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What Shall a Serviceman Study?
Sensitivity and Fidelity of Grid Leak-Condenser Detection
Measurements on Moving Coil Loud Speakers

- the Serviceman: Circuits of Complete Sefs, Collected Tube Data,. Technical Helps - - - Also: Sound
svies, What Impedance Means, Centralized Radio, Broadcast Engineering, Automatic Volume Control
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Who Are Your Fellow-Readers of

RADIO

BROADCAST

THE LABORATORY

ENGINEERING

URING the past several years, we have

made exhaustive surveys of our readers
to malke certain that we were providing the
kind of radio magazine that would be most
beneficial to you and to the industry. You
have written us, praising our efforts; have
supported us with your yearly subscrip-
tions, or your regular ncwsstand purchascs;
and, cooperating with our Research Di-
vision, have told us who you are and what
vou are doing. In turn we wish to tell you
what our surveys revealed :--

84% of RADIO BROADCAST readers are
professionally connected with the industry.
IT IS REGULARLY READ AND USED BY
important executives of radio manufactur-
ing companies, by chief engincers in charge
of design and production of radio apparatus
with a retail value of $500,000,000 annually.
BY chief engincers of radio broadcasting
stations, by communications engineers who
control the far-flung radio links which join
nation to nation. BY thousands of radio
dealers--servicemen who contribute their ex-
pert knowledge to sell millions of radio sets,
to keep them in working condition, and
who use thcir contact with the consumer
to introduce ever better machines and
equipment to supplant old sets. BY the
ereat numbecrs of technical men who share
the direction of radio retail organizations--
those whose expert knowledge directs radio
service work on the one hand, and on the

-

@ SERVICING

other enables them to choose technically the
best in radio merchandise to offer the buying
public. BY thousands of servicemen who
are expanding the uses of radio in new ways,
installing receivers and public address sys-
tems in schools and elsewhere, etc. BY
countless enginecrs and technicians in that
newest of the new fields borrowing experi-
encc and personnel from radio—the sound
motion picture industry.

The remaining 16% of RADIO BROADCAST
readers are a vast group of experimenters
--thosc who explore the mysteries of short
waves, build all kinds of test apparatus, etc.
Among you arc countless college students
and those who study radio at home, inde-
pendently, or in organized courscs by
mail--the coming leaders of the industry.

To all our readers--to the 16% and the 84%
--we pledge RADIO BROADCAST in coming
months will be better than ever.

Editorially, the services and features
which have caused the majority of progres-
sive radio dealcrs, engineers, executives,
servicemen, sales managers and technical
leaders of radio to read RADIO BROADCAST
--will continue to be offered for your in-
terest. RADIO BROADCAST will continue ever
abreast or a step ahead of the fastest-grow-
ing, most fascinating industry in the world

84% TRADE READERS

Manufacturers -

Jobbers, Retailers, and Dealers, Ser-

vicemen
Engineers -

DOUBLEDAY, DORAN & CO., Inec. -

--ever alive, interesting, accurate, and
above all, useful.
- - - - 2%

- - - 61%

- - - 21% .

84%

TOTAL

GARDEN CITY, N. Y.

March, 1924 I'ublished monthly. Vel. XIV, Neo. 5.

Garden Citv, N. Y., as second class mail matter.
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Subseription price $4.00 § year. Entered at the post office at
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“I Found the Short Cut
to Success in Radio

through this amazing home laboratory method!”

By Frank Halloran

GOT hungry to get into Radio when
I learned about the big money it was
bringing my next door neighbor.

He was only twenty-eight years old, but
his income was over four times as much
as I was getting. He owned a fine car,
dressed in expensive clothes, took week-
ends off to go hunting and fishing, and
was one of the most popular fellows in
town.

“Charlie,” 1 asked him one day, “how did
you become a radio expert?”

“A cinch,” he smiled. “I took it up in my
spare time at home.”

“What?” I asked in surprise, “you actu-
ally took a radio course by mail ?”’

“No,” he shot back. “Not just a mail or-
der course, but the only technical home-
laboratory training conducted under the
auspices of the Radio Corporation of
America! Believe me, this ‘big-league’
organization not only knows what’s what
in radio, but it knows how to teach it!”

A Great Piece of Luck

Taking Charlie’s advice was the luckiest
thing I've ever done. It’s bringing me more
money in a week than I've often earned in
a month!

I never dreamed that learning radio at
home was so easy and so fascinating. From

The only radio training
sponsored by

FREE 50-page book tells all
about it. Mail Coupon.

the very first lesson to the last I was
thrilled! Each subject was explained in
simple word and picture form . . . and
written in such an interesting style that I
was carried along like a novel!

I didn’t know the first thing about radio
when 1 started, yet before many months
were over 1 was able to solve many of the
problems which now help me command
big money. The lessons took me step by
step through trouble-finding and repair-
ing . . . through ship and shore and broad-
casting apparatus operation and construc-
tion . . . through photoradiograms, tele-
vision and beam transmission . . . through
radio salesmanship, store operation and
executive work.

Success—In Spare Time!

I didn’t have to give up my regular job.
I learned at home during my spare time.
And 1 actually learned by doing! With
the course, I received an outlay of the
finest standard apparatus with which I
was able to build radio circuits and sets
of almost every description . . . yet this

expensive apparatus cost me absolutely
nothing extra!

Even before I had completed the course
I was able to earn good money doing odd
radio jobs. And it wasn’t long after that
I was able to give up my regular work and
branch out for myself as a full-fledged ex-
pert in work that is fun and extremely
profitable!

Today, my income is more than doubled

. . and I've only just started! I'm cer-
tainly happy that I found this short cut to
success !

Read This Thrilling
FREE Book

Frank Halloran’s wonderful success is just another
typical example of the success which the Radio In-
stitute is bringing to hundreds of men everywhere
through its wonderful Home-laboratory training . . .
the only official radio training based on the inside
knowledge of radio developed in the great experi-
mental laboratories of the Radio Corporation of
Americal

There is an amazing opportunity for you in Radio.
Manufacturers, dealers, broadcasting stations, ships
... all are calling for trained radio experts. The pay
is big—the opportunities are limitless—the work is
thrilling! Find out all about it. The Institute has
prepared an interesting, illustrated booklet telling
you all you want to know about this vast industry
and about the remarkable home study-course that
can fit you for a brilliant radio

career. Just mail the coupon
below and claim your copy
of this valuable booklet . . .
it’s absolutely free! Radio
Institute of America,
Dept. R. B. 3, 326
Broadway, New York

Mail this
coupon

Radio Institute of America
Dept. R. B. 3, 326 Broadway, New York, N. Y.

Gentlemen: Please send me your FREE 50-page
book which tells all about the great opportunities
in Radio and about your famous home-laboratory
method of guaranteed radio instruction sponsored
by the Radio Corporation of America.

Name

® march, 1929 . . . page 285 @
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HERE IT 18!

THE SET YOU HAVE ASKED FOR—WITH ALL THE PROVED PERFORMANCE OF THE
LINCOLN 8-80.

Tremendous Power without Oseillation—Tune Where You Will and Station after Station You Never Heard
Before Will Crash into Your Home with a Volume You Cannot Get on Local with the Average Receiver

10 K. C. selectivitv guaranteed Perfect stability—No squeals or Liowls
Marveloux tonc quality—Clough systemn of audio Operated complete from simall compact unit 3-7/16” x 5-1/4" x
Tunable intermediates 16-1/8" using one 381 type tnbe only
High seunsitivity—2000 miles of ten-inch antenna FElegant appearance—finely grained walnut bakelite panel
New highly designed illuminated drum dial and condenser Easy to build
assembly
One spot registration llollister A. C. 8 Kit Price $110.00
Four A. C. screen grid stages—425 volt output Ilollister AB 250 Power Pack 60.00

LINCOLN 8-80 ONE SPOT SUPER D. C.

PROVEN BY HUNDREDS OF SET BUILDERS TO BE THE MOST POWERFUL RECEIVER ON THE MARKET

5000 miles with loud speaker volume " o0
Only one refund asked in seven months’® production L!ncoln 8-B9NGIE SR
Operated by two small bone dry rectifiers Lincoln 110B 43.50

Lineoln Engineering has been endorsed by hundreds of eustom set builders. OQur big volume of sales is directly
due to the wonderful reputation gained through actual performance, and not advertised claims.
The Lineoln 8-80 has pioneered the way for better, long distanee reception.

From Waukegan, Ill.—comes the report of every frequency logged from 500 KC to 1210 KC, exccpt 880 and 1020 KC.

From the Hills of Kcntucky—*¢300 stations logged in one week, 25 being on the West Coast, Mexico and Cuba, and many 50 and 100
watt stations.”

From Battle Creck, Mich.—**No trouble getting CMC, Havana, while KWKH is on the air and KGO at Oakland while KTHS and
Winnepeg are on full blast.”

LINCOLN RADIO CORPORAIION

329 SOUTH WOODST. — CHICAGO - ILLINOIS.

Authorized Distributors for Authorized Distributors for
Lincoln 8-80 . ) - Lincoln 3-80
W. C. BRAUN CO.. LINCOLN RADIO CORP., Dept. ARG Rain@ TETe s
363 W, Randolph St., Chicago 329 South Wood St., Chicago, Il Kline Bldg.. Kent, Ohio
WESTERN RADIO MFG. CO. . . T O e oo
128 W. Lake St., Cliicago .Send me full information on your products, N %ENI}TY s
ELECTRIC & RADIO SUPrPLY for custom set builders. 27 E. Jefferson, Detroit, Mich.
& 22 NéFrunkliu St.. (Ehic}&;;{z\grus BBl )‘VEDESL COl. ey
HICAGO RADIO APPA . : ; g -2n ve., Seattle, Wash.
415 S. Dearborn, Chicago ~ I have never received one of your catalogs. STIURE DHAS.
P 335 W. Madison St., Chicago
AdATesSs wouvieiiieiemisiimmivemmvessrrviomons
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SM

Australia to

New York~—
Verified Reception

done—~of course~with an S-M Receiver!

Weo are in receipt of your
letter, undated, and have
pleasure in conflirming the

AUST RALIA to New York City on
353 meters! Direct verification
Mr. #llliam Parzalt,

The great Sargent-Rayment 710
—aptly termed ‘“The Boss of the

from Station 2BL in Sydney, New
South Wales, to a listener by the Hud-
son—one of the many thousands who
have successfully employed the S-M
Sargent-Rayment Seven to break

itoms mentioned by you as
having been broadcast b,

this station. . o7 York City,
We ere always glad to hear U.8.4

from over the seas, and hope

to-hear from you again with

regard to our transmission

128 Post Avemue,

Air.” Everything the most fascidi-
ous listener might want—an
ultra-sensitive and knife-edge tun.
ing set, which can, nevertheless,
be operated when desired as a
real one-dial set—with tone
quality unsurpassed even in sets
not designed for unusual selectiv.
ity. All this at $130.00 for the
KIT, or $175.00 WIRED—both
prices including cabinet!

through congested local interference.

We congratulate Mr. Parzelt on this
feat of reception, and are happy to be
able to supply, to all who desire it, a
receiver of such caliber.

Second only to the Sargent-Rayment, and nearly as famous for its distance records—including
reception from Japan in many parts of the U. S.—the SM 720 Screen-Grid Six brings sur-
passing radio quality within the moderate-priced range. It contains the same matchless S-M
Clough-systcm audio transformers. KIT $72.50; beautiful metal shielding cabinet extra $9.25.
WIRED complete in cabinet, $102.00.

Giant~Voiced ~Yet Pure~Toned

Never before has such an amplifier as the SM 690 been available to the
setbuilder and service man! It brings within his control installation jobs in
theatres, auditoriums, and for all public occasions. The public, thoroughly
awakened by the talking-movie, is demanding life-like high-power sound
amplification where formerly ears were strained to “catch the high spots.”

Find out today about the remarkable things that can be done with an
amplifier delivering such tremendous power output as 15,000 miliwatts—
from phonograph, microphone, or radio-detector input—with three.point
switch on the panel, as well as a knob giving smooth fading control what-
ever input is being taken. .

SM 690 Amplifier is built on a black crackle-finished heavy aluminum
panel 12x21 inches. Uses seven tubes: 1st stage, one ’26;
2nd stage, two *27’s in push-pull; 3rd stage two ’50’s in push-
pull; two ’81 rectifiers. All power from 110-volt A. C. socket.
List price, assembled complete less tubes, $245.

And the S-M 678PD—powerful enough for small theatres

Now a Speaker Made as
Good as S-M Amplifiers

The SM Dynamic
Speaker, now announced
for the first time, estab-
lishes still more firmly
the superiority of SM
sound amplifying equip-
ment—aspeaker supreme
in its ability to handle
without distortion an
amazingly large amount
of power. Has the new
SM 229 output trans-
former built in, with
output taps providing
proper impedance
matching for use with
171, 250, or the new
intermediate power
tubes, singly or in push.
pull. Two types: SM
850, for 110 volts A. C.
(using 80 rectifier tube)
$58.50. S-M 851, for 110
volts D. C., $48.50.

SILVER-MARSHALL, Inc.

838 West Jackson Blvd.,

and almost any dance hall, yet priced so low as to be ideal for
the home also—supplies, by use of the SM Clough audio
system, the full undistorted power of a *50 type tube to any
110-volt D. C. dynamic speaker; supplies field current also.
All power taken from 110-volt A. C. light socket. Price
WIRED $73; complete KIT $65.

Get the new S-M catalog—and begin today to look about
you for the opportunities that exist everywhere to make good
money by installing SM amplifiers.

The Radiobuilder, a monthly publication telling the very
latest developments of the S-M laboratories, is too valuable
for any setbuilder to be without. No.9 (Jan. 1929) gave full
particulars about the new apparatus described above, long
before it was available in any other form. Send the coupon
for free sample copy, or to enter your subscription if you want
it regularly.

If you build professionally, but do not have as yet the S-M
Authorized Service Station appointment, ask cbout it.

Chicago, U. S. A.

Silver-Marshall, Inc.
838 W .Jackson Blvd., Chicago, U. S. A.
«... Please send me, free, the complete SM
Catalog; also sample copy of The Radiobuilder.

Forenclosed.............. in stamps, send me the
f ollowing:
... 50c Next 12 issues of The Radioouilder
.¢.. 81.00 Next 25issues of The Radiobuilder

SM DATA SHFETS asf ollows, at2c each:
«...No.1.670B. 670ABC Reservoir Power Units

. .No. 2. 685 Public Address Unipac

. 731, 732 *Round-the-World" Short
ave

W Sets
..No. 4. 223, 225, 226, 256, 251 Audio Trans-
f ormers
....No.5.720 Screen Grid Six Receiver
....No.6. 40" Coast-to-Coast” Screen Grid Four
.+..No. 7.675ABC High-Voltage Power Supply and
676 Dynamic Speaker Amplifier
....No. 8 Sargent-Rayment Seven |
..No. 9. 678PD Phonograph Amplifier
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KEITH IIENNEY Director of the Laboralory
IIOWARD E. RHODES Technical Edilor
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Contents for March, 1929 . . . among other things
.. i . .. a . 0
F rontlsplece ' De Luxe Radio Service in a Hospital 290 THE issue before you might be called a special tube num-
A Multiple-Receiver Antenna System - V. D. Landon 291 ber. In addition 1o.the series of charts and explanatory
What the Serviceman Should Study John S. Dunham 294 curves which accompany them, we present the article by K.
The March of Radio -  An Ediforial Interprelation 296 s WEE G WS e 29 1wy Gty iy (0 BBl
A Study of Program Possibilities ITigh-Frequency Allocations acteristics of the 250-type tUbe’, some data m Strays from
New Radio Service Lo Aviation In the World of Broadcasting the Laboratory” on new English tubes of interest, and a
New Automatic Volume Control System useful article by G. F. Lampkin on the use of a vacuum tube
Charles Williamson 299 circuit to measure very small values of a.c. with inexpensive
Strays from the Laboratory - - - Keith Henney 300 apparatus.
New %'rends in Radio Design Receiving on 600 meters
fé”c?m.ﬁy &'\%rﬁi?ﬁsc‘ﬁ;,}fﬁirs ?{cclﬁf;'v‘:::g Notee n Siriotde Re- WE CALL especial attention to the new section of Rapro
%vrgxog:r‘lié: (;I;'lll{’:?il;(l:linl‘z;rkg.la(lt).(lllum Lec':gx?:ri:l' Nations to Broadcast BBO[}DCAST’ In the. Radf() Marketplace. This ne\.av
- . - news section of the magazine will, as our plans develop, be-
An L nusual Organization - - - - Roberl S. Kruse 302 come increasingly useful to every reader who is in the radio
Grid-Leak Grid-Condenser Detection industry. A new feature, prepared with much the same pur-
Frederick Emmons Terman 303 pose as our famous “Laboratory Data Sheets,” appears in
“Radio Broadcast’s”” Home-Study Sheets - - - - 307 the ‘““‘Marketplace’” this month. It is the ‘*“Radio Dealers’
No. 17. Plotting Curves—Part 1 No. 18. Plotting Curves—Part 11 Notebook ” conu?ining complete information every mon_th
A Double-Detection Short-Wave Set  Robert S. Kruse 309 on one subject of interest to those who serve the public, radio-
e . ) wise. We welcome suggestions as to how this feature can be
Broadcast Engineering - - - - - - Carl Dreher 311 broadened to be of increased value. The article by Charles
A Cuban Short-Wave Recelver - -  Frank H. Jones 313 Williamson on page 299 describing an automatic volume
Sound Motion Pictures - - - - - - Carl Dreher 311 control should be of interest to experimenters and to adv?nced
i servicemen who may find it possible to install the device on
Measurements on Dynamic Speakers  Frank C. Jones 316 receivers owned by their clients who are interested in owning
The Serviceman’s Corner - - - - - - - - - - 319 the latest improvements.
Importance of Impedance Relations - C. T. Burke 322
Table of Wavelength Allocatwns - - - - - 323 THE April Rapio Broapcasr will contain among many
Our Readers Suggest - - - - - 324 others, an interesting article by Roger Wise on *‘Charac-
A Thermionic Milliammeter - - - - G F Lampkm 325 teristics of Filament Type Rectifiers,” illustrated with many
““Radio Broadcast’s” Set Data Sheets - - - - 327 tables and curves; the second article by Prof. Terman on
The Majestic Model 70-B Receiver  The Crosley Model 704-B Receiver “Detection” will appear, this one being deVOted to “‘power
The Federal Type D Receiver The Crosley Model 705 Receiver detection”’; and, a story by K. W. Jarvis on “Selectivity”
A High-Power Output Tube - - - - K.S. Weaver 329 —a subject on which much should be said because increased
In the Radio Marketplace - - - - - - - - - 331 attention is being devoted to it.
Manufacturer’s Booklets - - - - - - - - - - 331
YVhat’ isa Good T Ubea - - - - - - 335 MANY radio companies are sending printed matter by
Radio Broadcast’s” Laboratory Infmmatlon Sheels 348 mail to radio dealers and radio service organizations,
No. 265. Electrifying Battery Sets  No. 269. Importance of Bass Notes particularly the former. Much of what they send is of prime
gg: 226667 %f,"‘w“;fr°ifnﬂﬁ‘:$,ﬁ.‘;‘l‘€“fi°£- Nl;;u%m' Formulas for Power Out- interest to servicemen and the technical head of the business,
monics . No. 271. Tests for Push-Pull Am- who, parenthetically, is often one and the same person. It
N%i,;ﬁ?is Mathematics of Tuned Nev 112ﬁ7e2r.sco"(‘ct Filament Voltages is an unfortunate fact that as things are, much of this in-
Book Review - - - - - - - - - - Carl Dreher 354 formation which servicemen really could use never reaches
them. The answer? Well, we would rather the mail be ad-
Letters from Readers - - - - - - - - - - - 354 . L .
. dressed to the serviceman or technician than campaign to
Short-Wave List - - - - - - - - - - - - - 358 change the habits of the dealer who offends.
Mexican Broadcasting Stations - - - - - - - - 358 WiLLrs KingsLey WING.
The contents of this magazine is indexed in The Readers’ Guide
to Periodical Lileralure, which is on file at all public libraries
TERMS: $1.00 a ycar; single copies 35 cents, . . . . All rights reserved. Copyright, 1929, in the Uniled States, Newfaundland, Great Brilain, Canada, and olher couniries by
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HE Master Hi-Q 29 is the only circuit permitting -
the use of shield-grid tubes at their maximum 5 f””’”y

amplifying ability.
So remarkable has been the performance of . .
this receiver that not only are professional men ,
everywhere building it, but the engineers of A S e etl. l yl ’ y

nearly a score of the foremost radio com-
panies have purchased it either for personal p[ tl‘ ' f
use or for laboratory experiment. 0” e

Due to the characteristics of shown in the exclusive Hi-Q “flat-
loosely tuned circuits, each of the top” response curve.
doubly tuned radio-frequency The sum total of Hi-Q’29 de-
transformers used in the Hi-Q sign is a finer degree of both
’29 actually constitutes a sensitivity and selectivity than
“band-pass filter”, the effect of has ever been known before
which is shown in the graph with the added advantages
below. Space does not per- of tone quality which ex-
mit full description of the perts admit is nothing
many advantages thus short of epoch-making.
gained but the informed L STH e Tt to) ST L e
radiomanshouldquick. page illustratcd book on Hi-Q “Band-

Pass Tuning’” and construction de-
ly grasp the results 3000"1010. 1020 1030 is 25¢. Use the coupon.

tails of the four Hi-Q models. Price
ILOCYCLES

HAMMARLUND - ROBERTS, Inc., 1182A Broadway, New York
Enclosed find 25¢ for my copy of your book on Hi-Q
Band Pass Filter Circuits and full construction details

-TU. LOSS,IN VOLTAGE

on your four Hi-Q models.

NAME. ....cooviimmmmairrinsriomrie
ADDRESS.
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DE LUXE RADIO SERVICE AVAILABLE IN UP-TO-DATE HOSPITAL

A centralized two-channel radio program distribution syslem has been installed in the Knickerbocker Hospital, New York Cily, by the Radio Cor-
poration of America. Loud-speaker and headphone outlets are localed in each of the various wards as well as the rooms occupied by
the hospital staff. At any of the outlets the listener has a choice of tuning-in either one of the two programs which are
being distributed. This picture shows an operator adjusting the conirol-panel dials of the new installation.



A Device for Apartment Houses

A MULTIPLE-RECEIVER ANTENNA SYSTEM

on the roofs of most large apartinent

bouses is a familiar sight and a
frequent source of comment. The opinion
most often expressed is that human ingenuity
should be able to find a more systematic
method of providing the tenants with recep-
tion facilities. Nevertheless, no such method
previously has made its appearance, the
problem being left almost entirely to the
devices of the individual tenants.

The result is a maze of wires on the roof
which is anything but artistic. It is the *roof
jungle” of the modern city. A typical
**jungle,” which is a sample of what is seen
for niile after niile fromn an elevated train in
New York, is shown in Fig. 1.

The “ jungle” is not only an eyesore for the
landlord, but it results in a great deal of build-
ing defacement as well. Nails are driven, holes
are bored, and grooves are cut. The ideas as to
how it should be done are different with each
succeeding tenant. Fig. 2 illustrates the care-
less way in which many antennas are installed
by apartment-house tenants.

In a few instances, this system, or lack of
system, bas been replaced by a more orderly
arrangement supervised or constructed by
the building owner. This is usually an im-
provement from an artistic standpoint, but
the radio reception provided is seldom satis-
factory for several reasons. The antennas are
usually only a few feet above the roof of the
buildings and, as practically all modern
buildings are of steel framework, which is an
excellent ground, the effective height of the
antennas is very low. Tbe long lead-in wires,
which are usually necessary, have a large
capacity to ground whicb has the effect of
partially bypassing what little signal is in-
troduced into the antenna. Although these
long lead-in wires do more harm than good
in ;l)‘ilcking up signals, they are very effective in
picking up the noise from the various kinds of
electrical machinery distributed about the
building. Also the close proximity of all these
antennas causes a number of undesired effects.
If receivers are used that employ tuned input
circuits, it will be found that when one re-
ceiver is retuned, a change in tuning becomes
necessary in the other sets in the building.
If some tenants have receivers capable of os-
cillation, the reception of the others is often
interfered with. In addition, each antenna
tends to sbield the others from the signals.

THE nondescript tangle of antcnnas

By V. D. LANDON

Westinghouse Electric & Manufacturing Company *

This article by Mr. Landon of the
Westinghouse Company gives technical
data on a system of supplying a large
number of radio outlels in an apari-
ment house, from a single anienna lo-
cated on the roof, each outlet making
avatlable to the particular apariment
in which it is located a signal com-
parable in sirength fo that oblained
from a good anienna. One good an-
tenna may be used to supply about 100
outlets. The eract arrangement of the
system varies depending upon the num-
ber of oullets to be supplied and their
arrangement—each installation s fo
a varying ertent a special job.

—THE Ebiros.

The result of all this is that an overwhelm-
ing demand exists for a satisfactory systeni
of distributing radio signals to tenants. The
situation is so acute that builders have ex-
pressed a willingness to delay their building
program if such apparatus would be available
at an early date. Many owners report tenants
changing apartments in trying to find a
location having good reception facilities.

A New System

THE following describes a system which
solves the problem in a manncr thor-
oughly satisfactory to both tenant and owner.
The “roof jungle” of antenna wires are re-
placed by a single antenna of attractive ap-
pearance and efficient design. The signals
from the comnon antenna are distributed at
radio frequency to each apartment in the
building, over conductors which are enclosed
in metallic conduit.

Each apartment is equipped with a radio-
outlet plate containing antenna and ground
terminals. When a radio receiver is con-
nected to these terminals, it will perform in
the same manner as though it were connected
to a very good isolated antenna. Fig. 5
shows a schematic diagramn of an installa-
tion.

The radio-

received signal causes a

frequency voltage drop across R, and this
voltage 1s fed to the grids of the amplifier
tubes in the antenna-coupling units. There
may be any number of antenna-coupling units
up to about ten, used on one antenna. These
are located on the roof in the pent house. The
radio-frequency transformer, Ty, in the plate
circuit of each of these tubes feeds a transmis-
sion line, or distribution riser which leads to
several apartments. The coupling tube or
“extension unit” in an individual apartinent
passes the signal on to the individual receiving
set through another radio-frequency trans-
former To.
The unique virtues of this system are:

1. The high signal intensity obtained.

2. The total absence of interaction between receivers.

3. The elimination of the pick-up of interfering
electrical noise on the distribution systein.

4. The eflicient tranusmission of signals at all fre-
(iuenci% in the broadcast range at the sume time.

5. The economy of initial cost and maintenance.

6. Ease of installation.

7. Businesslike arrangement and attractive appear-
ance of the whole systemn.

A high signal intensity is obtained by the
usc of a single really good antenna and an
cflicient distribution system. Interaction be-
twcen reccivers is eliiminated by placing a
coupling tube in each apartment. Thus a
change in the tuning of any receiver does not
affect the impedance of the distribution riser
in the least. Furthermore, if a receiver oscil-
lates, the generated high-frequency cnergy
does not get past the coupling tube and,
hence, does not interfcre with the reception
of others, except insofar as radiation takes
place directly from the coils of one receiver to
those of another. Thus interference due to the
neighbor’s birdies is reduced greatly.

The interfercnce caused by the operation of
the various types of electrical machinery
about the building is minimized. Of course,
that portion of the radiated noise which
reaches the antenna high above the roof, will
come tbrough. Ilowevcr, the strong electrical
ficlds close to this machinery will not be
picked up by the distribution risers. Any volt-
age induced in the transmission line wire is
induced in the enclosing conduit as well and
there is no effective input voltage between
grid and filament of the coupling tubes from
this source. This will of ten mean the difference
between good reception and poor reception
in buildings where noisy electrical machinery
is in use.

Fig. 1—View of the ““roof jungle” of radio antennas in a New York City apartment-house district. The r. f.
distribulion system described in this article would correct this condition
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Principle of System

EFFICIENT transinission of signals at
all frequencies of the broadcast band
simultaneously, is obtained by the use of the
principles of the loaded transmission line.
The grounded neutral circuit (similar to that
of a push-pull amplifier) is necessary to
elimminate ground current in the conduit which
would preyent proper loading of a single sided
linc. The radio-frcquency transformers are
used in the plate circuits of the coupling

tubes to match properly the tube impedance -

to the load.

A feature which is essential to the practic-
ability of the system is the centralization of
the B supply for the coupling tubes, since the
cost of supplying a separate B-power unit for
cach tube would be prohibitive. One B supply
is used for cach antenna-coupling unit and
all the extension units tapped off the as-
sociated distribution riser. This is better than
a single large B supply for the entire system
because it makes a more flexible arrangement.
better adapted to fitting a wide variety of
buitding sizes.

The arrangement for using the r.1. distribu-
tion wires for carrying minus B. and the
grounded conduit for carrying plus B, is
rather unique and effects a distinct saving
in appuaratus required. As may be seen in
Fig. 5. the grid of the coupling tube is con-
nected directly to the hine. The signals are
prevented from flowing to the filament by the
r.f. choke. The d.c. plate current flowing
in the resistor R, supplies bias voltage for the
grid. The condenser Cr keeps the filament at
ground potential to the signal voltage. The
pipe and box are connected to the positive
B that is used ax the source of B voltage for
the plate. The power transformer lights the
filament. of the tube. If the negative side were
grounded and the positive side on the line, as
would be more conventional, it would be
necessary to add a grid leak and two con-
densers to each coupling-tube box to obtain
equivalent opcration.

The economies effected by this method of
centralization of B supply, make the cost per
apartinent of the installation only about the
same as the cost of a real good antenna for
each apartiment.

Fig. 2—Each tenant derelops a differ-

ent way to erect an antenna. The

above picture shows the careless con-

struction of a tvpical apartment-
house antenna

The entire system is as easily installed and
as ‘“‘fool-proof” as the wiring for the electric
lighting circuits. The distribution risers are
run in standard half-inch stecl conduit (with
no appreciable increase in attennation—to the
surprise of inany). Where possible, these risers
are run vertically fromn the roof to the ground
floor. Any number of coupling tuhe boxes
from one to five may be tapped olf on each
floor. However, the usual number will be onc
or two per floor in multi-storied building,
since ten coupling tubes is the practical
maximurm set for one riser. A set ofp loading
coils is inserted in the line on every other
floor.

Coupling Bores Described

THE coupling-tube boxes of both the
central and apartment types are sunk
into the walls and covered with flush cover

L L L L
2 2 2

2
FCZTIVT?C__ LETTING C = 400 x10%
LET F¢=1.570.000 L= g aa 510 107
Fe= ' X10°  L=100 Microhenries
VIC =gfqee Now A=V I
LETTING= T(? = 10 107
LC=4x107¢ Br=\sox 1o

Ry = 500 OHMS
(A) GROUNDED NEUTRAL TRANSMISSION LINE
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— Ryl
c
2
\
L
Fc = 1 fr =\ L 2
YLC Toic 500X 20 = 10,000 OHMS
- U 2
38 Cor = = x(,%) = 200 % 2z =10 MMFD.
38
F L. L M2
¢ Ls=5+5 + 1, = 50 + 50 + 100 = 200 MICRO-H,
Frequency P
(B)  Low PASS FILTER CIRCUIT (C) GROUNDED NEUTRAL LINE WITH INPUT TRANSFORMER

Fig. 3—These circuit diagrains and formulas explain the operation of
the apartinent-house r. f. distribution system described by the writer

plates. Fig. 18 provides an interior view of a
coupling-tube box showing the location of the
filament transformer, the tube, and the radio-
frequency transformer.

The coils seen just above the filament
transtormer constitute a set of loading coils
for the line. If the coupling-tube box is not
in a position where the loading coils arc
needed, they are omitted. If a set of loading
coils is required at a point remote from any
coupling-tube box, another type of box is
used to mount them separately.

The electrical portion of the coupling-tube
Loy is held in plaee by two screws. This unit
ix not inserted in the box until the rest of the
in-tallation is complete, thus minimizing the
nember of damaged units. This assembly is
shown in Fig. -fa.

The unit going in the antenna-coupling-
tube box is the same except that a shghtly
dilferent r.f. transformer is used. This is
shown in Fig. 4c. The r.f. unit is seen in the
tup of the box. The bottom of the box contains
the B-power unit for one transmission hine.

A special outlet plate is installed in each
apartment. Antenna and ground pin jacks
are provided and also a socket for plugging
in a socket-powered receiver. The switch
turns off the power on the receiver and on the
filament of the coupling tube for that apart-
mcent.

The theory of the design and operation of
the distribution systemn is somewhat involved
but an attempt will be made to give it in
sketchy form. The design is based on the
principle of the low-pass filter or loaded
transinission line shown in Fig. 38. The
forniulas applying to this circuit are:

B(-VI_J
C

1
fe= 2 v/LC
where f. is the cut-off frequency. As shown
in the operation curve, higher frequencies than
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f. are attenuated to a degrce which increases
rapidly as the frequency is increased. Lower
frequencies are transmitted with practically
no loss. If E volts is applied at a frequency
lower than f. in series with the first resistor,
R, (commonly called thic generator resistance)
then E/2 volts will appear across the terminal
resistor Re, providing the circuit is so balanced
that the two equations are fulfilled.

Fig. 3A shows a grounded neutral circuit.
These same formulas apply to a grounded
neutral cireuit when the inductance used for L
is that of the two loading coils of one section
of the line in series, and the capacitance used
for C is the capacitance of one side of the line
to the other side, for a single section between
loading coils. The distributed inductance of
the wires is negligible in this case as telephone
twisted pair is used and there is very little
space between wires.

Solving the Formulas

rl‘HERE arc then a pair of simultaneous
cquations with four unknowns. Clearly
any two of the variables may be fixed at any
desired valucs and the corresponding values
of the other two variables are then determincd
by the two equations.

The easiest value to fix is f.. A convenient
value for arithmetical simplicity and for
practical reasous 1s:

fe=1,570,000
then LC=14x10-4

If a convenient value is assigned to L, C, or
R, the other two values will then be fixed by
the two equations. It is most convenient to
havc the loading coils a distance apart equal
to a multiple of the distance between floors
in a building since the coils may then be

laced in the coupling-tube boxes and special
ones need not be provided and mounted. A
handy distance is every two floors, as will be
seen. This length (20 or 22 ft.) of No. 18 tele-
phone twisted pair has a capacity of a little
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=

about 2.25. It is designed to match an imped-
ance of ahout 2000 chms which scems to be a
good average value for the input impedance
of the various types of receivers. 1'o make the
impedance of the transformer niore ncarly
like that of an antenna, a small series con-
denser was added.

If a one-volt r.f. potential is applied on the
grid of the antenna-coupling tuhe, and the
amplification factor of the tube is nine, we
have 1 x 9 x 3% x 1 x }=1 volt applied to the
grids of the apartiment-coupling tubes as-
suming no attenuation. The ratio of the
apartinent-coupling tube transformer is 2.25

Fig.4—Pictures of the apparatus used in an apartment-houser. f. distribution
system. A shows the electrical portion of the coupling-tube box, B is an interior
view of the coupling-tube box. and C is a view of the antenna-coupling box

over 300 mmfd. Allowing about 50 mmifd.
apiece for an average number of coupling
tubes (two) gives a line capacity of 400
mmf{d. Solving for L: (See Fig. 3a):

L=100 Microhenries
Rt=500 ohms

A hundred feet of linc having these charac-
teristics is found to transinit signals over the
entire broadcast band with a negligible
amount ol attenuation. The length of each
section of the line ix not very critical. It may
be varicd 25 per cent. with no bad effects.

Designing the Transformer

EFERRING to Fig. 3c. a further feature

to consider is the design of a suitable
transformer to match the plate impedance of
the tuhe (10,000 ohms) to the 500-ochm load.
This requires a step-down ratio of the square
root of 20 or about 1.5 to 1. Since it is im-
practical to Dbuild a 100 per cent. coupled
transformer, the leakage reactance mwust be
used as the loading inductance of the first
section of the line. The inductance of the
primary must be great enough to miake an
effective transformation at the lowest fre-
quency of the band.

Two millihenries is found sufficient for the
primary. That portion of the secondary
which may he considered 100 per cent. coupled
to the primary must have an inductance of
0.002 divided by 20=100 inicrohenries. Add-
ing to this the leakage reactance of 100 nicro-
henries gives a transformer with a 2000-
micro-henry primary a  200-microhenry
secondary, a mutual inductance of 450 micro-
henries and an effective ratio of transforma-
tion of 4.5.

It should be noted that the tube’s plate-
filament capacity (10 nunfd.) multiplied by
the square of the transformation ratio (i.e.
20) supplies the correct terminal capacity for
the low-pass filter (i.e. 200 mmfd.).

The design of the output transformer of the
apartment-coupling tubc is obtained by fol-
lowing a similar linc of reasoning. Its ratio is

so that } x 9 x4 %5 x $ or 1 volt is applied to the
radio receiver input circuit if its input im-
pedance is 2000 ohms, so as to produce an
impedance watch. 1f the impedance is other
than 2000 ohms, the input voltage may be
greater or smaller but operation has been
quite satisfactory with every type of receiver
yet tried.

Some time ago a test was made to convinee
a certain apartinent-house owner of the utility
of the system. A comparison was made of the
sensitivity of a receiver using first, the type
of antenna to which he had heen limiting his
tenants and second the distribution riser to a
good antenna 80 ft. long and 30 ft. above the
roof. The antenna used for direct connection
to the sct consisted of about the samne length
of wire as was usced in the antenna on the roof.
This wire ran out of a window on the ground
floor, up the side of the six-story building and
had a ten-foot lorizontal scction at a height
of about 10 ft. above the roof.

The distribution riser delivered morc than
twenty times the radio-frequency voltage
from a local station than the direct-connected
antenna provided. This proved that the
grounded framework of the building shielded
the direct connected antenna very -cffec-
tively.

Tle aiin of the entirc system is to provide
signals at each receiver outlet plug which
will be the cquivalent of what would be ob-
tained if the receiver were located on the roof
and had the antenna all to itself.

Since the antenna is to supply sucn a large
numher of people, most building owners will
find it worth while to put up a really excellent
antenna when installing tﬁis system. When
this is done, the apartment is transformed
from an excecdingly poor radio location to
one in which rcception is exceptionally good.
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Fig. 5—Schematic wiring diagram of a typical r. f. distribu-
tion system of the type designed for apartnient house use
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To Increase His Efficiency

WHAT THE SERVICE MAN SHOULD STUDY

of methods whereby recalcitrant

radio receivers may be induced to
play again sweet music, which we shall do in
following articles, we might profit by a dis-
cussion of the elements of knowledge which
the servicemman needs to have if he is to be a
really good scrviceman instead of just an
“expert.”” There are two definite forms of
knowledge the gaining of which the service-
man may pursue, and a definition of what
each is, plus what each will do, will give us
some basis for deciding their relative import-
ance.

BEFORE we delve into the large subject

Service-Muanual Knowledge

ET us first consider the mman whose radio

knowledge is limited to a thorough ac-
quaintance with the kind of servicc data pres-
ented in manufacturers’ service manuals. e
knows the physical layout of a number of
makes and models of receivers. In a particular
model, he knows the name of each part and
it’s exact placement, the nwnber of each
tube socket, and the types of tubes which cor-
respond to the socket numbers. He knows to
which socket prong or to what terminal of
which canned up somnething-or-other *‘unit”
each wire from each numbcred terminal lug
goes. He knows by heart the fact that, testing
with a C battery in series with a high-
resistance meter, the proper effect from lug
number 2 on the left-Eand terminal strip to
prong 3 in sockct 7 1s a full reading of the %at—
tery potential on his voltmeter, and that if
he does not get such a reading there it will
then be necessary to replace the coupling,
audio, or power assembly which is catalogue
number 3452. He knows in detail exactly
which shields, controls, and screws to remove
and which wires to unsolder in order to remove
that part for replacement, as well as exactly
the quickest and easiest way to install the
new part.

The man who has that sort of knowledge,
all of which can be inemorized, like dates in
history, from the service manuals put out for
dealers and distributors by all reputable
manufacturers, can do a nwnber of things
with it. Servicing a given model and its as-
sociated apparatus, with which he has be-
conte fainiliar by studying the manual and by
actual practice on that model, he can find and
cure all of the ordinary run of troubles in
nearly the minimun: of time required. He can
also find and cure, from instructions given in
the manual, most of the more usual antenna-
ground systemn troubles. If the customer is
present, he will give the impression, by the
ease and rapidity with which he works, that
he is a thoroughly competent, highly trained
serviceman. Those things are assets which are
unquestionably of great value to every
serviceman and every service organization.

But. suppose that this man is called upon to
service a receiver, of even the saine general
type as some of those with which he is in-
timately familiar, the servicc manual for
which he has been unable to obtain, or having
obtained one has not even looked at it.
(Servicemen have been known to neglect
those things, alas!). Suppose also that the
chief engineer employed by the maker of this
set has unique (and always superior) ideas of
the proper placement of sockets, terminal

By JOHN S. DUNHAM
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strips, wires, and other parts. The service-
man with only the kind of radio knowledge
we have described would be completely at
sea, and, on that particular job, he would be a
total loss to both himself and his organiza-
tion.

Even taking for granted that a serviceman
could obtain all the service manuals for all
the models of receivers put on the market by
the large number of rcputable manufacturers,
it is by no means safe to assume that he would
be willing to memorize them to the extent
necessary if he is to depend upon them as his
only source of service information. Neither is
it safe to assume that he will never be called
upon to service a Ware “T,” a Ther-mi-o-
dyne, a deForest, or any one of the four-
million. sets *‘designed” and built by an
“expert radio engineer’” who is always a
*personal friend” of the afflicted but in-
nocently eunthusiastic customer. The manu-
factured sets in daily use, the manufacturers
of which are no longer extant and for which
no service manuals were ever printed, as well
as those sets built by individuals, still com-
prise a very large proportion of the total
number of broadcast receivers which are en-
tertaining or annoying—depending largely
upon one’s degree of musical education—the
American nation, and which cannot, there-
fore, be ignored by servicemen.

Basic Knowledge

" ET us now consider the man who has a
broad knowledge of the fundamental
theories of tube and circuit operation and
thorough understanding from experience of
how those theories work out in the few basic
kinds of circuits which are in general use,
but who has never seen a manufacturer’s
service manual. Such a 1nan knows ap-
roximately what sort of operation to expect
From any receiver, because he is familiar with
the general results to be expected of that
particular type or combination of types of
circuit. He knows approximately what
voltages and currents to expect at various
points. He knows the order of values of resist-
ors, capacities, and inductances used, and
something of the degree of overall gain to be
expected. He is capable of servicing any
make or model of receiver and of solving
any problem of cause of trouble as well as the
probi)em of curing any specific trouble found,
without having to see the service manual for
that particular model of receiver. Because of
his general circuit knowledge he can trace out
the particular circuit arrangement used, to
discover where each part is, and because of his

If the customer is present the ser-
viceman will give the impression
that he is thoroughly competent.
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basic knowledge of operation of circuits he
can determine definitely whether each part is
functioning property. lf any part is failing to
do its job, he does not need service data
sheets to tell him how to determine why, or
what to do about it.

The man who has that sort of radio training
derives from his work a degree of real pleasure,
by virtue of his ability to apply technical
knowledge and logical thought to the solution
of his service problems, which can never be
realized by the man who exercises only his.
11€mory o¥ picture diagrams of sockets, ter-
minal lugs, and canned units.

Looked at froin the standpoint of service
efficiency, however, the work of the man we
have just described may not be ideal. Service,
to be efficient, must be done thoroughly and
it must cope adequately with every problem
that arises, no matter how complex, but it
must also be done in the shortest possible
time. The man who can find and cure any
trouble which exists in any radio receiver by
reason of his broad tecinical knowledge,
but who is not also familiar with the physical
layout of parts and terminals, color codes,
and most of the specific data of that nature
given in service manuals, is laboring under a
serious disadvantage. While he is capable of
discovering whatever of those details he may
require in order to service properly a parti-
cular model, it will take hunu{'ar more lime
to do so on each job than would be required
had he studied the inanual. And time, in the
radio service business, represents money just
as fully as it does in most other lines of en-
deavor. While 1nost of us are repairing radio
receivers rather than selling bonds, neckties,
or what-have-you because we happen to Like
it better, there are few of us who are not also
under the necessity of deriving from it our
daily bread and frequent larger sizes of small
shoes.

Ideal Knowledge

ET us, then, consider the merits of the
man who has the kind of memorized
knowledge which may be obtained from
manufacturers’ service manuals, and who
also has a broad background of knowledge
of the theories underlying the operation of
radio receivers in generaf coupled with ex-
tensive practical knowlcdge of how those
theories perform in the types of circuits which
are in use.

Such a serviceman can complete the
ordinary service job even faster than the
man who has only service-inanual knowledge,
for his additional technical training and
experience very often enables him to make a
nmore rapid diagnosis of the trouble, elin-
inating some of the steps required by the
narrowly trained man. Ige is not stuck by
troubles that are unusual, but confidently
attacks each job with the unflurried assurance
that no matter what the trouble may be, he
can discover it, determine its cause, and ef-
fectively cure it. VWhether he is curing a
trouble as simple as the need for replacement
of a thoriated-filament tube whose emission
has become too low, or a trouble as com-
paratively elusive as the detuning effect due
to imperfect contact, caused by oxidation,
between an r.f. stage shield and its base, he
makes a very favorable impression on the
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A serviceman may be called upon

to repair any one of the four mil-

lion sets “designed’ and built by
an “‘expert radio engineer.”

customer by the rapid, thorough, and con-
fident manner in which he goes about it. He
cures all of the troubles in a receiver. for he
discovers minor troubles which very often go
unnoticed by the narrowly trained man, and
when he has finished his work it is rarely
necessary to service that set again for a rea-
sonahle length of time.

That kind of a servicenman is, so far as his
service efficiency goes. the ideal type. If he is
working alone, he will be ahle to inake a
really adequate living froin his work, and he
will soon have to employ other servicenien to
help him take care of the demand for such
unusually good service. If he is an employee,
he will help greatly to increase the number of
steady customers of his organization, and it
follows that his pay will steadily increase
and that he will he given larger responsihility
as the growth of the business necessitates
more executive work.

Acquiring Knowledge

OW can all this knowledge and experience
be acquired? First of all, we must have
a strong desire to acquire it in order that we
may have the great satisfaction of knowing
that our work is really well done and in order
that we may attain any real degree of success
in the work we have chosen to do. Obviously,
the man who relies solely upon the practical
experience he can get from actually servicing
radio receivers, and does not supplemen!
thal with study, will never be a good service-
man. Neither will study alone make a good
serviceman. Practice and study must go
hand in hand, each supplementing and guiding
the other, and proficiency cannot be attained
in a few months, hut can only be acquircd by
years of steady interest and effort.

The best source of detailed knowledge of
particular models of receiving sets is the
manufacturer’s service manual or service-
data sheets. Most manufacturers have dis-
covered the hopelessness of the task of instill-
ing into the average dealer the fact that it
would pay him to give really efficiency service
to his customers, sonmething which was dis-
covered hy a good many service organizations
a number of years ago. Some few of the more
progressive manufacturers have awakened to
the fact that, because of the attitude of the
average dealer toward service, most of the
service on their sets is performed hy service
organizations after the end of the period
during which the dealer gives free service.
Wanting those service organizations to per-
form really good service on their sets, they are
more than glad to help by furnishing service
data on all models upon receipt of requests
written on the husiness Ictterheads of such
concerns. Rap1o BrRoapcast has been publish-
ing, starting with the June, 1928, issue, circuit
diagrams of manufacturcd receivers together
with some of the important data about
resistance and capacity constants, and voltage
values, which are of considerahle aid in the
ahsence of the more complete data usually
furnished by the manufacturer.

For the more interesting, and far more
important study of the hasic principles, there
is no single source which is more complete
and authoritative than Professor J. Il
Morecroft’s book, Principles of Radio Com-

municafion. It is published in New York hy
John Wiley and Sons, Inc., and can he oh-
tained directly from them, or from any good
bookshop, at a cost of $7.50. The price may
seem high, hut as an investinent in the ac-
quiring of knowledge its worth is tremend-
ously greater. A shorter work, which is ex-
cellent hut which does not have the same
wealth of material, is the Army Signal Corps
handhook, Principles Underlying Radio Com-
municalion, written by Dr. J. I1. Dellinger
of the Bureau of Standards, with the as-
sistance of six other well-known plysicists
and radio cngineers, and one well-known
professor of imathciatics. It may be obtained,
at the ridiculously low cost of one dollar,
from the Superintcndent of Documents,
Government Printing Oflice, Washington,
D. C. The author of this article strongly re-
commends that those of you who have not
read either of these hooks write immediately
to Washington for the latter, and when you
have assimilated all of it, then tackle the
Morecroft. One other publication which is an
invaluable addition to any radio library is
the Bureau of Standards Circular No. 74,
Radio Instrumenls and Measurements. It may
be obtained, for sixty cents, also from the
Superintendent of Documents. If your mathe-
matics has become rusty, or if you did not
have enough of it in high school, then there
is a textbook by George Howe, Mathemalics
for the Praclical Man, which assumes only a
knowledge of elementary arithmetic and gives
you in a very easily understood form exactly
what you need for a thorough undcrstanding
of Morecroft. It is published by D. Van
Nostrand and Co., New York, and costs $1.50.

While there are a number of current periodi-
cals which contain articles of value, it is the
opinion of thie author that it is a mistake to
attempt to read all of them, and that one good
radio niagazine is a sufficient supplemnent to
one’s study of books. It is also his opinion
that Rapro BROADCAST contains a greater
amount of material which is of importance
to the serviceman than does any other per-
iodical. The “Home Study Sheets,” ‘“ Labora-
tory Information Sheets,” and “*Strays from
the Laboratory,” which appear monthly, are
mines of clearly presented useful information.
There also have geen. and will continue to he,
various technical articles on timely subjects
which no radio serviceman can afford to miss
if he is to keep step with new developments
in the radio art.

List of Books

[In the preceding paragraphs Mr. Dun-
ham has endeavored to point out the sources
where the radio serviceman may ohtain accur-
ate information on the phase of radio in which
he is interested. If the various books referred
to are studied carefully it will he found that
they answer practically every requircment.
However, the Editor appreciates the fact that
the amhitious serviceinan will desire to have
available a numbher of refcrence hooks and the
following fairly inclusive list has heen pre-
pared to answer this need. The hooks named
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Practice and study must go hand
in hand

below are what we consider thc more impor-
tant radio publications and the descriptive
sentence following each title will help classify
the hook in the reader’s mind.—Editor]

Radio Instruments and Measurements. A 315-page
book, presenting information regarding the more im-
portant instruments and measurements actually used
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If he helps to increase the num-
ber of steady customers of his or-
ganisation it follows that his pay
will increase steadily and that he
will be given larger responsibility

in radio work. The contents is of interest to all radiu
engincers. The book is published by the Department of
Commerce and is known as Circular No. 74. Obtainable
from the Superintendent of Documents, Government
Printing Office, Washington, D. C., for sixty cents.

Principles Underlying Radio Communication. Another
government publication to be recommended. This book
is quite an excellent elementary texthook of radio and
general electricity and may Le easily understood by any-
one with a fair knowledge of algehra. Everyone should
have it. It is known as Radio Coinmunication Painphlet
No. 40, and the Superintendent of Documents, Govern-
ment Printing Office, sells it for $1.00.

Principles of Radio Communicalion, by J. H. More-
croft. This is probably the most complete book on radio
engiueering. The text deals with all phases of the art of
radio conmunication and the treatment is very com-
plete, the book containing about 1000 pages. John
Wiley and Sons, Inc., New York City, Price: $7.50.

Thermionic Vacuum Tube, hy H. F. Van Der Bijl. An
excelleut hook setting forth the principles of operation
of vacuum tubes. It is a very useful book for any radio
engineer. McGraw-1Iill Book Co., Inc., New York City.
Price: $3.00.

Radio Engineering Principles, by Lauer and Brown.
A book less extensive than Morecroft's but excellent
for those whose requirements are satisfied with a shorter
and less expensive text. It is a very scholarly presen-
tation. McGraw-Hill Book Co., Inc., New York City.
Price: $3.50.

Radio Frequency Measuremenlts, by E. B. Moullin. A
book dealing with the theory and praetice of radio
measurements. A handbook for the laboratory and a
textbook for advanced students. Muny of the measnre-
ments are made with the aid of the vacuum tube volt-
meter. Published in England but it can be obtained
from the J. B. Lippincott Co., in Philadelphia. $10.00.

Praclical Radio Construction and Repairing, by Moyer
and Wostrel. This book aims to be of service to the
amalteur constructor and radio serviceman. It is
essentially practical in its treatment. McGraw-Hill
Book Co., Inc., New York City. Price: $1.75.

Practical Radio Telegraphy, by Arthur R. Nilson and
J. L. Horuung. A book expressly for radio students pre-
paring to become radio operators. It will also prove
useful as a general handbook on the use and care of
modern radio transmitting and receiving equipment. Mc-
Graw-Hill Book Co., Inc., New York City. Price: $3.00.

The Elemenls of Radio Communicalion, by O. F.
Brown. This book describes the fundamental principles
poverning radio communication in simple straight-
forward language, supplemented by diagrams. The use
of mathematical formulas has been reduced to a mini-
inum, although a few algebraical expressions are em-
ployed where they are essential. Oxford University
Press, New York. Price: $3.50

Principles of Modern Radio Receiving, by L. Grant
Hector. A 305-page book designed to give to the intelli-
gent but non-technically trained man a unified picture
of the science of radio and to give some concrete infor-
mation Lo the designers, builders and sellers of radio re-
ceivers. Burton Publishing Company, Buffalo, N. Y.

Radio Theory and Operaling, by Mary Texanna
Loomis. A complete textbook of 992 pages eovering the
theory of radio communication. In addition it aims to
prepare the student to become a radio operator and
make it possible for him to pass the government radio
operator’s examination. Looinis Publishing Company,
Washington, D. C. Price: $3.50.

Radio, by Elmer E. Burns. An excellent course of
study ou radio for students with liigh-school preparation
in physics and mathematics. It serves as an effective
introduction to an advanced text. D. Van Nostraud Co.,
New York City. Price: $2.00.

A Trealise on 25 Testing Unils for Servicemen, by John
F. Rider. This book provides much practical data on
the servicing of radio receivers. It describes the con-
struction and operatiou of many useful laboratory
instruments. Radio Treatise Compauy, Néw York City,
Price: $1.00.

A Laboratory Trealise on B Batlery Eliminalor Design
and Construction, by John F. Rider. This book is a worth-
while addition to a library of elementary radio texts.
It sets forth the essential principles of the design and
operation of B-power units and is of value to servieemen
and set-builders. Radio Treatise Company, New York
City. Price: $1.00.

Radio Broadcasl's Dala Sheels. This book consists of
190 short articles giving concise and accurate information
in the field of radio and closely allied sciences. The book
is full of practical information of value to the radio
serviceman, set-builder, and experimenter. Doubleday,
Doran and Co., Garden City, N. Y. Price: $1.00.

How Radin Receivers Work, by Walter Van B: Roberts.
This book is designed to lay a firm foundation of quali-
tative but definite ideas that will enable the reader to
understand eclearly the operation of a radio receiver
and to read with benefit the more complete treatments
of the subject. Rapio Broapcast, Garden City, N. Y.
Price: $1.00.
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A Study of Program Possibilities May Open New Radio Markets

HE radio industry is en-

gaged in selling devices for

reproducing broadcast pro-
grams in the home. Only to the
degree that radio entertainment
is acceptable to the listening
public does its market expand.
This season’s enornmous sales are
due as much to general program
progress as to increased simplic-
ity of receiver operation and
maintcnance. Stabilization in
receiver design precludes the
likelihood of revolutinnary sales
stimulation because of thc ap-
pearance of entirely new types of
receivers, except through the
solution of the mmany problems
retarding the conumercialization
of visual reception.

For the moment, we dismiss
the possihility of television be-
cause it is predicated upon con-
siderable technical development
and upon the estahlishment of
an entirely new broadcasting
structure. We are not in pos-
session of sufficient proof of its
reasonably early development as
a commercial product to predict
whether it will be a vital sales
factor within one year, five years,
or twenty. The commnercial his-
tory of the motor car, the air-
plane, and radio broadcasting
itself is illustrative of the long
period which may elapse between
elementary discovery and gen-
eral commercial development.
As early as 1899, substantial
stock flotations were launched successfully
by companies proposing to exploit the radio
telephonc and old timers in radio recall enter-
tainment programs heard with crystal sets
broadcast as early as 1910, 1912, and 1915.
Yet we waited until 1923 hefore therc was
a substantial market for home reception.

Assuming that neither visual broadcasting
nor radical improvement in the recelver itself
are certain to hring about another record-
breaking scason in the immediate future. we
might conclude that we have before us only
an era of ordinary, though presumably pros-
perous, commercial competition, with radio
reception as stahilized as the motor car, the
typewriter, and the electrical refrigerator.
Under those conditions, merchandising skill,
service support, and advertising ideas will
account for the comunercial successes of the
future. Indeed, this year’s outstanding radio
surprise is directly a product of merchandising
aggressiveness and a successful appeal to
dealer cooperation. Considering that we are
far from radio’s saturation point and over
half the receivers in use are already obsolete,
this prospective era of intense comunercial
competition is by no means a dismal one.
The 1928 sales record will probably stand no
longer than the end of 1929. There is ample
normal demand for radio reception to insure a
huge sales volume for many years to cone.

The basic commodity of the radio industry,
radio programs themselves, however, offer
new avenues of public appeal which may
uncover unexpectedly large sales fields. Our
competent contemporary Radio Relailing, re-
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The newly appointed Royal Canadian Radio Commis-
sion weho will investigate broadcasting conditions in the
Dominion. From left to right they are; Charles A. Bow-
Donald Manson, Dr.
(seated) Sir John Aird, chairman of the Commission.

Augustin

cently suggested the ideaof a radio set forcvery
oftfice. The present-day programn offerings,
however, have little more appeal to the aver-
age business institution than a kitchen cabinct
or a phonograph. A fundamental change in
the character of daytime programs is neces-
sary to develop a market for radio rcception
in the business world. It is one. however,
presenting great possibilities if the broadcast-
Ing interests possess suflicient initiative to
depart from present trends. These possibilities
are worthy of the utmost consideration by
broadcasting managements because the estab-
lishiment of specialized audiences at hours now
of small commercial value means proportion-
ately increased rev cnue possihilities.

Certain stations have established daytime
audicnees of considerab'e value. While the
average standard of programs addressed to
the housewife are hopelessly mediocre and
fall far short of their mark. nevertheless they
have demonstrated the great possihilitics of
daylight broadcasting. During the day, the
major part of these programns is direct ad-
vertising of the most {lagrant character, re-
stricting response to an undiscriniinating
though nevertheless large audience. Daytime
farm programs have’also reached many listen-
ers and great political addresses delivered in
daylight hours have heen rewarded with
adequate response.

EXAMPLE OF BUSINESS APPEAL

There has not, however, been any conclu-
sive test of apEeal to the business man. One
requiremnent which must be met is that he be
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served with precisely the informa-
tion he needs in a few regularly
scheduled minutes of each day.
Anilluminatinginstance occurred
recently in New York demon-
strating that radio service to the
business man is appreciated.
Wwmca has been broadcasting a
brief news summary and stock
market reports regularly in the
late afternoon for some years.
Under the new allocation, it
shares with wnyc, the municipal
station of the City of New York.
On one occasion, wmca relin-
quishcd the time devoted to this
service, in order that wnyc might
broadcast a glowing description
of the accomiplishments of the
city’s administration at the oc-
casion of the opening of a new
high school. When the customary
time for the stock market quo-
tations came around. wMCA's
switchboard was immediately
tied up by numerous phone calls
from protesting investors and a
large number of telegrams and
letters, objecting to the suspen-
sion of this surprisingly impor-
tant service, were subsequently
received. Unquestionably, by
judicious planning, not only can
large and valuable audiences be
built up for business purposes,
but with them, a new market for
radio receivers of far-reaching
proportions.

During the evening hours,
program dcvelopment may also
broaden radio’s appeal. The tcndency of
the last few ycars has bcen principally
in the direction of expansion of networks,
better pick-up technique, and higher ar-
tistic quality. Radio sales have also been
greatly stimulated by “great event’ pro-
gramns, such as presidential addresses, po-
litical speeches, sporting events, and recep-
tions to public heroes. Unquestionably, we
have bigger and better radio programs. This
is, however, only normal progress and not
any unexpected manifestation of program
ingenuity. Departures from the beaten track
are few but encouraging

The continuity program, pioneered four or
five years ago in the early Eveready hours
under the direction of Paul Stacy. first brought
out the possibilities of this ficld of radio pres-
entation. While Eveready hcurs stood alone
in this field, their successes were national
trimmphs and their failures appearcd to be
artistic disasters. Seeking the impossibility
of pleasing everyone, Eveready abandoned its
brilliant contribution to broadcasting after
two seasons of encouraging experiment and
rejoined the throng of orchestras with vocal
and celebrity programs, only recently return-
ing to a more progressive policy. But such a
healthful trend could not be resisted and the
continuity is back again in full swing. Noth-
ing has done more to restore it to favor than
the outstanding success of wor’s *Main
Street Sketches.,” which have been found
sufficiently popular to prove worthy of imita-
tion hefore every important microphone in
the East. The commercial sponsor’s demand

and
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for universal appeal has discouraged program
pioneering in spite of the fact that radio has
scored a much higher percentage of successes
with the continuity than its nearest. counter-
part, the dramatic stage. The continuity has
the very important advantage to the com-
mercial broadcaster that it holds its audicnce’s
thoughtful attention instead of serving as an
almost unidentified background of musical
entertainment. We regret. that, although the
continuity has won a permanent place for
itself. most program directors have merely
copied the few outstanding successes, despite
the infinite variety of original characteriza-
tion open to writers of continuity scripts.

DRAMATIC PROGRAMS

In the field of radio story telling and en-
actment. a distinetly dilterent field of con-
tinuity, the True Slory hours are the represen-
tative success in the field. A higher plane of
story structure is conceivable, but, for vivid-
ness of presentation and broadness of appeal,
they are superior to later iinitations.

*Great Mloments in History” remain the
unquestioned leaders in seriobus dramatic pre-
sentation of the full-tiime continuity type. But,
for pure acoustic arustr) they have been ex-
celled by the N.B.C.’s “‘Central Park Sketches”
and ‘‘Interborough Sketches.” Their author
has caught radio's most illusive quality. vivid-
ness of word-picturization. We predict that
they will be widely and of ten unsuceessfully 1m-
itated. Though somewhat buried in an obscu-
rity by a maze of conventional orchestral and
vocal features, we regard these short dramatic
novelties as an important trend because they
have a substantial appeal to a distinctive
strata of the radio audience, some of which
may be hostile to the stereotyped program
trend.

Finally, the Damrosch symphonic educa-
tional programs offer a new audience appeal,
which means that radio tubes will be function-
ing at hours when they have heen accustomed
to rest. That is the real test of an expanding
radio market, a programn appeal which at-
tracts new listeners and increased lLstening
hours. We are not atteinpting to review pro-
gram progress from thc standpoint of higher
general standards but from that of broadened
appeal. We expect radio programs to improve
because steady progress is neccssary to main-
tain its position in competition with its real
competitors. the phonograph, the motion
picture, and the motor car. Expausion of
radio’s market requires more
than holding its own against com-

tude. Furthermore, the changes in baronetric
pressure, accompanying changed weather con-
ditions, must be compensated.

The principle of the Alexanderson device is
simple. A high-frequency continuous wave is
radiated from the plane in flight and the
component reflected from the ground is used
to heterodyne the frequency generated at the
transmitter. When the plane is at a height
above ground which is an exact multiple of
the transmitting wavelength employed. the
rcflected signal balances out the radiated
signal and the minimum signal is received.
As the plane rises through the distance of a
wavelength, the signal goes through a com-
plete cyclic change. A graphic record, made
on experimental flights, shows that altitudes
up to 1000 feet have heen determined quite
accurately by the method. following exactly
simultaneously recorded readings made with
an altimeter. The wavelengthh used was 95
meters and each cycle of the record represents
an altitude change of 155 fect.

A POSSIBLE DEVELOPMENT

Dr. Alexanderson made several suggestions
as to possible lines of development. e pro-
poses the use of two antennas with an oscilla-
tor in each, one having a wavelength of ten
meters and the other of eleven. The beat fre-
quency of the two oscillations is then detected
and observed. The frequency will be of the
order of 3,000,000 cycles but the signal inten-
sity will change cychcally as the plane changes
in altitude. It will pass through maxima when
the echo wa ve tends to decrease the frequency
of the eleven-meter oscillator at the same
time that it increases the frequency of the
ten-meter oscillator, producing maxima at
Lieights of 25, 75 and 125 meters, correspond-
ing to 80, 240 and 400 feet.

The experience with the new system is
naturally limited and, considering the peculi-
arities of short wave radiations, it is quite
possible that ground conditions will cause
sufficient variations in the character of the
reflected wave to create practical difficulties.
It requires a fair amount of equipment aboard
the plane and skillful manipulation and,
while the duties of the pilot are so manifold,
concerned not only with actual piloting but
watching of motor indicators, radio com-
munication, and navigation, it is unlikely that
so complex a system will have much prac-
tical application until it is further simplfied.
But Dr. Alexanderson has pointed the way to

a fundamental method which shows great
proniise in solving an important problen
in aerial navigation. The trend of development
may be in the direction of ground altitude
lighthouses which  simultancously radiate
two waves of slightly diflerent frequency, op-
erating an automatic altitude indicator
aboard the plane. This may be calibrated in
feet above ground so thiat no manipulation
will be required on the part of the pilot. The
transmitting frequency selected will be such
that the pilot can judge with fair accuracy
whether he is one, two or three wavelengths
above the beacon. For fog use, a signal bell
may be helpful in aiding such judgment and,
should this be impractical, a triple frcquency
system may be devised covering the entire
range of altitudes without gucsswork.

High-Frequency Allocations

HE Federal Radio Commission has

allocated 551 of the 639 channels

between 1500 and 6000 kilocycles, by
assigning 308 channels to fixed stations, 118
to mobile, and 95 to government stations. Of
the fixed stations. the greatest surprise is
offered in the allotinent of the Universal
Wireless Comnunications Company of 10
channels, while no additional channels were
turned over to the Radio Corporation of
Amncrica or the Mackay interests. In view
of the fact that the Universal Company is an
cntirely new venture, proposing to compete
directly with wire telegraph circuits. this
allotment is causing considerable ainazement
in communication circles. The company is
capitalized at_$25,000,000, rccruited prin-
cipally from Buffalo business men. In its
directing personnel, as announced, appear no
names of executives known to be expericnced
in traffic management or radio-telegraph
technique, although, no doubt, the Com-
niission has bcen thoroughly satisfied by
adequate evidence of sulficient available
capital, personnel and technical knowledge or
it would ccrtainly not have iade such a
liberal allotment of valuable channels. This
assignment is a distinct departure of the
Commission’s announced policy of confining
high-frequency channel assignment to services
which cannot be conducted through non-radio
circuits.

Twenty channels are assigned to the press,
73 to marine service, 64 aviation, 5 railroad,
6 portable, including geophysical and police,
138 amateur, 100 visual, 4 experimental, and
70 point to point. Some private
communication services granted

peting forms of entertainment. It
must swing into the fold entirely
new listening groups or increase
the listening hours of its estab-
lished followers. Creators of new
program services make liberal
contributions to radio’s potential
market. The association of pro-
gram development with the pros-
perity of manufacturer, jobber,
dealer, and radio serviceman is
an intimate yet generally unreal-
ized interdependence.

A New Radio Service lo
Aviation
SPEAKING at the autumn

meeting of the National

Academy of Scienccs, Dr.
E. F. W. Alexanderson described
a promising line of research which
he has been pursuing, looking
toward the development of a
means of measuring the height
of an airplanc above ground.
The altimeter, which is conven-
tionally employed, measures
barometric pressure and, there-
fore, gives no indication of height
above ground uniess the aviator
happens to know its exact alti-

A reconstructed picture of the half circle of 170-foot

masts erected at Poldhu in 1901. This antenna, which

consisted of 60 wires in the form of a fan, faced the

Atlantic and was used successfully in Marconi’'s early

transatlantic experiments. The transmitter was located
in the building in the center of the masts
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channcls are Ford Motor, Coin-
monwealthh Edison, Tropical Ra-
dio, Maddux Air Lines, Detroit
Edison. Philadelphia Electric,
Florida Public Service, Ann Ar-
bor Railroad. Pere Marquettc, U.
S. Shipping Board, Radiomarine
Corporation, Gulf Refining,
Humble Oil, Magnolia Petro-
leum. and Bcthlehem Ship, al-
though Ann Arbor and those
listed thereafter must also render
a general public message service.
Armour & Co., Firestone, Good-
year Tire, Morris & Co., Sears
Roebuck, Universal Pictures,
Cudahy Packing, Montgomery
Ward, and Victor Talking Ma-
chine were denied the channels
they rcquested.

In the World of Broadcasting

ERLIN AYLES-
WORTH. president of
the National Broad-

casting Company, in an end-of-
the-year statement broadcast
through a nation-wide network,
announced that the expenditures
made through his company for
talent in 1928 were $5.000.000
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and for wire network scrvice, $2,000,000.
If American listeners had paid for their
broadcasting service through direct taxation,
as do British listeners at their ratc of
$250,000 per station per year, American
listeners would have paid $192,000,000 per
year or from $15 to $25 per set for the main-
tenance of the 700 stations serving them. The
cost of broadcasting is met largely by adver-
tisers who distribute the expense among all
classes of listeners and non-listeners. Mr.
Avylesworth attempted to show that commer-
cial broadcasting i1s in no way competitive
with newspapers.

PPEALS from decisions of the Federal
Radio Commission's decisions have been
brought before the Court of Appcals of the
District of Columbia by wexw, wcsp, and
wis, and by C. L. Carrell, appcaring in behalf
of portable stations WKBG, W1BD, and WHBM.
The outcome of these cases will determine, in
a large measure, whether the Commission has
sufficient power to exercise control over the
broadcasting situation. Louis (i. Caldwell,
the Commission’s indefatigable chief attorney,
has agreed to continue his services through
the month of February. If thesc cases are
decided adversely to the Commission, we will
enter a new phase in broadcast regulation.
Funds will then havc to be appropriated,
sooner or later, for the confiscation of broad-
casting stations so that their number may be
reduced to the point that the broadcasting
band is no longer overloaded. It will require a
long time, however, to put over such a step
because neither the broadcasting stations or a
majority of the Commission are prepared to
face the facts in the matter. Many, like Com-
missioner Robinson, still favor low-powered
broadcasting and heavily overloaded channels
thus evading the necessity of reducing the

.

number of stations on the air. Optimists bo
for solution of the congestion problem E:r
development of synchronizing methods, which
will eventually enable network programs to
be radiated on the same frequency. If com-
mercial broadcasting continues to grow, con-
tinuous network broadcasting during the
night hours would 1nake it possible to 1nain-
tain synchronized programs with the network
stations assigned to regional channels and
preserving cleared channds for network key
stations and worthy independents. But until
both continuous nctwork broadcasting and
practical synchronization are accomplished
facts, this solution is still in the future.

‘NZNYC has appealed to the courts the
decision of the Commission affirming
the time sharing order with wyca. In its brief,
filed with the Court of Appeals of the District
of Columbia, the city makes much of the
point that wNyc is called upon to share time
with a commercial station and that the rights
of municipal stations are superior to those of
commercial stations. Considering that thcre
is no possibility of sharing with any but a
commercial station in the metropolitan area
and that advertising mcrchandise is no less
useful than advertising the deeds of political
incumbents and the gossip of municipal
bureaus, this particular plea is based upon
apparently unsound foundations. Any superior
right which may be established by stations
of a political origin over stations operated
purely to appeal to the public through their
educational and entertainment value would
be unfortunate. It is to bc boped that all sta-
tions will be compelled to stand upon their
service to the public and that no privileged
classifications will ever appear in our highly
circumscribed broadcasting channcls. The
most important contribution of wiNyc is its

Schedule of the Beslt Shorl-Wave Programs

|

Schedule in Eastern Standard Time

Station Wave-

Call Tength — — — -

Letters (Meters) Sun. Mon. Tues. Wed. Thurs. Fri. Sat.
WIXAD 19.56 530 p.m. | 2:00 P.M. 5:00 p.m. | 2:00 M. | 5:00 p.m.
Schenectady, to to* toP to* toP

N.Y., U.S A 10:30 p.m. | 4:00 p.51. 11:00 p.». | 4:00 p.m. | 11:00 P.M.
|
| 5:00 p.m,
1 wp
11:00 p.Mm.
38w 25.53 730 Am. | 7:30AM. | 730Am. | 7:30 Am. | 7:30 A
Chelmsford, to to to to to
England 8:30 a.p. | B:30 A, | B:30A.m.  8:30 A, | 8:30a.Mm.
2:00 p.ar. | 2:00 oM. | 2:00 P, 2:00 poM. | 2:00 oM.
to to to to to
7:00 pom. | 7:00 M. | 7:00 P.M. 7:00 Pt | 7:00 P.M.
wixXK 25.4 11:00 A.m.  2:00 p.m.| 5:00 P.M. | 5:00 pa. 2:00 poy. | 5:00 poat. | 5:00 ot
Pittsburgh, Pa., to to* toP P to* toP to
U. S A. 12:00 Am.  4:00 p.m. 10:30 poa. | 10:30 M. © 4:00 P.m. | 10:30 p.m. | 11:00 Py,
2:00 p.m.  5:00 P.M. 5:00 p.Mm.
to toP to?
10:30 p.m.  10:30 p.M. | 10:30 r.m.
PCII 31.2 6:00 p.m. | 6:00 P.M. 6:00 p.M.
Kindhoven, Hol- to to to
land 9:00 p.M. 9:00 p.M. 9:00 P.M.
W2XAF 31.48 5:00 p.a. | 5:00 P 5:00 p.Mm. 6:00 P.M.
Schenectady, toP to to to
YL UCSOAL 11:00 p.m. 11:00 Py, 12:00 p.M. 12:00 p.Mm.
wW2XE 58.5 7:00 p.m. | 7:00 pm. | 7:00 oM. | 7:00 Pom. | 7:00 pom. | 7:00 P.m. [ 7:00 P.M.
Richmond to to to to to to to
ldxlls. AN Y., 11:00 p.m. | 11:00 P.m. | 11:00 P.M. | 11:00 P.m. | 11:00 p.m. | 11:00 p.3s. | 11:00 p.Mm.
gL |
wlxk 03.5 8:00 P M. | 2:00 p.m.| 8:00 P.M. | B8:00 PM.| 2:00 P.M. | 8:00 P.m. | 8:C0 P.Mm.
Pittsburgh. Pu., to to* toP toP to* to? to
U. S. A 10:30 p.a1. | 4:00 p.m. | 10:30 p.nt. | 10-30 Poat. | 4:00 Pom. | 10:30 .. | 11:00 p.m.
|
8:00 p.Mm. 8:00 p.M.
toP toP
10:30 p.M. 10:30 P.M.
CIRX 25.6 530 p.m. | 5:30ra. 530 e 5:30pM. 5:30 M. 5:30 P | 5:30 pom.
Winnipeg, Can- to to to 10 to to to
ada 10:30 pm. | 10:30 ey 10:30 pom. 10:30 pom. | 10:30 p.m. | 10:30 p.m. | 10:30 p.M.

*—N.B.C. Red Network programs relayed to British Broadcasting Company, England.

P—During 9:00 r.m. 10:30 p.M. period the N.B.C. Red network
periods have scparate programs. At 7:00 p.a. you ean set your watch

rogram cores through all 4 waves. Other
y ‘‘Big Ben"’ from London, England.
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“University of the Air,” and its potential
service in codperating in health department
ropaganda and maintaining law and order.
t has not been demonstrated that more than
half time is required for these very worthy
purposes.

HE Federal Radio Commission announced

that after January lst no visual trans-
missions of any kind would be permitted in
the broadcast band, but it reversed its position
before the new order became effective, per-
mitting such transmissions between 1 and
6 A.m. It bas, however, dallied so long with
this problem that many have become dis-
couraged and the effort to bring about a rapid
development of visual broadcasting by ex-
perimenter participation has been rendered
abortive. Many pionecrs have suffered heavy
financial losses as a result, which would have
been somewhat mitigated by early considera-
tion of the problem. Thc experimenter, having
served his purpose of starting the whole
broadcasting structure is thus rudely cast out
from a field of activity which showed great
promise of a revival of ingenuity and skill in
radio rcception.

EPRESENTATIVE WALLACE WHITE

of Maine has introduced a resolution to
extend temporarily the authority of the
Federal Radio Commission for another year.
If these year to year extensions becorne habit-
ual, it is quite probable that Congress will
ultimately form a communications commis-
sion which will have, in addition to the duties
of the present Federal Radio Commission,
complete regulation over telcphone and tele-
graph systems. Because of its quasi-public
nature, the communications business, in com-
mon with railroads, suffers from cxcessive
political regulation with the inevitable result
that costs of opcration are increased propor-
tionatcly to the political meddling tolerated.
Excessive profits in the communications busi-
ness, and in fact any quasi-public function
which is necessarily monopolistic in character,
should certainly be regulatcd so that only a
reasonable return is made on the capital in-
vested. As soon, however, as regulation broad-
ens its scope into details of management, it
generally works against the public interest.
I politicians attempt to rule experts, the re-
sults are disastrous and, if expcrts are sub-
stituted for politicians, then the method is
wasteful. Had the present commission tackled
its problems with greater aggressiveness and
expeditiousness, it would now be an appellate
body, meeting only on appeals, and regula-
tion would be centered in a bureau of the De-
partment of Commerce, exactly as it was
prior to the chaotic conditions brought about
in 1926. Congressional meddling 1is invited by
the protraction of the Commission’s problems.

IN THE first week in January, the Columbia
Broadcasting System bas augmented its
network from 21 stations confined to the
northeastern part of the United States, to 47
transmitters reaching from coast to coast.
Approximately 100,000 miles of wire, a third
otp which carry the programs and the balance
are monitoring an(F emergency circuits, are
used. Fifty repeater points are involved and
in the inaugural broadcast, two-hundred tele-
phone engineers were employed in maintain-
Ing wire service.

Wasc is now under the management of
the United Independent Broadcasters, oper-
ators of the Columbia Chain. As soon as the
chain’s contract with wor expires in Septem-
ber, wagc will be the source of all Columbia
programs. Alterations in the transmitter are
contemplated, and removal to a less-populous
area bas already taken place. Wor plans no
chain affiliations after geptember and will,
therefore, become the leading independent
station of the metropolitan area, continuing
its policy of originating its own fea}%ur&s.F




Operating Data on a

NEW AUTOMATIC VOLUME CONTROL SYSTEM

By CHARLES WILLIAMSON

Department of Physics, Carnegie Institute of Technology

time or other hy a terrific burst of

sound from the loud speaker when,
in the course of tuning, we have happened to
come across a powerful local station. Sudden
loud spcaker overloading may also occur with
certain types of hroadcasting, such as organ
music, which exhibits an unusually wide
range of volume. In many cases, the voice of
the announcer is received at a much higher
volume level than that of the music. But the
worst case of unexpected sound peaks arises
when listening to a distant station that is fad-
ing badly. When it comes hack, it usually
does so with a roar; and static crashcs are at
their loudest hecause the sensitivity control
has been advanced fully in order to make the
program audihle when the station fades.

jLL of us have been annoyed at sone

An Automatic Control

LAST August the writer designed a simple
and inexpensive device to cure these
troubles. It has heen tested on several re-
ceivers and in each case the difficulty was
corrected almost perfectly.

The addition of the writer’s device to any
d.c.-operated receiver does not require that
the circuit of the set he altered in any way.
(When using this device in connection with an
a.c.-tube receiver the results may not be en-
tirely satisfactory as an increase in hum may
result, particularly when the set uses 226-type
tubes—FEdilor.) he device is connected
across the loud speaker terminals and is
operated hy the a.c. voltages appearing across

e loud speaker. It functions hy reducing the
plate voltage on the r.f. tubes automatically
as the volume from the loud speaker rises.

Since the device described in this article
functions due to the changes in voltage across
the loud speaker, it will have the effect of
contracting the volume range—in other
words it does automatically at the receiving
end what the monitoring operator does (or
should do) at the broadcasting end.
Serious distortion of the signal currents
will occur only if the device operates
with a time lag so short as to he com-
parable with one fourth of a cycle
at the lowest frequency likely to he
handled by the audio system. An ex-
amination of the circuit (Fig. 1 diagram
A) will show that the time constants
of the choke-condenser and resistance-
condenser comhinations are of the order
of 0.1 second or greater.

Dr. Charles Heinroth, the eminent
organist, assures me that he would not
regard a systematic contraction of the
dynamiic range as undesirable distortion
of his programs. In fact, he thinks it
would he better than the hit-or-miss
monitoring sometimes met with! Hence
I think we can regard this type of auto-
matic volume control as distorting only

in a formal sense. Not even a musician (B)

can detect it in the receiver’s output
unless he has an unmonitored output
with which. to compare it.

Manual adjustment of the plate volt-
age of an r.f. tube will show that large
changes may he made over a certain
region without noticeably affecting loud
speaker volume. If, asis often the case,
tge amplification of the r.f. stage under

control is partly regenerative, it will fall
off rapidly at first, as oscillation is left
behind. After this there will he less change,
since the a.c. plate resistance and the mu-
tual conductance of the tube will change
slowly with diminishing plate voltage over a
certain region. l.ater, however, they hoth
hegin to change fastcr, and the amplification
of the r.f. circuit is reduced rapidly. Thus,
in a receiver of this type, this automatic
volume control has the advantage that a loud
signal throws the recciver out of oscillation
instead of into oscillation.

List of Apparatus

"I"HE parts required for the construction
of the volume control described by the
writer follow:

R; One high-resistance unit (See Table I for proper
value);

R: One rheostat or filament-ballast unit;

Ci One fixed condenser, 200-volt, 4-mfd.;

L: One choke coil, 30-henry;

One tube socket, Ux-type;

One power tube, 171a-type.

The circuit diagram of the automatic
volume control device is shown in diagram A
of Fig. 1. This circuit also shows the method
of connecting the volume control to a receiver
having an output transformer. Diagram B
shows the input of the device connected to a
receiver having a choke-condenser output cir-
cuit. It will be noted that in each of these
cases the loud speaker return must he made to
the negative 45-volt C-bias terminal rather
than to the negative A wire as usual. Diagram
¢ shows the device connected to a receiver
using a push-pull output circuit. Two con-
densers, C, and C;, are required, as shown.

In all of the above cases, the control tube
may he operated from the same A, B, and C
supply as the rest of the receiver, and its
filament may he heated hy a.c. if desired.
Also, with all typesof receivers the r.f. tubes ob-

RECEIVER
.

volume control connected with
transformer of a standard receiver. Diagrams
B and C show the input of the device connected

tain their plate potential from the “B-+R.F.”
terminal of the volume control unit.

The high-resistance unit, R;, should have a
value of 50,000 ohms if a plate potential of
180 volts is available, and if there is a negative
bias of 4} volts on the gnd of the first r.f.
tuhe. For lower values, either of B or grid
bias potentials, the following table shows the
proper size resistor to use:

Table 1
R.F. Grid Plate Voltage
Bias (Volts) 180 160 140
-4 50,000 40,000 30,000
-3 40,000 30,000 20,000 0}11
0 30,000 20,000 10,000 ms

The values of the resistor R; are not
especially critical; they are determined by
the restriction that the first r.f. tuhe should
not receive more than 90 volts of plate
potential. If the r.f. B-plus lead supplies two
tubes, the resistances in the ahove table
should be divided hy two.

If a variable-resistance unit is used in placc
of the fixed resistor, it may be set to the
hest value hy placing a high-resistance volt-
meter (1000 ohms per volt) across the plate
and filament terminals of the first r.f. tuhe,
and adjusting the knoh of the variable resis-
tor until the meter reads 90 volts (or whatever
other voltage is normally placed on the r.f.
tubes). This must he done with the receiver
fully turned on, hut nof tuned into any
station.

The choke coil, Li, used in this device, if
not. bought as a unit, may he made up of
almost anything at hand, since, if only oner.f.
tube is controlled, it need not handle more
than 5 milliamperes at 90 volts. If a speaker
filter is availahle, it can he used in place of
C1 and Lx

With the receiver in operation, there is
nothing to suggest the presence of the automa-
tic volume control, except a gratifying absence
of speaker overloading. The original volume
control on the set, whatever its type,
is not interfered with in any way. It
might he supposed that the volume-

Power

To Cantrol Input

w

with other types of receivers
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the output

range of the music would he hrought
to a dead level; such is not the case,
however; the range is merely reduced
to an extent that the audio system can
handle without noticeable distortion. If
desired, the amount of such compensa-
tion can be regulated hy turning down
the filament of the control tube; and, of
course, the device can be cut out entirely
hy turning it off. As to the sensitivity
of the set, this is in no way impaired;
2 for the full 90-volt potential is avail-
=  ahle for the r.f. tuhes until a signal
= begins to come in; and it is not materi-
& ally reduced until the signal hecomes
= loud.

Both calculations and trial indicate
that a 112a-or 120-type tube may be
used for the control circuit instead of

% Cs a 171la-type tube with some loss

Max. ¢ |= o 4§v of efficiency. In these cases the nega-

(c) * tive grid bias for the control tuhe

should be 9 and 22} volts, respec-

Fig. 1—Diagram A shows the automatic tively. Of course, the r.f. tube or tubes

under control may be of any type
whatever except the type 226, which
hums badly if its plate voltage is
changed.



STRAYS from THE LABORATORY

IF THE a.c. screen-grid
tube is made available be-
fore next year's receivers
are designed, it is our bet
that many of them will find their way into
1930’s receivers, just as they have found their
way into the best English sets. Over there
39 per cent. of all the types of sets manufac-
tured during 1928 were three-tube sets—and
30 per cent. of the types used r.f. amplifica-
tion. Screen-grid tubes were used in 80 per
cent. of the sets with r.f. amplifiers.

Dala on English receivers: The above fig-
urcs are hut a part of an interesting analy-
sis which was published in Wireless World,
November 14, 1928, on the receiversituation in
England. The other data show that the five-
tube receiver, probably the most popular
nunber of tubes in this country, constituted
only 14 per cent. of the several types of re-
ccivers made in England during 1928. Seven
per cent. of the receiver types employed no
r.{. amplification at all, 89 per cent. used a
grid leak and condenser type of detector,
70 per cent. used transformer coupling in the
a.f. amplifier, and 79 per cent. connected the
loud speaker directly into the plate circuit
of the last tube.

What will be used in next year’s receiver?
We have read recently several excellent arti-
cles on the use of a screen-griu tuhe as a detec-
tor. These articles described the research of
J. R. Nelson, of the Cunningham laboratory,
and were published in Radio Engineering,
October, 1928: Proceedings, I.R.E., June,
1928; and Lefar 35, Deceinber, 1928.

The great advantage of the C-bias, screen-
grid detector lies in its ability to handle a
relatively large input r.f. voltage without
overloading, and its relatively high output.
According to Mr. Nelson, the first stage of
audio can be done away with provided we
use a screen-grid tube as a detector, and pro-
vided the r.f. amplifier supplies from 2.17 to
18.6 times as much amplification as when an
ordinary general-purpose tube is uscd as
detector with a two-stage transformer-
coupled a.f. amplifier. Now when the 322
detector tube is compared to a 327 tube con-
nected as a grid leak and condenser detector,
the amplification of the r.f. end of the receiver

must be 18.6 times as much. Of course,
=

New Trends
in Radio
Design

a C bias is used with the 322 detector
tube. Compared to the uscof a 2014 as
a C-bias detector, the 322 and one stage
of audio amplification requires 3.17
times as much voltage amplification
from the r.f. amplifier.

If, then, we use screen-grid r.f. am-
plifiers, say two stages of them, the
gain per stage must lie between 1.78
and 4.32 times as much as with present
circuits, and if three of them are used.
the increased gain per stage must lie
between 1.47 and 2.65 for the two
cases.

Now it docs not seem difficult to de-
sign an r.f. amplifier, using screen-grid
tubes, that could produce 18.6 times
as much amplification as present-day
sets, which used with a screen-grid
dctector, wil work directly into a

power tube thereby eliminating one tube.
This means an additional voltage gain of
about 35 DB to our present-day r.f. ainplifiers.
We do not consider this immpossible—nor are
we convinced that it is desirable to substitute
r.f. gain for a.f. gain.

Onc point of importance regarding the use
of the screen-grid tube as a detector has not
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The following are among the subjects
discussed in ““Strays” this month:

1. New Trends in Radio Design

2. Two New A.C. Tubes on Way

3. Accuracy of Variable Condensers
4. New Radio Tubes in England

5. Importance of Reducing A.C. Hum
6. Receiving on 600 Melers

7. Selectivily of Browning Drake

been discussed —what kind of a frequency
characteristic can be obtained with it?
Seleclivily versus sensitivily: The problem
is not to get more amplification into our r.f.
amplifiers. We have plenty now. The problem
is to increase thcir selectivity without damag-
ing their fidelity of response. It is our bet
that the only reason why people tolerate
present-day recei vers—and their loud speak-
ers which bring out the low notes—is because
of the lack of competition froin, and compari-
son with a really high-quality rcceiver. One
only has to look at the selectivity curves,
published in Dr. Hull's article, ‘“ Measure-
ments on Broadecast Receivers,” in February
Raprio Broapcast, or Mr. Jarvis’ article in
January Rapro BroaApcast, to see how few
notes above 3000 cycles we are gctting, and
anyone has to listen but once on any good
night in practically any home in the Middle
West to long for a more selective receiver.
The only answer is the solution that en-
gineers have suggested time and again, and
which the Members of Congress wlo 1neddle
with radio affairs, do not seem to under-
stand. This answer is to eliminatc about

RF. Il Det,
1]
L1 IR
£ = =5 :I__
i85 ---------—.‘.... ..:})

6 : 0' o DPDT. |

: /H/ 2/lughe’ SWI/H’{

D'PS’RJT' 15 mmfd. l 55 mmfd.
-C +90

Fig. 1—The diagram of the Lab. Circuit
receiver with fixed condensers which in-
crease warvelength range to 800 meters
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half of the present broadcasting stations. The
myth of having 40 cleared channels is amusing
indeed to arrllyone who listens under average
conditions. This does not mean listening-in
in New York City. or near any great center
of broadcasting, but say in Ohio. We had the
dubious pleasure of listening-in therc during
the Christmas week. The receiver was un-
deniably less selective than many of the two-,
three-, and four-stage r.f. anplifiers now on
the market, sold as having perfect tone qual-
ity.

An hour before sunset in Ohio, we heard
stations as far away as Winnepeg, cky, on
a four-tube set of the Lab. Circuit type which
has been described many times in this maga-
zine. We could tell at once that the practice
of putting two large stations, kpxa and waz.
for example, on adjacaent channels is bad.
If you live near kpka it works out fairly well
because you can’t hear wnz on the adjacent.
channel. but if you live equidistant from the
two, you can't listen to either of them.

IF THERE is anything
more interesting than radio
gossip, it is speculation on
how much of what you hear
is true. We are glad to chronicle the gossip
regarding two new tubes which—so they say
—are sool to appear on the American market.
Onc is an a.c. screen-grid tube of somewhat.
better characteristics than our present d.c.
tube with its fragile and microphonic filament.
The tube has a typical heater filament, 2.5.
volts and 1.5 amperes. At 180 volts on the-
plate, a screen-grid potential of 75 volts, and
a control-grid bias of minus 1.5 volts, the-
plate resistance is about 400,000 ohms, its.
amplification factor about 400, and its mutual
conductance about 1000 micromhos. This is.
considerably better than the d.c. tube with a
mutual conductance—which is about all that
matters in a tube of this kind—of not much
over 300 micromhos. The grid-plate capacity
isin the order of 0.01 mmfd., its input capacity
about 5 mmfd., and its output capacity
about 13 mmfd. The plate current is about
4 mA. and the screen-grid current under nor-
mal conditions about 0.3 mA.

The other new tube is a cross between a
1714 and a 250, i.e., a tube with about.
double the power output of the 171a
at a maximum plate potential of 250
volts. Many thousands of listeners who.
overload a single 171 on loud low-note
passages, and yet who do not want to
overload the house or the neighbor-
hood with the racket from a 250-type
tube with 450 volts on the plate, will
be pleased with this new tube. Its fila-
ment consumes 1.5 amperes at afilament
potential of 2.5 volts, and is not of the
heater type. Its norinal grid bias will
be about 50 volts, plate current about
32 mA., amplification factor.about 3.5,
and power output of 1500 milliwatts.

We have not been able to con-
firm the rumors that such tubes are
going to he announced—but rumors
mean that such tubes are in the process
of development and that is the im-

Two New A.C.
Tubes on

The Way
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portant thing. Sooner or later they will appear
whether their constants resemhle those give
above or not.

LAST month we spoke of

A 4
S oRenees the effect on the tuning of
of ¥Variable 1 1 A
a recelver in which one of
Condensers

several ganged condensers
was incorrect in its capacity. We have a letter
from M. H. Bennett, Electrical Engineer,
Scoville Manufacturing Company, which
states that an engineering laLoratory has
determined that on a hundred-degree dial.
a discrepancy of 3 mmfd. at 100° is equivalent
to detuning one of the condensers by one dial
degree, and that such a detuning will cause a
reduction in signal strength of ahout 5 per
cent.

Another prominent engineer remarks that
the figure olI one quarter of one per cent. is too
high to he maintained in production—we sns-
pect the question of cost enters here—and
that the rest of a radio receiver at the present
time cannot be built with such a high degree
of accuracy.

TABLE I gives some data

N, di 1
TZ':ef‘ixnw on - new Mz}rCOm . tubes

which are availahle in Eng-
England

land, the land of many
tuhes. Unfortunately all of the data on these
tubes are not availahle, hut interest in this
country will be directed toward the low fila-
ment consumption of some of these samples
of foreign economical tubes.

WE HAVE spoken about

I t i i
rrpontan ce hum several times. Here is a

of Reducing blcm In hum voltages

A.C. Hum pro . i

Let us suppose the power
tube delivers 1000 milliwatts to the loud
speaker at the loudest signal to be received,
and that the weakest signal will be 40 bB
below this value. This is the norinal range of
broadcasting, 40 pB, corresponding to a power
ratio of 10,000 times. Now suppose that at the
lowest signal to be heard, the hum output
from the loud speaker is not to be ohjection-
ahle. This means that it ought to be about
20 pB helow the signal output. This makes
the hum power output 60 ps below 1000
milliwatts, or one microwatt.

If the resistance of the loud speaker to the
hum producing voltage is 4000 ohms, the
voltage across it is 0.063 volts. Suppose the
amplifier is a conventional two-stage trans-
former-coupled affair using transformers with
turns ratio of 3:1 each. The voltage gain of
such an amplifier, from resistance output to
the primary of the first audio transformer is
ahout 150. The hum voltage across this pri-
mary is 0.063+150 or about 0.00042 volts
or 0.42 millivolts.

All of this indicates that the maximum
hum appearing across the first audio trans-
former must be no greater than 0.42 millivolts
—and yet we rememher reading somewhere
that the hum voltage in the plate circuit of a
heater-type detector tuhe is of the order of
several millivolts.

Let us look at the plate-supply device.
If the total output potential is ahout 200
volts, the hum output will he about 50
millivolts. Across the 45-volt tap will he
roughly one, quarter of this hum voltage
or 12 millivolts. For the sake of argument,
let us assume that 90 per cent. of this voltage,
which is impressed across the plate-filament
circuit of the detector finds its way across the
primary of the transformer. This means that
due to the plate-supply device alone 10.8
millivolts of hum appears across the in-

AAAAAN—
Rp
=
UEg Ly ts 7e,
AAAMN——
Rs
Fig. 2.—Mr. Browning uses this

diagram to demonstrate his selec-
tivity formulas

densers across it, and those across the 90-
volt tap, get rid of much of the a.c. voltage
creating the hum. It is certain, however, that
a fairly large capacity should be across the
90- and 45-volt taps. This analysis may ac-
count for the fact that many experimenters
who have huilt amplifiers to go down to 120
cycles prefer to use a d.c. tube for a detector
and ohtain its plate voltage from a 45-volt
B battery. And it is surprising how much the
low frequencies come up in apparent volume
when the a.c. hum 13 cleaned out of one’s re-
ceiver, amplifier, power supply, and loud
speaker. It is true that so long as the receiver
ensemble hums, no signal frequencies lower
in pitch than this huin can he heard, and that
few signals of the same frequency as the hum
can he heard. They must be much louder than
the hum—all of which points out sonie inter-
esting psychological facts. A quiet receiver
will always seem to have a much hetter low-
frequency response than one which has a lot
of hum in its output.

DURING the Vestris dis-
aster we listened-in to the
traffic to and from ships
in the vicinity of the wreck,
and discovered many interesting things ahout
the chaotic condition of the ether during such
periods. We used our Lab. Circuit receiver
with the addition of two fixed condensers
which could he thrown across the tuning
condensers. These fixed condensers brought
the maximum wavelength that could be re-
ceived up to nearly 800 meters, and thereby
permitted the reception of all of the ship-to-
shore traffic on the several channels hetween
600 and 800 meters. The circuit diagram is
given in Fig. 1. The Yaxley switch is a simple
double-polc douhle-throw unit and the con-
densers had a capacity of 250 mmfd.

IN SEPTEMBER Rabio
; Broapcast, Glenn Brown-
the Browning- b b
Drake Set ing described some of the
engineering behind the 1929
Browning-Drake receiver. This receiver uses
somewhat closer coupling between primary
and secondary of the interstage r.f. trans-
former than has been attained heretofore,
with the result, according to Mr. Browning,
that hetter selectivity is secured. This state-
ment ‘‘closer coupling, better selectivity”
hothers many readers, and so we have asked
Mr. Browning to explain it. We reproduce
some of the mathematics below.

A brief statement of what happens is as
follows: for a fixed amount of amplification in
a tuned radio-frequency transformer working
in conjunction with a given amplifier tuhe,
the selectivity may be increased by advancing
the coefficient of coupling and at the same
time dccreasing the number of turns on the
primary so that the amnplification remains
the same. This is due to the fact that as the

Receiving on
600 Meters With
Lab. Set

Selectivity in

Table 1

put. This voltage multiplied hy 150 he-

comes 1.62 volts across the loud speaker. .. No. Ef T ¢ Gm Rp Ip Ep
Let us suppose there is already this much  per 210 2.0 .10 35 700 50000

there from the use of an a.c. tuhe detector.  pEL 610 6.0 .10 15 2000 7500

or 3.24 volts in all. This amounts to 2.53 | g‘éga 2:8 '52 3§7 5;88 ‘l‘ggg 3;5 {2?,
milliwatts, or only 26 pB below the maxi- » 425 4.0 .25 4.5 1950 2300 22 140
mum output of the amplifier! An assumed L 610 6.0 .10 30 1000 30000

hum voltage of 10 millivolts across the = 8 ek € oL B

45-volt tap is high because the filter con- » 8 8 .8 6 1000 6000
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nunber of turns is decreased and the coupling
increased the resistance reflected into the
secondary circuit from the primary decreases,
and hence the selectivity of the secondary
circuit approaches more nearly its selectivity
when standing alone and not eonnected to the
plate resistance of the previous tube.

[.et np and ns be the ratio of resistance to
reactance of priinary and secondary cireuits
and 7. be the ratio of resistance to reactance
of the secondary when the primary is present.
Let R« be the apparent resistance of second-
ary when primary is present.

TABLE
12 2
Ra=Rs + M Ro o
P

Rp .. Rs _  Rdg
T)p—m,ﬂs—Ls(:),nsl—L;m (2)
Nsi = Ns+ 5 ingeneral ... . ... .. . ... ... 3)

Mp

T2 = K7p %s for a given amount of amplification. ... (4)
Where Rs = Secondary resistance
Rp = DPlate resistance of tube
Rsi = Apparent resistance of secondary with
primary present
T = Coeflicient of coupling
K = Proportionality factor less than I.
K 7s

Therefore Nsi = Ns + =

and as < is increased the selectivity factor of
the secondary increases. It is worth noting
that if unity coupling prevails and if the
proper numher of turns are used for maximum
amplification, K =1, the selectivity of the
tuned circuit is halved, as all muathematics
and experience dictates.

THE following letter from
a reader in Farmington,
Michigan. may help others
who have shielded receivers.
“I would like to pass along a discovery I
made regarding the Sargent-Rayment Seven.
I had considerahle difficulty at first owing to
instability in the r.f. stage. At one time
it would work perfectly and the next day it
would fly into oscillation for no reason at all.
I finally found this to he due to poor electrical
contact hetween “he partitions and the re-
movable cover. 1 procured a piece of aluminum
8 inches wide and long enough to cover the
r.f. stages and holted it securely to the
partitions. This cured my trouhle.”

Many experimenters find thcir receivers do
not work after shielding has been added. The
trouhle lies not with the shielding material of
the coils hut in the fact that the whole
arrangement has not been properly designed.
A coil too near a metallic plate will not only
lose inductance at an alarming rate but have
an astonishing increase in resistance as well.

The Secretariat of the
League of Nations intends
to resume the short-wave
hroadecast trials which took
place in Geneva in May and June of last year.
The special purpose of this second series will
be to examine the possihility of transmitting
speeches fron Geneva to the Americas, Japan
and Australasia.

The trials will take place in the same tech-
nical conditions as those held last year. A
studio in the League Secretariat in Geneva
will he connected by ordinary telephone cable
with the Dutch station of Kootwijk (call letters
pcrLL) kindly put at the disposal of the League
by the Dutch Post Office authorities.

Sixty-minute speeches will be broad-
cast at 5:00 .M. (E.S.T.) on 38.8 meters in
English, French, and Spanish on March
12, 19, and 26. Thirty minute speeches will
also he broadcast in Japanese on Alarch 13,
& 20, and 27 at 8:10 p. M. on a wavelength
18 of 18.4 meters, and on March 14. 21, and
14 28 special thirty-minute Australian pro-

grams will he broadecast in English at
8:10 p. M. on a wavelength of 18.4 meters.
—KEerrs HeEnNNEY

Removing Noise
in Shielded
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The Radio Frequency Laboratories

AN UNUSUAL ORGANIZATION

in the town of Boonton, N. J., the

Radio Frequeney Laboratories, Ine.,
an organization devoted to research—a task
that has long been a proudly accepted
function of the university.

The first members of the staff were men
known to have a permanent interest in the
questions *“why?”” and *“how?” Their orders
wcre to get together the necessary apparatus
and attack the important problems in radio.
I remiember elearly the glee with which that
prospect was greeted.

That laboratory, with the same frame of
mind, is the prescnt Research Division of
IR. F. L. As its countributions have reached
eommerical form thecy have been put into the
hands of licensed manufacturers who main-
tain their contact through an Engineering
Division, created for that purposc. Lately
there has also been added an Aircraft Radio
Laboratory as another major division.

Surprisingly the R.F.L.is not widely known,
though it has made fundamental contributions
and has for licensees manufacturers whose
output is a large share of all that comes to
market. Perhaps this is because the contacts
have been mainly with the engineers of these
organizations. for which R. F. L. is a central-
ized bureau of research, although working on
its original problen:s as well.

& BOUT seven years ago therc was formed

Accomplishments

BECAUSE of the highly interlocking nature
of the research and engineering problems
I find it difficult to formulate the work donc
by these laboratories. [lowever, in the course
of various friendly visits made without any such
story as this in inind, there has stuck in my rec-
ollection some matters that are mentioned in
the following paragraphs—the list admittedly
being ncither complcte nor frightfullyaccurate.

The laboratories developed one of the
first neutralized radio receivers, and, inci-
dentally, this was also one of the first single-
control sets to be produced.

Methods were developed for determining
the sensitivity, selectivity, and fidelity of a
radio recciver and these methods have been
adopted by the Institute of Radio Engineers
as one of the standard methods for measur-
ing a radio receiver’s performance.

In collaboration with General Radio.
there was developed (and placed on the
market by G. R.) a standard signal gcnerator
for use in measuring radio receivers.

The Laboratories devcloped a technique
of making sound measurcments which made
it possible to measure the overall receiver
performance from the antenna to the sound
wave produced by the loud speaker.

A Dbasic study of detection was madc
particularly at high signal levels, and detce-
tors were developed which do not produce
distortion and which are not subject to over-
load under normal condi-
tions. These studies applied
particularly to 100 per cent.
modulated r.f. signals. The
usc of 100 per cent. modu-
lation is increasing—or per-
haps we had better say that
there is an increased tend-
ency for transmitting sta-
tions to attempt such
modulation.

Four-element tubes
were designed, constructed,

By ROBERT S. KRUSE

Fig. 1—This compact receiver was
developed for use on airplanes with
a seven-foot rod antenna

and used in the developient of reccivers
pending the availability of such tubes on the
market.

The active research problems are quite be-
yond such a brief account as this: the designs
for the next year’s broadcast sets of the licen-
sees are still confidential—though I yearn to
write about two features thereof. However,
R. F. L. is engaged in another task which
may be described. In the commereial progress
of aircraft, there has developed a need for
a reliable means of guiding an airship—a
method that will prove equally reliable during
day and night and in all sorts of weather. For
this purpose radio beacons have been used
but there has existed no receiver for airplane
use that would provide the necessary sensi-
tivity and at the same time be able to func-
tion without a trailing antenna. The Radio
Frequency Laboratories were asked to co-
operate with the Department of Commerce
in developing a receiver that would do these
things.

The Airplane Recetver

T THE opening of the Aircraft Radio Lab-

oratoryonJanuary9, demonstrationflights
weremade with a newbeacon receiver. This re-
ceiver uses but five tubes of which the last two
are resistance-coupled audio and the first two
are of the screen-grid type. It is rather start-
ling to have such a receiver, working with a
seven-foot rod antenna, produce a headset
signal which, at 30 miles from Hadley Field’s
bcacon station. is far beyond the scale of any
ordinary audibility mcter and wrecks head-
scts in short order. With voice modulation
at the beacon station, the Wright J-5 motor’s
roar meekly retreated behind the signal. In
I. R. E. language, the set has a sensitivity of
5 microvolts on a 30 per cent. modulated sig-
nal. The sets may be used either on the “A
& N beacon system or with the vibrating-
reed system. Of these two systems, we will
spcak but briefly. In both cascs there are
sent out two beams, diverging slightly and
thc course lies down the center of the angle.

Fig. 2—This apparatus is used in the laboratories of the R.F.L. for
measuring the sensitivity of broadcast receiving sets
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With the “A & N system the letter A (- —)
is being sent on onc heam and the letter N
(—-) 1s sent on the other beani. The timing is
such that if the two beams are being received
equally well the two letters interlock to make
a steady signal. In the reed system the two
beams are modulatcd at audio frequency,
one at 65 cyeles and the other at 85 cycles per
sccond. At the receiving end, therefore, the
output of the amplifier carried both modula-
tions equally if one is on the course. If the
planc falls off course the 63-cycle modulation
may be picked up less and the 85-cycle one
more (or the reverse) and one rced spreads
out morc while the other narrows down, thus
advising the pilot as to the direction in which

he is off. With the receiver mentioned here -

the system is dependable up to 150 miles,
with a normal 2 kw. beacon station and a
seven-foot rod antenna on the plane.

Airplane Height Indicator

THERE is at present being developed by
the Aircraft Radio Division of the R.F.L.a
height indicator. In its present state of de-
velopment this device is used to give a scries
of two or three separate indications (such as
the lighting of different colored lamps) each
of which corresponds to a definite heigEt above
the earth or water over which the plane is
being flown. It must be clearly understood
that the device is not an altimeter, the de-
vice at present used in airships and which
tells the pilot the height of his plane above sea
level. The R. F. L. height indicator will have
no reference to sea level but uses the surface
under the plane as the datum point—it is of
small interest to a pilot how high he is above
sea level when he is flying above a mountain
and the tree tops are only 50 feet below.

This new apparatus was first installed in a
D. H. plane and successfully operated over
land, fresh water, and salt water. A later in-
stallation has been made in a radio test plane
of the laboratory. The apparatus is in the for-
ward cockpit of the ship and is housed in an
aluminum box, the whole weighing about 7
gounds. The antenna is a doublet stretched

etween wingtips, and lying beneath the
wing.

In its present form the device is useful for
landing In ground fog, and for landing on
smooth water in clcar weather. When flying
over trees the indicator flickers continualty.

Of course, it is felt that aviation radio will
become of stcadily increasing importance.
The Laboratories have acquired an airport.
For the hangar we can say that it has bctter
than average accommodations, including ga-
rages, living quarters, a shop, an office, and
an 80 x 100-foot space for planes, which
enter through doors with 18-foot headroom.
Amazingly enough the place is heated well.
It does not stick in my recollection that I
have ever been in an airplane hangar that was
not scveral degrees colder
than outdoors.

In another corner of the
field is a laboratory con-
taining living quarters,
kitchen, lounge and library,
bridge measurement room,
a transmitting room, trans-
mitting and receiving lab-
oratories, private labora-
tories, director’s conference
roomn, offiee, and a finely
equipped shop.




Part I of a Series

GRID-LEAK' GRID-CONDENSER DETECTION

By FREDERICK EMMONS TERMAN

which little real information is

available to the radio experi-
menter. While amplifier circuits are
designed with full knowledge of the 6
results that will be obtained under
different conditions, the detector is left
to chance. Recent investigations have
shown that . grid-leak grid-condenser 5
detection of weak or moderate-strength
signals 1s determined by a single new
tube constant, and that the exact be-
havior of the detector can be obtained
simply by using this new constant. The
sensitiveness and distortion resulting
with grid-leak detection when strong
signals are being received can also be
readily analyzed, and it will be shown
that a properly operated grid-leak
“power”’ detector is more sensitive and

DETECTION is a subject upon 7

+»

| g, MICRO-AMPS
w

gives less distortion than the usual 2l

plate-rectification detector.

A few of the worth-while articles
which have considered this subject are
as follows:

*“A Theoretical and Experimental Iovesti-
gation of Detection of Small Signals,” by E. L.

Chaffee and G. H. Browning, Proc. 1. R. E.,,
15. 113; February, 1927.

“The Rectitication of Small Radio-Frequency 0
Potential Differences by Means of Triode
Valves,” by F. M. Colebrook, Ezperimental
Wireless, 2, 865; 1925.

“Detection by Grid Rectification with the
High-Vacuum Triode,” by Stuart Balluntine,
Proc. I. R. E,, 16, 593; May. 1928.

‘“Some Principles of Grid-Leak Grid-Condenser
Detection,” by Frederick Emmons Terman,
Proc. 1. R.E., Vol. 16, p. 1384, Oct. 1928.

“Detection Characteristics of Three-Element Vac-
uum Tubes,” by Frederick Emmons Terman and
Thomas M. Googin, Proc. I. R. E. Vol. 17, Jan. 1929.

Process of Delection

ETECTION is the name given to the
rectification of high-frequency alternat-
ing-current voltages in radio receivers. In
the grid-leak method of detection, the circuit
for which is shown in Fig. 2, the rectification
takes place in the grid circuit by making use
of the curvature of the grid-current grid-volt-
age characteristic.

The case of weak signals will be considered
first. The grid-leak “power” detector acts
very differently, and will be taken up in an-
other article.

The relation between grid voltage and grid
current in a typical vacuum tube is given in
Fig. 1. It will be noted that there is a small
grid current even when the grid is negative
with respect to the negalive side of the filament.
This is the result of the velocity which the
electrons have as they leave the filament.

In the absence of a radio signal voltage, the
grid assumes a voltage which is the potential
of the grid return lead (the lead which com-
g}etes the circuit from the grid back to the

ament) minus the voltage drop due to the
grid current flowing through the grid leak.
This can be readily seen by examining Fig.
2. This actual grid voltage is the operaling
grid polenlial, and gives the point on the
grid-voltage grid-current characteristic of
Fig. 1 at which the detector operates. The
operating grid potential is usually within a
fraction of a volt of the negative filament volt-
age when the grid return lead is connected to

the positive side of the filament. A higher

Stanford University

nately more and less than the operat-
ing grid potential. This is illustrated in
Fig. 1 in which K, is the operating grid
potential, I is the amplitude of sig-

nal voltage, and the curve SSS is the
variation in actual grid potential when
the signal voltage is present.

Principle of Deleclion

HE signal makes the instantaneous
& prid voltage swing alternately from
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o + Es to Eo — E, as indicated in
Fig. 1. This fluctuation in grid vollage
causes the grid current to vary, but,
due to the curvature of the grid voltage-
current, characteristic, the grid cur-
rent increases more during the half
cycles when the signal voltage is posi-
tive than it decreases during the half
cycles when the signal voltage is nega-
tive. The net result is a rectified cur-
rent flowing in the grid circuit pro-
duced by the application of the radio-
frequency signal voltage to the grid.
Reference to Fig. 1 will make clear
how the rectification is accomplished.

Potelntial Eg™y

el ! Rl 7

When the signal is present the in-
stantaneous grid potential varies as

-06

-0.2 0 +0.2 +0.4
GRID VOLTAGE,Eg

Fig. 1—Grid-current grid-voltage
characteristic of a 201A-type tube
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resistance grid leak makes the operating grid
potential more negative (or less positive), but
the grid voltage changes only a volt or so when
the grid-leak resistance is varied from } to
10 megohms. The principal function of the
grid leak is to fix the operating grid potential
at a point on the grid voltage-current char-
acteristic suitable for rectification in the grid
circuit.

When a radio-frcquency signal, such as
developed by the tuned circuit LC of Fig. 2
is applied to the detector grid this voltage is
superimposed on the operating grid poten-
tial, making the actual grid voltage alter-

What goes on in a delector circutil
is not the easiest thing in the world to
understand, bul we believe Praofessor
Terman has made the operalion of
grid-leak grid-condenser deteclors as
clear as possible. In this arlicle he
poinls oul thal there are lwo detector
constants that tell the whole story about
what a tube will do as a deleclor, and
advocales thatl tube manufacturers put
the values of these conslanis on lube
cartons. We agree. Several other arlicles
o the long-neglected subject of deteclion
are awailing publication. Some are
from Professor Terman and others are
from Roger Wise and his former asso-
ciates at the Cunningham laboralory-

TueE Epitor.
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indicated by the sine wave SSS. This
variation in grid potential causes the
grid current, I¢ac, to vary according
to the curve to the right in Fig. 1. The
middle dot-dash horizontal ine shows
the grid current that flows when the grid
potential is E, (no signal present).
The average grid current that flows when the
signal is present is indicated by the light dash
line. The difference hetween these two hori-
zontal lines represents the rectified current
flowing in the grid circuit as a result of the
application of the signal voltage to the
grid.

The amplitude of the rectified grid current
depends upon the amplitude of the signal
voltage. When the signal is a mnodulated al-
ternating-current voltage, the rectified grid
current varies in amplitude at the frequency
of inodulation. Thus, when the signal is mod-
ulated at 1000 cycles, the rectified grid cur-
rent pulsates in amplitude at a 1000-cycle
rate. In Fig. 3 there is shown the rectified
grid current resulting when an unmodu-
lated, a simply modulated, and a complexly
modulated wave is rectified in the grid circuit
of a detector.

The rectified grid current produced in the
manner that has been described by the apph-
cation of a signal voltage must flow through
the impedance offered by the grid-leak grid-
condenser combination, and will produce a
voltage drop in this impedance. This drop
causes the grid potential to become more neg-
ative by the amount of the drop, and the
change of grid potential thus produced af-
fects the plate circuit by ordinary amplifier
action. It is the change of grid potential
caused by the rcctified grid current flowing
through the grid-leak grid-condenser imped-
ance that gives the detection of the signal.

The explanation that has been given of
grid-leak detection with weak signals differs
considerably from the familiar one in which
the function of the grid leak is to let the grid-
condenser charge leak oflf and return to the
filainent.

+0.6
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Fig. 2—Circuit for a grid-leak grid-
condenser detector

Features of Practical Delection

T WILL bc observed that the grid-leak de-
tector combines two distinct functions.
First is the rectification of the signal voltage,
and the utilization of the rectified signal cur-
rent to produce a change of grid potential,
and second is the amplification of this change
of grid potential in the plate circuit. This
latter problem is purely a matter of audio-
frequency amplification, and is quite gener-
ally understood. The real problem of grid-leak
detection is therefore centered around the
determination of the change of grid potential
by the rectifying process, and the rest of this
article will be devoted to a discussion of.the
factors controlling the rectified grid current,
and the voltage drop it produces.

In the analysis of practical detection it is
necessary to consider only the audio-frequency
components of the rectitied grid current. The
direct-current component can produce no
sound in the loud spcaker and so is unimpor-
tant.

The sensitiveness of the detector (i.e. the
change of grid potential produced by a given
input signal voltage) is obviously detcrmined
by the cffectiveness with which the signal
voltage is rectified, and by the amount of
opposition which the grid leak-condenser
combination offers to the flow of the audio-
frequency components of the rectified cur-
rent. The impedance which the grid leak-
condenser coinbination offers to the rectified
grid currcnt depends greatly upon the fre-
quency of this current. At low frequencies,
such as 50 cycles, this impedance is very
high because the low-frequcncy current has
difficulty in getting through the grid con-
denser and is accordingly forced through the
high resistance of the grid leak. On the other
hand, at high audio frequencies, such as
5000 cycles, the grid condenser offers an easy
path to the current, practically short-circuit-
ing the grid leak.

The result is that the rectified grid current
tends to produce less change of grid potential
on the high audio frequencics than on the low
notes. This reduction of sensitiveness at the
higher audio frequencies can be quite serious,
and unless the detector is adjusted properly
will lead to very bad quality. Satisfactory re-
production of the high notes requires that the
smallest possible grid condenser capacity be
used in order to miniinize the short-circuiting
effect of the grid condenser on the grid leak.
If the grid condenser is made too small, how-
ever, an appreciable part of the radio-fre-
quency voltage developed by the tuned circuit
supplying the grid wﬂr be used up in the grid
condenser, and the signal voltage, s, actu-
ally applied to the grid will be seriously re-
duced (see Fig. 2). The best value of grid
condenser for all standard type tubes is from
0.0001 to 0.00025 mfds. Larger capacities
should never be used.

The Equivalent Circuil

P‘ROM the discussion that has been given it
is secn that the most important features of
the grid-leak detector are the amount of rec-
tified grid current produced by a given signal,
and the amount of voltage drop which this
rectified current produces in flowing through

~

the grid leak-condenser combination. Recent
investigations, both theoretical and experi-
mental, have shown that the reclified grid cur-
reni produced by the applicalion of a small
radio signal voltage to the dclector grid acls
exactly as though il were produced by a suilable
series of low-frequency generalors acling be-
lween the grid and filamenl in series wilh the
grid-filament resistance of the lube.

There is one such generator for each com-

nent of the rectified grid current. The most
unportant of these equivalent generators is the
one of modulation frequency.

The action that takes place in the grid
circuit of a grid-leak detector can be conven-
iently described in terms of the equivalent grid
circuit shown in Fig. 4. Here the rectifying
effect of the grid circuit on the radio signal
is replaced by the equivalent generators, E,
which are considered as producing the recti-
fied grid current in place of the radio signal
that actually does. These equivalent genera-
tors act in a circuit consisting of the grid leak-
condenser combination, RC, In series with the
grid-filament tube resistance, Re. This grid
resistance, Rg, is analogous in all respects to
the plate resistance, Rp, and is the reciprocal
of the slope of the grid voltage-current curve
shown in Fig. 1. While the grid resistance in
amplifiers is conimonly considered as infinite,
this is not the case with grid-leak detectors
because the detector works with a small but

- Unmodulated Simple Modulatiorr | Complex Modulation
= /Y/7'\ AN C
0 Time

Fig. 3—Rectified current for va-
rious kinds of modulation

definite grid current. The grid resistance, Rg,
depends upon the grid, plate, and filanient volt-

"ages of the tube, and beconies higher as the

grid is made more negative. High grid-leak
resistances accordingly give a high grid re-
sistance because such leaks give a more nega-
tive operating grid potential, while low resist-
ance leaks will fix the operating grid potential
where the grid rcsistance is low.

Tube Capacily

r]_‘HE capacity Cg! indicated in Fig. 4 is
the input grid-filament tube capacity to
audio frecquencies. This capacity is larger
than the interelectrode capacity by an
amount depcnding upon the plate circuit im-
pedance, and will be 1n the order of 70 mmfd.
with 226, 227, 112a, and 201A tubes when
there is a transformer in the plate circuit.
The capacity Cgt is in paralI:*,l with the
actual grid condcnser, C, so that the cffective
grid condenser capacity is the actual capacity
plus Cgl.

The gcnerators that can be assumed actin
between the filament and grid in series wit
the dynamic grid resistance to produce the
rectified grid current have no actual existence.
It is mercly that the effect of applying a sig-
nal voltage to the grid is the same as though
these fictitious generators actually wcre pres-
ent, and as though they and not the signal
voltage were the forces really producing the
rectified grid current. The voltage developed
by this series of fictitious generators can con-
veniently be called the rectified grid vollage,
and will be represented by the symbol Ex.

One of the fundamental features of the law
of detectors is that the size of the equivalent
rectified grid voltage, E, which can be con-
sidered as acting to produce the rectified
grid current, dcpends only upon the strength
and type of signal and upon the tube charac-
teristics at the operating grid potential.
The size of grid condenser and grid leak has no
effect on the amplitude of the reclified grid voll-
age, Ex, excepl in so far as the grid-leak resistance
affecls the operaling grid polential.

Part of the rectified voltage, Er, in the equiv-
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alent grid circuit of Fig. 4 is used up as
voltage drop in the grid leak-condenser com-
bination and part is used up across R,.
The change of grid potential which the recti-
fied grid current produces in flowing through
the grid leak and condenser is the grid volt-
age change which is amplified by the tube in
the usual audio-frequency manner. Under
ordinary circumstances only the modulation-
frequency component of rectified grid voltage,
E:, need be considercd in this process as this
component represents the useful output of
the detector.

Detector Vollage Constant

THE size of rectified grid voltage, E., used
in the equivalent detector circuit of Fig.
4 depends upon the tube characteristics at
the operating grid potential and upon the
signal voltage. %‘Txe action of the tube in rec-
tifying the radio-frequency signal voltage
can be completely taken into account by a
single tube constant called the voltage con-
stant of the grid and represented by the sym-
bol V. The voltage constant, V,, is measured
in terms of volts and varies between —0.2 and
—0.5 volts for nearly all properly adjusted
detectors. The voltage constant of the grid
depends upon the slope of the®grid voltage-
current characteristic at the operating point,
and upon the way in which this slope varies
with grid voltage. Mathematically it is de-
fined by

Ve= 2R
dRg
dEg
It can be measured by determining the grid
resistance at the operating grid voltage, and
at grid voltages slightly more and less than
the operating voltage.

As %as been pointed out, the modulation-
frequency component of the rectified grid
voltage is the 1mportant part. The crest or
peak value of this component of E: is equal
to mE2/V, where m is the degree of modu-
lation, which must lie between 1.00 and zero,
and will only reach 1.00 when the music or
speech is very loud, and Es is the peak ampli-
tude of the signal carrier wave. The crest
amplitude is 1.414 times the effective (or
ron.s.) amplitude. It is to be remembered
that field strengths, etc., are ordinarily ex-
pressed in effective values, while amplifier
inputs must be expressed in crest amnplitudes
because it is the crest amplitude of the sine
wave that overloads the amplifier.

Practical Example

AS A simple example, consider the case of
a signal modulated 20 per cent. or 0.20
at 1000 cycles, with a carrier crest amplitude
of 0.05 volts being applicd to a detector grid
operated whcere the voltage constant is —0.25
volts. The crest value of the 1000-cycle com-
ponent of rectified grid voltage is then 0.20
x (0.05)2/ (—0.25) = —0.002 volts crest value.
The amount of 1000-cycle rectified grid cur-
rent existing in the grid circuit of the actual
detector is the same as the current which
this —0.002 volts of 1000 cycles will produce
acting in the equivalent grid circuit of Fig.
4. The 1000-cycle voltage drop produced
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Fig. 4—Equivalent circuit of grid-
leak grid-condenser detector
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across the grid leak-condenser combination
in the equivalent circuit hy the action of the
0.002 volts is the amount of 1000-cycle
voltage drop in grid potential existing in the
actual detector, and is the amount of 1000-
cycle voltage which is applied to the input
of the audio amplifying systei. (This does not
mean the voltage applied to the primary of
the first audio transformer. for example, hut
is the audio-frequency voltage impressed on
the grid- of the detector, whicfl the au-
thor considers as the heginning of the audio
systemn. If the mu of the detector tube is 8,
the maximum voltage across the primary
under these conditions would be 8 x 0.002
or 0.016 volts—FEdilor.) The negative sign of
the rectified grid voltage is caused by the fact
that the voltage constant, Vg, of the grid is
negative, and this merely means that the
voltage acts in a direction opposite to that
indicated by the arrow in Fig. 4.

It is apparent from a study of Fig. 4 that
the fraction of the rectified grid voltage which
15 usefully used to produce change of grid
potential is determined hy the ratio of im-
pedance to the rectified grid voltage, which
the grid leak-condenser combination offers
to the grid-resistance, Re. The higher this
ratio, the more sensitive will be the detector,
but in no case witl the change of grid polential
ever exceed lhe reclified grid voltage.

In order that the detector may reproducc
the high notes as well as the low notes it is
necessary that the impedance of the grid
leak-condenser coinbination at the highest
note desired be sufficiently great relative to
the grid resistance, Rg, as to cause most of
the rectified grid voltage of this high fre-
quency to he used up as voltage drop across
the grid leak and condenser. Then the high
notes will be reproduced with full sensitivity
and, as the low notes are already as loud as
possible, the detector will give good quality
output covering the entire audio-frequency
range.

The quality of the detector output will be
worse for operating points which give a high
grid resistance, Rg, tfnan for conditions which
give a low grid resistance. Thus, high-resist-
ance grid leaks give poorer quality than low-
resistance ones. With a given size grid con-
denser, however, the quality is not iinproved
appreciably after the grid resistance gets less
than a critical value to he discussed later. The
maximum allowable grid resistance, Rg, is
determined by the highest audio frequency
to be reproduced at full sensitivity, and by
the size of grid condenser. The grid-leak rec-
sistance has little effect on the quality at
the high notes except as a means of controlling
the operating grid potential, and hence of
controlling the grid resistance, Rg, because
the rectified grid currents of high audio fre-
quency very largely go through the grid
condenser shunting the grid leak.

Delection Dala

THE most satisfactory way to represent
detector characteristics is to plot grid
voltage constant, Vg, as a function of grid
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Fig. 5—Rcctifying characleristics
of a 226-typc tube used as a grid-
leak grid-condenser detector

RADIO BROADCAST

resistance. Ry, at the operating point. Since
the sensitivencss of the detector is propor-
tional to the rectified voltage and this in turn
is determined hy Vg, while the possible qual-
ity is dependent upon R, such a curve can
be considered as showing thc relation hetween
sensitivity and quality.

A typical relation hctween the grid voltage
constant, Vg and grid resistance, R, is
shown in Fig. 5. This figure also shows the
operating grid potential required to give
different values of grid resistance. In ex-
amining the VR, characteristic it is to be
rememhered that, since the rectified grid
voltage is inversely proportional to Vg, the
sensiliveness is grealesl when lhe grid voltage
constand, V., ts smallest. In Fig. 51t is accord-
ingly seen that as the operating grid potential
gets more negative, and the grid resistance,
Re, increases, the sensitivity rapidly in-
creases until Ry equals ahout 150,000 to
200,000 ohms. For atl grid resistances higher
than approximately 150,000 olhms the sensi-
livily as indicated by lhe Vg curve is subslan-
lially the same, and is lhe marimum sensttivity
which is obtainable from this particular tube.

While Fig. 5 gives the V,~I}; characteristic
of a particular tube at particular values of
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Fig. 6—Grid current as a function
of grid resistance aud V;

plate and filament voltages, an investigation
in which over 1000 measurements of Vg were
made showed that every tube tested had a
VR; characteristic similar in shape to Fig.
5. In every case there was the same rapid
decrease in V; at increasing values of grid
resistance and this was followed by the low
flat part of the curve at all grid resistances
above a critical valne.

Not only does every tuhe have the same
type of Vg—Rg characteristic, but every lube
of the same lype was found lo have substantially
the same characteristic for all plale and filement
voltages (provided there was suflicient electron
emission from the filament). Furthermore
using the tube, or even rejuvenating it (in
the case of thoriated filaments) had no effect
on the VR relation as long as the filament
was reasonably active. The only point on
which tubes of the same type differ is in the
grid voltage required to give a particular
value of grid resistance. At high plate and
low filament potentials the operating grid
voltage must be slightly more positive to oh-
tain a given grid resistance than at low plate
and high filament potentials. Even at the
same filament and plate conditions different
tubes of the same type will sometimes require
operating grid voltages differing in extreme
cases by as much as 0.5 volts to give the same

g-

Characleristic Curves

The V.R; characteristics for standard
types of tuhes are given in Figs. 8 and 9.
These curves are all for a platc voltage of 42
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Fig. 7—Detection characteristics of
Sfour-elemeut tubces

and rated filament conditions, but would be
suhstantially unchanged if measured at other
plate and fuament voltages. The important
differences between the various tubx: types are
(a) the value of voltage constant, on the flat
part of the curve, and (b) the value of grid
resistancc at which the low flat part of the
curve begins. These characteristics are tabu-
lated in Tahle I. The values in the third
column determine the sensitivity of the de-
tector as a rectifier. The tube with the smallest
V¢ is the best rectificr, and will produce the
greatest change of grid potential with a given
signal. The secoud particular in which differ-
ent types of tubes differ, i.e., the point at
which the flat part of the curve begins, has
an important influence in detenuining the
effectiveness with which the high notes may
be reproduced. The lower the value of grid re-
sislance al which the low flat parl of the V,—
R, curve begins, the beller the deleclor.

Practical Deleclion

THE principles and data of the preceding
paragraphs will now he applied to the
problems involved in sclecting detector tuhes
and adjusting their circuits. In selecting de-
tector tubes it is necessary to remember that
the sensitiveness depends upon, first, the maxi-
mum change of grid potential obtainable,
which is inversely proportional to the value
of Vg over the low flat part as tabulated in
Table I, and second, the anplification (pro-
duced In the tuhe) of this change of grid

otential. While both the 201a and the 199

ave suhstantially the same Vg, the 201a
tube is a hetter amplifier hecause of its higher
mu and lower Rp and is, therefore, superior.
The 227 tube is a more sensitive detector
than the 226 tuhe because, although they
are equally good amplifiers, the 227 tube has
a smaller Vg, and so gives a greater changc
of grid voltage to amplify. On this basis the
227 heater-type tuhe is the most sensitive
detector, closely followed hy the 226 and the
112a types. Other tubes, such as the 201a,
199, 1714, 120, and 12 varieties are distinctly
less scnsitive, either beecause of high grid
voltage constant or beeause of low audio-
frequency amplification per stage. The 200a
gas tube and the 210 high-mu tuhe are no
better rectifiers than the 201a tube, hut as
hoth have a high mu they are inore sensitive
than other detector tuhes in resistance-
coupled circuits.

Securing Sensilivily

N ORDER to realize the full sensitivity of
the detector tuhe the operating grid po-
tential must be such as to give a grid resist-
ancc that is on the low flat part of the V.-
Re characteristic. No detector tuhe should
be operated at a grid resistance lower than
the value given in the fourth column of
Tahle I. If this rule is violated great loss in
sensitivity will result.

Since IR, is not the same as the grid-leak
resistance the next step is the selection of a
value for the latter that will give the hest
operating grid potential. In general. the most
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favorable operating point is the one that
gives the lowest permissible grid resistance,
as indicated in the fourth columin of Table
I, except that it is best not to operate with
Rg less than 100,000 to 75,000 ohms in ordi-
nary cases because of losses in the grid circuit.
The value of znd-leak resistance controls the
operating point, as has bcen explained. The
greater the leak resistance, the more will be
the voltage drop in ihe leak, the more nega-
tive will this make the actual operating grid
potential, and the larger will be R;.

The value of grid-leak resistance giving a
desired operating grid resistance can be de-
termined exactly by certain obvious measure-
ments, which, however, require apparatus
frequently not available, or they can be
determined approximately with the aid of
Fig. 6, which shows the grid current
that will flow when the operating point
is on the low juui part of the Vo~R, char-
acteristic, and when the tube’s Vg is on

DETECTION

s

The actual grid condenser size is C.¢ minus
the tube input capacity—about 70 mmfd.
for tubes with mu = 9 and for the other tubes
it will be roughly proportional to mu.

In the case of the 201A tube considered,
if the highest note is to be 5000 cycles, then

1
Cer = s 000 < 150000 — 0.000212
mfd. As the tube input capacity is about 70
mmfd. a grid condenser capacity of 0.000142
mmfd. will be required. With this capacity
notes of 10,000 cycles will be reproduced half
as well as the low notes.

In Table I there is tabulated the value of
grid-leak resistance which will put the oper-
ating grid resistance at approximately the
value corresponding to the lowest permissible
figure as given in the fourth column of the

Table T

CHARACTERISTICS OF THREE-ELEMENT TUBES

action in the control grid of four-element
tubes is of exactly the same character as in
three-element tubes. Fig. 9 shows the V-
Rg characteristic of four-element tubes com-
pared with the 201a tube. The curves for
four-element tubes are independent of fila-
ment, plate, and auxiliary grid potentials for
both space-charge-grid and screen-grid tubes.
The only difference between the two connec-
tions is that the low flat part of the V-R,
curve extends down to very much lower
values of grid resistance in the case of the
space-charge-grid tube.

The screen-grid and space-charge-grid
tubes can, accordingly, be used very satis-
factorily as grid-leak detectors. In particular,
the space-charge grid tube combines fair
grid rectification with unusual amplifying
properties. When arrangements are
worked out to satisfactorily utilize the
tremendous amplifying properties of
the screen-grid tube for audiofre-

the flat part, and the desired R is quency amplification grid-leak de-

known. To select the grid leak in this Type Mu : ";Es) ng ﬂat start Leak mi}s‘tanpe Cd:'.Odfor_ 70%;_ tection with the screen-grid tube can

o 3 av 3 1 VO o at part to give g In Trep uction o S o

approximate way l(l)ne ﬁ_mt determml(;,s (approximate) column four 5000 eyecles be used with great success.

tl e'gr:id Curre{}t t at;dWIH ﬂ(:W at the (ohms) (megohms) (mfd .

desired operatin resistance, us-

ing Fig. p6 andgfﬂzn computes the 20Ia 9 —0.47 150,000 3.20 0.000212 Comparison of Detector Tubes

resistance this current would have to 528" §8 :8:::; 1?,8;888 ézgg 8:8882'?:6_3 HE indications are that the merit

flow through to produce a voltage igg g —0.5(5) {‘_‘:g.ggg %.2(7) o.ooozgg of a detector tube as a rectifier de-
- i 2 3 —0.4 a5, d 0.0002 . :

%{op equa% ﬁo thf_& \’oltagehdropbm_ ths i S 200,000 &5 000 p_endsfpnmaé'llly upon the characteris-

ilament. The resistance thus obtaine 113, 8 —0.96 150,000 5.8 0.000212 tics of the filament, or the electron

when used for the grid leak will give 226 8 —0.29 1go,ooo é.g o.ooogég emitting cathode, and only second-

si i si 227 8 --0.23 0,000 ] 0.000 v i
tho deired wid restance wwally 51§ iR R WEE il wonothe feie s
for all plate voltages within the usual  Note: Values of Vg are averages for a number of tubes. of elements, power capacity, and the

operating range, and for all tubes of

that type. Thus in the case of a 201a

tube to be operated at Rg 150,000

ohms, the grid current as determined

from Fig. 6 (V; = —0.47) is approxi-

mately 1.57 microampercs and the

grid-leak resistance for rated filament potential

of 5.0 volts would be 5/1.57 = 3.2 megohms.

The grid return lead would then be brought

back to the positive leg of the filament.
This approximate method can be satisfac-

torily applied to all tubes except the 2004

and the 227. With 227 tubes satisfactory re-

sults will be obtained when the grid leak is

such as to give a drop of 0.9 volts when the

grid current at the desired operating grid

resistance is flowing through the leak.

A

Grid-Condenser Determinalion

FTER selecting the tube, -the proper

. operating grid resistance, and the grid
leak that will give the operating R, desired.
there remains, the determination of the grid
condenser. The grid condenser capacity is
determined by the highest audio frequency
that is to be satisfactorily reproduced, and by
the operating grid resistance. The rule is that
the reactance of the effective grid condcnser
capacity (which is the actual grid condenser
capacity plus the input grid-filament tube
capacity to audio frequencies) at the highest
note to be reproduced at least 70 per cent.
as well as the low notes must be equal to the
grid resistance. Therefore] if f is this highest
frequency and Ceq is thi: capacity, then

Values of Ceff are values for grid resistance as

column. The actual grid condenser capacity is
input capacity.

Values of Ceff twice the value given in table reproduce 5000 cycles
45 per cent. as well as the low notes instead of 70 per cent.

11 tubes are RCA or Cunningham.

Table. This table also gives the value of Ces
that reproduces 5000 cycles 70 per cent. as
well as the low notes when the grid resistance
is the minimum value giving full sensitivity.
Values of Cer twice as big as those given in
the table will reproduce 5000 cycles one half
as well as the low notes.

In general it is best to use the largest size
grid condenser that is consistent with the
quality of reproduction desired. Large grid
condensers use up less of the radio-frequency
signal voltage. as explained in connection
with Fig. 2. There is not much to be gained
by going to condensers over 0.00025 mfds.,
however, while capacities much less than
0.0001 infd. are also to be avoided if possible.

The final decision to be made regarding the
detector is the choice of plate voltage. Since
the rectifying action in the grid (i.e., the form
of the E~I, curve—Editor) is unaffected by
the plate potential, it is desirable to make the
plate voltage as high as possible consistent
with the safe or allowable plate current. Such
a plate potential will give a low plate resist-
ance and hence good amphlification. Unusually
high plate potentials cannot be used with
moderate mu tubes, however, because of the
high plate current with the grid operating
point near zero potential.

Measurements of Vg of four-element tubes
operated as space-charge-grid and screen-grid

iven in fourth
cff minus tube

like. The oxidccoated filament is
definitely superior to the thoriated-
tungsten filament, which, in turn, is
better than straight tungsten. At the
same time there is some difference be-
tween different types of tubes with
the same kind of filament material.

In selecting a detector tube the choice de-
pends upon several conditions. If the audio
system is resistance coupled the high-mu 240
and 200A tubes are best. When the detector
is transformer coupled and is operated by
storage battery, the 112a is best, being defi-
nitely superior both in amplification and rec-
tification to the 201A which consumes the
samc filament power. Of the dry-cell filainent
tubes the obsolescent ¢x-12 is much more
sensitive than the 199. Of the a.c. tubes, the
227 type is the best detector, being better
than any of the d.c, or othcr a.c. tubes.

It is interesting to note that the gas-filled
200A “super-sensitive’” detector is no more
sensitive than would be a 2014 tube built with
the same high mu. The gas apparently con-
iributes substantially nothing to the 200A tube
but an objectionable hiss!

In conclusion it is worth pointing out that
the value of the grid-voltage constant, Vg,
over the low flat part of the curve, and the
value of grid resistance, Rg, at which the flat
part begins, are tube constants which should
be published by tube manufacturers. Both of
these quantities are as truly characteristic of
a given make and type of tube as is the mu
and plate resistance. Both detection constants
are substantially independent of age, fila-
ment, and plate voltages within the operating
range of values.
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Fig. 8—Detecting characterization of typical tubes
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PLOTTING CURVES—PART

ALL experimenters should be able to draw
curves, graphs, or plots and to interpret what
these picturw mean. [l)\o they should be able to
interpret what the curves drawn by other expcri-
menters mean. A note book full of curves is a source
of concentrated information of infinite variety.
In a few pages it may contain a summary of a
month’s work in a laboratory, or of many week’s
work with complex matbematical formulas. It is
always a visual picture or representation of some
physical, electrical, or mechanical phenomenon.
This “Home—btudy Sheet” is written in the hope
that some of the less apparent facts about curve
plotting may be brought to light and that it may en-
courage more experimenters to keep their data in
this convenient form.

To state that a graph is a visual representation
of a mathematical expression may not convey
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Fig. I—A map is a form of graph

much to the average experimenter, but such is a
fact nevertheless. Every sraph or plot or curve
may be expressed in tbe form of a mathematical
equation. Some curves, however, are so complex
that the expression wouid be very difficult to figure
out. Conversely, every mathematical expression
may be plotted in the form of a graph.

A graph is a visual statement that two factors are
related to each other in some fashion, either simple
or complex. Thus, one factor may increase when
tbe other increases, directly or according to a square
or a more complicated law, or it may decrease as the
other increases.

A form of graph with which everyone is familiar
is a map. We say that a certain town, “A,” is so
many miles nortb and so many miles west of
Chicago. Anyone with a map could put his finger on
such a place at a moment’s notice. A map has the es-
sentials of every graph, namely, two coordinates
(axes) or directions, north-south and east-west, an
origin, in this case Chicago, and a point which we
wish to locate with respect to this origin. Fig. 1
shows bow we would locate the town of “ A.” Some
maps have the coordinates marked off as shown at
the top and down the left side of Fiz, 1 and so “A”
on suc?n a map would be detined as existing at (B, 3).
In this case the origin is at the top left-hand corner
of the graph.

Problem 1. Mark on the map a town, *“B,” wbich
is at (F, 6).

Such a means of locating a point on a map is
everyday knowledge.

The next problem is a bit more complex. How
would you state that a railroad runs north and
soutb and at a distance of 50 miles from Chicago?
Here we must locate not a point on a map but a
straight line perpendicular to one axis (codérdinate)
and parallel to another. A simple expression for such
a line, representing a railroad, would be (west 50
miles) signifying that the road ran north and
south and was 50 miles west of Chicago at its
nearest point.

Problem 2. A road runs south of Chicago
through (D, 6) and straight east and west. Mark it
on the map.

The next proble:n would be to describe a road
that ran at an angle to the two axes and approached
to witbin 50 miles to Chicago. We could state that
it ran through two towns and tben give their loca-
tions on the map just as we located the point (B, 3)
above.

Problem 3. A road runs through (B, 2) and (F,
6.5). Place it on the map. How far south of Chicago
is the nearest approach?

A point on a map is located at the intersection of
two lines; a line is defined when two points through
which it passes are located. The points are always
given in certain distances away from vertical and
horizontal axes or codrdinates.

Other Types of Graphs

A graph is no different from a map. even though
the axes or coordiuates muy be called X and Y
instead of north-south and east-west. Also such
high-sounding words as “ordinates’ and ‘' absissa,”
etc., may be used to express the distance up or
down, and right or left, from somc point chosen as
the origin. In a graph the units of measurements,
instead of being miles or feet, may he amperes,
dollars, watts, volts, or werely nnnamed units.

Generally the origin is at the lower left-hand
corner of the graph, although thcre is no reason
why it cannot be somcwhere else: for example in
plotting the plate eurreut of a vacuum tube against
the grid voltage, the vertical axis (representing
plate current) is usually near the center of the
graph instead of at one corner of it so that both
positive and negative values of grid voltage may be
represented. Wherever the origin is, to plot the
position of a point with respect to the origin, we
need only move a certain number of units to the
right (or left) and erect a perpendicular line; then
move a certain uumber of units up (or down) and
make a horizontal line. Where these two lines cross
eacb other is the position or location of the

For example, on Fig. 2 is plottcd the poiut (
Y =5). We find this position by moving 5 units to
the right of the origin (where hoth X and Y are
equal to zero). At this point we erect the perpendic-
ular line which contains all points which are 5
units to the right of X=0. Then we draw the line
Y =5 and let them cross.

oint.

Equation of a straight line

A point is represented as follows, (X = 5, Y = 5).
A straight line is a bit miore comnplex because 1t
goes through two points whose locatious must be
given. We can get around this complexity by know-
ing one point through which it goes and the slope
of the line, that is the change in its Y units that
are caused by a change along its X axis. In general
a line is represented by an e uation of this form,

= MX + B, where M is the slope of the lme
and B is the point where it crosses the Y axis.
Thus the line = 2X —4 crosses the Y axis 4
units below the X axis and has a slope of 2.

A line parallel to the Y axis is expressed as X =
so-and-so; X = 5, for example, i)ecause it rep-
resents all points 5 uuits to the right of Y. Simi-
larly a line parallel to the X axis and so many
units above it is described in the same manner. For
example, a line parallel to the X axis and 5 units
above it is represented as Y = 5.

A line going through the origin, such as OA of Fig.
3,crosses the Y axisatY =0 and so Bin theequation
above equals zero. The formula then becomes sim-
pler, Y = MX where M is the slope and is actually
equal to Y/X. In Fig. 3 M is equal to & or 0.5 and
so,the equation of this line becomes Y = 0.5 X.

A line going tllrou-'h points B and C, Fig. 3,
crosses the Y axis at Y = 10 and hasa slope equal
to—Y /X (because it pointsin the opposite direction

to OA) or—3¢ and so the line becomes Y = - 17X
Problem_4. Locate on Fig. 2 a point (X = 3,
Y = 2). Describe in ma!hematlcal language the

position of the point P on Fig. 2.

Problem 5. Mark off several mnits in both X and
Y directions on a sheet of cross-section papcr.
Draw ou it the following lines,

(a)Y =3, (b)) X =—1 (c) Y —4x+‘% d)Y
=3X+4(6)Y=X—3,1HY —3.

Ohm'’s Law

The equation representing Ohm's law reads,
= E/R, may be written 1 = (1/R) E which looks

Y axis
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’ kY=§
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Fig. 2—This drawing illustrates

the location of a point on a
graph
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like the general expression for a straight line through
the origin, Y = MX in which M = 1/R. Now the
reciprocal of the resistance of a circuit, is called its
“conductance” and the lower the resistance the
sreater the conductance. We may write Ohm's
aw as] = K Ein wlnch K is the conductance and is
always equal to 1 + R. K (or 1/R) is the slope of
the line which exprcsses the rclation betwecn the
current and voltage in a circuit.

Problem 6. Assume thc resistance of a circuit is 1
ohm, and plot the relation between E and 1, making
E the X axis and I the Y axis. (Assume various
values for E, calculate I when R = 1, and plot).
Then assume several other values to R and plot all
on _the same sheet of graph paper.

Suppose, however, we bave a current of 4 amperes
flowing in a circuit havmg a resistance of 2 ohms.
If we add another battery and vary its voltage
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Fig. 3—Drawing shows method
of plotting a line on a graph

the current in the circuit will change. How can we
express the relation between the totul current
flowing and the variations in the additional volt-
ages? Let I be equal to the current flowing. Then

E 1 1
I=F+torgEtdorI=5E+4

The above formula looks like our general expression,
Y = MX + B. In this case a current of 4 amperes
is always flowing; and so when E = O, I = 4 and
the line crosses the vertical or current axis at
I =4, When E =4 volts, I = 4/2 4+ 4 = 6 am-
peres. And so on.

Problem 7. Assume several values for E in the
above case and plot the current ou cross-section
paper. Draw a line through them. Then assuine an-
other value of R and replot. Then assume a nega-
tive value of E, calculate I and plot. This is equiva-
lent to reversing the battery so that it bucks the
battery which is producing the steady curreut of 4
ampcres.

Units

The appearance of a curve may be changed some-
wbat by changing the units into which the vertical
and horizontal axes are divided. As an example,
plot the following data which give the d.c. output
voltage of a ¢x-380 rectifier tube as the load current
is changed, and as various a.c. voltages are put on
the plate of the tube. There will be tliree curves for
tbe three plate voltages applied to the tube. First
make the vertical divisions, 100, 150, 200, 250 volts,

etc. Then make the sume divisions, 100, 200, 300, etc.
and note how much flatter the curves seem. The
sl()pe of these curves is an indication of the *‘regula-
tion” of the rectifier, that is, how many volts drop s
caused by increasing the output current.

I’'roblern 8. The ratio between tbe voltage and
the current at any point on these curves gives the
d.c. resistance of the rectifier. The slope of the
line, that is the change in voltage divided by the
chauge in current is the a c. resistance of the recti-
fier. Calculate the d.c. resistance at each value of
output current and plot against current.

Data for Example

Volts per plat®

Current output 300 260 220

Milliamperes
20 375 330 280
10 350 300 250 -
60 330 280 230 l e e F
80 310 260 210 ( OQutputo
100 200 240 190 | Hectifier
120 280 230 180
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URVES may be plotted either from a mathe- 50

4 matical formula or equation or from a set of oI [
data obtained in a lahoratory or from someone who F 40 / e
has already done the laboratory work. To plot .
these curves properly, all one needs is a bhard z /
pencil or a rufing pen, some India Ink (Higgins’ bt 30
American India ink), a celluloid triangle or rule, uJ /
a French curve, and some cross-section paper. 3 20 N
The latter may be bought from Kculfcl and Esser, =t
Deitzgen. Codex. and several other manufacturers, = loH— 1
and it comes in many colors, many rulings, and
sizes, some of which are punched for loose-leaf note 0 5
250 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10,000

LKeuffcl and Esser paper No. 359-6 and 355-2R
are both convenient and are ruled 10 x 10 to the
inch and are punched for standard size note books.
Another good paper is Keuffel and Esser No. 359--11
which is ruled 20 x 20 to the inch. Dietzgen No.
3140-10 is ruled 10 x 10 and is punched. Codex 2
and 3 cycle logarithmic paper, No. 3135 and 3112,
and Keuffel and Esser double logarithmic tliree
cycles, No. 339-120, are useful in plotting frequcney
characteristics of audio transformers, amplfiers,
loud speakers, etc.

Vacuum-Tube Characleristics

The characteristics of a vacuum tube are usually
represented on a sheet of graph paper and are called
the characteristic curves. Because there are three
variable factors involved, plate current, grid volt-
age, and plate voltage. a complete picture of the
tube and its action in a circuit cannot be represented
on a single sheet of paper, (which has only two
dimensions), but two curves are needed, or better
still a three dimension model made of plaster of

*%aris or wax. Some very beautiful models of this
sort are used in the course on vacuum tubes given
at Cruft Laboratory, 1larvard University. and are
part of the equipment of any good radio enginccring
course. We can get a good idea of what a tuhe will
do hy making two curves called the Eg-lp and the
Ep-Ip curves. Thesr show what the plate current
is at various values of grid and plate voltage. The
slopes of these curves are important tube factors.

Problcm 1. Plot the data in Table 1, making the
vertical axis, the current axis (in mA.). Determine
the slopc and, remembering that the mutual con-
ductance is the change in amperes divided by
change in grid volts, calculate the mutual conduct-
ance. The slope of the plate-voltage plate-current
curve, using amperes and volts of course, gives the
reciprocal of the plate resistance of the tube. The
slope of the carve must be divided into 1.0 to get the
resistance. Calculate the plate resistance at several
points on the curve. Plot the mutual conductance
and the plate rcsistance against grid volts, plate
volts, and plate current. In each case assuimme one
of the variable as fixed, e.g., wheu calculating and
plotting the plate resistance assume the grid voltage
is some constant value for one set of values, and
then assume another value for another set of data.

FREQUENCY IN CYCLES

Fig. 1-—Frequency characteristics of transformer plotted on cross-section

correcting errors in measurement. For example,
if we know that the relation between two factors
i1s a straight line, and when we plot the curve,
sevcral points seem to be off this Line, these points
indicatc errors in measurement. In calibrating a
wavemeter, according to *‘Ilome-Study Sheet No.
13,” crrors may occur, and the only way to tell tlrem
is to plot the curve of wavelength squared against
capacity, or wavelength against condenser degrees.
The first of these curves will be a straight line, and
the latter will be a smootb curve. Points off the
curve shiould be considered wrong and must be re-
peated or disregarded.

Problenm 2, %lot, the data in Table 2, first, show-
ing the relation betweeu wavelength squared and
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FREQUENCY IN CYTLES

Fig. 2—Frequency characteris-
tics of transformer plotted on
logarithmic paper

condeuscr capacity, and, secondly, the variation of
wavelength with condenser degrees. Determine

Table 1 which points are wrong, and indicate what the
wavelength should be instead of the values given.
plate volts = Ep If the slope of the straight line, i.e., (wx_welength)‘
Grid volts = Eg¢ 60 80 135 against capacity is divided by 3.54, the inductance
0 275 45 10.25 o'f the circuit will result. Determine the inductance.
—4 25 10 475 { =Ip
—6 0 25 275 (mils Table 2
—8 0 1.25
Wavelength Condenser Condenser
- meters degrees capacity
Correcting Errors of Measurement 197.5 o 100 minfd.
L 245, 25 150 *
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Fig. 3—Power output of an amplifier plotted on

Log-Log paper

paper

Amplification-Frequency Characlerislics

The frequency characteristics of amplifiers and
audio transformers may be plotted directly against
frequency. It has now become standard practice to
plot amplification against frequency arranged in
octaves, so that each change ine?requency gets equal
attention. For example, the curve of Fig. 1 rep-
resents a trausformer of the olden days when low-
frequency amplification was unthought of. Note
what a long flat portion the curve has. Then look
at the curve of Fig. 2 in which the same data is
presented on logarithmic papcr. Here the low fre-
quencies, i.e., from 100 to 1000 cycles are not all
cramped into a very small part of the whole hori-
zontal scale but get the same horizontal space as
does the range from 1000 to 10,000 cycles—and both
of these spaces represent a 10 to 1 change in fre-
quency.

The ear hears according to a logarithmic scale,
aud so amplifier characteristics are usually plotted
against transmission units (nB) of loss or gain with
some given frequency as standard. That is, the
response at all frequencies is plotted with respect
to the response of some intermediate frequeucy as
standard. For example, we may measure the power
output of au amnplifier obtained at 1000 cycles and
then compare the power output of other frequencies
to the value at 1000 cycles. Or we may simply plot
the power output at all frequencies without regard
to any given frequency as standard. One curve
gives the characteristic, the other tells us the
wower output. The characteristic may be obtained
}rom thie power output cirrve by noting from it how
much more power is obtajued at one frequency than
another,

Characteristies of amplifiers should always be
plotted with a logarithmic horizontal frequency
scale and preferably with a vertical scale either in
lugarithmic units (pB) or on a logarithmic scale.

Problem 3. Transfer the data given in the curve
of Fig. 3 to nB, first calculating the number of nB
up or down from 1000 cycles, where the voltage
amplification is 850 and secondly plotting the
number of nB corresponding to tbe voltage ampli-
fication, e.g., a voltage amplification of 100 cor-
responds to a pB of 40.

emembering tliat the ear can hear with some
difficulty chaugcs in power cutput of 3 nB and cau-
not hear smaller changes than this, plot the data
in Table 3 and determine wbether or not the
amplifier s a good one. Plot in nB using the lpnwer
output at 1000 cycles as standard. Will the loss in
response at 100 and 5000 cycles be noticeable to
the ear?

[

Table 3
Frequency Power output
cycles milliwatts
60 175
100 350
200 600
400 700
1000 700
2000 700
4000 435
6000 280
8000 105
Summary

A graph is a visual representation of some physi-
cal or mathematical law. To plot the curve when
the law or equation is known, it is only necessary to
assume various values for one of the related facte:s
and to caleulate wbat tbe other values are. Thus we
can plot. Ohm's Law by assuming values of voltage
and calculating what the current will be at a known
resistance. Then voltage and current values are
plotted against each other. More complicated rela-
tions hetween two factors give curves which are not
straight lines and the mathematical equation or for-
mula is seldom kuown.
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Simplified Autodyne Circuit Used in

A DOUBLE-DETECTION SHORT-WAVE SET

February Rapio Broapcasr the ad-

vantages of double-detection receivers
over other short-wave receivers were dis-
cussed. In order to facilitate the comparison
there was described a species of adapter which
may be applied readily to an ordinary
detector-audio set, converting it into a double-
detection (super-heterodyne) receiver. Since
the device employed a beterodyne oscillator
two tuning controls were required. This same
complication also existed in the two other
forms of the circuit whicb were described,
namely a double-detection adapter (to pro-
ceed an ordinary broadcast receiver) and an
outright short-wave receiver of the double-
detection type.

When it is desired to simplify tbe control
and retain the advantages of tbe tuner,
one naturally thinks of combining the tuning
controls. The first suggestion is that this may
be accomplisbed by the use of a two-gang
condenser after the universal practice emn-
ployed in broadcast-receiver construction.
The solution is not satisfactory, however,
since the problem is not the same as tbe one
encountered in tbe 500-1500-kc. band. The
broadcast designer or builder has to make only
two coil-condenser combinations work to-
gether, but in short-wave work we would be
required to make the circuits remain in align-
ment with four or five sets of coils which are
plugged into tuner and heterodyne, respec-
tively. Of course, this can be done, but com-
mercial coils are not matched accurately
enough for tbe purpose since the makers have
not anticipated such an arrangement. In-
deed, it would be difficult to make them
sufficiently alike at a cost approaching the
coils now on the market. One may then leave
this idea and turn to the alternative, which is
to avoid the necessity of tuning two circuits
by the process of omitting one of the circuits;
patently this involves a transfer of the second
circuit’s functions to tbhe remaining circuit
which must now serve two purposes.

Therefore, we may proceed by investigating
the possibility of comnbining the functions of
the oscillator and the first dctector in a single
tube and a single tuned circuit. The possible
difficulties are loss of sensitivity, selectivity
and audio quality. The audio quality con-
sideration may be determined more easily by
trial than by other means and the reader is
asked to accept the rather dogmatic statement
that in the arrangement which follows audio
quality does not suffer. The selectivity is cer-
tainly not improved by the combination of
the two circuits, but as it happens the present
arrangenient is one in wbich the i.f. amplifier
supplies the selectivity and we are not so seri-
ously concerned with that matter.

IN THE writer’s article published in

Sensttivity of System

“]HEN the question of scnsitivity arises
one must confess that a definite loss
has taken place by reason of the choice of 95
kc. as an intermediate frequency. However,
this loss is not serious as the presence of a pair
of screen-grid tubes in the complete system
produces an overall gain that is materially
above that of the system described last
montb, and is, in fact, above normal require-
ments. The choice of 95 kc. as an intermediate
frequency is due to the desire to avoid any
damage to audio quality, while at the same

By ROBERT S. KRUSE

¥

View of the converted short-wave tuner, i.f. amplifier, and a.f. amplifier.

time avoiding an excessive amount of de-
tuning of the autodyne detector in process of
transferring the signal into the i.f. system.
This contrary pair of consideraticns may re-
quire a word of explanation. If audio quality
were the only consideration we would choose
an intermediate frequency in the vicinity of,
perhaps, 1000 kc., thus securing a noiseless
amplifier and complete certainty that the har-
monics of the oscillating detector would do
no damage. This plan was followed in the
February article with a separate oscillator
(heterodyne). But with an autodyne (com-
bined oscillator and first detector) we cannot
use as high an intermediate frequency for we
would then be compelled at all times to tune
1000 ke. off the desired signal so as to transfer
it to tbe 1000 kc. amplifier. Such mistuning
would, of course, weaken the signal materially
whereas the detuning necessary to produce a
100 kc. beat is not fatal. Fortunately this—
like the other difficulties—turns out to be an
academic, and not a practical, difficulty.

The i.f. systemn used consists of a pair of
Rusco 95 kec. air-core transformers and a
Rusco band-pass filter working at 95 kc.

There are two ways of making a
short-wave super-heterodyne, as Mor.
Kruse pointed out in February Ranro
Broapcast. One involves turning a
short-wave tuner info the frequency
changer and one’s broadcast recetver
info an intermediate-frequency am-
plifier. In this article he leits how to
make a recetver thal starts with the
antenna and ends with the audio
oulput—and it is a double-detection
sel of considerable amplification and
selectivity. It does not itnvolve playing
tricks on one’s short- or broadcast-
wave recetver.

—Tue Eprror
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The tuner with which the device has leen
associated in the writer’s experiments is made
by the National Company and has a wave-
length range of 11.5 to 115 meters. At the
115-meier end of the range a 95 kc. beatnote
requires nearly 4 per cent. mistuning, which
seems rather bad to one accustomed to broad-
cast work. At the 14.5-meter end the mistun-
ing is about } per cent. Fortunately one is
saved by the very thing that suggested the
band-pass, namely, the comparative lack of
selectivity of a lonesome tuned circuit. In
practice the signal obtained is not materially
weaker than that obtained with a heterodyne,
the rest of the equipment remaining the same.
Thbis is, to a considerable degree, accounted for
by the fact that the strength of the oscillation
was adjusted in all cases to a favorable value
by use of the norinal controls of the tuner,
operating in the normal manner.

Radiation from the autodyne’s first de-
tector is prevented by the 222-type tube in
the ftirst socket of the receiver.

The circuits, which are shown in Figs. 1, 2,
and 3, do not seem to require much explana-
tion. However, some readers may be confused
by the band-pass filter, but its purpose may be
explained by the simple statement that its
business is to pass only the band of frequen-
cies lying between 90 ke. and 100 kc., while
stopping lower and higher frequencies. It
follows that the only signals to get through
the system are those which the autodyne sys-
tem has transferrcd into the *‘pass-band.”
The purposc of this device is, therefore, to
provide the selectivity of the system and to
suppress noise as well. Since the Rusco band-
pass filter consists of four shunt sections
(and the corresponding series parts), it is
sufficiently complex to give a good flat top
and sharp cut-off, unlike the usual arrays of
tuned circuits.

Adjustment of Filter

ONE difficulty may arise which has caused
several filters to be denounced as ‘‘no
good.” A filter, unless terminating in the
proper sort of a load, will produce all sorts of
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Fig. 1—Complete circuit diagram

of the original National short-wave
tuner.

weird response effects with bumps of signal
coming through where there should be none.
If your band-pass filter does not perform
property it is suggested that you shunt a
500,000-ohm Frost resistor across the output,
and, by pure cut and try, adjust the terminat
conditions so that the desired action is ob-
tained. When the action is correct the signal
“snaps” in, stays for a while as the tuning
dial of therecciver is turned, and then **snaps’
out.

Observe that the output circuit of the Na-
tional tuner has been altered a bit. This is to
permit the 95 kec. output to enter the if.
systen, at the same tinie permitting the re-
generation control to function. The number-
ings shows what has been donc, as do the dia-
grams of Figs. 1 and 2. The r.f. choke has been
elimirated, C: has been moved, and the wir-
ing has been changed slightly. These changes
also improve the control when using the
smallest tuner-coil.

Rather than draw the comnplete schematic
diagram it has been considered best to mark
various posts of the adapter (Fig. 3), such as
**A+.” as often as necessary, even though only
a single terminal is required in the receiver.
Therefore, it should be understood that all
binding posts with the same markings on
either the set or the adapter are to be con-
nected together.

In the second i.f. stage a 222-type tube is
shown. The gain obtained in this way is
more than required, but if anyone desires
more gain he 15 welcomc to use a 222-type
tube In the first i.f. socket as well—providing
he can invent a way to match the high plate
impedcnece to the lower impedance of the
band-pass filter. This is strictly necessary to
secure decent filter action, not to speak of
decent gain. On the other hand, it is perfectly
practical to use 201a-type tubes in both of the
1.f. positions. If this ptan is followed the cir-
cuits will tend to oscillate and stabilization
of some sort must be provided. The simplest
thing is the old standby; rcturn the grids to a
potentiometer across the A supply and turn
the knob to suit. The potentiometer may con-
veniently have a resistance of 400 ohs and

N

the grid returas should be bypassed directly
to their own filaments with 0.1infd.

If anyone has available other i.f. transform-
ers they may be used, provided the first,
contains a primary by-pass condemser. Usually
it is of the ““tuned” variety and has such a
condenser. Frequencies materially above 100
ke. are not to be recommended because of
the detuning required, while very low frc-
quencies tend to cause difficulties from noise
and damaged quality.

Concerning A.C. Operalion

RECEIVER akin to the one here

described has been operated for some
weeks with various portions of the circuit
modified to permit the use of a.c. tubes. On
the whole tﬁe performance has been satis-
factory but previous experience with such
matters teaches the writer to believe nothing
about an a.c. job until it has been thoroughly
time-tried.

We must not stop without mention of tele-
vision reception. lf the transmission is being
made with a 24-hole disc at 15 picturcs
per second, or a 48-hole disc at 7} picturcs a
second, we have a ‘“basic” frequency of
modulation amounting to 360 cycles and a
tolcrably probable impulse frequency running
up toward 9000 cycles. This means that the
carrier plus both sidebands will be about
18,000 cycles wide, which is about twice as
wide as the *“pass” band of the Rusco filter.
The set is, therefore, not good for the purposc
unless a filter with a wider pass band 1s used,
and even then it does not. have much to recom-
mend it sinee there arc easier ways to attack
the problem. For this sort of work it is re-
comended that an cntirely different amplifier
of the usual * television type”” be used which
can be done with the greatest ease as the
tuner has not been incapacitated in any way.
It should be noted that the tuner controls
are at all times operated in the same manncr
whether it be used with the *television”
amplifier, the band-pass amplifier or the usual
audio amplifier alone.

Since mention has been made of satis-
factory gain through thc system it inay be of
interest to run hurriedly through the circuit
with this in mind. The first 222-type tube,
which is used as a *‘ coupling tube,” produces
a gain of about 2, the autodyne detector pro-
duces a gain that is varied with adjustment
and signal strength, the first i.f. tube (2014a)
produces a gain that is not up to the usual
at such frequencies because of its peculiar
platc load. The 222-type tube which follows
the filter operates with a moderately good
plate load and provides most of the gain in
the i.f. system, which may be further iin-
proved by using a ‘‘tuned impedance” at
this point, making sure that the condenser
between this circuit and the next grid is of
very high leakage resistance. The following
201A-type tube, acting as second dctector,
produces the slight gain which is normal in

that position and this is generally sufficient to
cause the signal to ovcrload either this tube
or t}1e‘112A-type audio tube, although the
latter is working under proper conditions.
To take care of this condition a Frost high-
resistance rheostat has bcen mounted on the
hithcrto blank panel of the adapter and has
been connected across the secondary of the
first 95 ke. transformer. By a minor operation
it has been modified so as to open at one end
of the scale, thus permitting the removal of
the shunt when it is not desired. If no very
strong signals are encountered it is better tu
connect this control across the secondary of
the second 95 kc. transformer since then it
will have no effect on the detector regenera-
tion.

Another feature of the receiver described
by the writer is that the use of the National
steel cases and the various part shields results
in a complete freedom from the bothersone
hand capacity commmon to short-wave re-
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Fig. 2—Changes which must be
made in the detector plate circuit
of the tuner.

ceivers. To complete this effect the panel of
the right-hand (1.f. and a.f.) case was backed
by a sheet of aluminum.

List of Apparalus

rPIE parts required for the construction
of the double-detection short-wave re-
ceiver described in this article follow:

One National screen-grid short-wave tuner;

One blank punel, aluminum;

One bakelite basepanel, 9" x 11*';

One Rusco band-pass filter, 95-kc.;

Two Rusco i.f. transformers, 95-kc.;

Four tube sockets, ux-type, spring-constracliou;

Three Carter resistors, 1-ohm, 2-ohm, and 15-ohm:

Twof?nngamo mica condensers, 0.001-mfd., and 0.0005-

mid.;

One Durham grid resistor, 1}-megohm;

One Twin-Coupler 222-type shield;

Clips for grid leak. brass angles for connecling panel
and base, machine screws, wire, binding posts, elc.

Rusco 90-100 KC.Band-pass Filter = VT5 VT 6
— Ry Rusco 95 KC.

- - - 112-A T 112-A

Transformer Ao Audio

I35 chimns _
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- = 201-A.
I_G ll \ T
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\ ] 2 | !
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Fig. 3—Circuit of the i.f and a.f stages of the short-wave double-detection receiver designed by the writer.
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Pick-Up Characteristics of Microphones

in determining the behavior of micro-

phones under various conditions of
studio pick-up. While the results will probably
not be reported for months or years, the liter-
ature already contains some material of prac-
tical value for those who are interested in
secaring the best possible quality of reproduc-
tion as well as for laboratory technicians who
use microphones in sound-measurement de-
terminations.

B. F. Miessner’s article in the September,
1926, Rapro Broapcasrt, on *“ The Importance
of Acoustics in Broadcasting™ is worth re-
reading in this connection. Miessner was con-
cerned in this paper with possible distortion
in radio reproduction caused by the direc-
tional characteristics of microphones and
loud speakers. He concluded that these de-
vices usually vary in directional characteris-
tics with frequency. For horn speakers and
flat diaphragms enclosed on one side he se-
cured a polar diagram, reproduced herewith
as Fig. 1, which shows a regular falling off in
intensity from front to rear at low frequencies,
the presence of a minimum at 90-120 degrees
at higher frequencies, and a marked beam
effect at still higher frequencies. This beam
effect was also very noticeable with cone- and
baffleboard-type loud speakers, as well as the
dynamic units. :

Miessner argued that such an effect as that
of Fig. 1, secured by measurements on a horn
or diaphragm of about 12" diameter, would
also be noted in pick-up work with the same
device, the action being a reversible one. “ It
is plainly evident,” he wrote, ‘“ that if a musi-
caf) instrument, say a ’'cello with low-pitched
fundamental and high-pitched overtones, be
placed at an angle of 15 degrees to the face,

CONSIDERABLE work is being done

as it well might in a studio, the fundamental
would be received about 75 per cent. as loud
as if it were in front of the microphonc, while
overtones of the order of 5000 cycles would
be reduced to less than 10 per cent.” He went
on to raise the point that a square-law effect
might be involved when the directional dis-
tortion of the microphone is repeated by the
loud speaker. While this is true. quantita-
tively Miessner’s illustration of the ’cello is
somewhat misleading under practical condi-
tions, as he himself recognizes, for toward the
end of the article he modifies his conclusions
as applied to the then standard broadcasting
microphone of the Western Electric 373-w
double-button carbon type, now superseded
by the 387-w. Although this microphone has
a closed back, it responds to sounds from the
rear because of diffraction around the housing.
The facility with which the sound wave
bends around the obstruction depends on the
wavelength compared to the sizc of the ob-
stacle. If the microphone housing is small
compared to the wavelength, diffraction takes
place with little loss in intensity. For higher
frequencies, on the other hand, the dia-
phragm may be in a region of pronounced
acoustic shadow, resulting in discriinination
against high notes. With an actual micro-
phone diaphragm and housing the ratio of
dimensions to wavelength is not as unfavor-
able as Miessner’s curves of Fig. 1 would
indicate, and he gives another set of polar
diagrams, (Fig. 7 in the original article) here
reproduced as Fig. 2, which approximate
actual broadcast pick-up conditions. In the
latter, it will be noted, the discrimination
at 15 degrees against a 5000-cycle tone. coin-
pared to a 100-cycle fundamental, is not of
the order of 7.5, but only about 2.3.

A siinple expedient uscd by broadcast
engineers in order to reduce loss of the high
frequencics in picking up music over a wide
front, as in the case of an orchestra of good
size, is to employ two microphones facing
outwards at right angles (Fig. 3) mounted on
a single stand a few inches apart. This dou-
bles the angle in which pick-up occurs without
serious directional distortion. If this angle
is 90 degrees for each transinitter, the two
will cover a total of 180 degrees, or all of the
space in front of the microphone stand. The
outputs of the two microphones are mixed in
the usual way (Fig. 4) where the repeating
coils have 200-ohm windings to match the
impedance of the microphones, and the po-
tentiometers are about 400 ohms each, the
combination working into the 200-ohm input
of the anplifier. An additional advantage of
such a com%ination liesin the fact that pick-up
is not confined to one point in the room and
there is less chance of running into any serious
acoustic anomalies arising from interference
of reflected waves or other cffects of the room
characteristics. However, a right-angle ni-
crophone combination of this type presents
no advantage in picking up announcements
or other close-talking material.

THE BEAM EFFECT

The beam effect of projection of high fre-
quencies is well recognized now in human
articulation, the output of many musical
instruments, and in loud speaker design.
Pick-up of ordinary speech with present-day
equiﬁment is generally defective when the
speaker is not talking directly into the micro-
phone because the high frequencies, which are
so important in the interpretation of speech,
issue 1n a beam in the direction in which the
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speaker is looking. Likewise, in listening to a
loud spcaker fromn a position well to one side
of the orifice, one gets the bass with almost
full volume, hut the 3000-5000-cycle range is
Eart‘ly lost. The same effect is ohserved in
istening to a loud speaker in another room—
considerahle sound comes through the inter-
vening corridor, but intelligihility is poor
because tbe high frequencies, probably defi-
cient to begin with, do not bend around cor-
ners as well as the longer waves. Transmission
of high frequencics is always a delicate job,
and constant precautions are necessary to
retain them. A cone loud speaker designed
with a certain kind of paper, for example,
loses the high frequencies first of all when a
heavier grade of paper is substituted. The
high notes are lost g:‘fore the low ones in
transimission along a telephone line. Dirce-
tionally, likewise, discrimination is usually
against the upper frequency range.

MICROPHONES IN LAB. WORK

Microphones, useful to the broadcast
enginecr as a means of sound pick-up, also
serve as measuring instruments in the lahora-
tory. The condenser transmiltter is the form
most used for this purpose, its construction
and mode of operation heing favorable to
constancy of eharacteristics over long periods,
while a carbon microphone, obviously, cannot
be depended upon to the same extent. Stuart
Ballantine has recently reported in part on
his work on “The Effect of Reflection hy the
Microphone in Sound Measurenents,” in
the Dccember, 1928, Phvsical Review. The
article, which appears in slightly abridged
form in the same month’s issue of the I.R.E.
Proceedings, is of more interest to lahoratory
technicians than to broadcast operating en-
gineers, but should not be entirely ignored
hy those of the latter who want to he known
as up-to-date workers.

The condenser transmitter is used in acous-
tic work to measure sounds which, after it
picks themn up and converts the energy into
corresponding electrical variations, are am-
plified and operate a recording system, such
as a vacuum-tube voltmeter and galvanom-
eter. Fig. 5, for example, shows the use of
such a system in measuring loud-speaker
characteristics.

The only troublc with this scheme is that
the condenser transmitter is so large that it
tends to distort the sound field which it is
supposed to measure. It is as if, in measuring
the flow of a stream, we introduced an object
so large that it changed the velocity and direc-
tion of the current. There is one method of
acoustic measurement which does not suiler
from this defect, or does so, at least, to a lesser
degree. This 1s the Rayleigh dise, which is af-
fected by the velocity component of the sound
wave, while the condenser microphone is a
pressure-operated device. The usual form of
the disc is a thin, light, elliptical piece of mica,
suspended at the end of the long axis by a
fine fibre, and silvered on one side to reflect
a beam of Light. Under the impact of a sound

wave the disc, which is only ahout half an
inch long, is deflected. The angle of deflection
is mecasured hy means of the Light lever and
gives an Indication of the acoustic forces at
work. A condenscr transmitter, being a rela-
tively cumhersome implement, requires some
correction for its own effect on the forces it
measures, and what Ballantine has set out to
do in the article cited is to assess the correc-
tion required at different frequencies.

If the waves are long they bend around the
microphone (diffraction) with little influence
hy the ohstruction on the field, hut short
waves are reflected with a consequent increase
in the apparent value of the pressurc hefore
the diapﬁragm. A tightly stretched diaphragm
of infinite extent would reflect all sound waves
perfectly and the indicated pressure would be
double the pressure which would prevail were
the microphone out of the way. The micro-
phone is large enough to act as such an oh-
struction for short sound waves. The problem
then is to evaluate the extent to which the
microphone raises the instantaneous sound
pressure at various frequencies.

Ballantine goes about this with a simple
but ingenious procedure. Ife mounts his con-
denser transmitter with its first stage of am-
plification in a spherical * hullet,” with the
diaphragm sensibly in the surface of the
sphere. The diffraction of sound hy a spherical
ohstacle is a classical prohlem, soluhle hy
intricate hut known methods. Ballantine
has performed the calculations and drawn his
results in the form of a curve showing the
ratio of the indicated pressure to the pressure
in the undisturhed field (microphone removed)
at various frequcncies. W itﬁ a sphere six
inches in diameter, he finds that this ratio is
unity at 100 cycles (no correction required),
about 1.25 at 500 cycles, 1.56 at 1000 cycles,
1.77 at 2000 eycles, up to nearly 2.0 at 10,000
cycles. He has also determined the curve for
a 12-inch spherical mounting. The results
mnay be applied experimentally to the more
usual forms of microphone mountings, which
are not amenahle to calculation. Ballantine

& % Microphone
7

Microphone

No.1 No.2

// \\
/V'\ ’/)\\

T ~=--90%--="

Fig. 3—AMicrophones mounted at
right angles double the angle in
which pick-up occurs

has this work under way. When the correction
curves for practical mountings are pubhshed,
more accurate determinations of sound pres-
sures hy the use of ordinary condenser micro-
phones will be possible.

Correction After a Decade

Y OPINION of engineers, I being one
of them, is that they are valuable
membhers of society. But I must adniit

that sommetimes they are all wrong.

In the sumimary of the paper by Bailey,
Dean, and Wintringham on “The Rcceiving
System for Long-Wave Transatlantic Radio
Telephony,” prescnted hefore the Institute of
Radio Enginecrs, I find a calculation of the
effect of a receiving location in Maine (for
reception of British transatlantic telephone
signals) and wave antenna arrays instead of a
simple antenna. “ If the receiving were to be
accomplished near New York using a loop
antenna,” it reads, ‘‘we would have to in-
crease the power of the British transmitting
station 20,000 times to obtain thec saine signal-
to-noise ratio.”
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Fig. 5—System  for measuring
loud-speaker characteristics

Ten years ago I was working on static
elimination in company with a first-rate radio
engineer. His rccord since then has borne out
that classification. What I recollect distinctly
is that as we were walking home one day he
said, “ After all, the way to lick static is to use
more power at the transniitter.”

Two million kilowatts, say?

Safely for the Broadcasters

OMMENTING on an article in Rapio
Broapcast ahout the electrocution
of one of the engineers at Daven-

try, Mr. Saul Bloch offers the following idea
as a means of preventing such fatalities in
hroadcast stations:

“In setting up a transmitter why not huild
the following type of moving platform next to
those parts of the apparatus which carry high
tension currents?

*“1. The platform should be located in
such a manner that when anyhody wishes
to approach the high tension wires he will
have to stand on the platform in order to
be within reach of the wires;

**2. The platform should beset on some
sort of device which would permit it to drop
slightly below its normal level when tha
man steps on it;

*“3. Theplatformshould he so connected
in the circuit that when it moves down with
the weight of the man the high tension cir-
cuit would be automatically broken.”

“To an engineer,” adds Mr. Bloch, *‘this
may not be feasible and may even be con-
sidered as an invention of Ruhe Goldberg’s,
but it is being offered in all sincerity.”

While I do not consider this idea practicahle
I certainly feel that it deserves discussion, if
only to keep the suhject before the men who
take the risis. My opinion remains as I have
frequently stated it hefore—that there is no
mechanical suhstitute, in working with high
tension currents, for unremitting awarencss
of danger on the part of the operators and the
caution that should result therefrom. A dis-
connect scheme like that proposed by Mr.
Bloch could not be depended on to function
infallibly. Automatic shut-down devices actu-
ated by push-buttons and operating through
relays sometimes fail to act. An open-circuit-
ing platforin would entail the same jcopardy.
There are times, also, when the operator wants
to get close to the set, while it is in operation,
in order to ohserve a tube or some other part
of the equipment. If he knows that the 10,000
volts are ready to jump on him he is as safe a
foot from the conductors as ten feet away.
The stuff will not leap at him; he has to get
within an eighth of an inch hefore anything
can happen. In the vast majority of cases
where men have heen killed or injured it has
been because they forget that the current
was on.



Duplex Set Improves Fidelity

A CUBAN SHORT-WAVE RECEIVER

ITH modern receiving equipment
the radio fan in the United States
finds it enjoyable to sit at home of
an evening and listen to a musical program
which is reproduced practically without dis-
tortion or electrical interference. However,
the inhabitants of the tropics, and Cuba in
particular, are not accustomed to this privi-
lege. Owing to the prevalence of extremely
strong static discharges, quality reception of
American stations in the 200 to 500 meter
wave band is a farce during most of the year.
It is only during the middle of winter—from
December 15 to February 15—that it is
ossible to derive any degree of pleasure from
istening-in to programs originating in thc
United States.

Of course, most radio fans in Cuba are able
to obtain good reception from their local
station, pwx, which is located in the middle
of the island, and they can always pick-up
the signals of 6xw without difficulty. But
these two stations do not transmit programs
of the quality which the large American chains
provide. Therefore, the only way open to the
radio fan in the tropics to receive quality
programs is to intercept the signals of the
various short-wave stations which in many
cases transmit the same program which is
sent out on broadcast wavelengths, but even
this method is not entirely satisfactory due
to the extreme fading which seems to affect
all high-frequency transmissions.

The writer has developed a duplex short-
wave receiver which offers a practical solution
to the tropical radio fan’s problem. An abbrevi-
ated schematic diagram of circuit will be found
in Fig. 1 on this page, and a description of the
electrical features of the circuit 1s given in
this article. However, before entering into
a technical discussion, the value of the various
high-frequency signals which may be received
will be given further consideration.

Programs Available

HE writer, who is located in Tuinucu,

Cuba, has been able to receive with satis-
factory volume the signals of seven short-wave
stations which transmit high-quality broad-
cast programs. These stations are: w2XAF,
Schenectady, N. Y., on 31.48 meters;
w2xAD, Schenectady, N. Y., on 19.56
meters; 5sw, Chelmsford, England, on  _
25.53 meters; w8xk, Pittsburgh, Pa., on ™4
25.4 or 63.5 meters; cirx, Winnepeg,
Canada, on 25.6 meters; pcys, Eind-
hoven, Holland, on 31.2 meters; and
Columbia’s new station, w2xg, Rich-
mond Hill, N. Y., on 58.5 meters. Of
the above listed stations w8xk, w2xAD,
and w2xAF usually transmit the pro-
grams of WEAF or wiz, the NBC’s Red
and Blue network programs, whilc sta-
tion w2xE sends out the programs of
the Columbia chain. So, if one can re-
ceive these stations well, he is listen-
ing to' the real pick of radio programs.
A table giving the operating schedule
of these stations will %e found on page
298 of this issue.

In his endeavor to receive short-wave
programs, the first serious problem en-
countered by the writer was that of
fading, and the periods of fading
were found to be much more frequent
than on the long wavelengths. Also,
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By FRANK II. JONES

it was discovered, that fading periods ditfer
onrr different wave bands. This fact prompted
the design of the receiver described in this
article: it was thought that if the same pro-
gran could be received on two diiferent wave-
lengths with two diiferent detectors, and the
outputs of the two detectors feeding into the

The unigque short-wave receiving cir-
culil described on this page will be of
interest to radio experimenlers living
in the tropics where slatic on broad-
cast wavelengths is severe during most
of the year. Mr. Jones points oul that
the same high-quality programs may
be received with fidelity on short wave-
lengths. On these waves static is nol as
noticeable and fading may be overcome
by miring the signals of two stalions
which {ransmit the same program. A
table on page 298 of this issue gives
the operaling hours and wavelengths of
seven high-powered short-wave broad-
caslers which transmit chain programs.
The hours during which two or more
stations broadcast the same program
are also indicaled.
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same audio amplifier, the fading periods of
the two short-wave signals bearing the same
program would tend to cancel out, leaving a
more or less constant signal for the loud
speaker to reproduce.

It is interesting to note the way in which
this principle inay be employed to advantage
by the radio listener. By listening-in on short
wavelengths for an evening it will be found
that frequently several stations transmit the
same chain program simultaneously.

For example. w2xAD, on 19.56 meters, trans-
mits WEAF’S program to 5sw where it is re-
broadcast on 25.53 meters for British listeners.
Therefore, the 19.56-meter signal is received
with one detector, the 25.53-meter signal is

Antenna Bl
Arltén_na_fx Detector Circuit

Samson
Cam Type Y

Switch

NS SE——— |

‘I

e

OB+
Det.

A_

Fig. I—Circuit diagram of the author’s system for

duplex reception of short-wave programs
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picked-up with the other detector, and the
outputs of the two detectors, cachh of which
bring the same program, are mixed in the
audio amplifier. The result is a very satisfac-
tory signal from the loud speaker.

There are several interesting features of
the system described above. First, the loud-
speaker volunie is doubled as the audio com-
ponents of the signals of the two detectors
are added. Secondly, tliere is no increase in
distortion as the signal from England arrives
at practically thie same time as the one from
Schenectady—the tiine difference is only
1225 second and this cannot be detected by
the human ear. Thirdly, either one of two
antennas, or hoth, may be used to pick-up
the signals, and by switching from one to the
other, or using one antenna for one detector and
the other antenna for the other circuit, it is
possible to find a combination which provides
minimum static and interfcrence. Of course,
the two antennas should be erected atright
angles to each other.

Ezxplanation of Circuil

ETURNING to the diagram of the detcc-
tor circuits it will be noticed that the two
detectors, X and Y, are isolated fromn cach
other and from the audio umt by r.f. clioke
coils and aluininum shielding. The next most
interesting feature is the cam switch which
governs the manner in which the detectors
are connected with the double primary input
transformer (Samson type Y interstage push-
ull) of the amplifier. With the switch in the
X position, only the X detector feeds its half
of the primary of the transformer, with the
switch In the Y position, the Y detector is
connected with the other half of the primary
of the transformer, and with the switch in
the mid position both detector circuits feed
into the double primary simultaneously.
The use of a double primary transformer is
not absolutely essential to the success of the
writer’s systen, but it provides most satisfac-
tory results. In place of the double-primary
transformer, it is possible to use an ordinary
interstage transformer (not push-pull) by con-
necting the plate terminals of the two de-
tector tubes to the P’ terminal of the trans-
former, and the positive B supply to
the “ B4’ terminal of the transformer.
An interstage push-pull transformer
with three primary terminals instead of
four (Samson make them) may also
be used; in this case the plate of one
detector is connected with one “P”
terminal of the transformer, the plate
terminal of the second detector is con-
nected with the other **P” terminal.
and the positive of the B supply is
fed to the **B+"’ terminal of the trans-
former. However, the circuit shown
seems to be less susceptible to low-
frequency noises such as 60-cycle hum.
It is not necessary to give specific in-
formation regarding the other details of
the receiver as they are more or less
standard. The two detector circuits are
identical, and may be similar to those
used in your pet short-waveset. Follow-
ing the input transforiner, the a.f.
amplifier is standard. The writer built
the best possible amplifier as he wished
to obtain good tidelity and this proved
very much worth while.



TECHNICAL DATA

NAAAANAAAN

SOUND
MOTION
PICTURES -

BY CARL DREHER

IN\AANAANANANANNANANAN

The Projection of Molion Piclures

article, how to operate a motion-picture

projector. and, if he did, it would he of
little avail professionally in most localities un-
less, at the same tine, the reagder in question
secured admiission to the projectionists’ union.
The purpose of the article is the less ambitious
one of explaining the principles involved in
motion-picture projection, as part of a de-
scription of the most clementary sort of the
mechanism in which those principles are em-
bodied. A good many of the tecbnical people
working in movie studios. especially those on
the sound end, know little ahout projection.
just as most of the projectionists have only
vague ideas about the camera and sound-
recorder side of the business. This is unfortu-
nate, since the studio and the theatre are
closely tied together through the film itself,
and the introduction of sound has raised the
technical requirements all around.

The operating aspects of projection are set
forth at length in several handhooks. The ones
which have heen used in the preparation of
the present discussion are:

’-\ | O ONE will learn, from a reading of this

Richardson: Handhook of Projection in two volumes.
Chalmers Publishing Co., 516 Fifth Avenue, New
York, N. Y. 960 pages.

Cameron: Motlion Piclure Projection. Cameron Pub-
lishing Co., Manhattan Beach, N. Y. 1272 pages.

PATH OF LIGHT

The elements of a motion-picture projec-
tion system are shown in Fig. 3. Except for the
element of motion, these are basically the same
as those of a magic lantern or stereopticon: a
source of light, a transparent picture, and a
lens systen1 for throwing an enlarged image
of the picture on a screen. A motion-picture
projector is, in fact, simply an optical lantern
equipped with means for moving a succession
of pictures across the projected light to pro-
duce an illusion of motion.

In a theatre the source of light is generally
an arc lamp fed from a direct-current source.
Where less light is required a large incandes-
cent lamp mnay he used. This is simpler and
cleaner, but the intensity of the light availahle
1s limited. The source of light is housed in a
sheet metal box, the tamp-house, which must
be properly ventilated to carry off heat as
rapidly as possihle. Normally a flue is pro-
vided to carry away the gases of the arc. In
hack of the source of light there may be a re-
flector. The positive pole of the current supply
is connected with the upper carhon, which
may be cored. The crater of tbe arc thus formns
on the upper carbon. As it is necessary to keep
the arc on the optical axis of the train of lenses
following, a small motor controller is usually
installed to feed the carbons forward. The
lengthening of the arc automatically actuates
the motor through a solenoid. In an average
theatre the arc will consuine ahout 25 aniperes
at 110 volts. In very large houses 100-ampere
arcs are found. A knife switch on the projector
controls the current supply to the light.

A system of two or three large lenses con-
centrates the light of the arc on the film and
the objective lens on the other side which
forms the image on the screen. This may be
in the form of two lenses with their plane sur-
faces outward and convex surfaces facing
each other. as shown in Fig. 3. The coinbina-
tion is a condenser. The lens next to the source

—_—

The sound motion picture indusiry
is moving with such rapidily that even
those in that field—as is Mr. Dreher,
who writes regularly on (he subject
for Rapio Broapcast—have trouble
in keeping abreast of developmends.
It is the purpose of these regular con-
tributions to survey some of the high-
lights in the technical branches of sound
picture work with the purpose of provi-
ding accurale technical information for
those working in the field, for practising
broadcasters whose daily work is peril-
ously close to sound movies, and for
all others who are inferested.

~—Tue Eprror

of light is called the coffcctor; the lens nearest
the objective is called the conrerging lens.

The lamp-house also contains a door, usu-
ally placed in front of the condenser, which
may he used to intercept the light hefore it
can reach the fili. Generally this is operated
manually by means of a handle. The term
“douser” applied to it is self-explanatory.

The whole lamp-house is set on the hack of
the projector.

SAFETY DEVICES

The next etement in the schematic arrange-
ment of Fig. 1 is the aulomatic fire shutter.
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Fig. 1—Schematic diagram of

mechanism in a standard mo-

tion-picture projector with sound

adjunct
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The heat of the light source in a tbeatre
motion-picture projector is so intense that if
the film stops moving it will catch firc. The
operator may extinguish his arc in time to
avoid this, but to prevent reliance heing
placed on a buman element a centrifugally
operated shutter is placed ahead of the film.
At normal speeds this is kept open by the
action of a governor, hut as soon as the speed
drops to a point where there is danger of
ignition the shutter drops. The spced at which
the shutter operates may be around 40 feet
per minute, the mnormal silent projection
speed being from 60 to 120 feet per minute,
while sound pictures run at 90 feet per minute.

The film itself passes through the projector
with the pictures upside down and the emul-
sion side toward the source of light. In the
standard size it is 13’/ wide and 5 mils thick.
Both margins are perforated so that the film
may be dragged along by means of toothed
wheels called sprockels. T¥1ere are 64 perfora-
tions per foot, or four to a picture on either
side, 16 pictures to the foot being standard.
The base of the film is made fromn cotton
soaked in a mixture of nitric and sulphuric
acids to render it soluhle, forining pyroxyline
or nitro-cellulose. This is dissolved in a mix-
ture of camphor, alcohol, and otber materials,
forming a viscous ‘“dope,” which is spread
and dried on large drums with mucb com-
plicated processing and finally cut up into
strips of celluloid coated on one side with the
light-sensitive emulsion of silver bromide in
gelatine. The emulsion of negative stock, used
In cameras, is more sensitive and less con-
trasty than that of positive stock, from which
prints are made. Sound records, incidentally,
are better made on positive stock.

The mechanism for taking the film through
the projector will be considered in more detail
later.

The hght wbich passes through the film is
brought to a focus in the objective or projection
lens, where the rays cross so that the image
is seen on the screen right side up. The pro-
jection lens generally consists of a system of
four lenses, the two near the film forming a
duplex lens, while the other two are cemented
togetber to make a compound lens with the
surface of greatcst convexity toward the
screen.

A rotating shutfer comnpletes the assembly.
In Fig. 3 this is shown in front of the objective
lens in an edgewise view. In this form it is a
segmented disc with two or three blades to
intercept the light. Other designs are possible,
as well as other positions; the light may be
interrupted hefore it reaches the film, and this
has the advantage of reducing the heating of
the film. The need for a shutter arises from
the fact that the motion of the film is inter-
mittent and it is desirable to allow the hight
to reach the screen only while the film is stand-
ing still before the lens. As is well known, the
illusion of motion is secured through the
psycho-physiological phenomenon of persist-
ence of vision, sixteen pictures a second, or
preferably more, blending into an optical
impression of continuous motion. But if the
light is not interrupted while the film is being
moved, white streaks will ap on the screen
owing to the sensitiveness of the eye to white
objects in motion against a dark background.
Hence a shutter is provided and timed to cut
off the light during tbe intervals when the
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successive pictures are being jerked into place.
This periodic light interrupter hias an auxiliary
function, which is, by nieans of an added
blade or two, to break up the stationary
periods of projection and thus to eliminate
flicker. These functions will be considered
quantitatively later.

The throw or projection distance is mmeasured,
as shown in Fig. 3, from the objective lens
to the screen, along the axis of projection,
which is a straight line passing through the
center of the photograph, the center of the
screen image, and approximately through the
center of the source of light. All the elements
of the optical train, when in proper adjust-
ment. are centered on the axis of projection.

MECHANICAL DESIGN

Fig. 1 gives a view of the projector mecha-
nism from the right side, where all adjustiments
are made, and where the projectionist stands
during operation. The film to be projected
is placed in a length of 1000 or 2000 feet on a
reel in the upper magazine, the beginning
being on the outside of the roll, with several
feet of leader before the action of the subject
begins. The film issues through an opening or
valve in the magazine and passes through a fire
{rap, an arrangement of rollers to smother a
fire inside the head and prevent it from reach-
ing the film inside the magazine.

The film is dragged out of the imagazine
by the upper sprocket, which is driven through
gears on the other side of the head with uni-
form angular velocity. A pad roller presses
the film against the sprocket by spring action.
A short loop of film 1s then left, and the film
passes through the gate, which consists on one
side of a flat plate with an aperture against
which the celluloid is held in a plane so
that it is possible to get an accurate focus on
it. The standard size of the aperture through
which the light passes is, for silent film,
0.906” by 0.6795”’; when there is a sound
track on the film the picture aperture must
be correspondingly reduced in its long dimen-
sion. The pressure which keeps the film flat
against the aperture plate is supplied by small
metal bars called fension shoes, which are
backed by fension springs. These also exer-
cise braking force on the moving film, of
which more will be said later. The position of
the projection lens opposite the picture aper-
ture is clear from Fig. 1.

The infermittent sprocket controls the mo-
tion of the film just below the gate. The filin
is pressed against it by means of a curved
shoe, or a pad roller may be used as in the
case of the other sprockets. The driving mem-
ber of the intermittent mechanism is a circular
cam, which actuates a “star,” the motion of
which isimparted to the intermittent sprocket.
The design may be such that for a 360-degree
movement of the driving member the sprocket
goes through a 90 degree arc. It moves, then,
one-quarter of the total time, corresponding
to a 3:1 time ratio of stationary to moving
tinte. If projection is at the rate of 90 feet per
minute, corresponding to 24 pictures per
second, the intermittent must move 24 times
per second also, and while it is moving it must
drag the film through the gate three times as
fast as the continuously nioving sprockets
above and below the intermittent pass the
film along. Between the lower sprocket and
the intermittent there is a loop of film, longer
than that between the intermittent and the
upper sprocket. Through these loops the jerky
motion of the film in the gate is made inde-
pendent of the continuous motion elsewhere.
There must be sufficient slack at these points
so that when the film is jerked down through
the gate the section between the upper
sprocket and the gate will not be pulled taut,
and, similarly, when the film is at rest in the
gate the continuous motion of the lower
fﬁrocket must not tighten the film between

e intermittent and lower sprockets. Both
loops, while the projector is running, vibrate
at a frequency equal to the number of pic-
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Fig. 2—Drawing shows type of
shutter used for motion-picture
projection

tures per second, owing to the periodic length-
ening and shortening of the section of film in
each loop. The regular alternation of rest and
rapid movement of film in the projection
mechanism, with slower, continuous motion
above and below, is the design basis of the
commercial intermittent type of motion-
picture projector.

Mention was made above of the fact that
the tension shoes in the gate exercise a braking
action on the moving film. If the braking
pressure is insufficient the filin tends to * over-
shoot”—it does not stop, that is, at the in-
stant that the motion of the intermittent
sprocket ceases, but is carried on slightly by
the momentum. This defect manifests itself
by a tendency for the picture to move up on
the screen. The tension must be set so that
this will not occur at the highest speed at
which the projector is run. The effect of too
much tension, on the other hand, is rapid
wear on the intermittent mechanism, the
teeth of the intermittent sprocket, and the
film itself.

OPERATION OF SHUTTER

Now that the action of the intermittent
has heen described the operation of the shutter
may be analyzed in greater detail. Fig. 2
presents a view of a segmental disc type of
rotating shutter, viewed from a point in front
of the projector. The shutter in this case has
two blades. One of these, usually slightly the
broader, is known as the worZing, culling,
obscuring, main, master, or travel blade, which
has the function of intercepting the light dur-

ing the movement of the film across the pic-
ture aperturc. The necessity for this has al-
ready been discussed. The sccond blade,
known as the infcreepling or flicker blade,
interrupts the light during the rest or projec-
tion period and thus reduces or eliniinates
flicker by incrcasing the number of pictures
per second thrown on the screen. Ilicker is
the visible alternation of light and darkness.
It is visible when it is not sufficiently rapid.
Sixteen pictures per second is enough to pro-
duce an illusion of motion, but not cnough
to overcome consciousness of the alternation
of light and darkness. The addition of a second
blade to the shut ter increases the alternations
to 32 per sccond, making the flicker less an-
noying. ITigher projection speed obviously
tends to decrease flicker by increasing the
number of pictures per second and the perio-
dicity of the light fluctuation. The frequency
required for comfortable vision depends on
the brightness of the screen, which is depend-
ent on the intensity of the light source and
the type of reflecting surface used in the
screen. With a very bright screen a three-
blade shutter (two flicker blades) may be
preferable to the two-blade type. At 21 pic-
tures per second (90 feet per minute), which
is standard for sound pictures, the three-blade
shutter gives 72 flushes of light on the screen
each second, with intervening periods of dark-
ness. This is sufficient to reduce flicker to a
negligible point under normal conditions of
bright lighting and high screcn reflection.

The shutter must be timed (sct in phase)
so that the obscuring blade cuts off the light
while the filin is mnoving. This is taken care of
approximately by a preliininary setting of the
shutter so that 1t covers the projection lens
almost all the timne that the intermittent is
moving. The residual light, called *‘travel
ghost,” which gets through under this condi-
tion and manifests itself as a series of white
streaks in the picture, may be eliminated
by a secondary adjustment which is provided
on standard projectors.

It is standard practice to thread the pro-
jector in frame, that is, to insert the film so
that one of the pictures coincides exactly
with the aperture and appears in the proper
position on the screen. In some machines a
framing device is provided, consisting of a
small incandescent bulb which 1s lighted dur-
ing the threading process so that the projec-
tionist may view the film in the aperture
through a small door. Misframing results in
parts of two pictures appearing on the screen
at the same time, the frame line between
them being in the aperture instead of coin-
ciding with its upper or lower edge. This may
be corrected by means of an adjustment while
the machine is running. Even if the picture
is properly framed at the beginning of the
reel, a badly made splice may throw it out
of frame.
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Cabinet Resonance Explained

MEASUREMENTS ON DYNAMIC SPEAKERS

speakers in use at present for radio

reproduction. These are the electro-
magnetic drive and electrodynamic drive
cone loud speakers. The latter is the nmost
recent and will be considered in the following
discussion because it gives a much wider fre-
quency response than do other types.

The usual dynamic loud speaker consists
of a moving-coil systemn and some form of
magnetic field. The moving coil is attached to
a small cone which acts as a diaphragm to set
the surrounding air into motion. This coil
moves hack and forth in the magnetic ficld
and the amplitude and frequency of motion
depends upon the audio signal currents
through the eoil. The cone usually has two
supports, one near the moving coil in the form
of a fibre or aluninum spider frame, and the
other at the front edge of the cone in the form
of a thin leather ring. These two supports
allow the cone to vibrate freely in a plunger
motion back and forth.

The magnetic field generally consists of a
field winding, an iron core, and a shell-rcturn
magnetic path. The power used by the field
varies from 2.5 up to 20 watts for different
types. Most of the magnetic field {lux is used
up in the air gap across the moving coil since
this gap is fairly large. At least 0.010 inch
clearance is allowed on each side of the coil
and the coil itself is from } to & inch thick.

TIIERE arc two general types of loud

The Dynamic Unit

VI‘HE dynamic loud speaker is really a
very complex machine when an attempt
is made to analyze it electrically. At first
sight, it appears that it functions 1n a siimple
fashion. i.e., the diaphragm is actuated by
the moving coill which in turn moves in ac-
cordance with the audio-frequency currents
flowing through it. This is true within certain
limits but the question arises as to how much
distortion is introduced for currents of differ-
ent frequencies.

It 1s assumed ordinarily that a dynamic
loud speaker is inertia controlled, that is, its
diaphragm acts as a plunger. Then, for
simple harionic motion where the driving
force alternates between +TI and —F dynes,
the amnplitude can be expressed as

_F
X= m
35,000 T T
Impedance Curve
30,000 |—of W.E.540 AW Magnetic Va4
Type Loud Speaker /
25,000 - //
«» 20,000 /
=
5
15,000
10,000
5000
2! 1
o o
= o
g § BEg

FREQUENCY IN CYCLES

Fig. 1—Impedance curve of a
standard magnetic-type loud
speaker

By FRANK C. JONES

At the present time a good moving-
cotl loud speaker in a lhree-fool-square
bafllcboard operaled from a good
amplifier provides fidelily par excel-
lence. Mr. Jones, an independent
investigalor living in California, gives
us some aclual dala on well-known
speakers in lhis arlicle, dala which
should appeal lo anyone inleresled in
“qualily.” The effecl of cabinel reso-
nance, the directional effects of dynamic
speakers, and the use of fillers are dis-
cussed and tllusiraled graphically.
Incidenlally, an arlicle on the elec-
lroslatlic loud speaker is being pre-
pared for an early issue.

—Tur Ebitor.

Whcre
x =amplitude
F=force in dyncs (duc to current in moving coil in
the magnetic field
W=27 times the frequency
M = Mass of moving element in grams.

This equation shows that the amplitude
varies inversely as the square of the applied
audio frequency. According to Raleigh,
Theory of Sound, the power radiated fromn one
side of a large diaphragm is

P=1pVSwix?
and in the case of a small diaphragm

PSUx?
28V

P = power in ergs

V = velocity of sound

w = 27f

x = amplitude of motion

g = solid angle of radiation
= diaphragm area.

p = density of air

f =frequency in cycles

By large and small diaphragms are meant
those whose outside diametcrs are larger and
smaller, respectively, than the wavelengths
of sound expressed in physical measure. These
two cquations show, therefore, that for a
small diaphragm, thc amplitude mmust vary
inversely as the square of the frequency for
constant sound output. For a large diaphragm
the amplitude must vary inversely as the fre-
quency.

For high audio frequencies, the wavelength
becomes small enough to have the equation
for the large dia;_)hrugm hold true, i.e., the
amplitude varies inversely as the first power
of the frequency. This means that the power
output in sonnd will be so small at the high
frequencies that the lower [requencies wi
be overemphasized. This occurs in somne
models of dynamic loud speakers, and may be
made worse by cabinet resonancc.

Operation at High Frequencies

HE two formulas are true for inertia-
controlled diaphragms in which the whole
diaphragm moves as a unit. This actually
holds true for low frequencies with a small
cone such as is used in a dynamic loud speaker.
The cone shape gives the diaphragm very
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good rigidity. However, for higher frequencies,
this does not hold true since the apex vibrates
separately and flexural waves are radiated
out to the edge of the cone. This is liable to
cause standing waves along the diaphragm
for the higher frequencies due to reflected
waves from the edge of the cone. This occurs
at certain frequencies and is quite apparent
in the response curves for some loud speakers.

Because at high frequencies the loud speaker
cannot be considered as inertia controlled
there usually results a large increase of sound
output for the higher frequencies. The com-
bination of the two effects, inertia control and
wave-motion control, generally causes a peak
at about 3000 cycles per second for most com-
mercial forms of these loud speakers. Beyond
that. point the plunger action or inertia control
output drops off so rapidly that it is negligible
and practically all of the sound output comes
from the wave-motion action.

The motional resistance and impedance
curves of the action of the moving coil dand
diaphragn also show that the output would
be very small for the higher frequencies if it
were not for this wave-motion action. Fig. 3
shows some iinpedance curves of two varieties
of dynamic loud speakcrs. In both cases the
moving coil has an appreciable inductance so
its reactance increases rapidly for the higher
frequencies. This reactive component is of
very littie use and serves to give a poor im-
pedance match to the power tube. An example
of the impedance of a magnetic type of loud
speaker is shown in Fig. 1.

Vlotional Resistance Measurements

HE moving coil should consist theoreti-

cally only of a pure resistance, and the
motional resistance portion of this would rep-
resent the useful part towards work done.
This motional resistance is due to the acousti-
cal load on the diaphragm and so is rclated to
the useful sound output. Tt is possible to meas-
ure the motional resistance for all frequencies
by means of an impecdance bridge. First a
resistance curve is taken with the cone free to
vibrate and moving with an amplitude about
equal to that obtained for normal sound out-
put. Then the cone must be blocked securely,
a very difficult job to do completely, and a
second resistance curve made. The difference
of values of these two curves gives a third
curve of the motional resistance. These curves
are interesting because they indicate the load

Q)
Fig. 2—Two types
of filter circuits
s (equalizers) used
in connection
with dynamic

loud speakers to
produce a cut-off
above 5000 cycles
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Fig. 3—Impedance curves of two
popular dynamic loud speakers.

impedance which is offered to the power tube.
Some dynamic loud speakers have a large
motional reactance which hecomes negative
for some low frequencies witb an abrupt
peak at the natural resonant period of
the moving coil and cone system. Usually this
occurs at such a low frequency, from 20 to 70
cycles, per second, that it is not noticeable on
radio reproduction.

Filter Systems

RESENT-DAY models of dynamic loud
speakers usually have some form of filter
or equalizer as an integral part of them. The
impedance of the moving coil is quite low,

from 4 to 12 ohms for low frequencies. so a .

step-down transformer is used to obtain hetter
undistorted power output from the power
tube. In all cases the filter is connected across
the primary or high-impedance side of the
transformer. These filters or equalizers cut
off ahove certain frequencies or cause a power
loss at some frequencies.

The most general type of filter consists of a
simple “Pi” section filter consisting of two
0.01- to 0.02-mfd. condensers and a 100- to
200-millihenry inductance as shown in Fig. 2a.
This form of filter cuts off the frequencies
above its natural resonant frequency and has
practically no effect on the lower frequencies.
It is called a low-pass filter hecause it cuts off
above about 4000 cycles per second. Contrary
to manufacturers’ statements, these do not
cut-off at about 5000 cycles, hut all makes
tested hegan to cut-off at about 3500 cycles.
A 4000-cycle cut-off is very difficult to notice
as far as speech is concerned hut some of the
brilkance is lost, especially for music.

Another form of filter or equalizer (dia-
gram B of Fig. 2) consists of a resistance,
inductance and capacitance in series con-
nected across the primary of the step-down
transformer. At the resonant frequency of this
circuit the attenuation is greatest. By pro-
portionating the values in this equalizer the
“dip”” may he made sharp or broad and deep
or shallow to remove a resonant peak in the
loud speaker output. This form of equalizer
may be used to remove the peak mentioned
before where the wave motion and plunger
motion comhine to cause an increased sound
output. This peak and its removal by the
last named method is shown in response
curve A of Fig. 5.

The series-resonant filter is used in the
Jensen dynamic loud speaker while the “Pi”
filter is used generally on the Magnavox,
Rola, and other popular makes of dynamic
loud speakers.

By properly designing the shape and weigbt
of the moving system it should he possible to
eliminate equalizers- and filters. A shallow
cone, with an opening greater than 90°, will
cause the wave motion to become effective at
a lower frequency unless the stillness and

o o the cone. The cone
S shaped diaphragm is
@ not ideal but its ad-
vantages overshadow
its shortcomings in
present-day design.
That it is possible
to overcome the usual
peak at about 3000 to 4000 cycles hy proper
design was shown in a test on a new model
Jensen speaker. This curve is shown and
as can be seen the shift from plunger action to
wave motion is gradual enough so that tbe
response is nearly uniform. This was donc hy
using a larger cone diaphragm which changes
the weight and stiffness. Using a larger
diaphragm means a good low-frequency re-
sponse since for the same amplitude of motion
there is of course a much greater amount of
air set in motion. Conversely, for the same
sound output the larger diaphragm does not
have to move as far, which simplifies con-
struction somewhat.

For low frequencies, 30 to 100 cycles per
second, the amplitude of motion for good
sound output is quite great. A motion of }
to  incb is not uncommon. Such great motion
causes crystallization of the rear spider sup-
port with hreakage of these springs in time.
With the larger diaphragm the motion is much
less so the tendency to hreak is greatly les-
sened.

2000
3000

Baffles for the Dynamic

HE subject of haflles is difficult to handle

since it must consider the effect of cahinet
resonances, circulating air currents, standing-
wave effects, and acoustics of rooms.

A source of sound emits waves of a sphcrical
or hemispherical shape and these vibrations of
air travel out to all parts of the room. Re-
flection and resonant effects take place,
though generally the reflection properties
are of major iniportance. The sound waves
are reflected more or less from anything which
they strike. If the walls and floor have
drapes and rugs, the amount of absorption is,

1.0 mfd. 171

of course, much greater than in a bare room.
Therefore, the reverberation is less, that is,
the echo cflecet is sinall and so a note or tone of
any f[requency dies out nore rapidly. The
definition of music is also much clearer in
such a room, and within certain limits, much
more plcasant.

Another effect of excessive reverberation is
the creation of standing waves of sound. In
this case the reflected waves are of suflicient
amplitude, and of proper phase for sonre fre-
quencies, to eause points of maximum and
minimum sound. This is easily noticed on
organ music which is generally sustained long
enougb to allow a person to move a few
inches or a few fcet during sone particular
note. The prcsence of maximum and minimum
areas of sound for some frequencies is quite
pronounced in many rooms.

Reasons for Baffle

DYNAMIC loud speaker with its small
diapbragm will not produce tones of low
frequencies unless a baffle of some sort is
provided. The haffle should provide a path
through the air such that the shortest distance
from one side of the cone to the other is at
least one quarter the wavelength of the
lowest frequency desired. This does not pre-
vent interference of the two sources of sound
waves at the edges and near the haffle but it
does stop the air circulation sufficiently to
allow the loud speaker to reproduce the low
tones. Considering the velocity of sound in air
to he ahout 1100 feet per second, a hafile for
tones as low as 75 cycles per second can he
calculated easily.

1% 1__}_29 = 3% feet = diameter of baffle

This, of course, can he in the form of a
square 33 feet on a side. Thus to reproduce
actually a tone of 30 cycles a haflle 9 feet
square would he necessary. The wall or ceiling
of the room may be used for the purpose
when such a baflle 1s desired.

If frequencies helow the “‘cut-off” of the
baffle are impressed on the loud speaker,
the resulting tone is made up mostly of higher
harmonics. Tests hy ear apparently show
quite a hit of the fundamental tone but this is
nearly all due to the modulating property of
the human ear, since it comhines the har-
monics in a manner similar to the first detec-
tor or ‘“‘mixer” tube in a super-heterodyne
receiver. For example, if the ear hears two
tones one of 120 and one of 180 cycles, there is
apparently a strong 60-cycle tone present,
which, of course, 1s not apparent to electrical
recording systems. Fortunately very lLttle
music is transmitted helow 80 to 100 cycles
per second so a haflle of 3 feet effective lengtb
1s sufficient for present-day needs.

When a flat baffle is used there are no
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Fig. 4—The circuit used by the writer for measuring
the characteristics of dynamic-type loud speakers.
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resonant effects but as soon as the sides are
bent around, as in a cabinet, had resonance
occurs. Part of this resonance is due to the
sides vihrating and part due to the natural
period of the cavity. Making the cahinet of
heavy wood helps reduce the resonating effect
due to the sides vibrating. That this effect of
cabinet resonance is very bad can be shown
experimentally. The effect on music and
speech is to change the quality greatly. It
hecomes booming in nature because the reso-
nance is generally at low frequencies, and,
in addition, the air chamber attenuates the
high frequencies.

Response Measurements

EASUREMENTS were made by means
of a W. E. 387w transmitter and cali-
brated amplifiers over the audio-frequency
band in an effort to learn something about
cabinet resonance. The circuit arrangement
used is shown in Fig. 4 in which a special
beat-frequency audio oscillator was used as a
source of sound. This audio oscillator had
a range of from less than 30 cycles up to
about 15,000 cycles and was, of course, con-
tinuously variahle. Particular care was taken
to minimize standing waves of sound in the
room. The most practical method is to have
the “mike” less than a foot from the loud
speaker so that the direct sound wave is much
stronger than the reflected waves.
Numerous response curves were run with
thc ‘“‘mike” in different locations. Some
trouble was had from room resonance and re-

RADIO BROADCAST
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flecting surfaces since either the loud speaker
or the “mike” had to be moved for the
different runs. Even with these effects it is
quite evident that cabinet resonance is pro-
nounced as shown in curve B of Fig. 5. A
larger cabinet generally has a lower resonant
period, but because of audio amplifier de-
ficiencies, it may not be very noticeable.
Padding the inside of the cabinet with felt
does not help much since felt is not an efficient
ahsorhing material for low frequencies. There-
fore, felt padding may attenuate the high
frequencies more and tend to make the quality
even more drumimy in character. Felt padding
helps occasionally in damping the sides to
prevent vibration. Lining the cabinets with
acoustic celotex or some such material should
help greatly. Mounting the entire loud
speaker unit in thick felt seems to remove
the cahinet resonance but this cuts down the
sound output nearly half. Only the front can
emit sound in this case so a larger power tuhe
Is necessary to prevent overloading in the
audio amplifier for the same sound output.

Effect of Small Cabinets

HE harmful effect of small cabinets on

the higher frequencies is shown vividly
in the curves c of Fig. 5. The solid curve was
taken with the microphone about 15 centim-
eters in front of the loud speaker, the dotted
curve was taken with the microphone at the
same distance to the rear and the dot-dash
curve was made with the microphone on one
side. The dot-dash curve shows the effect of

cabinet resonance since the “mike’” was near
one of the vibraling surfaces. The sudden
drop at low frequencies is probably due to
interference of sound waves emitted from the
back and front of the loud speaker.

The dotted curve p of Fig. 5 shows the ef-
fects of cabinet resonance and the attenua-
tion of the high frequencies. Evidently the
cabinet cavity acts like a condenser in absorb-
ing more energy on the higher frequencies. It
is like a horn loud speaker in which there is a
large air cavity between the diaphragm and
the throat of the horn. It is quite a well-
known fact that such a cavity attenuates the
high frequencies greatly. If the air chamber or
cavity is large enough with respect to the
diaphragm, such as with a console cabinet,
this attenuation of the high frequencies is
of much less importance. If a small cabinet
must he used, drilling a few large holes in the
sides should help reduce both cabinet reso-
nance and high-frequency attenuation. These
holes would prevent the small cahinet from
acting as a horn, hut the effective haflle size
would be diminished somewhat so the very
low notes would he down a little in level.

Large cabinets such as those used to com-
pletely house the radio receiver may reduce
the resonance to a minimum by using a
screen back for the cabinet and by not having
any shelves inside of the cahinet. The use of a
couple of strips of acoustic material, such as
type BB Celotex, fastened to the sides or
sides and top inside of the cabinet should
make this form of cabinet practically as good
as a flat baflle. ’
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Fig. 5—Response curves of several dynamic-type loud speakers measured under different conditions. Curve 4, Jenseu loud

speaker; curve B, Jensen loud speaker with differeut baffles (measured five feet in frout of loud speaker); curves C, dynamic

loud speaker in a small cabinet; curve D, small-cabinet-type dynamic loud speaker; curve E, Magnavox dynamic loud
speaker; curve F, Jensen loud speaker with large cone aud uo filter or equalizer.
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THE SERVICEMAN’S CORNER

ADIO Interference from Ilouse Plumbing:
Two extraordinary but similar cases of
radio interference have comne to nmy at-

tention. Although both conditions arose in the
operation of short-wave receivers, the trouble
may be affecting ordinary receivers, and tell-
ing of the experiences here may enable others
to clear up an obscure source of trouble.
In the first instance, a microphonic trouble
developed in the receiver. The noise was
terrible. The effect was suggestive of a loose
connection. Sometimes a violent rapping on
the set produced little effect, while placing an
object on a distant table produced an ex-
plosion. Every connection from antenna to
ground on a cold-water pipe was thoroughly
overhauled. The trouble would reappear after
each discovery and removal of its supposed
cause. Matters reached a desperate state. As a
final test, the set was put in operation and a
40-foot extension cord attached to the head
set. The set was in the dining room and the
floors of the dining room and kitchen were
explored by rapping with a stick from point
to point, like a blind man and the resulting
static was carefully studied. A lone point on
the floor, remote from the set, was found to be
the most *‘sensitive.”” The extension was then
carried through the floor to the cellar and
the exploring transferred to the pipes hung
from the floor overhcad. Some were quite
sensitive but they were not coupled with the
ground connection.

The trouble was quite by chance traced to
the metal stopper of a laundry tub. This stop-
per fitted loosely in the drain outlet and was
attached by a brass chain to the cold water
faucet. This proved to be a most sensitive
microphone ai)fected by vibrations conveyed
to it from pipes hung overhead. It acted as a
variable short circuit in the pipe ground sys-
tem, changing the electrical constants of the
system. Pulling out the plug and hanging it
over the side entirely cleared this vexing inter-
ference. .

Later an annoying but less overwhelming
noise was traced to a variable
contact between two pipes in the

1 I

With this issue of Rabpio Broap-
cAsT, “The Serviceman’s Corner”
strelches inlo ils natural sitride. The
purpose of this deparlment is {o pub-
lish everything and anything of genuine
Y inlerest lo the radio serviceman thal
can be briefly and thoroughly covered.
Subjects juslifying longer (realment
will be covered in complele arlicles else-
where in Rapio Broapcast. Conlri-
butions, payable al our usual rale, will
be welcome from engineers, manu-
facturers, servicemen, and dealers who
have been inlimalely associaled with
any of lhese problems.

It is requested thal the coniribulor
wrile us on his professional stalionery,
enclosing with his leller copies of his
business cards and business lileralure

if any.

—Tue Ebprror.
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Servicing Magnavoxr Receivers: Willlam K.
Aughenbaugh, of Altoona, Pa., has run across
several Magnavox receivers that would not
function when the original tubes were re-
placed with R. C. A. or Cunningham tubes.
The difficulty, he points out, can be remedied
by short circuiting the coil of wire that will
be found under the cardboard at the bottom
of the set—near the front panel. Also the pin
on the volume-control rheostat should be re-
moved or bent so that the rheostat can be
adjusted to thefull “on” position if necessary.

Finding tube-locations: 1 was recently called
on to install a new a.c. set. Not finding any
installation instructions or data on proper
location of tubes, [ hit upon a useful method of
locating the proper socket for the proper tube.

No mistake can be made about the 280 or the
v-227, especially since the latter has five
prongs. The set in question required four 226,
one 227, two 171’s and one 280. Putting a 226
in a 171 socket won’t do the 226 any good. 1
took a 171 and put it into the first socket next
to the 227, I was sure about the location of
the 227. Not seeing the filament light, I as-
sumed it to be a 226 socket. In this way, by
trying all the other sockets, I found which
were the 226 sockets and which the 171.
Freop BerkvLEY, Astoria, Long Island.

Polarily Incorreclly Stamped: 1 just serviced
a RRadiola No. 20. The owner of this set was
using a 22.5-volt B battery as a C battery,
connected correctly. I tested the set as usual.
It would receive only locals, and these not at
all well. Closer inspection, with a voltmeter,
showed that the 8 battery was incorrectly
stamped, the stamping being reversed for
positive and negative. This is the second tiine
in my eight years of servicing scts that this
same thing has come to my attention.
GeorGE A. HartmanN, Howell, Indiana.

Terminal reversal has also happcened within
the experience of the editor. A check of the
socket and tube connections with the usual
plug-in testing outfit would show this up as a
very high plate current through the tube
having the reversed grid bias.

Servicing Cheap Recetvers: 1.. R. Arnold, of
the Richards Radio Company, Providence,
R. L. comments on the difficulties of servicing
inexpensive receivers. These are often charac-
terized by fairly good reception on local sta-
tions, but are insensitive to distant stations
and stations covered by the upper section of
the tuning dial.

These receivers can often be improved, as
far as sensitivity is concerned, by running all
r.f. tubes, with the exception of the first, from
135 volts through a bypassed variable resistor,

using the additional knob as a
sensitivity and volume control.

cellar that crossed each other. A
little wedge of wood placed be-
tween themremedied this trouble.
Probably many similar cases of
interference exist which have not
been traced down. Thisisparticu-
larly likely to be true of those
who arenow acquiring short-wave
receivers. If trouble from loose
connections cannot be found in
wires in the attic, it is time to
be suspicious of pipes in the
cellar!

—C. A. Brigas,

Washington, D. C.

A simple niethod of determin-
ing if a noisy receiver is suffering
from the trouble described by Mr.
Briggs is to run fifty feet of wire
almost anywhere, and use this as
a counterpoise Iin place of the

A Porlable Receiver To Check

General Condilions: The Kolster
Radio Company provides its
dealers with a portable demon-
stration set possessing sevcral
points of interest that reconi-
mend similar outfits for the ser-
viceman. Thecompleteapparatus
is pictured in Fig. 1, and consists
of two carrying cases, one holding
the receiver, tubes and power
supply, and the other the loud
speaker. A portable receiver of
somewhat similar design is of
inestimable value to the service-
man in solving the more general
problems of poor reception. The
mability of a receiver being ser-
viced to receive certain stations
can be checked against a stand-
ard receiver, the characteristics

ground. Also, a simple cure might
be a permanent counterpoise or
six feet of iron pipe driven into
the earth.

Fig. I—Portable radio receiving apparatus that sug-
gests a useful adjunct to the serviceman’s equip-
ment for determining general receiving conditions
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of which are well known to the
serviceman, todetermine whether
it is the location or the receiver
that is at fault.
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An outfit of this sort proved itself worth
while to the department editor in the case of
a batteryless installation in a d.e. district of
New York City. Noisy reception in  this
particular apartment removed radio from the
enicrtainment class. However, by using a
portable receiver. operating cntirely from
independent  battery sources. it was casily
ascertained that the pickup was conductive
through the lines. The receiver was rewired for
battery reception (a desperate remedy) and
has been giving satisfactory service ever since.

An Unusual Problem: The following inci-
dent came to my attention while servicing an
\twater-Kent battery receiver equipped with
an A-power unit. and perhaps a little mforma-
tion about it might help a brother service man.

The set was playing along nicely when [
arrived. but a monient later the thing stopped
dead. After about 30 seconds the sct gradually
began to play and soon was up to its full
volume. As nothing like this had happened be-
fore installing the power unit, of course, this
was blamed. A careful check of both the A-and
I3-power unit circuits failed to reveal any-
thing. A wire from the power rheostat in the
A-power circuit seemed to be a little loose, but
installing a new power rheostat didn't remedy
the trouble.

By carcfully questioning the owner of the
set 1 discovered that some time before a very
<similar trouble had developed in the set when
it was operating from batteries. The music
had died down but hadn’t stopped entirely
and by working the filament switch the full
volume of the set could be brought back. This
led to the inspection of the filament switch.
Sure enough there was the trouble. This is
how I doped it out The filament switch with
a slight jar or other disturbance would cause
a poor connection in the filament circuit.
This, in turn. would cause the voltage in the
\-power unit to rise due to the reduced load.
The condenser in this particular unit (a Hart-
ford with an electrolytic condenser and Tun-
gar full-wave rectifier) would blow as soon as
8 volts or more was pushed into it. It took
the condenser perhaps three seconds to heal
and the remainder of the thirty seconds to
charge up again. After repairing the switch
this trouble disappeared entirely. .

Artox R. Bowex. Pleasantville, N. J.

All In a Day's Work: Here are two difficult
problems which I solved more or less by
chance. The trouble was similar in each case
and may aid in solving related troubles found
by brother servicemen.

The first. a Freed Eisemann model 37. had
been working very satisfactorily. One day on
turning it on it was found to have lost its
volume even on local stations. On checking it
with an analyzer. the amplifier and power
potentials were found to be considerably less
than normal. In checking the power pack 1
found it o. k. [ turned the set upside down
and turned it on and noticed a minute curl of
~moke as I pulled the wire running {rom the
plate of the power tube to the jack. On closer
Inspection. 1 found the insulation of this wire
was leaking and. as it was cabled with a
ground wire, it practically caused a short
circuit. YWhen these wires were separated and
the plate wire replaced (as it was burned
badly) the set acted normally again.

The other was a Fada battery model which
had lost its pick-up and even locals tuned
broadly with no great kick. This set checked
perfect. When I had it out. however, I noticed
that where two wires went through the metal
parts of the frame circles of corrosion had
formed. By replacing these wires with new
insulation where possible and by entire new
wires in places where this was impossible,
and rebalancing the set, normal reception was
obtained.

In both these cases the wire involved was
covered with a material similar to black cotton
and impregnated with wax. It is not so good!

GGEORGE Vt. BRowN. douth Boston, Mass.

~N,

The D. C. Problem: Supplementing your
cditor’s remarks about the portable receiver
and artificial “*static” in d.c. districts, Arthur
IR. Gerhng, of Kellogg and Bertine, New York,
writes:

During my eight years of selling and servie-
ing radio receivers 1n the wealthiest d.c. dis-
trict in the United States, 1 have acquired a
knowledge of what the élile waut in the way
of radio entertainment and rceeption. and also

Radio Service

| For Particular People

©

Now is a good time to have the Radio
looked over, tested, and put into first-class
condition.

A radio receiver is a very delicate piece
of apparatus and no matter how well con-
structed should have attenticn from time to
time to maintain it in order for best results.

Often a little work of this kind will make
d marked improvement in quality of re-
ception.

Batteries, Eliminators, Tubes, Aerial

should all be in proper order.

We are technically trained for this
work, have the most modern tools, testing
outfits, and appliances for performing this
work in a workmanlike manner, at rea-
sonable prices. A postcard or telephone
call will receive prompt attention.

Endorsed by

National Radio Institute,-
Washington, D. C.

Box No. 387 Tel. 3527-)M
Fitchburg, Mass.

WriLLitan V. Lowe I

Fig. 2—4 neat specimen of radio

service-sales literature that brings

returns for William V. Lowe, of
Fitchburg, Mass.

the bug-a-boos that sometimes prevent us
from giving them just what they want.

These folks whom I have chosen to call the
élite would be quite satisfied—for the most
part—with just the same kind of reception
that their chauffeurs get out in the Bronx
(where a.c. current is supphied). In many
cases even this is denied them—why? First,
because they are burdened with d.c. current
with its many disadvantages known to all
servicemen. Second. the management of the
apartment houses in which they dwell often
have stringent rules regarding the erection of
antennas, and usually forbid them entirely—
quite a reasonable attitude. Third. the numer-
ous d.c. motors always found in large apart-
ments-—clevators. refrigerators. exhaust fans,
water pumps with their armatures spitting
fire and interference with every revolution.
These are a few of the things that the service-
man has to think about when installing the
present-day d.c. set, plus the natural loathing
of the “madame” to have wires stretched
here and yon about her drawing room. boudoir
—or what have you.

The several sets now being put out by lead-
ing manufacturers are successful in only a
comparatively small percentage of cases. and
these very often because of the industry of the
serviceman making the installation as regards
filtering motors—known to interfere—putting
filter banks in the d.c. line—experimenting
with antennas. etc.
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Is the manufacturer really interested in
helping to solve this d.c. problem by putting
out a set that will cut down d.c. interference to
a uinimum, or must the serviceman continne
to rub along as best he can under the eircum-
stances?

My answer to the d.c. question is: A supcr-
heterodyne using a loop—disappearing when
not in use—201a-type tubes—d.c. operated—
console cabinet with a self-contained dynamic
loud speaker. Price range $350.00 to $500.00.
What is your answer? Solve it and the resi-
dents along Park Avenue will forever be in
your debt.

[By the way, the portable used by the editor
was cxactly this].

Neal Connections wilh Bell Wire: 1t is
possible to use ordinary bell or annunciator
wire for hook-up and for external wiring pur-
poses without having the work marred. as far
as appearance is concerned, by frayed ends.

If first the outer cover is unwound as far
back as desired. then the inner covering. which
is wound in the opposite direction, is unwound
to the same point. and the two loose ends tied
together and clipped short. there will never be
any ragged ends hanging loose.

J. . Bonp, Dallas, Texas.

Testing Audio-Frequency  Transformers:
When going on service jobs I always carry a
carbon microphone button with me, which can
be shunted across the primary of the first
audio transformier In series with a six-volt
battery. If. on speaking into it, the voice
comes through well, the andio channel can be
eliminated as the source of trouble.

Ber~arp J. CannoN, Pittsburgh, Pa.

[Another simple way of accomplishing the
sane test 1s to connect a loud speaker across
the grid leak of the detector tube. and speak
against the diaphragm. The unit from an old
horn-type loud speaker may be included con-
veniently in the service kit for this purpose.
It is. as Mr. Cannon suggests. the simnplest
test for the audio channel—Edilor].

Defectire Transformers: The usual tests for
an open primary will not locate a microphonic
transformer winding. which is the cause of a
great deal of trouble down liere in Florida. 1
have run across several cases of transformer
trouble that tested o.k. with a battery and
milliammeter, but were defective in operation,
due, probably, to the dampness of climate.
VWhen suspecting trouble of this nature, I con-
nect a 1.5-volt C battery across the primary
of the transformer and a pair of telephone
receivers across the secondary. A defective
primary will generally show up. as a loud
scratching. after a few seconds. The effect. of
course, is stepped up by the transformer.

C. WasHBURN, Jr. Jacksonville, Fla.

Noise in the volume confrol: Here is a sug-
gestion for remedying a difficulty which has
turned up in some instances. If a set had not
been used for some time and thc weather has
been damp. slight oxidation may occur at the
point of the volume-control contacts. A con-
dition of this kind will cause some noise when
the volume control is adjusted. Fada Sales
points out that. although such a condition
may not always be apparent. it is easily fixed
by moving the contact arm back and forth
until the slight oxide coating has worn away.

Walch for bad conlacls: Two simple
sources of Improper contact which may cause
tronble are worth mentioning. Receivers
equipped with loop antennas connecting to
the receiver through a plug and jack arrange-
ment may develop noise due to dirty contacts.
This trouble is quickly stopped by rubbing the
plug with a bit of fine sandpaper. Contact
prongs in the house-lighting plug circuit con-
necting the receiver to a convenience outlet
may become slightly bent so that the contact
in the outlet is not tight. Noise resulting from
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this cause is removed by bending the prongs to
assure a tight contact.

The Case of the Broken Vase: ** A telephoned
service call” writes D. F. Greer, Coatesville,
Pennsylvania, ‘“informed me that while the
set tuned properly, it lacked volume. I as-
sumed that it was probably a case of poor
tubes, open transformer, or similar ailment.
On testing the set, antcnna and ground were
o.k. and routine tests showed no opens, no
shorts, tubes good, plate and filainent voltages
correct, proper C voltages, and still the sct
did not deliver a “kick.” A new speaker was
substituted with no change. I was on the
point of removing the set to my shop for a
bench test when I accidentally discovered the
difficulty. In testing the B power unit, I had
clipped the negative lead of the meter on the
negative post and the positive lead at the time
lay in my left hand. I gazed disgustedly at the
set and toyed abstractedly with the extension
cord of the loud speaker. There was a deflec-
tion in the voltmeter (the cord had been tested
for continuity), and at the same time a
tingling sensation in my hand. Then the truth
dawned. The loud speaker was being shunted
by moisture in the cord. I could not. under-
stand what caused the dampness until one of
the maids confessed she had knocked over a
vase containing cut flowers and the water had
seeped into the cord. This cxperience illus-
trated to me the value of a high-resistance
voltmeter.

Antenno-Ground, connections: While there
are several devices made for the purpose of
bringing the antenna and ground wires into
the house, the use of an ordinary convenience
receptacle makes a neat job and one which is
uniform with other receptacles and wiring in
the house. I have found that the owners of
higher-priced sets prefer this manner of en-
trance rather than the use of window strips
and manufactured receptacles. A porcelain
tube is used through the brickwork to insu-
late the antenna lead-in. The wires are then
pulled through the knock-out in the rear of the
receptacle and the ends clamped under the
screws inside the box. A length of double-
conductor and receptacle plug then connects
the set to the outlet. Be sure to cut the hole
in the baseboard to fit the box and not the out-
let plate. Fig. 4 shows this method.

—D. L. LovE, Greensboro, N. C.

Items of Interest

ONTRIBUTIONS on the routine of
servicing, the general equipmnent, and
tools employed are piling in on the service

Brick ...

Veneer - Plastered Wall

Lo
Radio Set,

Porcelain A
Tube ~- - Plate
] *-f Baseboard J
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y
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Fig. 4—A4 neat method for bringing
antenna and ground wires in the
house

editor’s desk in response to our recent request,
for such material. Just what we are going to
do with this—outside of the fact that i will
be used—we don’t know. It is possible that the
material will prove of sufficient. intcrest and
length to justify a separate article—or per-
haps we shall inake a symposium of the vari-
ous contributions—or, again perhaps, we
shall pick the best points of all contributions
and give them to you as a digest.

At any rate we are still open for suggestions
on the routine of servicing and the simplest,
yet complete, equipment. with which to do it.

P‘BANCIS H. ENGEL, Radiotron Engine r,
with the R. C. A, sends along the following
suggestions in reference lo tests on rectifiers
and power tubes suspected of suffering from
old age:

(1) The loss of emission in a rectifier tuhe
(which is the usual cause of failure) is quite
often accompanied by an increasc in alternat-
ing-current hum. The most. practical and
simplest metbod of detcrmining whether or
not the rectifier tube is defective is to remove
the tube in question and substitute in its
place a new tube of known good quality.

(2) The average life of the 281-type recti-
fier 1s greatly in excess of 1000 hours when
operated under maximum rated conditions.
Individual tubes may fall short of this figure
but the large majority of them will exceed it.

(3) Regarding a test for defective output
tubes the same scheme as outlined above for
the rectifier tube would seein best.

Many servicemen hove wrilten us osking for
suggestions as lo the best book avattobte on the
background of radio theory. We don't know any
such book becouse each inquirer wanis a book
with some spectol emphasis {o suil his por-
ticular needs. Most of our correspondents wont
a book on radio circuits, particularty deoling
with recetving circuits, which does not devole
major atlention to the general theory of electricol
circuits. There is such a book, indeed there ore
several. How Radio Receivers Work, by Wolter
Van B. Roberts and published by Rapio
Broapcast, Garden City, N. Y. at $§1 net
contains precisely the sumple, clear analysis
that is so welcome when it is found. Other useful
books ore listed on poge 295 of this issue.

(4) Another test which a serviceman should
make when looking for trouble in the rectifier
unit of a receiving set is to test for d.c. voltage
across the output terminals of the filter and
voltage divider. Knowing, fromn experience,
the normal value he can readily tell by his
meter reading whether or not the rectifier tube
is performing satisfactorily.

Literature That Sells Service: The radio
service business, for the greater part, concerns
a commodity that sells itself. When a radio
set actually goes wrong, the average person
turns to the serviceman and it requires no
salesmanship to convince him that his set
needs repairing. But sales literature—circulars
and cards describing the advantages of some

articular serviceman or company—can go a
ong way toward building up a profitable
service business.

Such literature acts in several ways. It re-
minds the radio owner that it is foolish to
wait until his set actually goes bad,—until he
misses entertaining programs—before calling
mm the serviceman. It also impresses on his
mind the name and address of a reliable
serviceman available in case of trouble. Thirdly
it may call his attention to subtle difficulties
existing in his set of which he was only vaguely
aware.

Fig. 2 shows a card circulated by William
V. Lowe, Certified Radiotrician, of Fitchburg,
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Fig. 3—A simple antenna clamp
which s eusy to instalt.

Mass., that gives a good idea of what can be
done in the way of progressive servicing.

The possibilities of drumming up trade in
this manner are enormous. Special circulars
could be preparcd, prior to important broad-
casts, suggesting the inspection services of an
expert at a special price. The average set
owner should be educated into having his
equipment examined at regulag. intervals—
in the same way that the intelligent man goes
1o his dentist. Stock circulars can be prepared
for distribution in the late summer suggesting
that now is the time to have receivers gone
over thoroughly in preparation for the coming
radio season.

Good radio service salcs literature might
turn the sumnmertime into a profitable radio
season.

*The Serviceman’s Corner” is particularly
interested in circulars, letterhead and cards of
this nature, and will pay a special price for
those reproduced.

Arthur Rogers, New York City serviceman,
has been building up sales on electric phono-
graph pick-ups by following up his old custom-
ers. He circuﬁarizes the owners of receivers he
made several years back, adding to this list
all recent service jobs on old equipment. I{e
suggests modernizing these receivers by the
installation of Ef)wcr amplifier apparatus and
new speakers. The phonograph pickup natur-
ally follows.

“The Serviceinan's Corner” pays for live
sales tips.

What should the serviceman charge? What
is an equitable price for an inspection?—for an
hour’s work? How should the serviceman
figure his charges? Should the profit on parts
lessen his charges for time? “The Service-
man’s Corner” will welcome an exchange of
ideas on this subject.

An antenna clamp which makes installation

quick, and inuch neater than isoften possible
has been brought out by the F. G. Manu-
facturing Company, 1117 Peoples Bank Build-
ing, Indianapolis, Indiana. This clamp re-
quires no nails or braces to aflix it to the root,
or chimney. A sample has been examined in
the Laboratory and found very satisfactory.
il‘hﬁ picture, Fig. 3, shows how the device
00ks.



Explaining the Whole <“Business”

IMPORTANCE OF IMPEDANCE RELATION

speaking in a portion of the country which

shall from motives of policy, be nameless,
upon reaching the inevitable question period
was somewhat taken aback by the query
“What's sanitation?” Lest the writer find
himself In a similar predicament he hastens
to define impedance, which he is going to en-
deavor to explain briefly in this article. The
first part of this article is devoted to the
general subject of impedance and the latter
part of the article to its application to audio
transformers.

Impedance is that quality in an elcctrical
circuit which impedes or limits the flow of
current, and determincs the value of the
current that flows when a given pressure (volt-
age) Is applied against the obstruction. It
should not be nccessary to point out that, if we
are connecting an electrically operated device
in a circuit, the impedance of the device is of
the utmost importance, since it regulates the
amount of current which is delivered to it
from the source. A device of very great im-
pedance approaches an open circuit in effect,
that is, littlc current flows from the generator
to the load. On the other hand, if a short cir-
cuit (very low impedance) is ptaced across the
generator, all the available voltage will be
used up in forcing the large current through
the internal impedance of the generator.

The power supplied to the load depends
neither on current nor voltage alone; it is pro-
portional tG the product of current and volt-
age, that is, power equals volts times aniperes.
I'ig. 3 shows the vanation of current, vo’ltage,
and power for a source of 5000 ohms imped-
ance (for example, a tube with a plate ini-
pedance of 5000 ohms, such as a 210 or 112a)
and generating 100 volts, as the load imped-
ance is varied. The current is at maximum
when the output or load resistance is zero
under which conditions the current is equal
to the voltage, 100, divided by 5000 ohms
which gives 20 milliamperes. The voltage avail-
able across the load is equal to

]: T IS recorded that a lecturer on sanitation,

Resistance
of load
Resistance
of load plus
internal  re-
sistance of
gcnerator
(5000 ohins)

Voltage across the load = 100 volts times

The voltage across the load, therefore, rises as
the load impedance is increased and will be at
maximum when the load impedance is infin-
itely high. The power in the load, however,
rises to a maximum where the load is 5000
ohms, or equal to the source impedance. This
relation is always true; that is, the maximum
transfer of cnergy occurs when the source

o

Ry

? XL

(RL+ X =2,)

Fig. I—Diagram of a transformer
with load.

By C. T. BURKE

Engineering Department, General Radio Company

(generator) impedance and the load Iinped-
ance are equal. '?"his is a universal rule applying
to batteries, rotary generators, and convert-
ers, as well as to vacuum tubes.

We are pleased lo present this article
by Mr. Burke in which he endeavors fo
clear up some misconcepltions regarding
impedance, especially as it affecls the
operalion of audio fransformers. Im-
pedance is a characleristic possessed by
every unif used in a recewer and few
things in radio are more tmportant
than a clear undersianding of whaf im-
pedance is and how it affecis the oper-
alion of various devices.

—THE Epiror.

Conditions in Tube Circuils

N COMMUNICATION circuits, the im-
pedance of the circuit elemcnts is often

necessarily high, so that the current flow even
under short circuit will not cause dainage.
Under these circunistances, with vacuuin tubes
it is possible to realize the theoretical maxi-
mum output of thc device, obtained when the
load impedance equals the generator imped-
ance, and the so-called *“matching’ of im-
pedances becomcs important. That is, in
connecting two circuits or devices together,
it becomes important to have the impedauce
of the circuit in which the power originates
(the source) equal to the impedance of the
load (or *“‘sink’’). For a concrete example,
a power tube of 5000 ohms impedance will
deliver maximum power to a load of 5000
ohms impedance,

The importance of exact matching of im-
pedancc has undoubtedly been over-empha-
sized. In the power curve of Fig. 3 it will be
notcd that, wll:ile the maximum power to the
load occurs with a load resistance of 5000
ohius, the load rcsistance can vary from 2600
to 10,900 ohms, a range of about 4 to 1,
with only ten per cent. reduction in load
power. Owing to a pcculiarity in the behavior
of vacuum tubes, the maximwun undistorled
output will be delivered to a load of twice the
impedance of the tube, i. e., 10,000 ohms for a
5000-ohm tube, and in designing a circuit this
relation is usually aimed at.

The impedance of a device is deterimined
generally by certain considerations in its
design which cannot be altered conveniently
to obtain the optimwn impedance relation
when the device is worked out of a source of
a certain impedance. The remedy for this
situation is fortunately quite simple, involving
only the use of the so-called impedance ad-
justing transformer. The reinainder of this
article is devoted to a discussion of this im-
portant device.

Impedance Adjustment

T WILL beremembered that inipedance was
defined as the oppoesition which a circuit
offered to the flow of current, in other words
the factor which determines the flow of cur-
rent from a source of definite voltage and

@® march, 1929 . page 322 @

internal impedance. If, then, a load imped-
ance may be so affected as to cause the same
current to flow in from the source as would
another impedance, it is, so far as the source
is concerned, equivalent to the latter imped-
ance. If the load impedance is less than the
source impedance there are two methods of
increasing it, by means of a series impedance,
and by means of a transformer. The series
impedance method does not generally accom-
plish the desired result. Under the conditions
in which we are principally interested, i. e., a
vacuum tube feeding a loud speaker, the
series impedance is not effective. While the
“matching” thus accomplished does increasc
the power output of the tube, it does not in-
crease the input to the load, since the added
power is dissipated in the extra series resist-
ance. Similar reasoning will dispose of the
suggestion of the use of a parallel impedance
to reduce the load impedance. There is left
as a possible means of impedance adjustment,
the transformer.

The action of a transformer is to step-up
or -down an alternating current or voltage.
Since the transformer is not a source of
power, the power must be the same on both
sides except for the losses in the instrument.
Power being proportional to the product of
current and voltage, this product must be
the same on both sides of the transformer,
i. e. the current is stepped-up in the same
ratio as the voltage is stepped-down, and vice
versa. This ratio of transformation is the
ratio of turns in the two windings (approxi-
mately). .

Consider the loaded transformer of Fig. 1.

The definition of impedance may be stated

algcbraically as: Z = %, i e.,

voltage

impedance =
current

Then if Zi.. is the equivalent impedance of
the transformer and load (the impedance
which would pcrmit the same current to flow
as flows with the loaded transformer):

) O NE, NEZL 2
Zie. fr I E N2ZL
where
Zi.e. — equivalent impedance of load from primary of

transtormer
N — turns ratio=E;/E»
E; — voltage across primary
Iy — primary current
I — sccondary current
E2 — secondary voltage
ZL — load impedance

That is, the equivalent impedance of_ a
transformer of a turns ratio of N, loaded with

Rp Ry ad

NIR,

N2 Xy

PP

T

Fig. 2—Equivalent circuit of the

loaded transformer. The circuit

of Fig. 1 may be replaced by this
series-parallel network



Table of Wavelength Allocations

The following table gives the wavelength allocations
which were adapted by the International Radiotele-
graph Conference at Washington, D. C. The data show
the type of service permitted in wavelength bands

between 5 and 30,000 meters (60,000 and 10 kilocycles
per second). This radio allocation plan, of course, is
used in all civilized countries of the world, as it was
adopted at an international conference.

Frequenciesin- | Approximate Frequencies in Approximate
kilocycles per wavelengths Services kilocycles per wavelengths Services
second (ke/s) in meters second (kc/s) in meters
10- 100 30,000-3,000 Fixed services. 550— 1,300% 545~ 2304 Broadcasting.
100- 110 3,000-2,725 Fixed services and mobile services. 1,300— 1,500 230- 200 (a) Broadcasting.
110- 125 2,725-2,400 Mobile services. (b) Maritime mobile services, waves of 1363
125- 1500 2,400-2,0000 Maritime mobile services open to public corre- ke/s (220m) exclusively.
spondence exclusively. 1,500- 1,715 200- 175 Mobile services.
150- 160 2,000-1,875 Mobile sgrvices. Mobile services.
(a) Broadcasting. 1,715~ 2,000 175~ 150 Fixed services.
(b) Fixed services. Amateurs.
(¢) Mobile services. 2,000- 2,250 150- 133 Mobile services and fixed services.
The conditions for use of this band are subject 2,250~ 2,750 133- 109 Mobile services.
to the following regional arrangements: 2,750- 2,850 109- 105 Fixed services.
All regions where broadcast- 2,850- 3,500 105- 85 Mobile services and fixed services.
160- 194 1,875-1,550 ing stations now exist work-( broadeastin Mobile services.
ing on frequencics belowJ ng. 3,500—- 4,000 85- 75 Fixed services.
300 ke/s (above 1000m). Amateurs.
Other rexions { Fixed services. 4,000- 5,500 75— 54 Tobile services and ﬁxed services.
Rl Mobile services. 5.500- 5,700 54~ 52.7 | Mobile services.
Regional arrangements will respect the rights 5,700— 6,000 52.7- 50 Fixed services.
of other regions in this band. 6,000- 6,150 50— 48.8 | Broadcasting.
(a) Mobile services. 6,150 6,675 48 8- 45 Mobile services.
(b) Fixed services. 6,675~ 7,000 15-42.8 Fixed scrvices.
(¢) Broadcasting. 7,000~ 7,300 42 .8-11 Amateurs.
The conditions for use of this band are subject 7,300- 8,200 41-36.6 Fixed services.
to the followiug regional arrangemerts: 8,200- 8,550 6.6-35.1 Mobile services.
(a) Air mobile service exclusively. 8,550- 8,900 35.1-33.7 Mobile services and fixed services.
(b) Air fixed services errlucn'elv 8,900~ 9,500 33.7-31.6 Fixed services.
Europe (¢) Within the band 2 50-285 ke/s 9,500~ 9,600 31.6-31.2 Broadcasting.
P (1200-1050m). Fixed service nol 9,600- 11,000 31.2-27.3 Fixed services.
194—- 285 1,550-1,050 open o public corresponderice. 11,000-11,400 27.3-26.3 Mobile services.
(d) Broadcastmg within the hand 11,400-11,700 26.3-25.6 Fixed services.
194-224 ke /2 (1550-1340m). 11,700-11,900 25.6-25.2 Broadcasting.
(a) Mobile services except 11,900-12,300 25.2-21.4 Fixed services.
commercial ship sta- 12,300-12,825 24.1-23.4 Mobile services.
tions. 12,825-13,350 23.4-22 .4 Mobile services and fixed services.
Other regions { (b) Fixed air services erclu- 13,350-14,000 22.4-21.4 Fixed services.
stvely. 14,000-14,400 21.4-20.8 Amateurs.
(¢) Fixed services nol open to 14,400-15,100 20.8 19.85 Fixed services.
public correspondeunce. 15,100-15,350 19.85-19.55 Broadcasting.
285—- 315 1,050- 950 Hadio beacons. 15,350-16,400 19.55-18.3 Fixed services.
315~ 350 950— 8502 Air mobile services exclusively. 16,400-17,100 18.3 -17.5 Mobile services.
350- 360 850- 830 Mobile services not open o public correspondence. 17,100-17,750 17.5 -16.9 Mobile services and fixed services,
360—- 390 830~ 770 (a) Radio compass service. 17,750-17,800 16.9 ~16.85 Broadcasting.
() Mobile services. on condition that they 17,800-21,450 16.85-14 Fixed services.
do not interfere with radio compass 21,450-21,550 14 -13.9 Broadcasting.
service. 21,550-22,300 13.9 -13.45 Mobile services.
390- 460 770- 650 Mobile services. 22,300-23,000 13.45-13.1 | Mobile services and fixed services.
460- 485 650—- 620 Mobile services (except damped waves and rudio- 23,000 28,000 13.1 -10.7 Not reserved.
telephony). 28,000--30,000 10.7 -10 Amateurs and cxperimental.
485— 5153 620~ 5803 Mobile services (distress, call, ete.). 30,000-56,000 10 -5.35 Not reserved.
515- 530 580- 515 Mobile services nof open fo public correspondence 56,000-60,000 35-5 Amateurs and experimental.
(except damped waves and radiolelephony). Above 60,000 Below 5 Not reserved.

IThe wave of 143 ke/s (2,100m) is the calling wave for mobilc stations using long
con tinuous waves.
?The wave of 333 kc¢/s (900m) is the international calling wave for air services.

#The wave of 500 kc/s (600m) is the international calling and distress wave. It may
be used for other purposes on condition that it will not interfere with call signals and

distress signals.

® march, 1929

sMobile services may use the band 550 to 1,300 ke /s (545-230m) on condition that
this will not cause interference with the services of a country which uses this band
exclusively for broadcasting.

NoTrE.—It is recognized that short waves (frequencies from 6,000 to 23,000 kc/s
approximately—wavelengths from 50 to 13m approximately) are very efficient for
long distance communications. It is recommended that as a general rule this band of
waves be rezerved for this purpose, in services between fixed points.
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