate Characteristic; and 5042, Mutual X inductance and capacity connef:ted in parallel, when the supply
. current and supply voltage are in phase.

Characteristic.)

’ 6011. Coupling—The association of two circuits in such a way that
energy may be transferred from one to the other.

5046. Thermionic—Relating to electron emission under the influence
of heat.
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6012, Coupling Coefficient—The ratio of the mutual or common
impedance component of two circuits to the square root of the
product of the total impedance components of the same kind in
two circuits. (Impedance components may consist of inductance,
capacity or resistance.)

6013, Direct Coupling—Association of two radio circuits by having an
inductor, a condenser, or a resistor common to both circuits.

6014. Inductive Coupling—The association of one circuit with another

by means of inductance common or mutual to both. (This term
when used without modifying words is commonly used for coupling
by means of mutual inductance, whereas coupling by means of
self-inductance common to both circuits is called “direct inductive
coupling.”)

6015. Capacitive Coupling—The association of one circuit with another
by means of capacity common or mutual to both.

6016. Resistance Coupling—The association of one circuit with another
by means of resistance common to both.

6017. Decremeter—An instrument for measuring the logarithmic de-
crement of a train of waves.

6018, Logarithmic Decrement—The Napierian logarithm of the ratio
of the first to the sccond of two successive amplitudes in the same
direction, for an exponentially damped alternating current. The
logarithmic decrement can also be considered as a constant of a

and the square root of the ratio of the capacity to the inductance
of the circuit.

6019, Damping Constant—The Napierian logarithm of the ratio of two
values of an exponentially decreasing quantity separated by unit
time,

The damping constant is the coefficient a appearing in the
exponent of the damping factor, ¢!, which occurs in expressions
of the following forms for damped currents.

1= Ioc—at
1=1I,°* cos 2mft
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"In an oscillatory cireuit containing resistance, inductance, and
capacity in series, a= R/2L.

6020. Alternating Current—A current, the direction of which reverses
at regularly recurring intervals, the algebraic average value being
zero,

7’6021.'.Damped Alternating Current—An alternating current passing

through successive cycles with progressively diminishing ampli-
tude.

6022 Free Alternating Current—The damped alternating current
-+ Wwhich flows in a circuit following the cessation of an impressed

voltage.

6023 Forced Alternating Current—The alternating current which

flows in a circuit as the result of an impressed alternating voltage
and which has the same frequency.

'3";5024. Pulsating Current—A periodic current, that is, current passing -

through successive cycles, the algebraic average value of which is
not zero. A pulsating current is equivalent to the sum of an alter-
nating and a direct current.

6025 Direct Current—A unidirectional current. As ordinarily used,
‘ the term designates a practically non-pulsating current.

&

6026 Hot-Wire Ammeter—(Expansion type)—An ammeter depen-
simple radio circuit, being 7 times the product of the resistance  which is heated by a current through it.

‘;6027. Thermocouple Ammeter—An ammeter dependent for its indi-
s cations on the change in thermo clectromotive foree set up in a

dent for its indications on a change in dimensions of an element

thermo eclectric couple which is heated by the current to be
measured.

3

fff6028. Vacuum-Tube Voltmeter—A device utilizing the characteristics

of a vacuum tube for measuring alternating voltages.

"!7,7:&6029. Amplifier—A device for increasing the amplitude of electric
current, voltage or power, through the control by the input power
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of a larger amount of power supplied by a local source to the ou A
put cireuit.

6030. Voltage Amplification—The ratio of the alternating voltage pro-
duced at the output terminals of an amplifier to the alternating
voltage impressed at the input terminals. (This term should not’
be used to describe a process.) (See 5027, Amplification Factor)

6031. Current Amplification (of an amplifier)—The ratio of the alter-

nating current produced in the output circuit to the alternating <

current supplied to the input circuit.

6032, Power Amplification (of an amplifier)—The ratio of the alter-
nating-current power produced in the output circuit to the alter-
nating-current power supplied to the input circuit.

6033. Relay—A device by means of which contacts in one circuit are
operated by a change in conditions in the same circuit or in one
or more associated circuits.

G034. Regeneration—The process by which a part of the output power
of an amplifying device reacts upon the input cireuit in such a

manner as to reinforce the initial power, thereby increasing the -

amplification. (Sometimes called “feed back” or “reaction,”)

6035. Attenuation Equalizer—A device for altering the total trans-
mission loss of a cireuit for various frequencies in order to make

substantially equal the total transmission loss for all frequencies
within a certain range,

6036. Transmission Level—The radio field intensity or the signaling

power amplitude at any point in a communication gystem, ex-

pressed cither in some absolute unit or with reference to an arbi-
trary base value.

6037: Loading Coil—An inductor inserted in a circuit to increase its
inductance but not to provide coupling with any other circuit.

6038. Choke Coil—An inductance coil inserted in a circuit to offer

allowing direct current to pass,

CIRCUIT ELEMENTS -

6039. Banked Winding—A form of coil winding in which single turns
are wound successively in each of two or more layers, the winding
proceeding from one end of the coil to the other, without return.

40. By-Pass Condenser—A condenser used to provide an alter-
nating-current path of comparatively low impedance around some
circuit element,

6041 Stopping Condenser—A condenser used to introduce a com-

paratively high impedance in some branch of a cireuit for the
purpose of limiting the flow of low-frequency alternating current
or direct current without materially affecting the flow of high-
frequency alternating current,

6042. Ripple Voltage—The alternating component of unidirectional

* voltage from a rectifier or generator. Per cent ripple is the ratio
of the r.m.s. value of the ripple voltage to the algebraic average
value of the total voltage expressed in percentage.

6043. Filter—A selective circuit network, designed to pass currents
within a continuous band or bands of frequencies or direct current,
and substantially reduce the amplitude of eurrents of undesired
frequencies.

6044. Low-Pass Filter—A filter designed to pass currents of all fre-

. quencies below a eritical or cut-off frequenzy and substantially
reduce the amplitude of currents of all frequencies above this
critical frequency.

) 6045. High-Pass Filter—A filter designed to pass currents of all fre-

quencies above a critical or cut-off frequency and substantially
reduce the amplitude of currents of all frequencics below this
critical frequency.

6046. Band-Pass Filter—A filter designed to pass currents of fre-

+ quencies within a continuous band limited by an upperand a lower
critical or cut-off frequency and substantially reduce the ampli-
tude of currents of all frequencies outside of that band.

“6047. Ripple Filter—A low-pass filter designed to reduce the ripple
reactance to the flow of alternating-current components while

current while freely passing the direct current from a rectifier or
generator,
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6048. Rectifier—A device having an asymmetrical conduction charac
 teristic which is used for the conversion of an alternating curren
into a pulsating current. Such devices include vacuum-tub
rectifiers, gas rectifiers, oxide rectifiers, electrolytic rectifiers, et

Note: In dealing with rectification in the recéption of radio signals th
term “detector” is preferred to “rectifier”. (See 4012 Detector.)

6049. Half-Wave Rectifier—A rectifier which changes alternatin
current into pulsating current, utilizing only one-half of each cycl

6050. Full-Wave Rectifier—A double element rectifier arranged s
that current is allowed to pass in the same direction to the loa
. circuit during each half cycle of the alternating-current suppl
one element functioning during one-half cycle and the other durin

the next half cycle, and so on, .

6051. Trickle Charger—A device designed to charge a storage batter
at a low rate continuously or during & major portion of the 24-hou
day.

6052, Resonance Transformer—A transformer with condenser loa
whose cireuits are adjusted as a whole to have the same frequenc
as that of the alternating current supplied to the primary, thereb

causing the secondary voltage to build up to higher values tha
would otherwise be attained.

6053. Radio-Frequency Transformer—A transformer _for use with:
radio-frequency currents,

6054. Audio-Frequency Transformer—A transformer for use with:
nudio—frequency currents.

6055. Rheostat—A resistor w}nch is provided with means for readlly
ad]ustmg its resistance,

6056. Voltage Divider—A resxstor provnded with fixed or movable |

contacts and with two fixed terminal contacts. Current is passed

between the terminal contacts and the desired voltage is obtained

across a portion of the resistor, The term “potentiometer” is often
erroneously used for this device.

ANTENNAS

36057. ““A” Power Supply—A power supply device whxch provides

heatmg current for the cathode of a vacuum tube.

058. ¢‘B" Power Supply—A power supply device connected in the
plate circuit of a vacuum tube.

059. “‘C” Power Supply—A power supply device connected in the
circuit between the cathode and grxd of & vacuum tube so as to
apply a grid bias.

£6060. Protective Device—A device for keeping currents or voltages of

undesirably large magnitude out of a given part of an electrical
circuit. For example, fuse, lightning arrestor,

26061, Transmission-Frequency Characteristic—A graph showing the

transmission efficiency of a circuit or transmission path as ordi-
nates and the frequency as abscissas.

SECTION 7—ANTENNAS

27001. Antenna—A device for radiating or absorbing radio waves.
$7002. Aerial—An elevated conductor portion of & condenser antenna.

57003, Unilateral Antenna—An antenna having the property of rad-

ating or receiving radio waves in larger proportion in some one
angular region than in all other directions.

7004 Beam Antenna-—A unilateral directive antenna such that its
radiation is substantially confined to a narrow beam.

§7005. Bilateral Antenna—An antenna having the property of radiating

or receiving radio waves in larger proportion in angular regions
180 degrees apart than in all other directions.

7006. Loop Antenna—An antenna consisting of one or more complete
turns of wire. This is also called a coil antenna,

7007. Condenser Antenna—An antenna consisting of two capacity
areas. ‘
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7008, Directional Antenna—An antenna having the property of radi-
ating or receiving radio waves in larger proportion along some
directions than others. An antenna of this type used for trans-
mitting is often called a directive antenna. - ' *

7009. Multiple Tuned Antenna—An antenna with connections to
ground or counterpoise through inductances at more than one
point, the inductances being so determined that their reactances
in parallel present a total reactance equal to that necessary to give
the antenna the desired natural frequency.

7010. Feed Ratio (of a multiple tuned antenna)—The value obtained
by dividing the sum of the currents at all the antinodes by the
current in the line feeding the antenna. '

7011, Series or Feed Resistance (of a multiple tuned antenna)—The
quotient of the power delivered to the antenna by the square of
the current in the line feeding the antenna.

7012, Wave Antenna—A horizontal aerial the physical length of which
is of the same order of magnitude as that of the signaling waves

to be received, and which is so used as to be strongly ‘ direc-
tional,

7013, Antenna Resistance—An effective resistance which is numeri-
cally equal to the quotient of the average power in the entire

antenna circuit by the square of the effective current at the
point of maximum current,

Note: Antenna resistance includes: Radiation rezistance, ground re-
sistance, radio-frequency resistance of conductors in antenna circuit,

cguivnlent resistance due to corona, eddy currents, insulator leakage,
dielectric loss, etc. :

7014, Effective Height of an Antenna—The height of an equivalent
ideal antenna. As ordinarily defined, this ideal antenna is a
vertical conductor carrying a uniform current equal to the maxi-
mum-current-existing-at-any point in the actual antenna._

Note: This applies most slrictly to antenna systems producing or ai-
fected by a substantially vertical electric field.

7015. Antenna Form Factor—The ratio of the effective height of an :
antenna to its actual physical height, ’

DIRECTION FINDING

#7016. Meter Amperes—The product of the antenna current in am-
peres at the point of maximum current and the antenna effective
height in meters for any radio transmitting station.

017. Radiation Resistance—The ratio of the total power radiated by
an antenna to the square of the effective current at the point of
maximum current,

7018. Radiation Efficiency—The radiation efficicncy of an antenna is
i the ratio of power radiated to the total power delivered to the

%  antenna, at a given frequency.

7019. Fundamental or Natural Frequency (of an antenna)—The lowest
resonant frequency of an antenna, without added inductance or
capacity. '

7020, Lead-In—That portion of an antenna system which completes
= the electrical connection between the elevated outdoor portion
and the instruments or disconnecting switches inside the building.

17021. Counterpoise—A system of wires or other conductors, forming
the lower capacity area of a condenser antenna elevated above and
insulated from the ground.

:7022, Ground System (of an antenna)—That portion of the antenna
system below the antenna loading devices or generating apparatus
most closely associated with the ground and including the ground
itself.

7023. Ground Wire—A conductive connection to the carth.

7024. Ground Equalizer Inductors—Coils of relatively low inductance
placed in the circuit connected to one or more of the grounding
points of an antenna ground system, to divide the current between
the various points in any desired way.

SECTION 8—DIRECTION FINDING
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8002. Radiocompass—A direction finder used for navigational pur-:

poses. .

8003. Direction-Finder Calibration—The determination of the direc-

tion and amount of fixed local wave front distortion to the end:

that the correet bearing may be obtained.

8004. Radio Wave-Front Distortion—A change in the direction of

advance of radio waves.

8005. Sense Finder—An addition to a direction finder which permits
determination of the dircction without 180 degrees ambiguity.,

8006. Radiobeacon—A radio transmitting station in a fixed geographic

location which emits a distinctive or characteristic signal for en-
abling mobile reeciving stations to determine bearings or courses. ,

8007. Radio Range—A radiobeacon which transmits directed waves

by means of which departures from a given course may be ob-
served.

8008. Equisignal Radio Range—A radio range which transmits two

distinctive signals which may be received with equal intensity
only in certain directions.

8009. Equisignal Zone—A region in which two distinctive signals
from an equisignal radio range are received with equal intensity.

8010. Radio Bearing—The anglc between the direction of the advance

of the incoming radio wave and an arbitrarily fixed liné (such as
the center line of a ship).

8011.'Corrected Radio Bearing—A radio bearing to which the calibra-
tion correetion has been applied.

SECTION 9—ELECTRO-ACOUSTIC DEVICES
9001-9013 General

_The Transmission Unit (the decibel—“db”)* The transmission .
unit 1s used below for expressing certain performance indices of

* See “The Transmission Unit” (page 81).

ELECTRO-ACOUSTIC DEVICES

lectro-acoustic transducers. This unit is logarithmic in nature and
Jossesses 4 unique relation with the physiological response of the ear;
1amely, over the usual range of sound intensities one transmission
nit corresponds very closely to the minimum perceptible change
n loudness. The interpretation of the significance of the performance
ndices in terms of what one may expect to hear is thereby facilitated
y expressing them in transmission units.

001. Electro-Acoustic Transducer—An electro-acoustic transducer is
a transducer which is actuated by power from an clectrical system
and supplies power to an acoustic system or vice versa.

002. Damped Impedance—The damped impedance of an electro-
acoustic transducer is the impedance measured at the terminals of
its electrical system when the impedance of the attached mechani-
cal system is infinite or vice versa.

003. Normal Impedance—The normal impedance of an electro-
acoustic transducer is the impedance measured at the terminals of
the electrical system when the mechanical system is connected to
its load or vice versa.

004. Motional Impedance—The motional impedance of an clectro-
acoustic transducer is the vector difference between the normal
and the damped impedance.

005. Force Factor—The force factor of an clectro-acoustic transducer
is & measure of the coupling between its electrical and mechanical
systems. It is the ratio of the open circuit force or voltage in the
secondary system to the current or velocity in the primary system.

C06. Compliance—The compliance of a mechanical clement is its
deflection per unit of force. This is the reciprocal of its stiffness.
Compliance in a mechanical system is analogous to capacitance in
an clectrical system and is expressed in centimeters per dyne.
Negative compliance (reciprocal of negative stiffness) oceurs in a
case of unstable equilibrium where a small displacement results
in a force tending to give a further displacement in the same
direction.
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9007. Mechanical Impedance'—The mechanical impedance of a
mechanical system is the complex quotient of the alternating
force applied to the system by the resulting alternating linea
velocity in the direction of the force at its point of application

9008. Mechanical Resistance!—The mechanical resistance of & me
chanical system is the real component of the mechanical impe- |
dance. It may also be expressed as the quotient of the power *
absorbed by the system by the square of the alternating velocity !
at the point of application of the force.

9009. Mechanical Reactance!—The mechanical reactance of a me
chanical system is the magnitude of the imaginary component of ;
the mechanical impedance. It may also be expressed as the com
ponent of the mechanical impedance of the system resulting fron
its effective mass or compliance.

9010. Bar—A pressure of one dyne per square centimeter is called a
bar.

9011. Acoustic Impedance*—~The acoustic impedance of a sound |
- medium on a given surface is the complex quotient of the pressure
(foree per unit area) on that surface by the flux (volume velocity,
or lincar velocity multiplied by the area) through that surface.
The acoustic impedance may be expressed in terms of mechanical -
impedance, acoustic impedance being equal to mechanical im-

pedance divided by the square of the area of the surface con-
sidered.

9012, .Acm.xstic Resistance?—The acoustic resistance of a sound me- -
dium is the real component of the acoustic impedance. This is the :

cpmponent of the acoustic impedance associated with the dissipa- °
tion of energy.

9013: Acou.stic I‘leactance’—The acoustic reactance of a sound medium °
Is the imaginary part of the acoustic impedance. It is the com-

ponent of the acoustic impedance resulting from the effective °

mass or compliance of the medium.

x * . . . . e
A mechanical impedance, reactance, or resistance is said to have a magni-

tude of one unit when a force of one dyne produces a velocity of one centimeter

per second.

’ \ . . . K
An acoustic resistance, reactance, or imped is sai i
! X pedance is said to have a magnitude
of one unit when a pressure of one bar produces a volume velocity of one cubic

centimeter per second.

ELECTRO-ACOUSTIC DEVICES

' 9014, The Absolute Efficiency of an electro-acoustic transducer for o

given circuit condition is an expression in percentage or in TU
determined from the ratio of the output of the transducer to the
output of the ideal electro-acoustic transducer.

9015, The Practical Efficiency of one telephone receiver relative to
another as observed in the sound medium at a specified point
relative to the location of the two receivers is an expression in
percentage or in TU determined from the following ratio:

E, /R
EY R
Where E; is a voltage in series with the first receiver and a
resistance R, equal to the impedance io which this receiver is de-
signed to be connected; F is a voltage in series with the other
receiver and a resistance R, equal to the impedance to which this
receiver is designed to be connected; and the values of E; and E;
are such that the two receivers give the same loudness of sound at
the observer’s position as judged by the car. _
The practical efficiency of one microphone (with its associated
connecting circuit) relative to another microphone (with its associ-
ated connecting circuit) when these are connected alternately to
the grid-filament circuit of a vacuum tube is an expression in
percentage or in TU determined from the following ratio:
E,

Ea
Where E,; is the voltage produced between the grid and fila-
ment of the tube by the first microphone; E 3 is a similar voltage
produced by the second microphone; E,; and E,, resulting when
the microphones are placed successively in the same sound field.

% 9016. Response—The response of a receiver at a specified frea

and under specified acoustic conditions is determined fr.
ratio:

14
E .
vE
Where R is a resistance equal to the impedance to which the
receiver is designed to be connected; E is a voltage (at the speci-
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fied frequency) supplied to the receiver in series with the resistance .
R; and p is the resultant pressure (at the specified frequency) at a

specified point or the average of the resultant pressures at speci-
fied points in the medium relative to the receiver.
The response may be expressed by a value equal to the above

ratio or may be expressed in TU relative to an arbitrary reference

condition of 1 volt, 1 ohm, and 1 bar. Thus the response of a
receiver in TU equals:

_r

E

VR p

——— =20 logj;——— .

1 By
1 VR

V1

The response of & microphone (with its associated connecting

cireuit) at a specified frequency and in conjunction with a vacuum

tube having a specified input capacitance is determined from the
ratio:
£,

P

Where p is the pressure in bars at the specified frequency on
the microphone diaphragm; and E, is the voltage produced by the
microphone between the grid and filament of the associated
vacuum tube when the microphone is conneeted thereto and
operated in the manner for which it was designed.

.The response may be expressed by a value equal to the above
ratlo.or may be expressed in T'U relative to an arbitrary reference
condition of 1 volt per bar. Thus, the response in TU equals:

E,

p E
20 logig ———=20 log;y —~ .
1 P

1

9017. A Response-Frequency Ciaracteristic of an electro-acoustic
transc{ucer 18 & curve showing its response over a range of fre-
quencies and is usually defined by rectangular coordinates with

Y
7
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response values as ordinates and frequency values as abscissas. A
logarithmic frequency scale is employed.

. The Articulation of an electro-acoustic transducer is a measure
of its ability to transmit detached specch syllables and is expressed
as a percentage of the total syllables spoken which are correctly
understood by the listener at the output of a transmission system
including the transducer as the only source of distortion of de-
tectable magnitude.

19. A Current-Supply Loss Curve is one which shows the changes in
the practical efficiency or response of an electro-acoustic trans-
ducer which accompany changes in the direct-current supply.

9101-9121—Telephone Receivers and Loud Speakers

101. Telephone Receiver—A telephone receiver is an electro-acoustic
transducer actuated by power from an electrical system and
supplying power to an acoustic system, the wave form in the .
acoustic system corresponding to the wave form in the electrical
system.

9102, Loud Speaker—A loud speaker is a telephone receiver designed
to radiate acoustic power into a room or open air.

103. Driver Element—The driver element of a telephone receiver is
that portion of the receiver which receives power from the elee-
trical system and converts it into mechanical power.

&
:9104. Acoustic Radiator—An acoustic radiator is that portion of a

transducer which facilitates the radiation of sound vibrations.

1£9105. Free Radiator—A free radiator is an acoustic radiator, the sound

from which is originated in an unconstrained medium.
9106. Constrained Radiator—A constrained radiator is an acoustic
radiator, the sound from which is originated in a constrained por-

tion of the medium.

9107. Horn—A horn is a constrained radiator consisting of a tube of
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varying sectional area for determining the shape of -the con-
strained portion of the medium.

9108. Throat of a Horn—The throat of a horn is the end with the
smaller cross sectional area. :

9109. Mouth of a Horn—The mouth of a horn is the end with the
larger cross sectional arca. o

9110. Exponential Horn—An exponential horn (sometimes called loga-
n.thmlc horn) is a horn whose sectional area varies exponentially
with its length. It is defined by the following relation:

_.=eT:

So

w‘here S=arca of plane section of the horn normal to the axis ata -
distance z from the throat of the horn. S,=area of plane seetion .
of the horn normai to the axis at the throat, and T=a constant

which determines the rate of taper of the horn.

9111. Conical Horn—A conical horn is a horn whose equivalent - -

sectional radius (v/S/#) has a constant rate of increase.

9112. Diaphragm—A diaphragm is a vibrating surface which produces

sound vibrations.

9113. Baffle—A baffle is a partition which may be used with a free

radiator to impede circulation from front to back.

9114. Magnetic Loud Speaker—A magnetic loud speaker is one in

- which the mechanical forces result from magnetic reactions.

magnetic loud speaker in which the mechanical forces are de-
veloped by the interaction of currents in a conductor and the .

polarizing field i.n which it is located. This is sometimes called an
* Electro-Dynamic or a Dynamie Loud Speaker.

9116. Moving Iron Loud Speaker—A moving iron loud speaker is a

magfletic loud speaker whose operation involves the vibration of &
portion of the ferro-magnetic circuit.

MICROPHONES 79

coil loud speaker in which the current which reacts with the
polarizing field is induced in the moving member.

€
117. Induction Loud Speaker—An induction loud speaker is a moving
3

8. Condenser Loud Speaker—A condenser loud speaker is one in
which the mechanical forces are obtained by varying the voltage
between two electrodes of a condenser forming a part of an elec-
trical circuit,

119. Piezo-Electric Loud Speaker—A piezo-electric loud speaker is
. one in which the mechanical forces are obtained by use of a piezo-
clectric element. :

)120. Magnetostriction Loud Speaker—A magnetostriction loud
speaker is a magnetic loud speaker in which the mechanical
forces are obtained by magnetostriction.

)121. Thermal Receiver—A thermal receiver is a telephone receiver
in which the temperature of a conductor is caused to vary in
response to the current input, thereby producing sound waves asa
result of the expansion and contraction of the adjacent air.

9201-9211—Microphones

0201. Microphone—A microphone is an electro-acoustic transducer
actuated by power in an acoustic system and delivering power to
an electric system, the wave form in the eleetric systetn corre-
sponding to the wave form in the acoustic system. This is also
called a telephone transmitter.

9202. Carbon Microphone—A carbon microphone is one using one

or more carbon contacts.

9203. Condenser Microphone—A condenser microphone is one the
operation of which involves a variation in the electrostatic
capacity produced by a sound wave.

9204. Magnetic Microphone—A magnetic microphone is one whose
electrical output is genmerated in a coil or conductor in &
magnetic circuit or field. :

'3 9205, Push-Pull Microphone—A push-pull microphone is one which

makes use of two functioning elements 180 degrees out of phase.
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9206, Burning is a rapid, transitory and for the most part nonperiodic
resistance fluctuation in a carbon microphone. It isevidenced bya
frying or sputtering noise sometimes heard from a connected
receiver.,

9207. Breathing is a slow and for the most part periodic variation in

-the resistance (and microphonicness) of a carbon microphone. It :

may be of relatively large magnitude and is not in general audible.

9208. Packing in a carbon microphone is a condition caused by excess
mechanical pressure between points of contact or by adherence |
between points of contact resulting from excessive voltages.- It is -

evidenced by decreased resistance and sensitivity of the micro-
phone,

9301-9306—Electromechanical Devices

9301: Phonograph Pickup—A phonograph pickup is an electromechan-
ical transducer actuated by a phonograph record and delivering

power to an electrical system, the wave form in the electrical -

system corresponding to the wave form in the phonograph record.

9302. Magnetic Pickup—A magnetic pickup is a phonograph pickup
whose electrical output is generated in a coil or conduetor in &
magnetic circuit or field. )

9303. Carbop Contact Pickup—A carbon contact pickup is a phono-
graph' pickup which depends for its operation upon the variation
In resistance of one or more carbon contacts.

9304. _Piezo-Electn'c Pickup—A piczo-electric pickup is & phonograph
pickup \Yllose electrical output is generated by varying mechanical
stresses in the piezo-electric crystal.

9305. Condenser Pickup—A condénser pickup is a phonograph pickup

those electrical output is generated by a mechanical variation of
its charged capacity.

9306. Elect'rical Phonograph Recorder—An electrical phonograph re-
cordex.' 18 an electromechanical transducer actuated by power in an
clectrical system and supplying power to a recording mechanical
system, the recorded wave form produced by the mechanical sys-
tem corresponding to the wave form in the electrical system,

TRANSMISSION UNIT

THE TRANSMISSION UNIT

A transmission unit is & unit for the logarithmic expression of
tios of power, voltages, or currents, in a transmission system.
There are now in rather widespread use, internationally, two trans-

‘mission units, a Napierian unit called the “Neper,” and a decimal unit

alled the “Bel.” Decimal multiples or sub-multiples of either of these
nits may be used, such as “decineper” and “decibel.”
The number of units of transmission in the case of a ratio of two
owers, P, and P; is: ' p
in the napierian system:1/2 log. 7}
2

P,
logm 7;2" .

in the decimal system:

The number of units of transmission in the case of a ratio of two
oltages E; and Ej, of two currents I; and I, if the squares of these
tios are equal to the power ratio, is:
I

log.——l or log —

in the napierian system:
p Y ) I

in the decimal system: 2 logmf—l- or 2 logo -I—x-
. E, I,
The unit based on the decimal system and having a size one-tenth
that here defined is widely used in the United States. This unit is,
rerefore, the “decibel,” (abbreviated “db”) and has been generally
ferred to merely as “the transmission unit” or “TU.”
3 The following table gives the numerical values of power, voltage,
‘and current ratios corresponding to particular numbers in decibels:

Transuisston Units IN Decisers (db)
- 1] =10logue 1)
1.259 = 1001) 1 =10jog1 1.259)
10 -]} 10 (=101logss 10)
100 (=107 ’ 20 5-1010311100)
1000 (=10%) 30 =10 logie 1000)

TransmiseioN Untts 1N Dxcisees (db)
—60.00 ;
-40.02

—40.00
-206.02

PowERr Ratio

VovLraae or CURRENT RaTiO
.001
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STANDARD GRAPHICAL SYMBOL S
USED IN RADIO COMMUNICATION

Aerial
Ammeter

Arc

it
-®-
kS

Batter (the po.,ltwe electrode is
indicated by the long line)

Coil Antenna

Condenser, Fixed

Condenser, Fixed, Shielded

Condenser, Variable

Condenser, Variable (with movin
plate mdacated?

Condenser, Variable, Shielded

Counterpoise

Crystal Detector

ot e

ST ER Y

23

e
i '~:":Df

G- v by e g

STANDARD GRAPHICAL SYMBOLS

Frequency Meter (wavemeter)
Galvanometer

Glow Lamp

Ground

Inductor

Inductor, Ad justable
Inductor, [ron Core
Inductor, Variable

Jack

Ké)'

Lightning Arrester

Loud Speaker

Microphone (Telephone Transmitter) -

Photo electric Cell

Piesoelectric Plate
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Resistor
Vacuum Tubes ,

, , Diode
‘Resistor. Variable : - (or half-wave rectifier)
’ -

Resistor, Adjustable

Spark Gap, Rotary | : Triode
. (with directly heated cathode )

Spark Gap, Plain |

Triode

Spark Gap, Quenched (with indirectly heated cathode)

Telephone Receiver Screen Grid Tube

' (with directly heated cathode)
- Thermoelement

: , Screen Grid Tube !
Transformer, Air Care §§ (with indirectly heated cathode )

Transformer, Iron Core

, ¢ Rectifier Tube Full-Wave
Transformer With Variable Coupling %% g (Fitamentless) ’

Transformer , With Variable Coupling %g
(With moving coil indicated) e

Voltmeter —@—

. - A Rectlfler' Tube, HaIF-Wave
Wires, Joined ' . -T_Ll_ ; (Fllamentless) _

Wires, Crossed, not Jjoined

Rectifier Tube, Full- Wave
(with directly heabed cathode )

DOPBPDHHO




SYMBOLS FOR ELECTRO-ACOUSTIC DEVICES

oustic portion of the system or the reverse. The ordinary symbol for
SUGGESTED SYSTEM OF SYMBOLS esistance, inductance, or capacity is used where appropriate, and a
FOR gine wave is used as a general symbol for impedance. The mechanical
rtion of the system is represented by a vertical line, modified in
ELECTRO-ACOUSTIC DEVICES rtain cases to indicate particular mechanical forms. '

The accompanying system of symbols for electro-acoustic device: MICROPHONES
is suggested for trial use in order to determine whether these symbols:
are suitable for adoption as standard. _I_

It should be observed that the complete symbol consists of a portior -
representing the electrical part of the system and another portion repre

- 4zMicrophone Condenser Carbon Magnetic
TELEPHONE RECEIVERS Microphone Microphone  Microphone

I

| —
Push- Pull Condenser Carbon
Microphone Push-Pull =~ Push-Pull

_T__ >| : Microphone  Microphone

_1- ELECTRO- MECHANICAL DEVICES
Condenser Magnetic Thermal

Receiver Receiver Receiver ‘ U U U ‘% U _T_
7 Phonograph  Magnetic Carbon Condenser
l Pickup . Pickup Contact Pickup
"’-l— — ' Pickup

Loud Condenser Magnetic Thermal
Speaker Loud Speaker  Loud Speaker  Loud Speaker

Telephone Hand Head
- Receiver Receiver Receiver

— —

U% -

. . - ’ 43

associated Wlth' the .electncal portion of the symbol is used to indicate 2 Flectrical Piezoelectric
whether the direction of energy flow is from the electrical to the Phonograph ' ickup

Recorder

senting the acoustic or mechanical part of the system. An arrov’
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Ttis suggested that, when letter symbols are used toindicate electro
acoustic systems, the electrical terms be represented by capital letter
Z, X, and R, and the mechanical terms be represented by small letters
2, z, and r. It is suggested that “damped” impedance, reactance, o

* resistance be represented by the appropriate letter with the subscrip
small letter d, that “motional” impedance, reactance, or resistance b
indicated by the subscript small letter m, and that “normal” impedance
reactance, or resistance be represented by the approprmte letter wit
no subseript,

ABBREVIATIONS

All words, both technical and otherwise, should ordinarily be
pelled out. Certain circumstances arise, however, such as the head-
gs of columns, the tabulation of data, and a very limited number of
ther occasions when abbreviations are required. In such unusual
ircumstances, the following list of abbreviations may be used.

Many of the abbreviations are given in lower-case letters. Obvi-

qusly, however, there will be occasions, such as when the abbreviations
’ng used in titles of columns, where the original word would have been

zeapitalized. In these cases, the abbreviations should be similarly
?t pitalized. '

A two-word adjective expression should contain a hyphen.

Term Abbreviation
Alternating-current (adjective) ac
Alternating current spell out
Ampere a ‘
Antenna ant.
Audio-frequency (adjective) a-f
Continuous waves: Ccw
Cycles per second ~
Decibel ' * db..
Direct-current (adjective) d-c
Direct current spell out
Electromotive force ‘ e.m.f.
Frequency ' f
Ground gnd.
Henry
Intermediate-frequency (adjective) i-f
Interrupted continuous waves
Kilocycles (per second)

 Kilowatt
Megohm
Microfarad
Microhenry
Micromicrofarad
Microvolt
Microvolt per meter
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Millivolt per meter
Milliwatt

Ohm

Power Factor
Radio-frequency (adjective)
Volt

mv/m -

Abbreviations for Metric Prefixes

Prefix

centi
deci
deka
hecto
kilo
mega
micro
milli

Abbreviation
e
d
dk

h
k
M
m
m

LETTER SYMBOLS——VACUUM-TUBE NOTATION |

The system of notation has been chosen with regard both to current
Mciice and to convenience in printing and in typing. All special
acters or signs have been avoided. The only character not ordi-
ily found on a typewriter is the Greek letter ¢; and it has been sug-
ted that in typing the letter u may be used as an alternative.

A subcommittee under the auspices of the American Standards
sociation is now at work on the general subject of symbols used in

i engmeermg Among the recommendations tentatively adopted by this

ubcommittee are: (1) that E, e (never V, v) be used for voltage,
pluding electromotive force and potential; and (2) that lower-case
e ters (never capitals) be used for the circuit properties: 1mpedance,

resistance, reactance, admittance, and conductance. This usage is
sllowed in the report.

& Table I gives the letter symbols for the important vacuum-tube
uantities; and the following paragraphs state the rules to be followed,
in‘the use of subscripts and the like, in distinguishing different quanti-

ies of the same kind.

. When current, voltage, and power vary with time, lower-case

hcs should be used for instantanecous values and capital italies for

?;gnstant or representative values. The root-mean-square value has no

‘s cial designation, other than the use of capitals; other representative

values are designated by subscripts which are placed as final sub-
jscnpts, the subscript m being used for maximum value.

¥4 2. In alternating-current circuit equations, bold-face italics may
'bé used for complex or vector quantities. In typing, where it is not
ademred to distinguish italics.from Roman letters, underscoring may
'bé employed to indicate bold-face letters.

4 3. Harmonic components should be indicated by numerical sub-
‘séripts immediately preceding the letter, subscript 0 being used for
te direct component and subscript 1 for the fundamental. How-
I er, when in any discussion, only fundamental sinusoidal quantities
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are considered, then it is permissible to omit the subseript 1 for sim-
plicity. The subscript O preceding the letters g,, 7, ete., may be used
to designate the respective conductance or resistance to direct current.

4. Different frequencies may be distinguished by letter or number

" subscripts, preceding the letter, and also preceding the subscripts
denoting harmonics in case both are needed. To distinguish radio
frequency and audio frequency, the subscripts r and a should be used.

5. Different vacuum tubes in the same discussion may be dis
tinguished by letter or number subscripts immediately following the
subscripts g, p, ete.

The following examples illustrate the notation:

(a) Root-mean-square plate potential of vacuum tube No. 2, in
cluding direct component and all harmonic components,

E,

(b) Direct component of the plate potential in (a),
OEp2

(¢) Maximum value of third harmonic of the plate potential in (a)

3Ep2m

(d) Root-mean-square value of the fundamental plate potential i

(a), the second form to be used only when it will not conflict with (a),:

1E,,2 or E,ﬂ

(e) Instantancous value of the audio-frequency component of grid
potential,

a8y

(f) Root-mean-square value of third harmonic of the above.
alEp

LETTER SYMBOLS—VACUUM-TUBE NOTATION

TABLE 1

Quaniity

Grid potential
Grid current

Grid conductance

Grid resistance

Grid bias voltage
Plate potential ‘
Plate current

Plate conductance

Plate resistance

Plate supply voltage
Emission current

Mutual conductance
*Inverse mutual conductance

Amplification factor

*Inverse amplification factor

Filament terminal voltage
Filament current
Filament supply voltage
Grid-plate capacity
Grid-filament capacity
Plate-filament capacity
Grid capacity

Plate capacity

Filament capacity

I,

E,

Cor

Cvf

Cr/ .
Cy=Cop+Cy
Cp=Cop+Cyr
Cr=Cor+Cyp

* These quantities are rarely used.




STANDARD METHODS OF MEASURING IMPORTANT
CHARACTERISTICS OF VACUUM TUBES

1. Scope. This section of this report concerns methods of measure-
ment of the important characteristics of vacuum tubes.

2. General Precautions. Attention is called to the necessity,
especially in tests of apparatus of low power, such as receiving-type
vacuum tubes, of eliminating or correcting for errors dufz to t}xe
presence of the measuring instruments in the test circuit. This applies
particularly to the currents taken by voltineters and other shunt-
connected apparatus, and to the voltage drops in ammeters and other
serics-connected apparatus.

Attention is also called to the desirability of keeping the test condi-
tions, such as filament heating, plate potential, and plate current
within the safe limits specified by the manufacturers. Otherwise the
characteristics of the vacuum tube may be permanently altered and
subsequent tests vitiated. When particular tests are required to ex-
tend somewhat beyond a specific safe limit (sections 5 and 7, pages 95

and 96) such portions of the test should be made as rapidly as possible -

and preferably after the conclusion of the tests within the specified
safe limit.

3. General Test Conditions. Except when the nature of a test -
calls for varying or abnormal conditions, all tests should be made at -

the normal rated conditions specified by the manufacturers of the

clearly and fully stated as o part of the test data.

voltage should be employed in tests, except that in cases where fila

ments are to be used in serics the rated current may be employed, this
to be stated as a part of the test data. Direct current should be used ¢
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?or filament heating, except where the normal operating condition is
fwith alternating-current heating, in which case the use of the latter
should be stated. When direct-current heating is employed, the nega-
tive filament terminal should be taken as the datum of potential; if
%the proper filament terminal to be used as the negative is not indicated
:by the manufacturer or specified in any recognized standard for a
féiven vacuum-tube structure, then the terminal used as the negative
ghould be stated with the test data. When alternating-current heating
is employed, the mid-point (i.c., the center tap on the filament trans-
former sccondary, or the mid-point on a resistance shunting the
filament) should be taken as the datum. It should be noted that these
itwo potential datum conditions are not equivalent and should not be
expected to give equivalent readings. If substantially equivalent read-
ings are desired as between the two cases (alternating and direct-

irrent heating), the datum of potential for alternating-current heating
must be taken at a point, whose direct potential is more negative than

at of the filament mid-point by an amount numerically equal to half
of the root-mean-square value of the filament voltage.

In testing screen-grid vacuum tubes (5006)* the measurements may
made in the same way as on triodes, except that precautions must
taken due to the changed order of magnitude of some of the factors.

. 4. Grid Characteristic (5019). Readings of the grid current and
grid potential are taken for the condition of constant plate potential,
jvhich should ordinarily be the normal rated value if only a single curve
is to be obtained. The range in grid current ordinarily need not extend
to reversed grid currents (5017), due to gas ionization, as such currents

5 ‘arc relatively very small and are included in another test (section 14,
vacuum tubes. In case the manufacturer’s rating is not specific, test
conditions not specified should be selected in accordance with the best -
judgment of the tester (preference being given to the highest value of .
any quantity for which more than one value is specified) and should be :

page 102). The graph is plotted with grid voltage as abscissas and -
grid current as ordinates,

2 In case of two grids in a vacuum tube the voltage of one is kept con-
Btant while the voltage of the other is varied, thus giving two grid

tharacteristic curves for one tube.
When o filament is rated in both voltage and current, the rated .

5. Plate Characteristic (5031). These curves are particularly
13 . .
informative and are most useful when plotted as a family of curves,
each for a different value of grid potential. Readings of plate current

* The numbers in parentheses refer to the numbered definitions in the first

~:¥pection of this Report.
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and plate potential are taken for various values of grid potential. In
taking these curves over the useful range, the vacuum tube may be:
overloaded as to voltage and power dissipated (see section 2, page 04).:
The graph is plotted with plate voltage as abscissas and plate current

as ordinates.

For screen-grid vacuum tubes these characteristic curves are taken,
with the sereen grid at a constant voltage. '

6. Mutual Characteristic Curve (5042). Readings of plate current
and grid potential are taken for the conditions of constant plate poten-

tial which should ordinarily be the normal rate value if only a single .
curve is to be obtained. The curve is plotted with grid potential as -
abscissa and plate current as ordinate. A family of these curves, each .
for a different value of plate potential, gives the same information .
as a family of plate characteristic curves, but not in as convenient form -

for riiost design purposes.

For sercen-grid vacuum tubes this characteristic.is taken with -

the sereen grid at a constant voltage.

7. Filament Characteristic Curves. Readings of filament current ,
and filament voltage are taken for the conditions of zero grid potential -}

-and zero plate potential. (Ordinarily the grid and plate clectrodes may

simply be left floating in potential.) The range should extend from 8 :
filament heating too low to give appreciable electron emission in service . | I}
to at least the safe maximum heating (see section 2, page 94). Curves =
should be plotted with filament voltage as abscissa and filament cur- '} :

rent and filament power as ordinates.

8. Emission Characteristic Curve (5045). Readings of emission:
current and filament power (voltage and current) are to be taken and
the curve is to be plotted with filament power as abscissa and emission
current as ordinate. Emission current is measured with the grid or’- fk

grids and the plate connected together and sufficient positive potential

applied with respect to the filament, to obtain the full electron emis- !
sion. Since the emission current at normal filament power would
ordinarily be so great as to damage the vacuum tube, readings are L
taken at lower filament powers only, and normal emission” current
may be obtained by extrapolation. A suitable procedure is as follows,
the values applying to ordinary receiving vacuum tubes. Readings are:
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ken with emission currents of 0.1, 0.2, 0.5, and 1.0 milliampere,
:th 25 volts positive potential applied to the grid and the plate. The
sults are plotted on a special “power-emission chart,”* Fig. 1. The

TEST NO._.
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Fig. 1—Power Emission Chart.

* Copics of this chart may be obtained from Institute headquarters or

pom the publisher, Keuffel & Esser Co., 127 Fulton Street, New York City.
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four points should lie on a straight line, which may be extended.t
normal filament power. If the points tend to fall below a straight lin

with the larger currents, this is an indication that too low a potential :

has been used to obtain the true emission current, and the test should ?
be repeated with 30 volts in place of 25 volts. On the other hand, if :
the points tend to lic above a straight line with the larger currents, -
the vacuum tube has not a sufficiently high vacuum for a reliable -
determination of its emission current by this procedure.

9. Vacuum-Tube Constants in General. The vacuum-tube pro- ;
perties or constants as used in circuit discussion and including inte
nal conductances (or their reciprocals, resistances) and amplification
factor may be obtained ecither (a) from the characteristic curves or (b)
by direet measurements. The former method, the use of characteristic
curves, is usually less precise and less suited to the rapid testing of a
lurge:number of vacuum tubes, but lends itself to more ready interpre-
tation when the quantity to be measured varies rapidly with changing
test conditions (see section 10 below). Both methods, when proper
care and preeautions have been taken, have been found to give con-
cordant results.

" Dircet measurcments are commonly made by balance methods
employing a source of audio-frequency power and a telephone receiver
with or without an amplifier as a null indicator. The magnitude of
the impressed alternating voltage should be always low enough so that
the results are not afiected by a further lowering of the voltage. The
sensitiveness is controlled by the amplification employed. Balance
methods with alternating current require that consideration be given
to the effects of stray capacities or inductances, which may render an
exact balance difficult or may even cause a false balance and vitiate
the results.

10. Grid Conductance (5018). On account of its rapid variation
with grid potential, this quantity is ordinarily best determined from
the slope of the grid characteristic curve (section 4, page 95) at a
specified point, and is the rate of change of grid current with respect
to grid potential. It should preferably be taken for several different
values of grid potential. This quantity is negligible in practice, when
a suitable negative grid bias potential is employed and the signal is no
too strong. With a strong signal, its value ceases to have a definit
significance.. :
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In case tlze vacuum tube has appreciable dielectric loss, this will
add to the grid conductance, which then should be measured at radio

frequencies, if the vacuum. tube is intended to be used at such fre-
quencies.

A4

11. Amplification Factor (5027). This is preferably determined by

12 balance method. If a single value is to be obtained, it should be

for the conditions of normal rated plate potential and normal rated

=grid potential. When no rated grid potential is specified by the

mar.n}facturer, a value should be chosen so that the grid never swings
positive in the cycle of the impressed alternating voltage.

This, like plate f:onductance, is preferably determined by a balance
method. The conditions should be the same as in section 12, page 100. "

Fig. 2—Measurement of Amplification Factor.

Qne suitable balance method is illustrated in Fig. 2. Any con-
yelnlgnp source of alternating current may be used for the tone supply
uch as a vacuum tube or a mechanical oscillator, preferably supplying,

& current as nearly sinusoidal as possible. Any audio frequency may

e used, 800 to 1000 cycles per second being preferred. The shielded
ransformer shown in the supply circuit is desirable though not ab-
solutgly necessary. The telephone receiver T (or input circuit of an
amplifier, if this is used) should have a fairly low resistance. The
gmall vz}riable.mutual inductance M compensates for any slight dii-
Bi,erenc.:e in phz}se of the currents, caused by vacuum-tube capacities or
y slight residual reactances in the plate and grid circuits. The
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procedure is as follows. The filament voltage*  or current), the plate and the plate conductance is
voltage, and the grid voltage are set at their proper values. Then the
resistance r; and the mutual inductance M are adjusted for a balance. , , 1 1
The amplification factor is then g,—-;;= 100r2
T :
p'=—1% . - For screen-grid vacuum tubes the bridge used must be carefully

Amplification factor may alternatively be determined from a family
of plate characteristic curves (section 5, page 95) at a specified plate
current by dividing the difference in plate potential between two curves
at that plate current by the corresponding difference in grid potential
(See also section 13, page 101.)

In triodes it is cugtomary to measure the value of amplification :
factor, and to calculate from this and the plate resistance the value of °
mutual conductance. Due to the extremely high value of amplificatio Gl
factor it is not often considered advisable to measure this value on %2 D2
screen-grid tubes. Instead the mutual conductance of a sereen-grid 56 "'ll
vacuumn tube is measured directly. '

AMNM——

12. Plate Conductance (5029) or Plate Resistance (5030). These &,
quantities, like amplification factor, are best determined by a balance -2 Fig. 3—Measurement of Plate Resistance
method. The conditions are the same as in section 11, page 99. : '

One suitable balance method is a simple Wheatstone bridge with =% The plate conductance may alternatively be determined from the
audio-frequency source and detector. An alternative balance method tslope of the plate characteristic curve {scction 5, page 95) at a speci-
employs the arrangement of Fig. 3 and is particularly suitable when ;ﬁed point m.‘d is the rate of change of plate current with respect to
amplification factor (sce section 11, page 99) is to be determined at %plu.te potential. :
the same time, since the apparatus is the same and simple switching :
suffices to change the connections from one test to the other. The pro- 53 13. Mutual Conductance (5028). This is usually determined
cedure is as follows. The filament voltage (or current), the platé ;from the two .preccding tests, being the product of plate conductance
voltage, and the grid voltage are set at their proper values and the v,by nm?llﬁcatlon factor. Sometimes, as with certain power vacuum
resistance 7, at the value found in the test for amplification factor %tubes, it is more convenient to determine the two conductances di-
(section 11, page 99). Then the resistance 7, and the mutual in- rectly by measurements and then to compute the amplification factor

ductance M are adjusted for a balance. The plate resistance is then /4"° their ratio. In any case the conditions should be the same as in
section 12, page 100.
rp=10073; '

Mutual conductance ma i i
o re:1 gc{:oﬁfof?lg u}));l;:gvrn th under “General Test Conditions.” If it is desire characteristic curves (sectio: 51)0 detegmlned from 8 faaily of plate
oltage and filament current, the two-way key for th . . e » page 95) at a specified plate poten-
filament voltmeter may be pressed down or up nccordinﬁ as the filament is o tial, by dividing the difference in plate current between two neigh-

relatively high or low resistance, to minimize the errors due to the presence o : .
the instruments; or preferably, the key may be pressed up in any cage and th boring curves at that plate potential by the corresponding difference

voltmeter current subtracted from the filament ammeter reading. 'in grid potential.
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It is preferable to measure directly the mutual conductance hfo;
screen-grid vacuum tubes. This is done b.y means of 8 bz.zla.nce met ho
using the circuit shown in Fig. 4. This method is slmllar to that
deseribed in section 11, page 99. The procedure 1S as follows: The
flament voltage (or current), the plate voltage, the grid voltage, and
the sereen-grid voltage are set at their proper values and 1':h£? resmtz?,nczai
R adjusted until there is silence in the phones. When this is obtaine

then

273

It is convenient to make r;=1000 ohms and ry=100 ohms, then

gn (micromhos)=10 1y ohms.
N

”L%:LJ:% £

s

>

(5
W — W
<
<

]

Tone

Fig. 4—Measurement of Mutua! Conductance of Screen-Grid Vacuum Tubes.

14. Tonization Current. This is the reversed grid current and is
usually measured with a microammeter or galvanometer under norma

conditions of filament heating, plate potential,. and negative gri_dr
potential. . If leakage current is appreciable (section 15, page 102), it',

should be subtracted from the current read, to give the true jonizatio
current. Jonization current is used as a qualitative measure of th
presence of residual gas in a vacuum tube.

15. Leakage Currents. These should be measured with a Yoltag
impressed between each two electrodes of the vacuum tube in tur

5
o
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‘with the other electrodes floating. Measurements should be made
immediately after the filament has been turned off, so that the parts
will be at their operating temperatures, excepting the filament itself.
The vacuum tube should be in its complete form, with its base but
Swithout socket or holder. A voltage equal to the normal operating
potential difference between the two clectrodes in question is suitable.
From the readings, the three corresponding insulation resistances may
16. Capacitance (5032 to 5037). Thesc should be measured with the
lament unlighted and with no direct voltages present. The vacuum
tube should be in its complete form with its base, but without socket
or holder. For most precise results, it is necessary to mount the vacuum

3

Tig. 5—A Bridge Method of Measuring Grid-Plate Capacitance.

It is recommended that dircet capacitances be measured, rather
han total capacitances, which are each the sum of two direct capaci-
4ances (see the definitions referred to in heading). It is particularly
recommended that capacitances be not measured with one clectrode
floating in potential, as such capacitances are likely to be misleading
f themselves and the calculation from them of the direct capacitances
is indirect and laborious. The three direct capacitances of a triode are
rid-plate capacitance (C,;), grid-filament capacitance (Cy), and
late-filament capacitance (C). The first of these is the most impor-
g;ant, as it determined stability in an amplifier; its measurement is
illustrated specifically in Figs. 5 and 6. The other two direct capaci-
nces arec measured in the same way, with the appropriate inter-
shanges among the electrodes. '
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Fig. 5 illustrates one balance method for meast}riqg grid-plate
capacitance C, using audio-frequency source ?.nfl mdlcator.. The:
resistance r balances the capacitance Cyy, which is in parallel W}th R
and also corrects any accidental phase shift present els‘ewhere in the
bridge. It is small and does not enter into the calculation; 50 it may
be replaced by other phase correcting means, such assa capacltan.ce in
parallel with 7; when the bridge is balanced, the grid-plate capacity 1s

CT]
7 S
T2

Fig. 6 illustrates one substitutionv method for measgring grid-plate
capacitance C,,, using a radio-frequency oscil}atc?r as a source fmd 8
thermoelement Tk and galvanometer G as an indicator. The shielded

/Shields

R-F.
Oscillolor

Fig. 6—Substitution Method of Measuring Grid-Plate Capacitance.

condenser C is calibrated to read capacitance above an arbitrary zero
point and should have a range as great as the largest capacitance t.o
be measured. With C set at this zero point and the vacuum tube in
circuit, the galvanometer is read. The vacuum tube is then removed
and C is adjusted until the galvanometer reading is the same as b.efore.

" The added capacitance of C is then equal to the grid-plate capacitance
C,p. The radio-frequency oscillator should maintain constant V(?l?age
and frequency (or at least a constant product of these quantities).
The connection from the plate of the vacuum tube through the thermo-
clement Th to the filament should be short, if it is not shield(fd.
The condenser C' and coil L’ constitute a filter system to keep radio-
frequency current from flowing through the lead to the galvanometer
G.

The arrangement of Fig. 6 may be modified to give a direct de
flection method by omitting the condenser C. The galvanometex.' ¢
is read before and after inserting the vacuum tube, the first readin
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=

(which may be negligibly small, with proper shielding of the plate
Jlead) being a measure of the direct capacitance present between the
Sawiring to the grid and plate terminals and the second reading being a
casure of this capacitance plus the desired grid-plate capacitance

o Lo verify that the oscillator is maintaining a constant product
“of voltage times frequency, a thermoelement with galvanometer and

%ﬁlter may be connected in series with a small capacitance across the
Zoscillator terminals,

17. Undistorted Power Output. This is the alternating-current
spower output obtainable in the plate circuit of 2 vacuum tube under
J:conditions as specified below without the introduction of substantial
armonic components due to the non-linear characteristics of the
vacuum tube.
(a) Maximum Undistorted Power Output. This is determined
with an external non-reactive resistance in the plate circuit, having
ia value specified by the manufacturers for this rating, or, if the value
“f@)f resistance is not specified, then with a resistance equal to {wice the
normal plate resistance of the type of vacuum tube under test. A

isinusoidal alternating voltage and a grid bias equal to the maximum
yfhlternnting voltage are impressed in the grid circuit and are increased
itogether until the harmonic components in the plate resistance reach
5}5 per cent of the total alternating current. (If, with this procedure,
sthe plate current should exceed its normal safe value, then the alter-
§nating grid voltage and the grid bias potential should be adjusted to
athe values corresponding to this normal safe plate current and the
xternal plate resistance should be increased until the harmonics fall
to the 5 per cent limit.) The alternating-current power in the external

late resistance is then taken as the maximum undistorted power out-
ut.

(b) Conventional Undistorted Power Output. This is determined
fwith an external non-reactive resistance in the plate cireuit equal to
the normal plate resistance of the type of vacuum tube under test and
Iwith the grid bias potential specified by the manufacturers. A sinu-
ssoidal alternating voltage is impressed in the grid circuit and is in-
creased until either the grid potential reaches zero at the positive

aximum or (as will usually happen first) the harmonic components
iin the plate resistance reach 5 per cent of the total alternating current.
iI'he alternating-current power in the external plate resistance is then
taken as the conventional undistorted power output.




STANDARD TESTS OF BROADCAST RADIO RECEIVERS
A_. General '

The purpose of the standard tests here proposed is to provide by
general agreement a basis upon which the complete normal perfor.:
mance of any broadeast radio receiver may bé reasonably predicted. It
is believed that no simple “figure of merit” can properly be derived
that will by itself give an index of complete performance. This follows
from the varying weights that may be applied at different times and
in different services, to the fundamental properties of Sensitivity,
Selectivity, and Fidelity. Consequently it is believed to be essential to
define and to provide for the separate measurement of each of these
fundamental properties. Such informationisofa somewhat too highly
technical nature to appeal directly to the average user of broadcast
radio receivers, but is thought to be useful to radio distributors and
dealers in guiding their selection of apparatus for specific service con-
ditions, and to engineers and manufacturers in aiding the comparison
and improvement of their products.

It is recognized that the tests do not comprehend the entire range
of service conditions that may be met in practice, and that peculi
arities of design not reflected in the test data may in special cases affce
the deductions properly to be made from the test results. It is als

recognized that the three basic properties of Sensitivity, Selectivity,

and Fidelity are in some radio receivers dependent upon adjustment
that will change the relative prominence of each, and consequentl

the three factors should be invariably measured at the same settings :
of the radio receiver adjustments. Nevertheless, it is thought that

aceeptance of the procedure outlined, together with proper interpreta

tion and correlation of the results obtained by the tests, will serve to

permit a standard comparison of normal radio receiver performance.:

B. Definition of Terms

1. Sensitivity. The degree to which a radio receiver responds
signals of the frequency to which it is tuned. It is measured quanti:
tatively by the reciprocal of the Normal Radio Field Intensity (defini-:
tion, page 107). : ;

2 Se.le‘fﬁVitY. The degree to which a radio receiver is capable of:
differentiating between signals of different carrier frequencies. This
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characteristic is not expressible by a single numerical value, but re- .
quires one or more graphs for its expression,

. 3. Fidelity, The degree to which a system, or a portion of a system,
ccurately reproduces at its output the signal which is impressed
upon it. As applied to & radio receiver, fidelity is measured by the
jccuracy of reproduction at the output terminals of the modulation of
he received wave.

; 4. Normal Test Output. As applied to the testing of & broadcast
tadio receiver, this term represents an audio-frequency power of 0.05
watt in a non-inductive resistor arranged to carry alternating current
only and connected across the output terminals of the radio receiver
j'usual]y the loud speaker terminals), the resistance of the resistor hav-
ing been adjusted to give maximum power output per volt input for
the type of vacuum tube intended to be used in the radio receiver,
ith normal adjustments of this vacuum tube. If the radio receiver
{8 not arranged to filter out direct current from its output circuit,
hen an external filter system shall be employed, of such character as.
o introduce negligible resistance to direct current, to have negligible
ss, and to have negligible shunt admittance and negligible series
pedance relative to the output resistor.

4

5. Normal Radio Field Intensity. As applied to the testing of a
roadeast radio receiver, this term represents the radio field intensity
%of a reccived signal modulated 30 per cent at 400 cycles per sec.,
Fehich results in Normal Test Output (definition 4, page 107) at
iresonance. If the radio receiver does not include a self-contained
‘antenna, then the signal is to be impressed on a real or artificial
Standard Antenna* (definition 6, page 108).

- For data on various methods of measuring the pereentage modu-
ation, the reader is referred to reference R275(b), page 137. The method
4 leseribed in this article has much to recommend it from the point of

w of simplicity, and with proper care the method is sufficiently ac-
¥ urate and reliable for general use. The method involves calculation of
{the percentage modulation from measured values of the peak voltage on
Zthe radio-frequency oscillator output under modulated and un-

modulated conditions. The voltage measurements are made with a

* Experience has indicated that with some radio receivers, an artificial

ntenna adversely affects the stability. In such cases it is necessary to employ
real antenna.
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yacuum-tube peak voltmeter. The author states that this method js
capable of giving an accuracy of only about 4 per cent. For use in
calibrating the percentage modulation of a radio-frequency osclllatqr :
for radio receiver measurement work, however, this accuracy 18 .

generally sufficient.

6. Standard Antenna (Real or Artificial). As applied to the
testing of a broadcast radio receiver not having a self-contained an-
tenna, this term represents an artificial antenna having in series &
capacity of 200 micromicrofarads, a self-inductance of 20 microhenrics,
and a resistance of 25 ohms. In computing the radio field intensity of
an impressed signal, the cffective height is to be taken as 4 meters—
that is, the radio field intensity (in microvolts per meter) is equal to
the impressed radio-frequency voltage (in microvolts) divided by 4.

7. Standard Test Frequencies. In the testing of a broadcast radio -
receiver, the five standard carrier frequencies are 600, 800, 1000, 1200

and 1400 kilocycles per sec. When tests are required at only three car-
rier frequencies, the values 600, 1000, and 1400 kilocycles per sec. are
recommended.

C. Test Outlines

1. Sensitivity. This is determined by impressing o radio-frequency
voltage in series with the sclf-contained antenna, or by impressing &
known radio field intensity on the self-contained antenna, if the radio
receiver is so provided, or otherwise in series with a Standard Antenna
(definition 6, page 108), and measuring the Normal Radio Tield In-
tensity, under the conditions stated in definitions 4 and 5, page 107,

for carrier frequencies from 550 to 1500 kilocyeles per sec. A graph is -

plotted with carrier frequency as abscissa and Normal Radio Field
Intensity as ordinate. A uniform scale should be used for the abscissas,
and either a uniform or logarithmic seale (or a uniform scale with
transmission units) may be used for the ordinates, depending on the
range of radio field intensities which the graph is required to cover.

2. Selectivity. This is determined by tuning the radio receiver to
each Standard Test Frequency (definition 7, page 108), in succession,
with the receiver in the same condition as in the Sensitivity Test, and
measuring the radio field intensity necessary to give Normal Test
Output at a series of carrier frequencies in steps not greater than 10
kilocycles per sec. at least up to 100 kilocycles per sec. on each side of
resonance or until the radio field intensity has inereased to at least 100
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_times its value at resonance. The conditions of modulation of the radio-
“frequency oscillator are to be the same as given under the definition
r Normal Radio Field Intensity, (definition 5, page 107). For each
tandard Test Frequency, a graph is plotted with carrier frequency as
bscissa and radio field intensity as ordinate. The scale for ordinates
hould be logarithmic and the most accurate representation is secured
y plotting the graphs for Selectivity with separate enlarged frequency
cales, which should be uniform and alike. '

3. Fidelity. This is determined by tuning the radio receiver to
ach Standard Test Frequency (definition 7, page 108) in succession,
ith the receiver in the same condition as in the Sensitivity and Selec-
ivity tests, adjusting the impressed radio field intensity to the Normal
adio Field Intensity (definition 5, page 107) and then varying the

modulation frequency from 40 to 10,000 cycles per see. at 30 per cent
nodulation and constant radio field intensity throughout, taking read-
ngs of relative output voltage at convenient modulation frequencies.
Tor each Standard Test Frequency, a graph is plotted with modulation
requency as abscissa and as ordinate the ratio of the output voltage
at the modulation frequency of measurement to the output voltage
at the modulation frequency of 400 cycles per sce. A logarithmic scale

should be used for the abscissas and a uniform scale for the ordinates.

D. Requirements and Characteristics of Testing Apparatus

The apparatus employed in testing radio receivers should be as
simple as is consistent with accurate performance of the necessary
functions. As far as possible, the same apparatus should be used in
the different tests. The values of the clectrical quantitics and the
calibrations should not change with time; or if some change is unavoid-
able, means for checking should be provided.

The required apparatus, for Tests of Sensitivity, Selectivity, and
Fidelity, is indicated schematically in Fig. 7. Both frequency sources
should be calibrated so that separate measurement of frequency is
not needed. The requirements of the separate clements are stated in
the following paragraphs. .

1. Audio-Frequency Source. For Sensitivity and Selectivity Tests
this may be a mechanical oscillator of fixed frequency (400 cycles per
sec.); but a vacuum-tube oscillator having a frequency range at least
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from 40 to 10,000 cycles per sec. is preferred and for the Fidelity
Test is necessary. The total harmonie content in the output of this
oscillator should not exceed 5 per cent. The audio-frequency oscillator
is arranged to modulate the radio-frequency oscillator by a known
amount and preferably should furnish the same degree of modulation
without readjustment at all carrier frequencies and all modulation
frequencics. Means should be provided for adjusting the degree of
modulation for at least the normal value of 30 pér cent.

2. Radio-Frequency Source. This consists of a vacuum-tube
oscillator supplied preferably from batteries, either fully shielded in
itself or so shiclded from the radio receiver under test that there is no

RF AMMVETER
OR
VOLTMETER

RADIO—
FREQUENCY
SOURCE

| | TRANSFER
CROUT

PERCENTAGE
MODULATION
INDICATOR

Fig. 7—Schematic Arrangement of Apparatus Used in Tests of Radio Receivers.

direct radiation to the receiver. If the power supply is external to the
shielding system which encloses the oscillator, all ungrounded leads

to the oscillator should pass through shielded low-pass filters. The fre-
queney should be adjustable by an external control to any desired value
between 500 and 1500 kilocyeles per sec., and the frequency should -

not be affected by changes in output power. Means should be provided

for varying the frequency in small steps immediately on each side of

any specified frequency. A second external control should be provided
for varying the modulated radio-frequency output supplied to the

transfer cireuit, and an instrument should be provided which indicates
the effective value of this output. The oscillator in conjunction with

the transfer system used (see part 3 below) should be capable of sup-
~plying in series with the receiving antenna system at least 200,000
microvolts at all carrier frequencies.

3. Transfer Circuit. .The radio receiver under test is provided
with a local antenna circuit consisting of either a loop antenna (which
may be self-contained) or an artificial antenna. In determining the sig
nificant characteristics, as outlined in the preceding sections, modu

lated radio-frequency voltages of known value are impressed in the
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i
Tocal antenna circuit through the transfer circuit which should assume
‘one of two forms as follows:

(2) A coupling coil fed from the radio source and mounted in
ductive relation with the loop antenna or with the 20-microhenry
duetance coil of the artificial antenna. In the latter case, the coupling

oil is used as the primary of a calibrated mutual inductor, the secon-
“dary of which is the 20-microhenry coil.

(b) A calibrated attenuator of the resistance type terminating in
low impedance of known value (usually a resistance of about one
hm) which may be inserted in series with the artificial or loop antenna.
his attenuator should be so constructed that all attenuation ratios
re substantially independent of frequency within the brondcast band.
t is preferably made variable in steps with additional provision for
ontinuous variation between the steps. As an alternative to con-
inuous variation within the attenuation network, provision may be
nade for continuously varying the measured current or voltage sup-
lied from the source to the attenuator over a sufficient range to cover
Il values of receiver input voltage which lic between the steps of the
ttenuator. Design details of attenuators fulfilling these requirements
re available in the literature. The combined range of ratios on the
ttenuator and variable currents from the source should be such
s to allow a range of voltage across the terminal uidt which feeds the
eceiving set of 1 microvolt to 200,000 microvolts.

4. Output Measuring Circuit. The components of the output
messuring circuit should be as follows:

A non-inductive load resistor adjustable by calibrated taps and
overing a range of 1 to 10,000 ohms and capable of dissipating 0.1
vatt at any setting.

8 An output filter to be used with radio receivers normally having
id.c. in their outputs. This filter should fulfill the requirements given
‘1 under definition 4, and a recommended form consists of an inductance
1 of not less than 100 henries (with 10 milliamperes d.c. in the winding)
gand a capacitance of not less than 8 microfarads arranged as shown

A vacuum-tube voltmeter or an equivalent device which will ac-
% curately measure the r.m.s. values of output voltage. At Normal
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Test Output the voltage is of the order of from 10 to 20 volts for or-
dinary output vacuum tubes. For the Sensitivity and Selectivity Tests
the output meter need be calibrated only at these values. For the
Fidelity Test continuous calibration is required, and for Overload
Level Test calibration for much higher values is needed.

E. Test Procedures

1. Preliminary. The present day radio receivers vary so greatly
in their manner of operation that it is difficult to set down a single test
procedure for each fundamental characteristic and have the procedure
include all the allowances that should be made for the peculiarities
of different sets. It issimpler to describe in general the test setups and
adjustments of input and output; the operating conditions; and the
radio receiver adjustments as applied to any type of receiver, and then
standard procedures for measuring Sensitivity, Selectivity, and Fi-
delity, can be outlined.

ARTIFICIAL ANTENNA
L3 ™ 20 MICROHENRIES
C = 200 UUf

R = 25 OHMS

Fig. 8—Standard Input Circuit—Mutual Inductive Coupling.

2. Input Measurements.
(a) Rapio RecEIvER WiTHOUT A SELF-CONTAINED ANTENNA

Standard input circuits are shown in Figs. 8 and 9. Either circuit
may be used depending on whether an impedance device or a mutual
inductance (sce section D, page 109) is used to attenuate and introduce
the radio-frequency voltage in the artificial antenna circuit.

The mutual inductor is used as shown in Fig. 8. The input to the
recciving set is controlled by adjustment of either the coupling be-
tween coils L; and L or the current through L;. The assumed value
of radio field intensity impressed on the radio receiver is determined
from the formula. ‘

g _2nfMI

microvolts per meter where,
; :

TESTS OF RADIO RECEIVERS

¢ J1is the carrier frequency in kiloeycles per sec.,
¢ M is the mutual inductance between L, and L. in millihenries;

I is the current through L, in microamperes;

k is the antenna height in meters (4 meters for the standard an-

tenna), -

. The circuit for use with an impedance coupling device is shown in
ig. 9. The voltage impressed in series with the artificial antenna is
rought to the desired value by selecting the proper degree of at-
nuation and accurately adjusting either the current or the voltage

B
gt

ARTIFICIAL ANTENNA

L #20 MICROHENRIES

Cw 200 Luf

R+ (RESISTANCE COMPONENT
OF L L 2Z)=25 OHMS

2= COUPLING IMPEDANCE

Fig. 9—Standard Input Circuit—Impedance Coupling.

put to the attenuator. If the attenuator is calibrated in terms of

%ﬁurrent, the radio field intensity impressed in the artificial antenna

e

may be expressed as,

KZI
8=T microvolts per meter;

K is the attenuation factor; :

Z is the impedance of the coupling deviee;

I is the mensured value of current fed to the attenuator in micro-
amperes; and .

h is the assumed antenna height in meters (4 meters for the
standard antenna).

If the attenuator is calibrated in terms of voltage and includes the

pedance Z then,

€=—’—— microvolts per meter:
) ,




14 STANDARDIZATION REPORT FOR 1028 LAy ‘TESTS OF RADIO RECEIVERS 115

K is the attenuation factor; - ictenuator in series with the loop at a point of ground potential in a
V is the measured voltage input in microvolts; smanner similar to that shown for an artificial antenna in Fig. 9. In
I is the assumed antenna height in meters. (Four meters for th is case, the equivalent radio field intensity is given by the expression,
standard antenna.) E )
. =6-: in microvolts per meter,

AD10 RECEIVER WITH A LOOP ANTENNA o
& ere E=the voltage across Z in microvolts, and

An arrangement of apparatus as shown in Fig. 10 is recommende | Q =reception factor in meters of the loop antenna employed.
A known radio field intensity is impressed on the loop antenna by ; 8 The factor @ may be calculated approximately for a rectangular

adjusting the distance X and the current through the cqll L. The Filoop from the relation,

coil and loop antenna centers are kept on a common axis, and th Q2N s s

distance X kept large as compared with the dimensions of theIIOOp ; = sm3—-——00, 000’ where, .

antenna.

N =the number of turns;

e

h=the height of the loop in meters;
s=the length of the loop in meters; and

J=the frequency in kilocycles.

It is not appropriate to specify a standard loop reception factor

because the loop antenna is frequently a characteristic element of
the radio receiver under test.

Fig. 10—Radio Receiver with Loop Antenna.

The radio field intensity is,

18,850 NA2I

= (A2+X2)3/2

where, ' The method first described adapts itself best to the testing of loop
ceivers because it leaves the loop cireuit in its normal form, If the

N is the number of turns in the coupling coil L; cond method is applied to the testing of a loop radio recciver, the

A is the radius of the coupling coil, in centimeters; utput terminal unit of the attenuator should be of low impedance

1 is the ammeter reading in microamperes; . d have a resistance which is low compared with that of the loop.
X is the distance in centimeters between the center of the couplin ,

coil and the center of the loop antenna; and 3. Output Measurements.
B is the angle, if any, between the axis of the loop antenna an
the line between coil centers.

cosB microvolts per meter ’ Fig. 11—Radio Receiver with Direct Current in Its Qutput.

(a) Rapio RecetvEr witi D. C. v 118 OuTPUT

, ‘ ( If the radio receiver is not equipped to filter direct current from its
The radio-frequency voltage may be introduced in the loop anii@utput, the circuit which should be used in making output measure-

tenna by inserting the terminal impedance of a resistance type at-{21 ents is as shown in Fig. 11. -
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The specific
given in Section D, page 109.

The value for R is dependent on the operating conditions of the!

output tube used in the radio receiver and is arbitrarily taken as the .£58

plate resistance value given by the tube manufz}cturer‘ for that.b tube ;
under the given conditions. In the case of a radio receiver having 8
output transformer, R is taken as the reflected value of the tube resis-

tance, or

where,

A =the transformer ratio of primary to secondary turns; and
R,=the value of tube plate resistance.

The voltage across R for Normal Test Output is,
Va=+/{0.06)XR.

(b) Rapro Recerver wirs No D. C. v QuTPUT

If the radio receiver has a device climinating direct current from
its output, (referring to the cireuit of Fig. 11) L and C are remove
and the points @ and b connected directly to the output terminals of th
receiver. '

(c) Rap1o RECEIVER WITH EXTRANEOUS VOLTAGES IN THE Ovrpu

The voltages due to a-c hum, tube noises, etc., that may exist acrost i
be considered where the output

the output of some radio receivers must

voltage to be measured is small. For example, if these voltages a

comparable with the Normal Test Output Voltage, let the voltageg

across the resistor R for Normal Test Qutput be, .«

V.=4/Vi2+ V3?, where

V, is the r.m.s. voltage due to extranecus effects, and

Vais the value for Normal Test Output Vbltage which gives 0.05
watt power in E. '

ations for the components of the above circuit are
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In any case, if the extraneous voltage is appreciable, the measured
Voltage across B (see Fig. 11) should be considered as the vector sum
if the extraneous voltage and that due to the desired signal.

% 4. Operating Conditions.

(8) BATTERY-OPERATED RADIO RECEIVERS

The “A” and “B” battery voltages supplied to the radio receiver
should be held constant at the values specified for the receiver. If a
Qiattery cable is not furnished with the receiver, the leads to the bat-
ggries should be as short as possible. The batteries used should be in
good condition. '

(b) Socker PowERED AND ELECTRIC RADIO RECEIVERS

The a-c or d-¢ voltage input to the radio receiver should be held

nstant at the value specified for the set or at 115 volts, If the receiver

18 provided with adjustments for reducing hum or ripple in the output,
such adjustments should be made.

(¢c) TubEs

% The tubes used should have characteristics which represent the

;%rithmetical mean value as regards filament emission, plate current,

plate resistance, amplification factor, and mutusl conductance for
at type of tube. :

5. Radio Receiver Adjustments.

(a) GENERAL

- The Test Frequency adjustment is normally obtained by adjusting
‘all the external tuning and volume controls, with which a radio re-
iver is equipped, until maximum response is had at its output for a
given signal impressed on its input.

(b) REGENERATIVE RADIO RECEIVERS

All tests should be made for each of the following conditions:

®
5

o (1) With the radio receiver adjusted as in part (a) without causing
oscillation at radio or audio frequencies to occur within the receiver.
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(2) With the receiver adjusted as in part (a) with the minimun :

of regeneration that can be obtained by adjustment of the externa
controls only. :

(¢) StaBILIZED RADIO RECEIVERS

If a radio receiver is provided with external stablllzatlon contro

that are to be used in the normal operation of the receiver, it shoul :
be tested as a regenerative receiver. No other modifications of the

general instructions of part (a) are necessary for the testing of stabilize

radio receivers,

(d) Surer-HETERODYNE RAD10 RECEIVERS

If a super-heterodyne radio receiver has a separate control of i
oscillator frequency, all tests should be made with the oscillat
adjusted to the higher frequency above the signal, unless the i
structions accompanying the receiver specify other conditions for o
eration. Selectivity tests should include the response at the low
frequency. In making selectivity tests the radio-frequency oscillat
should be moved-over twice the intermediate frequency. If this fal
- oitside the broadcast band it should not be ignored. Othermse, tes
are to be in accordance with part (a).

6. Sensitivity and Tuning Range Tests.

(o) SensimiviTY TEST

The radio-frequency source with 400-cycle, 30 ner cent mo
ulation is adjusted to a given Test Frequency, the rece

tuned to the signal and the input radio field intensity adjuste ._

until Normal Test Output is had. The value of radio field intensi
is noted and the same process is repeated at the remaining Te

Frequencies. A graph is plotted with Normal Radio Field Intensity 85,

ordinate and carrier frequency as abscissa. A linear ordinate scale i

ordinarily used, although in comparing receiving sets of widely differ-;
ent sensitivities it is sometimes advantageous to use a logarithmic;

ordinate scale. The abscissa scale used should be linear.

(B) TunIiNG RANGE TEsT

In conjunction with the sensitivity test; it is convenient to make
test of the tuning range of the radio receiver. ‘Usmg the same te
conditions as for the sensitivity test, the radio receiver tuning &
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uUstment should be set for the lowest carrier frequency it is capable
receiving under normal operation. The radio-frequency oscillator
§ then adjusted in frequency until it is at that frequency which gives
aximum output in the output meter. The output mgnnl used should
approximately Normal Output, to avoid inaccuracies due to over-
mloading, The radio-frequency setting of the oscillator is then recorded
the lower frequency limit of the tuning range. If the radio-frequency
llator is incapable of reaching the low limit frequency of the re-
er, the oscillator should be set at.its minimum frequency and the
iver tuned to it. The dial scale reading of the radio receiver is
jhen recorded for that frequency. The process is then repeated at the
‘ghlgh-frequency limit of the range. The maximum and minimum fre-
‘quency settings of the tuning control will generally correspond to the
maximum and minimum dial scale markings. If they do not, the dial
gettings corresponding to the limit frequency settings should be
corded.

If a calibration of dial setting versus carrier frequency is desired,

t can be obtained by adding to the limit values a set of readings of

he dial settings for each of the Standard Test Frequencies used in the

gensitivity test. The dial calibration is plotted in the form of a graph

:With carrier frequency as abscissa and dial setting as ordinate, both to
linear scale. :

% 7. Selectivity Test. The radlo-frequency souree with 400-cycle,
Aﬁgo per cent modulation is adjusted to a given ‘Test Frequency, the’
Tadio recciver tuned to the signal and the input radio field intensity
djusted until Normal Test Output is had. The value of radio field
tensity is noted and the radio-frequency oscillator is adjusted in
teps of at most 10 kilocycles on either side of the Test Frequency
A nd at each setting of the radio-frequency oscillator the radio field
£ ntensity necessary to give Normal Test Output is determined and
corded. The readings are taken until the radio-frequency input is
Jat least 100 times its value at resonance or until a range of 100 kilo-
yeles either side of the Test Frequency setting has been covered. The
'same procedure is repeated at the remmnmg Test Frequencies. A graph
ds plotted for each Test Frequency using the radio-frequency input as
rdinate to a logarithmic scale and earrier frequency as abscissa on
linear scale, The scales used for each graph for a given radio receiver
ould be uniforin and alike.

8. Fidelity. Test. The radio-frequency source with 400-cycle, 30
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per cent modulation is adjusted to a givep Test Fr'eqlflierll;y', ::ﬁs;:

ceiving set tuned to the signal, and .the input radloh e 13 1atioi ,
adjusted until Normal Test Output is had. Tl.len t 1e modu o |
frequency is varied from 40 to 10,009 cy(':les contmluous y 0(1)' ins C]n, {
the modulation percentage being 1na1ntamefl constant at 3 T;;ﬁr c it
and the outputs recorded for each modulation frequency. 1;3 {)ter

cedure is repeated for each Test Frequency, and then curves g.re ;; oto X
with the per cent of the voltage output at 400 qycles as or1 ina .:} ot
linear scale and modulation frequency as abscissa on a logarithmic:

scale.
F. Additional Tests

The tests outlined in this section are to be.regarded as t'entativeg
only. They are included for the purpose of bringing before tl.le mdt{s.try
the need for tests of certain other factors of performance, in ad.dltl(lmf
to the major radio receiver tests which have been outlined in the
preceding sections.

In some of the following tests, limits }113.ve been 'set ina sor'newhat
arbitrary manner for the purpose of providing a basis f01: expenmel;lta-
tion and further development. After some ggne'ral experience has e'(:n
had in making these additional tests, it is intended thqt deﬁpl e
standards for procedure in investigating these fm.:tors of .radlo !‘CCCIV;:]:
performance shall be drawn up. The Gon?mlttee will be greatly
assisted to this end if those laboratories ﬁndxpg a use for such test;
will try out the methods outlined, and send in their comments an
criticisms,

The tests which have appeared necessary thus far under this head-
ing include:

. . . .
1. Tests for overloading of radio receivers.

2. Tests for volume controls of radio receivers.
3. Tests for hum produced in radio receivers.

.. . . thy o
d ion of the Committee overload tesis are considered wor

8 placeI gxgl::l: xt)i::a preceding standard tests, but it is felt that there hnsh not atizﬁn

sufficient experience with this te?t byhyam})!us Int)ogattpng? t-?, ggr;:g:isefsse Thg
ite standard test for this characteristic e

Rﬁl:vsiﬁgd;nr;graphs on “Ovelrloadingn of Rﬁ?m Itt}::cewialres”ﬁz;:]e (t)lfxe;ﬁg{grpgi:tf

i i “Additional Tests,” pending the collection :

llr:, ighgx;?:zt?cf tﬁ:t the material will be rcvisedgm further editions of this report
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1. Overloading of Radio Receivers. It is conceded that the effect
distortion on the human ear is highly variable, and dependent upon
any conditions which cannot be specified in any manner which shall
e standard practice for any length of time. There is & basis on which
verloading can be defined from the technical viewpoint, however, that
ay be used for the purpose of comparing radio receivers with respect
to this factor of performance. A radio recciver can be said to be over-
loaded when distortion is manifested in the output, ic., when the
electrical output differs in wave form from the electrical input by a
ecificd amount. The output of the radio receiver should be tested

r the introduction of spurious frequencies, that is, those not present
the input.

Because of the fact that an amplifier may, and usually does, over-
ad at one or more frequencies more readily than at others, the over-
ad test should be conducted either at all frequencies over the audio
range, or at those particular ones where overloading occurs with least
input. Determination of this point, or points, is therefore the first
gtep in the test. To do this, it is recommended that the output be ex-
imined with a cathode ray oscillograph by a method such as that de-
geribed in “Notes on the Testing of Audio-Frequency Amplifiers.”*

1e two voltages applied to the deflection plates of the oscillograph
% uld be the a-f voltage used to modulatc the r-f oscillator, and the
radio receiver output voltage, respectively.

When the critical overloading frequencies have been found they
ire to be used to measure the overload level of the receiver, as follows:

The test apparatus will be that used for the “Fidelity” test, except

at a harmonic measuring instrument is to be connected across the

tandard output load, and this instrument so chosen as to constants,

Qat it exerts negligible effect on the load circuit. For this purpose the

nstrument described in “The Alternating Current Bridge As a Har-
onic Analyser”** is recommended.

"‘3 The radio-frequeney input (with the modulation adjusted to the
fitical overload frequency and 30 per cent modulation) is to be in-
g‘eased in steps until a value is reached, which causes the output vol-
age to contain 10 per cent of total harmonies.

. % See reference R342,7 (b), page 138,
ﬁ ** See reference (R800) 537.7(a), page 142.
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is i d, the output voltage is to:.

When this input value has been reached, ' s t
be measured (as in Fidelity test) and the power m.the output clrctgt .
caleulated. The overload level of the radio receiver shall then be:

considered to be that value of power output.

2. Volume Control Tests.

Briefly, the most important of these are:

(a) Tests of the effect of the volume control on the sensitivity,:
selectivity, and fidelity of the radio receiver.

(b) Tests of the effect of the radio-frequency field to which-the:

radio recciver is exposed (input signal not subject to the volume control:
in some radio receivers).

(a) 1. ErrecT oF VoLuME CONTROL ON SENSITIVITY

The radio ficld intensity required to produce Normal Test Output-
should be measured at various volume control settings.. These can be
ﬁlottcd in the form of a graph using percentage o.f maximum sett,.mg 9f
volume control as abscissa, and Normal Radio Field Intensity i
microvolts per meter as ordinate. This graph can be plotted on th.e
same type of paper used for selectivity graphs with the lognrlthl.m.c
axis as ordinate. The graph should be taken all the way to the mini-
mum end of the volume control unless impossible with the available
cquipment. In the latter case the graph should be tak(.m at least to s
radio field intensity of 50,000 microvolts per meter. This graph can be
taken at any onc or more of the Standard Test Frequency settings
desired, and cnough points should be taken to show the graph shape
accurately.

(a) 2. Errect oF VOLUME CONTROL ON SELECTIVITY

In addition to the usual inverse resonance graphs, a selectivity

graph should be taken with a radio field intensity at resonance of 1000

microvolts per meter. This signal is to be reduced by means of the

volume control until it gives Normal Test Qutput at the receiver out-
put. One or more such selectivity graphs should be taken at reduced:

volume control as required in the opinion of the test engineer, and in
cases of apparent crratic behavior of the volume control, graphs majy
be taken at higher values of radio field intensity.
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(a) 3. Errecr oF VorLume CoNTROL ON FIDELITY

2 In addition to the usual fidelity graphs, one should be taken with a
adio field intensity of 10,000 miicrovolts per meter, with the radio
eceiver output reduced by means of the volume control to give Normal
Cest Output at 400 cycles. Such curves should be taken at 600 and

400 kilocycles, and at other standard test carrier frequencies if
hought desirable.

b) ErrEct oF THE Rapio-FreQuENcY FiLp To Whicn ThE Rabio
- REcEIVER Is Exrosep

It was intended that this test should evaluate the pickup by the
adio receiver circuit, of radio-frequency fields through unshiclded or
oorly shielded coils or wires, within the radio receiver, and through
he power line in the case of radio receivers deriving part or all of
heir power supply from that source, under conditions where the
olume control was set at minimum. Such a test appears desirable,
ut the committee knows of no satisfactory way of making such a test
uantitatively at the present time, and recommends that the various
aboratories keep in mind the need for such a test. If a method is later
eveloped -which permits results of a useful quantitative nature to be
btained, it is requested that this be brought to the attention of the
ubcommittee on Radio Receivers.

¢ 3. Tests for Hum.

= Radio receivers of the type which derive their power from an a-¢
pply generally produce in the output circuit a certain amount of
udio-frequency voltage, composed of a combination of various har-
onics of the a-c supply frequency, and occasionally containing the
ndamental. This voltage is commonly called the a-¢ hum voltage,
nd this section is intended to outline certain tests for evaluating it.

. A measure of the r.m.s. hum voltage across the output terminals
the radio receiver is not an indication of its quantitative effect on
e-ear, since the audio response characteristics of a-f amplifiers and

ﬁud speakers, and of the human ear, cause the higher harmonics of
h

e a-¢ power line to result in more sound response from the loud

speaker than do the lower harmonics or the fundamental. Therefore

is desirable to evaluate the various harmonie components of the hum
ltage in order to obtain a useful conception. of the degree of un-
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pleasantness which the hum from a particular radio receiver wil
create. A simple way of doing this would be to construct a filter net.
work having an attenuation characteristic which would take account
of the dropping off in loud speaker response and ear response below
1500 eycles. (It is felt that frequencies above 1500 cycles can be dis-
regarded in the hum measurement.) This network should be con-
nected between the radio receiver output, and the output voltmeter.
If the voltmeter is calibrated in r.m.s. volts it will then measure the
gquare root of the sum of the squares of the various hum harmonie
voltages, each harmonic being attenuated to a percentage of its actual
value, corresponding to its importance from the point of view of the
loud speaker and ear response characteristics. Thus, a single voltage
measurement is made to give a measure of the degree of unpleasantness

/
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Fig. 12—Possible Attenuation Characteristic of Arbitrary Network
for Use in Hum Measurement.

k]

which the hum from a particular radio receiver would create with an;
average loud speaker. From this voltage measurcment, and the valu

of the radio receiver output resistance, the hum power should b

calculated.

While the ear characteristic is fairly well-known, the preparation
of a network which would include the response characteristic of an
average loud speaker would, of course, necessitate the measurement of
all the loud speakers upon the market at the present time, and for
some time past. It would also require the use of sound measuring
equipment, and measurement conditions whose absolute accuracy ha
been proven. These requirements are impossible of complete realiza-
tion at the present time, but it is felt that some valuable experience
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the field of hum measurement can be obtained by the adoption of

n arbitrary network, having characteristics which appear, in light of

present knowledge, to be of the general order of magnitude of the fre-

iﬁuency attenuation factors involved, and to approximate an average

loud speaker characteristic. A possible attenuation characteristic for

such a network is shown in Fig. 12, and a network having approxi-
mately this characteristic is shown in Fig. 13.

- It should be emphasized that the graph of Fig. 12 is not intended
to include an accurate representation of an average loud speaker fre-
quency response characteristic. The network characteristic is only
tentative, and has been prepared as a guide for those desiring to make
investigations in the field of hum measurement.
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Ry™ Rp OF OUTPUT TUBE
C = 0.045 Uf FOR 5000 OMM Ry
C = 0065 M FOR 2000 OHM R,

Fig. 13—Netivork Intended to Approximate An Average Loud
Speaker Characteristic.

Other conditions which must be considered in connection with the

(1) Use of an a-c power supply having known and definitely limited
armonic characteristics.

(2) Adjustment of any devices provided on the receiver for hum

t:8iregulation, such as filament mid-tap potentiometers, for minimum

hum,

' In connection with condition (1) above, it is suggested that use be

made of the differential distortion factor circuit, which has been used

in the past in the electrical art in evaluating the harmonic content of

a-¢ power lines. The circuit is shown in Fig. 14, The constants of the
reuit are governed by the relation:

1

=

% 27!'/0
it
“%%vhere f is the fundamental frequency of the a-c line. The value of £
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R340
ELecTRON TUBE APPARATUS

(a) Vacuum tube rectifier. J. H. Kuhlmann and J. P. Barton.
A. 1. E. E. Ji, vol. 47, no. 1, January 1928, p. 17-24.

(a) Load carrying capacity of amplifiers, F. C. Willis and
L. E. Melhuish. Bell Sys. Tech. Jl., vol. 5, no. 4, Oc-
tober 1926, p. 573-592.

(b) Operational characteristics of thermionic amplifiers.
Stuart Ballantine. Proc. I. R. E,, vol. 7, no. 2, April
1019, p. 120-186.

(c) Theory and operating characteristics of the thermionic
amplifier. H.J, Van der Bijl. Proc. I. R, E,, vol. 7, no.
2, April 1919, p. 97-128.

(a) Design of non-distorting power amplifiers. E. W, Kellogg.
A. L. E. E. JI, vol. 44, no. 5, May 1925, p. 480-408.

(a) High frequency amplifiers. H. T. Friig and A. G. Jensen,
Bell Sys. Tech, J1L.,, vol. 3, no. 2, April 1924, p. 181-205.

(b) Mathematical study of radio frequency amplification.
V. G. Smith, Proc. I. R. E,, vol.15, no. 6, June 1927, p.
526-536.

{c) Measurements of radio frequency amplification. Sylvan
Harris. Proc. I. R, E,, vol. 15, no. 7, July 1927, p.
641-648.

(a) Measurements on audio-frequency amplifiers. L. M.
Hull, Wis. Age, vol. 8, no. 9, June 1921, p. 12-16.

(b) Notes on the testing of audio-frequency amplifiers. E, T
Dickey. Proc. 1. R. E,, vol. 15, no. 8, August 1927,
p. 687-706.

(c) Testing of audio-frequency transformer-coupled ampli-
fiers. H. Diamond and J. S. Webb, I. R. E. Proc,
vol. 15, no. 9, September 1927, p. 767-791.

(8) Design of a heterodyne type low-frequency generator

H. L. Kirke. Ezp. Wis. & Wlis. Engr., vol. 4, no. 41,

February 1027, p. 67-76.

(b) Vacuum tubes as power oscillators. D. C. Prince. Prnoc
L. R. E, vol. 11, no. 3-5, June, August, and October
- 1923, p. 275-313, 406-435 and 527- 550,

REFERENCES

R360

ReceiviNg SETS

Notes on radio receiver measurements. T. A. Smith and
G. Rodwin. Proc. I, R. E,, vol. 15, no. 5, May 1927,
p. 387-305. :

Quantitative determination of radio receiver performance.
H. D. Oakley. A. 1L E. E. Ji,, vol. 46, no. 6, June 1927,
p. 568-572.

Quantitative methods used in tests of broadeast receiving
sets. A. F. Van Dyck and E. T. Dickey. Proc. 1. R.E,,
vol. 16, no. 11, November 1028, p. 1507-1531.

Radio receiver testing equipment. K. W. Jarvis. Pnoé.
I. R. E,, vol. 17, no. 4, April 1929, p. 664-710.

Some methods of testing radio receiving sets. J. L. Pres-
ton and L. C. F. Horle. Tech. Pa. 256, B. of S. March
26, 1924,

R376

TELEPHONE RECEIVERS
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