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Kile
Your Copies
of Radio News

MAI\'\ times vou’ve probably hunted high and

low for important issues of Radio News. And.
when you finally lound the copy vou needed, it was
torn and barely legible. Or, the copy vou wanted

so urgently could not be found at all!

No longer need you he inconvenienced by mislaid
or torn copies of Radio News. No longer must vou
purchase duplicate copies to replace lost issues. A
sturdy, convenient binder is now available to read-
ers of Radio Neuws.

In response to many urgent requests [rom our sub-
seribers, we have obtained a first-elass, durable
binder constructed to hold twelve copies of Radio
Veuws, with the front cover stamped in gold.

We know this binder will render satisfactory serviee
hecanse we have tested it thoroughly by using it in

our own office for months.

The binder we offer is covered with neat-appearing,
washable, black fabrikoid. 1t is all in one piece—
no extra parts to lost or mislaid—heavily

get

boarded, and easy to use. Furthermore, when
opened, every page of the copies inserted is fully

visible.

Here’s How To Get This Binder
Free!

Knowing that many of our readers want these hind-
ers, we are making thiz special offer: Subseribe to
Radio News for 9 mounths at 82 or 2 vears at the
money-saving price of S4 and we will send yon this
serviceable binder, postage prepaid, absolutely free!
Renewal subscriptions will also be accepted!

Binders Also Available At Low Cost
1t yvou need more than one hinder—if vou do not
care 10 place a subscription at this tine—you can
obtain these binders at the amazingly low price ol
S1—postage prepaid!

Supply Limited—Order Today
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N
Made $10,000 More

in Radio

mm'lz c%?os(‘)lé«c)hmsoxl\m mi?xt IR?((H(? $2,000.000 to hundreds of millions of dollars, Over 300,000
than I would have made if I jobs have been created by this growth, and thousands more
had continued at an old joh.” will be created by its continued development. Many men
Vietor L. Osgood,

St Cloud Ave., | pive you in the N. R, 1, course—have stepped into Radio

at t d thr ti their for laries. .
" Get Ready Now for Jobs Like These SPECIAL Radio Equipment

West Orange, N.

Jumped £rom $35 to

$100 a week

If you are dissatisfied with your
present  job, if you are struggling

along in a rut with little or n; Free Boo}‘
prospect of anything Dbetter than

a  skinny pay euvglope—clip the Teus HOW
coupon NOW. Get my big FREE
book on the opportunities in Radio.

Itead how quickly you can learn Man co“pon’
at home in your spare time to be
o Itadio Bxpert—what good jobs my
gruduates have been getting—real jobs with real futures.

Many Radio Experts Make $50 to $100 a Week
In about ten wyears the Radio Industry has grown from

and young men with the right training—the kind of traiming

Special Free Offer|

— $HOOTING
o

A <. 0P

5. &
TTERT SETS

awret )

Act now and receive in ad-
dition to my big free book,
“‘Rich Rewards in Radio,”
this Service Manual on
D.C., A.C., and Battery
operated sets. Only my stu-
dents could have this book
in the past. Now readers
of this magazine who mail
the coupon will recelve it
free. Overcoming hum,
noises of all kinds, fading
signals, broad tuning, howls
and oscillations, . poor dis-
tance reception, distorted or
muflled signals, poor Audio and
Radio Frequency amplification and
other vital service information is
conlained in it. Get a free copy
by wmailing the coupon below.

NOW!

Broadcasting stations use engineers, operators, station man- . 3
n,'l.'lvrs, :m([i 1):\_\t' \;p to $5,1)0(z a year. Manufacturers continu- for Broad PractlcalEXpel'lellce
ally  employ testers, inspectors, foremen, cngineers, service
men, buyers, for jobs paying up,to $6,000 a year, Iindio Op- Given mthout ﬁt"a Charge
=

crators on ships enjoy life, sece the world, with board and
lodging free, and get good pay besides. Dealers and jobbers
employ service men, salesmen, buyers, manugers, and pay up
to $100 a weck. My book tells you about these and many

“‘Before I cntered Radio I other kinds of interesting Radio jobs.

was making $35 a  week. I - -
?urued 3300 in oncl\\(‘lck serv]—: Many Make $5, $10, $18§ a Week Extra in
cing and selling {:\( ins. q

R % Spare Time Almost at Once

You started me off on the right The day you enroll with me I send you instruetions which

foot.”

J. A Vaughn,

Gmnd Radio & App. Co.,
3107 8. Grand Blvd.,
St. Louis, Mo,

$50 to §75 a Week

you should master quickly for doing 28 jobs common in
most every neighborhood, for spare-time money. Through-
out your course I send you information on serviecing popular
makes of sets! I give you the plans and ideas that have made
$200 to $1,000 a year for N. R. I. men in their spare time.
My course is famous as the ecourse that pays for itself.

Television, Short-Wave Radio, Talking Movies,
Money-Back Agreement Included

Special training in Talking Movies, Television, and Home
Television experiments, Short Wuave Radio, Radio’s use in
Aviation, Servieing and Merchandising Sets, Broadcasting,

fied with my Lesson and Instruction Service upon completion.

the Radio service business for

myself, where it is possible for Get your copy today. It’s free to all residents of the W
me to make from $50 to $75 a United States and Canada over 15 years old. It tells you thls teSted a'
where Radio’s good jobs are, what they pay, tells you about to EIG

week.

Bernard Costa,
Box §3. Station G, my course, what others who have taken it are doing and

Brooklyn, N,

8500 extra in 6 months

“In  locking  over my
records I find I made $500
in my spare time in six
months. My best week
brought $107. I have only
one regret regarding your
course—I should have taken
it long ago.’’

oyt Moore,
R. R. 3, Box 919,
Indianapolis, Ind.

making.  Find out what R.\dxo offers you without the slight-
est obligation. ACT NOW ¥ i

E. SMITH, President
National Radio Institute Depg, 3DR

Washington, D. C.
Our Own Home
Pioneer and World ’s
Largest Home-Study Ra-
: dio training organization
.1:! devoted entlrely to train-
ing men and young men
’ for good jobs in the Radio
| industry. Our growth has

We occupy three bundred
times as much floor space
i now as we did when or-
,g,a.mzed in 1914.

how to use
circuits whi
ples used

ers.
b

I have doubled

Commercial and Ship Stations are included. I am so sure that

wage A QNG N. R I.. cen train you satisfactorily that Y will agree in writ- and trlpled the
ivationa adlo nsti~ ing u Cery * o iti i 7 -, nti

R o SR oat tion. to ing to.xefund every penny of your Vtu1t10n {f you are not s.x}ns- Sa arles of man

make more money than I ever

made in good times. I am in 64.Page Book of Information FREE Flnd Out about

y

My course is not all theory. I‘ll show you

my special Radio equipment

for conducting experiments and building

ch illustrate important princi-
in such well known sets as

Westinghouse, General Electric, Phileo,
%

A. Victor, Majestic, and oth-

You work out with your own
ands many of the things you
read in our lesson books. This
50-50 method of
training makes
learning at home
easy, inter-
esting, fas-
cinating,
intensely
practical.

J E. SMITH, President
National Radio Institut
‘Washington, D. C.

Dear Mr. Smith: I want to take advantage of your
Special Offer, Send me your manual ““Trouble Shooting

in D.C., A.C. and Battery

Rewards in Radio,”” which explains Radio’s Opportuni-

ties for bigger pay and your

home in spare time. I understand this request does

not obligate me.

e, Dept. 3DR

Sets”” and your hook “‘Rieh

method of training men. at

WWwW amereantadiohistorveom
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C TT 15-550 METER ALL-WAVE R D I o
24 Deluxe A

There are no “ifs” “buts” “under favorable conditions” or Winning Praise Galore ¢ Vindicating All Claims
other equivocations in the SCOTT guarantee. It says, simply Here are just a few extracts from EAQ—DJA—2RO—G5SW—Pon.

and clearly, that the set I build for you will receive foreign
broadcasts from stations as far as 10,000 miles away, with loud-
speaker volume, consistently, at all seasons of the year.

In addition, every part of the set (except tubes) is guaranteed
against breakdown or service failure for a five-year period in-

stead of the ordinary 90-day term.

Beside bringing you dependable direct short wave reception of
advertising-free foreign programs, this remarkable radio will re-
ceive literally everything upon the North American continent
on the regular broadcast band. Its rich, natural tone is a revela-
tion—giving you reproduction of voice and music so exact that
variation from actuality can be measured only with super-delicate

hundreds of letters of praise on file
in my laboratories, which may be in-
spected by anyone. “Your claims of
10 kilocycle selectivity 1009% correct,”
SGP, Ala. . . *"Regarding tone, noth-
ing could be finer,” FW, Calif. . ..
“Stations all the way from Berlin to
Tokio and Australia,” JBT, Conn.
.. . “VK3ME, Melbourne, 10,500
miles from here, received each time
on the air,” CGB, Conn. . . . “Euro-
pean stations as much ‘at my finger
tips’ as ordinary locals,” TPB, D. C.
... “Listen to Madrid every night
while eating dinner,” WHB, Ind. ..
“Seven year old son regulatly receiv-

ing RW59 —VK2ME —VK3ME—

toise and many more,” CK, Maine.
. ..“Madrid on short waves (direct)
just as good as WAAB rebroadcasts
it,” JJO'C, Mass. . . “After sa much
untruthful advertising it is very grat-
ifying to get a radio set that really
does what is claimed for it,” CEMcK,
Mo. . . “First station tuned in was
VK2ZME Australia. Boy, what a set!”
LGD, N. J.. . “Triumphant vindi-
cation of all claims you make for it;
performance convinces me you have
been extremely conservative in out-
lining its potentialities,” RD, N. Y.
. .“Simply toowonderful for words,”
HCVS, So Africa. . . “Performance
really wonderful,” MC, Paris, France.

instruments, being undetectable by the human ear.

Such performance comes only from exacting laboratory con- 777658 NeW BI‘OC/?UI‘GS 7-3// fhe
struction, constantly checked and tested by extensive scientific
equipment. Backing it is the SCOTT experience of more than
eight years in building world’s-record-breaking radio receivers.

Claims are easily made—a Guarantee is something different!
Which do you want—the hope that your receiver can deliver

f . A E. H. Scorr Rapro LaBoraToRrIEs, ING.
performance, or positive assurance that it will? 4450 Ravenswood Ave., Dept. N-43, Chicago, Tll. H
Then send at once for all particulars about the radio known Send me complete details about the Scorr ALL-Wave ¢
“The World’s Fi Receiver.” DteLuxe Rabio, explaining why this set Guarantees the o
= € Worlds inest ikecetver. performance that others only claim. ]
' Name. . . piu - wioEmns 5e B0 an - E o SR -5 - E G A
E.H.SCOTT RADIO LABORATORIES, INC. Ades, Rreisidemintyy il seealiabol t
4450 Ravenswood Ave., Dept. N-43, Chicago, Ill. LoV e s 3 g,

el
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T is always an encouragement to hear

of increasing activities in the radio
field. But at this time it gives us great
pleasure to announce that in two fields
of radio activity great progress is being
made. These are, respectively, the ser-
vice field and the short-wave field. A
survey of radio servicemen readers of
Rap10 NEws shows that their business
has increased 66239 this month over
the last eight months. This is based
upon actual questionnaire replies re-
ceived over this period time, and covers
merchandise bought by the serviceman
and resold to his service clients. The
items handled range from replacement
parts, tubes and accessories, all the way
up to complete radio receiving equip-
ment. It is one more indication that
the radio serviceman is be-
coming not only a more ef-
ficient agent in his chosen
vocation of repairing re-
ceivers but also an able
salesman with a growing
ability in business manage-
ment and salesmanship.
The second field of activity
showing an increase is
among the users of short-
wave receiving equipment.
What was only a year ago
considered a fad, the recep-
tion of long-distance short-
wave transmissions from
the far corners of the earth,
is now taking hold among
a much larger group of lis-
teners than heretofore
thought possible. Thousands
of new recruits have joined
the ranks of the short-wave listeners
during the last few months in America
and they are persons in all walks of life.
Some of those with whom the Editor is
personally acquainted represent the
fields of medicine, banking, art and
business. And only recently such people
as Guy Lombardo, Harry Reser, Frank
Westphal, all well-known in the radio
art, have been “bitten by the bug” and
have purchased the finest type of equip-
ment they could find for this purpose.
This is not surprising, however, as the
short-wave field is now established on a
firm basis, due to the rapid expansion
of high-power short-wave broadcasting
stations springing up in great numbers
all over the world. With a good short-
wave set today it is possible to sit down
and pull in stations 3000 to 12,000 miles
distant and receive them enjoyably and
comfortably. If one knows how to tune,
there is certainly more thrill and adven-
ture on the short waves in a half hour
than on the broadcast waves In many
hours’ listening.

ES ko sk

THis brings us to the announcement
of a new department in Rapio NEws of
especial interest to the short-wave fan.
It is entitled the DX’ERS CORNER
and tells you monthly where and when
to listen for short-wave stations. The
Editors will be glad to .-hear. what

.

our readers think of this new feature.

* ok o

CoMiNG back to the serviceman, we
hope that our servicemen readers will
find many things of helpfulness and value
in this issue. There is an article on
the installation of remote-control units
for radio receivers that should bring
them a profit—and their clients a lot of
enjoyment. There is an article on using
meters in radio and extending their
value over many fields. Another article
tells how to bring up to date the Set
Tester DeLuxe, built and used by so
many wide-awake servicemen and de-
scribed earlier in Rapto News. Another
article gives full information on four
new and important tubes. There is a

Ravto News vor Aprin, 1933

United States almost as well as a local
station, on 49.6 meters, from 8 to 10
pm., ES.T. Have you heard it?

* %k %k

Coming over the editor’s desk are a
few letters from satisfied readers of the
magaziper They are as follows:

_“I HAVE been a reader of your maga-
zine for years and must say that you
put out a good magazine for us service-
men. Keep up the good work.”—J. W.
Myers, Vandalia, Mo. .

L

“Tu1s is my first letter to you. Un-
til recently I had a complete file of
every issue of Rapro NEws
from the first to the last
without a break, until some-
one decided they needed a
few back issues, so I suf-
fered a great loss.”—E. W,
Maynard, Chicago, Il

s

“I HAVE read Rapro
News for seven years now
and I can see that there is
nothing like the thrill of
reading it. The cost is 1%
of its value.”—Diago, Ha-
vana, Cuba.

* ok ok

“I mave been obtaining

description of a push-pull amplifier
using the new —79 tube, as well as a
complete discussion on the use of tube
adapters and their applications. Still
another article completes the series of
three, on building a complete public-
address system. This article describes
the building of a seven-tube superhet-
erodyne tuner, to be used for picking up
radio programs on the public-address
system. There are also four complete
articles on the performance of radio re-
ceivers for both the short and long
waves.

s 3 £

Taz illustration on this page pictures
the transmitting room of the new Brit-
ish Empire Broadcasting Service at
Daventry, England, built for the pur-
pose of transmitting home programs to
all parts of the British Empire. There
are eight transmitters, using call letters
GSA, GSB, GSC, GSD, GSE, GSG, on
various wavelengths. The system em-
ploys seventeen directive antennas, used
in pairs, for transmitting simultaneously
on two wavelengths to India, to the
Australasia Continent, to Africa and
Canada. All of these transmissions can
be heard clearly in the United States,
although the best reported are those
which transmit to the Canadian zone
with the call letters GSC and GSA.
Station GSA may be heard in the

WWW americanradiohistorv-com

Rabro News by ‘hook or
crook’ for . several years
1922) and have enjoyed
most of the articles from it. The ones
that particularly interested me were
the following: ‘Electrical Filter De-
sign,” ‘Using Graphs and Charts,” ‘The
Radio Physics Course, ‘Mathematics
in Radio”’ "—Leland Tangen, Grand .
Forks, N. D.

ES b3 *®

Mr. Zex Bouck asks us to insert the
following requests in comnection with
contributions to The Service Bench:

“It will be appreciated if contributors
will give a brief history of their service
activities, receivers specialized in, ser-
vice connections, etc. Manuscripts,
when typewritten, should be double-
spaced. Photographs are always de-
sirable and in many instances help tell
the story. Size of the photograph or
lustration is less important than clar-
ity.”—The Service Editor.

THE Editors acknowledge with thanks
the hundreds of additional letters that
are received each month from readers
and appreciate their comments and sug-
gestions.
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Radio Servicemenmn.

HE most important problem

that the serviceman faces at
present is the necessity of get-
ting more proﬁts out of his ra-
dio servicing business.

Realizing the need for sound
advice and practical suggestions
in this field, we offer three im-
portant books and an advertis-
ing service, with the conviction
that they will prove their worth,
many limes over, during the com-
ing months.

Radio News believes that any
serviceman can substantially in-
crease his profits through the
medium of these aids, providing
he keeps abreast of the ever-
changing panorama of radio
developments as presented in
Radio News.

Lach month, all the latest facts
.are presented, new service hints are
given, new scts are described and
new parts are advertiscd. And, all
Radio News readers may obtain free
technical scrviee information at all
times.

Experimenter’s Hand Book

This new volume of 136 pages is
of outstanding importance to every
radio serviceman. It has chapters
on: Electrical Mcasurements; Re-
sistance, Inductance and Capacity
Measurements; Design of Radio
Components; Circuit Design; Short
Wave Essentials; Photo-Electric
Cell Applications; Shop Notes; An-
tenna BExperiments; Experimental
Circuits in Radio and Electronies;
and Miscellancous Radio Experi-
ments.  You need this book at your
work-bench!

This hook is not for sale!

Radio News Presents Four Aids

Toward Bigger Profits Iin The
Radio Servicing Field

How to Make Manay
in 1

Radio Servicing |

“How to Make Money in Radio

How To Make Money In Radio
Servicing

This 130-page book was written by Zeh Bouck espe-
cially for Radio News. It gives real, practical sug-
gestions for profits in radio servicing and contains infor-
mation on the following subjects: Equipment; Contacts;
Advertising and Publicity; Circularization; Service Pro-
cedure; The Service Salesman; Off-Season DBusiness;
Service Sidelines; The Business End of Servicing; How
to Buy; and Keeping Up-to-Date. For profits—read
this book!

Servicing” is not for sale at any price!

But it is given free with an eleven-month subscription for Radio News at $2.
(Canada $2.50—Foreign $3.)

of Radio News for $7.50 (Canada $9.50—Foreign $10.50).
Rider's Manual with Two

Foreign $16.50).

RADIO
Experimenters.
HANDBOOK

PUBLISHED BY
RADIO NEWS

It will be sent free with

an eleven-month subseription for Radio News at $2.00

(Canada $2.50—Foreign $3.00).

Radio News, Dept. 4, 222 W. 39th St., New York, N.Y.

Enclosed find $............
RADIO NEWS for
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Rider’'s Manual Volume
)

Adverlising Mat Service (free

Enter my subscription for
and send me the following:

How to Make Money in Radio Servic-

I () Vol-

25¢

Rider's
Perpetual Trouble Shooter’s Manuals

Thousands of servicemen use Rider’s Manuals. They
contain not only wiring diagrams of receivers, but also
the chassis layouts, voltage data, electrical values, color
coding, socket layouts, alignment condenser data, trim-
mer condenser locations, etc.—in fact, all the data which
the modern serviceman requires.

There are two volumes. With both volumes vou will
have as complete service information as is available
anywhere. Through special arrangements, Radio News
offers: Bither volume of Rider’s Manual with Two Years
Both Volumes of
Years of Radio News for $12.50 (Canada $15.50—

Advertising Mat Service

Servicemen will find this series of nine mats of special
value in their newspaper and other advertising cam-
paigns. They are standard single and double-column
sizes and include all hand-work, pictures, display let-
tering, and, in some cases, borders. From these mats
your printer can make stereotypes and set up the adver-
tisements. Actual reproductions in miniature appear
below.

This service will result in sizable savings in printers’
bills. Your printer will be glad to explain the use of
mats. The mats also may be used in printing cards,
blotters, envelope stuffers or circulars.

The price of the set has now been reduced to 25c.
The nine mats will be sent free with an eleven-month
subscription for Radio News at $2.00 (Canada $2.50—
Foreign $3.00)—or, if desired, you may purchase them at
the new low price.
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Where Does Time Come From?

The accepted form. of time, 24 hours a day, 60 minutes an hour, 60 seconds a minute, is
merely man’s method for arbitrarily dividing into understandable sections an existence of
consecutive happenings. When a person sets his watch he gives little thought of where time
comes from, but, ultimately, our time depends upon the earth’s rotation, and the man who
sets the world’s timepieces is actually an astronomer. Every time the earth revolves, the
Stars seem to pass over our sky, from horizon to horizon, and of course a certain star would
pass the zenith once every 24 hours. The illustration shows Paul Sollenberger, astronomer,
U. S. Naval Observatory, operating o. transit telescope to check the- standard clocks

1
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TELLING

TIME BY RAD.

How radio and astronomy have joined hands in giving to
citizens of the United States what is probably the world’s
most accurate system of time. How radio time is made,

checked and distributed is told in this interesting article by—

l HE housewife who sets her
clocks by the radio, the navi-
gator of an ocean liner and the

Walter E. Burton

guarded with more care than a collection
of gold bricks or the heir to a kingdom.
These standard clocks are employed to

scientist who is measuring earthquake shocks or
performing other delicate experiments, all are benefiting
from the services of the American time headquarters—the

U. S. Naval Observatory at Wash-
ington. But it is doubtful if many
of the millions of persons who listen
in every day to the sharp, measured
notes of radio time signals, appre-
ciate the complicated and accurate
work that stands behind each note.

In a room at the observatory is a
group of instruments employed in
sending out radio time signals six
times a day. The transmitting clock
is a large, pendulum-operated in-
strument that is mounted on the
wall. A solenoid magnet just below
the pendulum can be energized to
slow down or .accelerate, tempo-
rarily, the speed of the clock when a
correction is necessary. The pendu-
lum, which beats seconds, operates
contacts that close a circuit at the
beginning of every second, sending
out the radio signal. Auxiliary
equipment blots out certain seconds,
according to a definite identification
system.

This transmitting clock is not ex-
tremely accurate, so that it must be
corrected just before each broad-
cast. On clear nights, such correc-
tions are made by star observations;
it is the “apparent’ rotation of the
stars around the earth by which
time is initially determined. How-
ever, all nights are not clear, so the
observatory maintains a battery of
standard clocks that are nursed and

THE TRANSMITTING CLOCK
This is the apparaius that sends out
the familiar “peep, peep, peep” of the

radio time signals
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check the transmitting clock, so that errors in the latter
can be computed. Recently a new clock vault, buried in
the earth of the hill at the edge of Washington where the

observatory stands, was completed,
and some of the standard clocks
were moved into it. Temperature,
pressure and moisture conditions are
kept constant, and the vault is en-
tered only when it is necessary to
make repairs.

Even the standard clocks are not
entirely accurate. Furthermore, they
are never reset. It is easier to let
them continue keeping wrong time
and to make the necessary correc-
tions in time calculations, than to
disturb the temperature and other
conditions by entering the vault to
reset them. When temperature,
pressure and moisture values are
kept uniform, the rate of change of
the clocks remains constant, so that
accurate computations can be made
from day to day. Above the clock
vault is a room in which is located
a periscope for reading the clocks.
There are concrete pedestals for
seven clocks in the vault. At the
present time, the clock rates can be
predicted to within 1/100 second a
day.

But even the standard clocks
have to be checked with the stars.
In peculiar little buildings, looking
somewhat like chicken coops built
of shutters, are located the transit
telescopes employed for observing
the passage of stars. The roofs of
the buildings are moved to one side
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‘stations.

THE MASTER TIME SWITCHBOARD

Through this sacitchboard the transmission of U. §. Naval
Obserwvatory time signals, operation of all checking equipment,
control of clocks and astronomical recordings are controlled

during observations. The telescopes are not large, being about
three inches in diameter. They are mounted on a rigid support
so that they cannot be moved east or west, but can be swung
to the north or south. The observer focuses the telescope on
a star that is on a line passing from north to south through the
zenith. A motor-driven mechanism keeps the telescope trained
on the star, with the help of a hand-operated control that can
be used to speed up or slow down the apparent motion of a
cross-hair passing through the star image. The speed at
which this cross-hair seems to move—it is really the eyepiece
that moves—is proportional to the speed of the earth’s rotation.
The observer operates a micrometer attachment that causes
electrical contact to be made as the
star image passes other cross-lines in
the eyepiece field. These impulses
are recorded on paper by a chrono-
graph which, at the same time, makes
a record of similar impulses pro-
duced by the clocks being checked.
The difference between the time when
the stars actually pass and the time
that the clocks indicate that they will
cross constitutes the error in the
clock. Observations are made every
clear night on several stars. Further-
more, to compensate for errors in the
telescope movement, the instrument
is reversed, so that two sets of read-
ings are taken on each star. It is
exactly like running an airplane speed
test in opposite directions in order to
compensate for wind effect.

“Check and Double Check”

Even after the transmitting clock,
controlled by master clocks which in
turn are checked by the stars, has
sent out its impulses, errors may
creep into the radio time signals. So
a battery of receivers at the obser-
vatory picks up the signals sent out
by the transmitting stations at Ar-
lington, Annapolis and elsewhere, and
records them. An instrument devel-
oped at the observatory prints, on a )
roll of paper, side-by-side records of the signals from
standard clocks, the transmitting clock and from the radio
By checking one against the other, errors can
be measured. Occasionally there is a difference of several
hundredths of a second between signals sent and received
—an error of little consequence to the man who is catch-
ing a train, but of tremendous importance to scientists.

Time signals always begin 5 minutes before the hour,
and end on the hour with a long dash. Each dot you
hear is important only at its beginning, which is exactly
at the beginning of the second. The end of the signal
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is of no importance. For this reason, a radio receiver,
particularly if it operates recording equipment, should be
operated at a high volume level, so that the beginning
of each signal wiil be received with sufficient strength. The
average error of time signals broadcast from Arlington
is computed to be slightly more than 2/100 of a second.
The Annapolis 17-8-kilocycle signal lags almost 2/100
second behind Arlington, and San Francisco still more.
Plans are being made to supply the West Coast with
better time signal service, so that greater accuracy “will
resuit.

A Service Available to All

Naval Observatory time signals, first sent out for the
benefit of navigators who wanted to set their chro-
nometers with accuracy, since have found numercus
uses. They are now the basis of time throughout the
United States. The observatory furnishes time signal
service free to telegraph companies, radio networks and
others who provide wires to the transmitting room.

When oil or minerals are being located with gravity-
determining equipment, time is a vital factor; so the
signals are picked up with radio receivers and employed
in detecting underground fortunes. They are valuable
in measuring longitude for precise map making and sur-
veying. The signals are used by radio monitoring stations
for checking frequencies of transmitting stations. Earthquake
records obtained by means of seismographs are coordinated
with the aid of these samec time signals. Scicntists who are
working on other problems involving the element of time ire-
quently employ the familiar radio dots because they are more
accurate than other means.

So the next time you listen in on your radio receiver for the
long dash that will enable vou to set your wrist watch at high
noon, think of the romance that lies behind each cold-sounding
“peep, peep, peep. . . .”  And remember the transmitting clock
and its standard-clock watchmen; and the astronomer who,
with his three-inch telescope, watches over all of them.

If vou have not taken advantage
of this government time service you
can easily do so, picking up the di-
rect transmission by means of an
easily built long-wave receiver.

(Continued on page 637)

A MASTER CLOCK

At lefr is one of the clock systems
mounted in the clock wault at Wash-
ington, D. C. Below is the recording
instrument that prints on a roll of
paper a system of time 'dots indicating
the inaccuracies betzveen standard
clocks, the transmitting clock and the
time signals as received back from ra-
dio stations. Lt. James B. Carter is
seen examining the record
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Kinks—Bypass

control is the seat of more radio trouble

than any other single component in the

receiver, and the situation is compli-
cated by the variety of volume-control cir-
cuits. However, standardization by the
majority of volume-control replacement man-
ufacturers has simplified the serviceman’s job
by boiling down the required types of con-
trols. It is possible to replace 75% of all
volume controls in their original circuits by
one of three fundamental variable resistors.

The most useful volume control is the
15,000-chm reverse taper, potentiometer type
(three-terminal)—and several of these should
be carried in the service kit. This volume
control can be used for direct replacement in
better than one-third of all receivers and, in
an emergency, the volume-control circuits in
any of the remaining two-thirds can be suc-
cessfully modified to use the 15,000-ohm
reverse-taper control. However, the service-
man will be wise to include among his stand-
ard replacement parts a 500,000-ochm reverse-
taper, which services directly about 209%
of existing receivers, and a 75,000-ohm regu-
lar taper which takes care of seventeen out
of every hundred receivers, without circuit
alteration.

Volume-control troubles fall into two gen-
cral classes—mechanical-electrical difficultics
associated with a faulty control, and the in-
ability of the control to provide an adequate
degree of allenualion on local stations.
Faulty volume controls show up as noisy in
adjustment, sudden jumps, or as having no
cffect whatever, due to an open circuit or a
short-circuit. Inadequate attenuation s
usually the fault of circuit design, and not
due to any deficiency of the control unit it-
self. Many receivers provide excellent vol-
ume-control action on weak to moderate
signal strength stations, but are incapable of
cutting down to a desired minimum on
powerful locals.

Noisy controls are almost invariably due
to wear or corrosion at the points of contact.
In the case of unenclosed controls, troubles
of this nature arc rcadily cured by cleaning
both the resistance element and the arm.
Emery boards, sold in drug stores for mani-

IT has been estimated that the volume

Condenser—Sales
Antennas—Sales Attractions—Servicing Superette,

Majestic, RCA-Victor

Conducted by
Zeh Bouck

cure mechanics, are convenient for this pur-
pose. The arm should be removed and bent
in to provide greater pressure and better
cleaning action against the resistor. Re-
placement is the obvious and only remedy
when the volume control is of the closed
type.

Jumpy controls are usually due to uncven
wear and, with the exception of the wire-

Volume Control
Bibliography

OLUME control circuits have

already been analyzed in pains-
taking detail by the publishers of
the various replacement manuals
and handbooks, and for categori-
cal data of this nature the service-
man is referred to the following
bibliography:

“Resistor Replacement Hand-
book”—Electrad.

“Modern Radio Serviceman’s
Pocket Book”—Modern Radio.

“Clarostat Control Hand Book”
~—Clarostat.

“Mallory-Yaxley Replacement
Catalog”—Mallory-Yaxley.

“Centralab Volume Control
Guide”—Centralab.

“Perpetual Trouble Shooters’
Manual,” by John F. Rider,
Volumes I and II—Radio Trea-
tise Co.

wound type, replacement is indicated.

Sudden jumps to maximum or to mini-
mum volume indicate an open circuit or a
short-circuit, depending on the design of the
volume-control circuit.

Insufficient attenuation is amenable to
three possible treatmeénts—raising the resis-
tance of the control in the bias type of cir-

www americanradiohistorv.com

Y TN

T'he Service Bench

Servicing Volume Controls—AVC Circuits—Service Shops—Service Charges—Service

Ideas— Business Cards—Selling Noise Reduction
Jackson-Bell,

Ozarka, Zenette,

cuit, shortening the leads in the absorption
design, or by changing over the volume-
control circuit to a more efiective arrange-
ment.

Adequate cut-oif can be readily secured
by the bias method when using the type -24
tube, but it is more difficult in the case of
variable-mu tubes, which require about twice
the bias voltage. In such instances it is de-
sirable to pass a small amount of “B” blecder
current through the volume control, to
ground, by connecting an additional resistor
between a convenient tap on the high-voltage
source and the high-potential side of the
volume control. This additional current,
necessarily, increases the bias at the low-
volume point.

Absorption volume-control circuits gener-
ally shunt the volume control around either
the antenna or first r.f. primary. Unless the
leads to the volume control are extremely
short, they will have enough reactance to
force a portion of a powerful signal through
the coil, definitely limiting the low-volume
adjustment.

Where the procedures indicated above are
ineffective or impractical, it is best to alter
the volume-control circuit to a more efficient
arrangement, such as that shown in Figure 1.
This circuit, which employs the almost uni-
versal 15,000-ohm reverse-taper volume con-
trol, combines the actions of the bias and
absorption control circuits. It is, therefore,
highly cfficient as a volume control, and can
be readily applied to a wide variety of re-
ceiver circuits. As the bias resistance is in-
creased, the shunt across the antenna primary
is decreased. In other words, tube sensitivity
is decrcased along with the antenna input,
providing adequate control, with much
quieter reception as a worthy by-product.

The shunting action across the antenna
primary necessarily detunes the associated
circuits. The receiver should therefore be
lined up on weak signals. On local signals
the detuning effect merely provides addi-
tional and desirable attenuation.

Volume Control on the Superette

James A. Robinson, proprictor of the Rob-
inson Radio Shop, in Methuen, Mass., con-
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FIGURE 1

tributes the following data on volume-control
servicing with the Westinghouse WRIO,
WRIOA and the RCA-Victor Superetie re-
ceivers.

“The customer usually complains that the
variation in response is too abrupt from zero
to full volume, and desires that the change
be made more gradual. Under normal cir-
cumstances, and particularly when the re-
ceiver is being operated at some distance
from a high-powercd broadcast transmitter,
only a small portion of the volume-control
resistance is used.

“As the volume-control resistor is integral
with the voltage-divided system, it required
some experimentation before a simple method
cf obtaining the desired result was discov-
ered. In the circuit diagram of Figure 2, the
original volume-control resistor will be
found shunted by a fixed 5000-ohm resistor.
This, of course, lowers the cut-off, at the
same time smoothing the action. Thus, 5000
chms will not be the optimum value in all
locations. However, a short process of cut-
and-try will indicate the best value of shunt
resistor for individual cases. This resistor is
connected from the single soldering lug on the
volume-control unit (yellow lead attached)
to the metal case.”

Jackson-Bell Models 62-3-4

These receivers are next in line for volume-
control servicing. Writes Ernest Gray, Man-
ager, Radio Repair Shop, Baltimore, Md.:

“When suspecting the volume control on
these receivers, first check the resistance net-
work, comprising the 3000-ohm potentiom-
eter, 250-ohm wire-wound fixed r.f. bias
resistor and the 30,000-ohm carbon resistor,
connected between the screen-grid terminal
on the voltage divider and one side of the
potentiometer. The volume is greatest when
the potentiometer arm (grounded, of course)
is at the right-hand end of the resistor, lim-
iting the bias on the type —24 tube to the IR

FIGURE 5

FIGURE 2

drop across the fixed resistor. This bias,
however, is slightly less than the optimum
value, and I find that control is improved by
substituting a 2-watt, 300-ohm resistor for
the original 250-ohm value.

Improved Automatic Volume

Albert R. Hodges, E.E., of Ridgewood, N.
J., comments on the inadequacy of auto-
matic volume controls (perfect control being
a theoretical impossibility in the type con-
sidered) and hits upon an improvement
which has been incorporated in the new Na-
tional AGS short-wave superheterodyne.

“Many of the latest radio receivers are
using a so-called ‘improved type of auto-
matic volume control in which the a.v.c. tube
circuit is adjusted to keep the level at the
output of the last if. stage (or, in some
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sired results, but that it cannot do it auto-
matically. Hence the a.v.c. is not doing all
that it should do to add enjoyment to radio
reception.

“This difficulty can be corrected by mak-
ing the initial bias (with no signal at the
antenna) of the a.v.c. tube adjustable, by
using a potentiometer across part of the valt-
age divider, connecting the grid return, or
cathode of the a.v.c. tube, to the arm. If
this control is mounted on the panel, it can
be used to replace the former manual con-
trol, thus obtaining full a.v.c. without any
additional complications. However, if it is
used in addition to the regular manual con-
trol, it will serve nicely, as a between-carrier
noise suppressor, by permitting adjustment
of the maximum sensitivity of the receiver.
If mounted on the chassis, it will serve to
compensate for variations in the a.v.c. tube
used, thus insuring best possibie results.”

THIS MONTH’S
SERVICE BENCH

The service bench show in Figure 3 rep-
resents a major part of the shop equipment
of the Waverite Radio Service, Quincy, III
It is a beautiful example of neat layout, ade-
quate room and excellent lighting. Impor-
tant tools are readily available, and the
tubes, as they are removed from the receiv-
ers under inspection, are inzerted in the rack
under the instrument panel rather than
trusted to luck on the table top. Attention
is particularly directed to the plug-and-jack

cases, at the input of the detector) constant
for all antenna signal strengths, equal to or
above, a given value determined by the de-
sign of the receiver. Then the manual con-
trol is arranged so that the desired amount
of this constant output can be used to feed
the audio amplifier and hence the loud-
speaker. The theory behind this method is
that the range of the a.v.c. or its ability to
correct for varying signal strengths at the
antenna is unaffected by the position of the
manual control.

“A careful study of the matter, however,
shows that the full advantage of a.v.c. can-
not be obtained on a receiver of this design.
Suppose a local station is being received and
the volume level desired is obtained by hav-
ing the manual control one-half on. Now
suppose a distant station is tuned in. The
a.v.c. naturally increases the sensitivity of the
receiver as much as possible, in an effort to
bring the level, at the detector grid, up to
the predetermined constant value. How-
ever, if the signal is too weak to be brought
up higher than to half of this desired con-
stant level, the volume at the loudspeaker
will be only half that desired. Of course,
by turning up the manual control, the vol-
ume could be brought up to the required
level in this case, thus proving that the re-

ceiver is inherently capable of giving the de--
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FIGURE 3

arrangement on the left-hand side of the
service bench. The test equipment is con-
ventional, and consists of the usual oscil-
lators, output meters and analyzers. The
test bench itself is supplemented with two
similar benches with shelves and tools, but
minus the electrical equipment, and a small
machine shop.

Charges by the Waverite Radio Service
are based on a rate of $1.50 an hour, plus a
call charge of $1.00 in the daytime and $1.50
at night. Dealers receive a 15% discount on
parts and service, netting the dealer a rea-
sonable profit with no effort or responsi-
bility on his part.

The Waverite organization does not sell
sets! Their specialization is consistent, and
is indicated in their slogan of “Nothing to
sell but service!” '

ALL IN THE
DAY’S WORK

Frank W. Bentley, Jr., of Missouri Valley,
Ta., specializes in service kinks, and sends us
the photographs of Figures 4 and 5. Anent
Figure 4, he remarks—“Pieces of gummed
paper of many sizes and varieties are com-
monly dated and stuck to some portion of
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a radio tube as a check on its performance.
Such scraps of paper are usually unsightly,
do not stick ‘well, making a slovenly job. A
satisfactory and handy adjunct to the service
kit for this purpose is a box of loose-leaf
patches. These are of heavy cloth, take a
pencil mark readily and retain it, adhere
tenaciously and present a neat appearance.
They come in boxes of a hundred and the
cost is negligible.”

Figure 5 solves the emergency problem of
heating a soldering iron in an open fire. “It
i3 impractical to drop the iron dircctly on
the coals due to the quick destruction of
the tip. Cut off about four or five inclies
of three-quarter-inch pipe. Close one end
by pounding. This can be buried and packed
in the hot coals of almost any kind of fire,
and heats rapidly. Dropping a small iron
into the pipe, it heats cleanly and with no
oxidation.”

By-Pass Condensers

James H. Mills, authorized Silver service
station in South Haven, Mich., finds some
time for other receivers, and passes on the
following data on Ozarkas, Majestic and
Zenettes:

“In testing an Ozarka, Model 90, don’t
blame the speaker if you find a voltage read-
ing on the high side of the speaker field, but
none on the low side. It is most likely a
short-circuit in one of the three sections of
the by-pass condenser. Two sections con-
nect to the filament circuit of the type —26
tubes, and the remaining to the low side of
the speaker field. If replacements continue
to blow, then suspect the speaker, with the
probability of a short-circuited field (or
leads to the ficld), placing 300 volts on a
200-volt condenser.

“If a Majestic, Model 52, plays along fine
for a while and then the volume drops or
cuts out altogether, once more look to the
by-pass condensers—especially the capacitor
between the cathode of the first detector and
the tap on the grid section of the oscillator
coil. This is a .04 mifd. condenser.”

Mr. Mills also mentions that low volume
on a Zenette, Model A, points the finger of
suspicion at the resistor which reduces the
voltage on the screen of the type —24 detec-
tor tube. Probably an open circuit.

Pepping Up the RCA-Victor R-5

“Here is a wrinkle which I used success-
fully in improving the sensitivity of an
RCA-Victor, Model R-5. This is the small,
tuned r.f. recciver, and employs a system of
constant regeneration, with only slight degree
of regeneration control afforded by the vol-
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FIGURE 4

ume adjustment. This set was installed
where a good antenna system was out of the
question, and the serviceman’s problem was
to get the utmost of sensitivity from the
set.

“Removing the metal shield from the de-
tector tube increased regeneration to the
point where the receiver would just spill
over with the volume control advanced to
maximum, with definitely improved recep-
tion. It is necessary to readjust the trim-
mer condensers when this change is made.”—
Howarp A. WirLson, Merchantville, N. J.

Warming-up Howl

Frank J. Faulkner of Brigham City,
Utah, suggests a simple remedy for the fa-
miliar warming-up squeal:

“Many receivers using transformers in the
audio-frequency amplifier howl badly while
warming up. Changing tubes doesn’t help,
nor does reversing leads check the trouble.
Shunting the first aJf. secondary with a
suitable resistor will often do the trick.
Start with a high value—say 200,000 chms—
and go down until the howl is eliminated.”

If too low a resistor value is used, the
higher frequencies will suffer. However, this
“tone control” also reduces background
noise and results in a false mellowness which
the average listener likes. Personally, your
Service Editor prefers all the highs hc can
get, and doesn’t mind a half-minute’s howl,
if necessary, to get them! Needless to say,
a good set should provide the highs with-
out the howl

SERVICE SALES
PROMOTION

Iver Hansen, of Nunn, Colorado, appre-
ciates the possibilities of rural radio ser-
vicing, as shown in his business card repro-
duced in Figure 6. He is also, as_is evident,

S

FIGURE $

awake to the possibilities of hearing-aids as a
sideline.
Cur campaign in favor of noise-reduction

lead-ins is slowly producing results, and
Harry Carstairs, of Oklahoma City, con-
tributes the circuit of Figure 7 for demon-
strating the benefits of such systems. The
diagram shows a typical shielded down-lead
system in which impedances are matched at
both the antenna and receiver terminals.

A switch at the set coupler permits the
system to function either as a straight un-
shielded lead-in or as the balanced trans-
mission line. In the upper position, the
shield itself is used as the lead-in, the total
effect being that of the conventional system,
plus a negligible load between the antenna
and lead-in. With different systems, a slight
modification of this arrangement will sug-
gest itself to the serviceman. Writes Mr.
Carstairs:

“I have a vacuum cleaner permanently
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FIGURE 7

located on the floor above the shop, within
five feet of the down lead. The cleaner can
be switched on and off from the shop. The
demonstration is most impressive. The racket
from the cleaner is intolerable when the sys-
tem is operated as a straight lead-in—and
altogether inaudible when the shielded trans-
mission line is used!”

The steel resistor cabinet shown in the
photograph, Figure 8, will make an attractive
addition to the service shop. The implica-
tion of system and efficiency constitutes a
subtle sales urge. It is being distributed free
of charge by the Lynch Manufacturing Com-
pany with every order for five hundred re-
sistors. It contains fifty drawers, 8 by 3 by
214 inches. The overall dimensions of the
cabinet are 33 inches high, 18%% inches wide
and 8% inches deep.

SERVICE NEWS
OF INTEREST

A new catalog, recently issued by the
S. O. S. (Sales On Sound) Corporation at
1600 Broadway, New York City, relates to
several highly-profitable service sidelines,
employing sound-recording and reproduction
systems. New York servicemen will find it
worth while to visit the main show rooms
of this company where several unusual
photo-electric adaptations are on exhibit.

P. 4. in Department Stores

Wright-DeCoster suggests several simple
rules for the operation of department store
public address systems, employed principally
ior background music.

“Right here, we must warn you that
nothing can make a good installation fall

ELECTRICAL HEARING AIDS

IVER HANSEN,
RURAL. RADIO SERVICE

NUNN, COLO.

TUBES AND BATTERIES'

FIGURE 6

down flatter than a poor operator. The
music must be played very very softly. The
records should be popular or light pieces;
preferably all music with no wvoice. Organ
records are very good..
“If the department store has a record de-
(Continued on page 637)
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SOME NEW USES FOR VACUUM TUBES IN THE

ELECTRONIC ARTS

SE has heen made in this con-
struction of a property of the
radio tube not very well known
commonly. It was discovered

by Mr. Siegmund Strauss. Mr. Strauss is not new in the field
of radio. .He is known as a collaborator of Robert von Lieben,
whose construction of the cathode-ray relays brings about prac-
tically the same construction which later was used by Dr. Lee
de Torest (German patents Nos. 179,807, 236,716, 249,142,
254,588).

There are a number of other constructions to which the radio
sciences and arts are indebted to Strauss. Among other things,
in 1912 he invented the tube transmitter based on the back-
feeding principle (Austrian patent 71,340); in 1914 he in-
vented the resistance-coupled

By Irving J. Saxl, Ph.D.

Part Two

type chamber* is negligible, The fact
that these latter cells are very sensitive
to mechanical disturbances results in
the other cell, which has a more
sturdy construction, being used in general work.

1f we charge the grid of a vacuum tube, highly negative,
then the negatively charged particles emitted from the fila-
ment cannot penetrate through the grid; they are repelled. No
current therefore can flow from filament to plate.

In Figure 3 we show the fundamental idea of this construc-
tion which Strauss calls “Mekapion.” Assuming the fact that
the grid has a high negative initial charge and the vacuum
tube is highly insulated, no current flows between filament and
plate unless this negative charge is permitted to leak off. Fow
can this be done?

amplifier (German patent 458,- FIGURE 1. X-RAY PICTURE OF AN IONIZATION The grid is connected through
197) and in 1925 he invented CHAMBER a condenser, X, to the positive
the vacuum-tube device for the oy e side of the B battery. Connected
measurement of very high re- A parallel to the condenser is the
sistance and small ionization ionization chamber; for instance,
currents (German patent the chamber shown in Figure 1.
371,061). The grid has an initial negative

This last invention, with which charge which is held by the ca-
he determined the highest resis- pacity, X, and the leads of the
tance and the smallest ionization FIGURE 2. IONIZATION CHAMBER FOR SOFT ionization chamber. This initial
current, tends to become more RAYS charge can flow off ¢uly through

and more important. e o

How are ionization currents ¥
measured? For detecting the
ionization, a number of specially
designed chambers have been
used. Figure 1 shows an X-ray
picture of the Strauss ionization
chamber. It is important that
the chamber as such does not =
absorb many X-rays. It will be
seen that the sensitive collector
chamber, A, appears only as a
very faint shadow, showing that
X-rays can pass through the
chamber practically without ab-
sorption.

For very soft X-rays—so-
called “Grenz” rays—another
type of ionization cell is used, as
shown in Figure 2. The sensi-
tive surfaces consist of particu-
larly thin layers of skin, such as
is used for beating gold. The
electric conductivity of this ma-
terial has been achieved by cov-
ering it with pulverized graphite.
The absorption of X-rays, even
the softest ones (longest wave-
length X-rays)in the walls of this

FIGURE 5.

FIGURE 3. SCHEMATIC DIAGRAM OF THE MEKAPION

FIGURE 4 A PRECISION HIGH RESISTANCE

PIPETTE FOR FLUID MEASUREMENT

the ionization of the chamber, C.
If this negative charge has
fallen below a certain amount, a
considerable electronic current
suddenly takes place. This cur-
rent flows through an electro-
magnet, M, and returns to B
plus of the battery. In this mo-
- ment something else takes place
! also. The electromagnet, M, has
attracted a lever, and this lever
also opens a contact. Connected
to this contact is a current sup-
ply (storage battery connected
to one side of the transformer,
PQ). If the current is inter-
rupted in the winding P, the col-
lapsing lines of the electromag-
netic force build up a charge on
the secondary, Q. This is de-
signed in such a way that if the
current is interrupted in P, a
highly negative potential is pro-
duced on the outlet of Q, which
is connected through the cham-
ber to the grid of the tube. The
grid therefore immediately re-
ceives this negative potential
which interrupts the flow of

FIGURE 6. A MECHANICAL TIME-DELAY POWER-RELAY

|

|
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electronic current within the .
tube. It will remain inter-
rupted until the resistance of
C has broken down again far
enough so that a current can
flow through M, again inter-
rupting P and building up the
charge on the secondary, Q.

Introduces Time
Element

This makes possible the in-
tegrated registration of cur-
rents by introducing the time
element. The stronger the
X-rays or the smaller the re-
sistance which can be put in
C, the more impulses per unit
of time will be allowed to
pass through the tube.

Currents which would be
too feeble to operate relays
can be used if accumulated
upon the capacity, X, in this
particular circuit, to operate
the nccessary relays within
the plate circuit.

It is possible to calibrate
this circuit by known radio-
active preparations; for in-
stance, a standard of uranium
oxide.

If the standard is con-
nccted to the Mekapion, this
small current can be used in
place of the feeble ionization
current preduced by the irradiation of the chamber with X-rays.
The only diifercnce consists of the fact that this current ra-
diated {rom the uranium standard remains constant. Provided
the right voltages are supplied to the tube elements, the period
of discharge of the Mekapion has lo remain constant, a fact
which can be easily controlled with a stop watch; an electrical
measurement has been referred to a comparison with instru-
ments measuring time. As these observations can be extended
over a long period, if desired, an almost unlimited degree of
exaciness can therefore be reached.

Insicad of the uranium standard, it also is possible to use a
high ohmic resistance, as shown in Tigure 4. This resistance
consists of an inner cylinder of amber. Around this cylinder
are wound spirals of a thin layer of metal, the dimensions of
which give the magnitude of the resistance. The resistance is
enclosed by a glass tube {o protect it from atmospheric influ-
ences, such as moisture, dust, etc.

Resistance Measurements

The possibility of substituting the ionization chamber with
various other materials of known or unknown electrical resis-
tance makes possible the
application of this type ap-
paratus for a greal number

FIGURE 7.

DEVICE FOR COUNTING

Figure 8. This is the Mckapion X-ray integrater awith the
tonization chamber located on one end of the lhorizontal
rod. The power transformer and other accessory apparatus
are in the shielded container at the base of the instrument

CIRCUIT FOR MEASURING LIGHT

589

- glass, which ‘holds them a
constant distance apart. The
oil is sucked in the pipette
2 and the resistance between

the two plates is measured

i by the Mekapion. This is im-

! portant for the testing of in-
sulating oils in factory tests,
for the controlling of insula-
tion of these oils during their
operation, etc.

Suitable high-tension trans-
formers and switches rely
upon the insulating properties
of various oils. The resis-
tance of these oils changes
during the work, and it is im-
portant to find out whether
! the resistance of the oil has
! been broken down before a
dangerous discharge takes
place within the metallic parts
of the device.

Differences in the number
of impulses (within one min-
ute) have been found to be
of the magnitude of 1 to 40
between excellent insulating
oils and oils not suitable for
this purpose.

Also, for the construction
of electric paper condensers,
it is important that the par-
affin used in impregnating the
paper has the highest possible
electric resistance. For this
and other applications where the maintenance of high resistance
is of major importance, this quick and reliable method has-
proved important.

B

“X-RAYS”

Routine Checking of Insulations

The insulation of materials of many kinds can be tested with
such a device quickly and in a more fool-proof way than with
any electrometer or galvanometer herctofore used. With this
instrument, objects can be tested which in themselves have a
high insulation but change this resistance against the flow of
clectricity under the influence of vapors and gases under dif-
ferent pressures. Making use of this effect, the pressure of
alr and its humidity can be measured and registered exactly.

By using relay signalling apparatus similar to that shown
schematically in Figure 6 in connection with the Mckapion,
the humidity within factories can be controlled effectively.
Great possibilities are thus opened for apparatus of the Mcka-
pion type, which uses photo-cells instcad of resistances.

Figure 7 shows a wiring diagram of this method applied to
the measurement of light. The light rays, E, falling upon a
photo-cell, produces an electronic current. The more light falling
upon the cell, the more
clecirons are generated;
thus the resistance of the

of other devices. For in-
stance, a routinec fest of
bakelite bases for vacuum
tubes can be made with the
same outfit. m

This system has been
used in the control of the
production of bakelite prod-
ucts, making possible the
continuous checking of the

space within the photo-cell
breaks down.

By putting the cell across
the condenser, it acts as a
variable resistance, the
changes of which vary in ac-
cordance with the intensity
and wavelength of the beam
i of light.

i But instead of measuring

flow of material during

individual impulses over a

work. It is also possible to
measure the resistance of
fluids with this method, for
instance, for testing the in-

Hll}lllllillsa:

sulation of various oils. A \I

short period of time, it is pos-
sible to register exactly the
total light energy which was
reccived at a certain area
within a definite time. This

simple outfit for doing this

method is of importance for

consists of a pipette with a

is shown in Figure 5. It
rubber balloon on one end. l

o—mn—
—h

the determining dosage of
ultra-violet “baths.” Put
the patient under the ultra-

Across. the pipette elec-
trodes are inserted in the

violet lamp, put this “light-
(Continued on page 634)
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A COMPLETE SET-UP

The remote control equipment 1s shown lere, installed on Lafayette 7-tube
superheterodyne, The remote control motor and drive equipment unit is
mounted beside the receiver and direct-coupled to the tuning condenser
shaft. The remote control box 1is connected to the motor by a cable

REMOTE CONTROL

FOR ANY SINGLE DIAIL RECEIVER

With the inexpensive unit described here any one-dial receiver
can be tuned and completely controlled from a point up to 75 feet
distant. Installation is simple and results certain

viceman is not in business for his dio men reaped a rich harvest from them.
health. Like every other business, Recently, history repeated inself, with the
servicing musté show a profit. To make it do so, the introduction of the unique portable a.c.-d.c. sets. Because
serviceman is obliged to take advantage of tremds in radio, these convenient little receivers followed the trend of demand,
giving the public what it desires and demands. their sales appeal has been enormous.
Many business men fail to appreciate the fact that it is ex- And now, once more we find another radio development
tremely expensive to try to create public demand by a process which promises great popularity and hence opportunities for
of education. On the other hand, where such a demand exists, profit. The American public has placed a definite stamp of ap-

T is superfluous to state that the ser- J midget sets first appeared, wide-awake ra-
y arry €orges

it is very profitable to cater to it. proval on radio “remote control” as a refinement -offering greatly
In radio, we have had many object lessons to illustrate this increased convenience. Some of the most important radio re-
point. During the past few years ceiver manufacturers, such as Philco,
there has been a constant trend THE MOTOR DRIVE UNIT Stromberg-Carlson, RCA-Victor, etc.,
toward simplification and compact- The local station selector control and pre- have recognized this fact and have
ness in radio receivers. When the selector buttons are shoan in the foreground, announced new models equipped with
the motor at (F) and wolume control at (G).
ARMATURE IN VOLUME The coupling gear (HY is replaced by suitable ARMATURE IN STATION
CONTROL POSITION direct drive coupling adapter SELECTOR POSITION

¥

-i;*"
VOLUME CONTROL GEAR 4 VOLUME CONTROL GEAR
f ~MOTOR ™ ~MOTOR
d g S
- ﬁ:
SPRING | SPR‘NG=
¥ H ¥

STATION SELECTOR GEAR

- f -F|§.3 g J

g
- STATION SELECTOR GEAR™ i
FIG.2 | e
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remote control. There
are, however, hundreds

TAPPED REACTOR

reverses the process,

STATION SELECTOR reducing the volume to

of thousands of older
model sets, excellent in
cvery other respect,
but not fitted with re-
mote control. Owners
of these latter sets will
want to have them
modernized, and the
fulfilment of this desire

1

;

T

|

|

H

1

3

'

}

¢
~ad__

MOTOR--

FIG4

will serve as an unlim- SEDL,ES,\TAOR =l
ited source of profit to AND
23V CONTACTS

progressive servicemen
who know opportunity

the desired level.

Six push-buttons are
provided for tuning in
different stations. The
equipment may be so
set that pressing the
button at the left starts
the tuning condenser
rotating in one direc-
tion and pressing the
button at the right re-
verses the direction of
rotation. The tuning

PUSH-BUTTONS
A

when it knocks.
To be salable, the

condensers stop instan-
taneously when the

remote control must be
well made, reliable,
positive acting, noiseless and casy to in-

THE MOTOR CIRCUIT

finger is removed from
the button. Thus it is
possible to use these two extreme buttons

stall. TFurthermore, it is essential that its
price meets the limitations imposed by
present economic conditions.  Otherwise
it will remain unpurchased, no matter
how much it is desired.

The remote control illustrated in Figure
1 and described in this article meets these
specifications in every particular. It is
highly efficient, can be installed readily
on almost any radio receiver and can be
purchased complete at such a low price
that the serviceman can give his custom-
ers a superfine remote-control job, charg-
ing the very reasonable sum of $25.00

SELECTOR

SETTING
BUTTON

FIG.5

for general tuning throughout the entire

COrNTACTS‘, dial grange, using only the four other but-
b tons for tuning in local stations for which
they have been set, making tuning of the
four locals automatic, the only manual
operation required being to press the
proper button and hold it down until the
pilot light flashes bright. In New York,
for instance, these buttons may be ad-’
justed so that pressing one button will
\ bring in WEAF, pressing the second but-
N fon brings in WJZ, the third WOR and
/ the fourth WABC. If desired, six stations
may be pre-selected, using all six push-'
buttons, and the general tuning still will

CONTACTOR

and still make a respectable profit.

This idea is worth thinking about, and
if the thought is followed up by action,
remote control will help to remove the word “depression” from
the 1933 vocabulary of the radio serviceman.

The conception of controlling and operating a radio set at
a distance is by no means new. However, the first attempts
te construct such devices were crude and costly. The electrical
and mechanical difficulties were gradually ironed out, resulting
in the modern control unit described here. This device is
shown in the accompanying illustration, in this instance hooked
up to a Lafayelte seven-tube superheterodyne recciver. Any
other single-dial recciver could be used with the remote con-
trol in exactly the same way. With this unit the receiver may
be tuned and controlled from any desired remote point or
points merely by pressing push-buttons. The device turns the
set “on” or “off,” accurately tunes in any one of the six pre-
selecled stations, and increases or decreases volume. Manual
tuning, other than necessary for the original setting of the
selector buttons, is entirely eliminated.

Two push-buttons are provided for the “on” and “off” opera-
tion and two for volume control. When one of the volume-
control buttons is pressed, volume gradually increases. When
the desired volume level is attained, the finger is removed
from the button. The other

DETAIL OF SELECTOR DRUM

be possible because the tuning condenser
may be stopped at any intermediate
points by taking the finger off the push-button when the de-
sired stations other than thosc pre-selected are heard.

This remote-control outfit is made by the Westinghouse
Electric and Mig. Company. To those who are familiar with
the electrical industry, this fact speaks volumes regarding the
materials and the construction of the device. Even a casual
examination readily reveals the accurate, precise workmanship
and the excellence of the materials employed.

The remote control incorporates a specially designed capaci-
tor motor about 2 inches in diameter by 2 inches long. This
is coupled to the tuning condensers of the receiver through a
series of precision reduction gears. Metal pinions and fiber
gears give absolutely noiseless operation. A powerful relay
turns the set “on” or “off.” A series of drums and contactors
start the motor in the right direction for a given station and
stop it exactly at the right point. The volume control is also
geared to the motor. Push-button control is available at the
receiver as well as at the remote control box. Twenty-five
feet of flat cable permits the control box to be placed any-
where within this distance from the receiver. It is possible
to install any number of additional control units, and the
cable may be lengthened to
a (Continued on page 627)

volume-control button simply

INTERCONNECTION
OF 110-VOLT
A.C. CORDS

4
7

RECEIVER

REMOTE [ 7
CONTROL -7,

A
UNIT /}//,

Z

PLUG'TO
110 V. A.C.

_YELLOW

THE REMOTE CONTROL EQUIPMENT

Figure 1. The complete outfit as purchased, ready for installa-
tron, is shown here. (A) The motor and drive unit; (B) the

connecting cable; (C) the remote control box: (DY the local
control; and (E) the cable terminal block
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BY MEANS OF MULTIPLIERS AND SHUNTS

Practically every serviceman and experimenter has frequent
occasion to use meter shunts and multipliers, but not everyone
kEnows how to figure proper values for a desired range extension.

This article tells how—and why

: LL resistances used in conjunction
with- the wvarious instruments
herein described should be of the
wire-wound type, as this is the only type that will

withstand this sort of service and still maintain its original
value over a long period of time. Shunt resistances, such as
are used with current meters, are of an especially critical na-
ture, as they are often required to carry 10 to 20 times as
much current as the meter itself. In order that these units
give the desired results, they must have a low temperature
coefficient. If a resistance is to be enclosed in a space where
there is a poor circulation of air, it should have a power rating
at least twice as great as its normal calculated rating. The
best resistors are wound on hollow, perforated tubes of glazed
porcelain or some other equally good insulator that has the
property of dissipating heat quickly. The wires best suited
for resistor windings are such wires as: chromel, nichrome,
advance and manganin.

D.C. Voltmeters and Series Resistances

Ohms per volt (Rpv) = total resistance of meter = maxi-
mum voltage range of the meter.
Hence, Rpv = Rt +— Et; and Rt =

By George A. Eaton

resistance meters. A single 0-10 milliam-
meter will suffice if the voltage adjust-
ment is such that the meter will indicate
about half-scale deflection.

FORMULA: Resistance of voltmeter — voltage indicated
on V —- current indicated on MA.

EXAMPLE: The maximum range of V is 300 volts. With
a reading on V of 200 volts and a reading of 5 ma. on MA,
the total resistance of V is calculated as follows: 200 volts —=
.005 amps. = 40,000 ohms.

METHOD 2 is the half-scale deflection system. See Figure 3,
in which V is the voltmeter whose resistance is to be measured
and Rvs is a variable series resistance with known adjustments.
A resistance whose adjustments are not known may be used
and its resistance measured at the completion of the test.

PROCEDURE: With the switch closed, apply voltage until
V indicates full-scale deflection. Then open the switch and
vary Rvs. until V indicates exactly half-scale deflection. Now,
if the resistance used is a graduated one, all that you need to
do is note the amount of resistance used, as this is equal to
the resistance of V. In other words, if Rvs is adjusted to 60
ohms, then the resistance of V. = 60
ohms,

Rpv X Et.

ABBREVIATIONS

METHOD  3: Substitute a fixed

The current consumption for full-

USED IN FORMULAS

resistance (Rs) of known value for

scale deflection is: I = 1 = Rpv
or Et =— Rt.

The customary method for multi-
plying the operating scale of a d.c. R¥
voltmeter is by means of a series re-
sistance (Rs.). If Et is the normal
range of the meter and Et’ is the I
maximum range desired, then the Rs
required is determined thus: Rs =
Rt [(Et' =+ Et) —1].

EXAMPLE: Et is 200 volts, Rt
— 100,000 ohms and Et’ is 500 volts.
What is the Rs required and what is
the multiplying factor (M)?

Rpv = Resistance of meters; in ohms per volt
= Total resistance of meter

Et =Maximum range of meter

= Current consumption

Rs = Series resistance

Rst = Shunt resistance

Rvt = Variable shunt resistance

M = Multiplying factor

Rvs = Variable series resistance

Rx = Resistance of unknown value

Rvs in Figure 3. Apply a voltage
with the switch closed, note the read-
ing on V and call this reading VI.
Now open the switch and note the
new reading on V and call this read-
ing V2. Then the formula is: Rt =
Rs — [(V1 — V2) —1]. Formula
Rs is the value of the fixed resistance
which we substituted for Rvs.

EXAMPLE: Rs = 90 ohms; V1
= 200 volts; V2 = 80 volts. What
is the resistance (Rt) of the meter?

SOLUTION: Rt = 90 ohms —-
[(200 volts = 80 wvolts) — 1] =
90 — 1.5 = 60 ohms.

D.C. Ammeters and Shunts

The range of a current meter is

SOLUTION: Rs = 100,000
[(500 = 200) — 1] = 150,000
ohms.
M = (Rt + Rs) = Rt. Substi-
tuting values: M = (100,000 4+
150,000) — 100,000 = 2.5. There-
fore, any reading on a meter thus P
doctored must be multiplied by M = Y
2.5: \Y

Note: A number of series resis-
tances, properly tapped, can be used
to provide a number of voltage
ranges (see Figure 1). The taps may
be numbered by their multiplying
factors to give quicker readings.

Determining the Internal Re-
sistance of D.C. Voltmeters

Rs Rs Rs Rs

increased by shunting a portion of
the total current around the meter.
(See Figure 4.) Any value of Rst
will increase the range of MA by the
ratio: (Rst. 4+ Rt) = Rst. For
example, if the internal resistance of
MA is 10 ohms and the value of Rst
is 100 ohms, the meter range has
been multiplied by 100 4- 10 = 100
= 1.1, or the new maximum range
is normal range times 1.1. Thus, if
the normal range was 10 ma., the
new range will be 10 times 1.1 or
11 ma.

FIG.4

METHOD 1: By determining cur- ©
rent for maximum voltage indica-
tion. See Figure 2, in which V is the
voltmeter whose resistance is to be
measured and MA is a current meter o

FIG.2

Suppose we have a meter with a
maximum range of 100 ma..(.1 amp.)
and an internal resistance (Rt) of 1
MA i ohm. We wish to extend its range

with a range of 5 ma. for high-
resistance meters and 20 ma. for low-

©__1 to 1000 ma. (1 amp.) or ten times

its normal range.
Let Al represent the normal range
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(100 ma.) and let A2 represent the
new range desired (1000 ma.). Then
the formula for finding the required
shunt resistance (Rst) is: Rst =
Rt = [(A2 = Al) — 1], or, to
actually solve the above problem:
Rst = 1 ohm -+ [(1000 ma. = 100
ma.) — 1] = '/, ohm or .11l
ohm.

A number of shunts may be con-
nected across a meter and controlled
by a switch, as shown in Figure 5. A
voltage divider is suitable for this
purpose. When the switch is at tap
E the meter is direct reading, and
as the switch is moved the various
parts of the shunt are brought into
use. As the switch is rotated from
E to A, the range is increased;
therefore, at A the range is maximum.

Determining the Internal Re-
sistance of D.C. Ammeters

Arrange the meter whose resis-
tance is to be measured as shown in
Figurc 6. Rvt is a variable shunt
resistance. A calibrated resistance is
best, but another resistance may be
used and measured at the completion
of the test to deiermine the amount
of resistance used.

PROCEDURE: Adjust the cur-
rent, with switch open, until the indi-
cation on MA is maximum. Then
close the switch and adjust Rvt untjl
the current indicated on the meter is
exactly half of the original value.
Then the internal resistance Rt of the
meter equals the amount of resis-
tance used in Rvt to produce half-
scale deflection.

Using the D.C. Milliammmeter
as a D.C. Voltmeter

To change the d.c. milliammeter
to a d.c. voltmeter we add a series
resistance (Rs). For example, let
us say that the milllammeter in
Figure 7 has a current range of 1 ma.
or .00l amp., its internal resistance is
250 ohms. I‘rom this we can see that
the voltage required to give full-scale
deflection on such a meter would be
.025 volt. To make a voltmeter that
has a range of 250 volts, out of this,
we must use a series resistance that
will multiply the range 10,000 times.
Then, the calculate the size of the
series resistance required, we have
this formula: Rs = Rt [(V1 = V)
— 1], in which V is the normal volt-
age range and V1 is the voltage range
desired. Thus the solution to the
above problem is: Rs = 25 ohms
[(250 volts — .025 volt) — 1] =
249,975 ohms.

Now, in the case of high voltages
it is customary to omit the meter re-
sistance (Rt) and simply -use this
formula: V1 (current range of
meter in amperes). Or, as in the
example cited: Rs = 250 volts -
.001 amp. = 250,000 ohms.

As stated before, the error due to
omission of the meter resistance is
small at high voltages, but increases
as we aproach the normal range of
meter. Under 10 volis we must con-
sider the meter resistance.

- The multiplying factor is deter-
mined by. this formula: (Rt + Rs)
— Rt = M. Or, as in the example

Y

o
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FIG.3
o) Rst
MA @
o ¥
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cited: M = (25 ohms -+ 249.975
ohms) = 25 chms = 10,000.

Consider having the ahove cited
meter with the 250,000 ohms series
resistance (Rs). This arrangement,
we said, would give us a range of
250 volts. If we should now require
a meter of 3500 volts range, it can
be had by shunting a resistance (Rst)
across the meter, as shown in Fig-
ure 7. The value of this shunt re-
sistance should be equivalent to the
internal resistance of the meter, if,
as we said, we wished to double the
range. Therefore, in this particular
case a resistance of 25 ohms would
be required.

If this shunt resistance is con-
nected with a switch, as in Figure 7,
the meter can be used either as a
250-volt meter, by leaving the switch
open, or as a 500-volt meter by clos-
ing the switch. If the shunt resis-
tance is used, the power rating of the
series resistance should be such as
to allow a passage of .002 amp. (2
ma.) or the sum of the current con-
sumption of the meter and the resis-
tance (Rst).

An Ohmmeter for D.C.
Resistance Measuring

A versatile d.c. resistance-measur-
ing unit can be constructed as shown
in Figure 8. The potentiometer
(Rvs. = 3000 ohms) is used to pro-
duce full-scale deflection on meter 2.
The terminals Y and Z are used when
measuring low resistance and the ter-
minals X and Z are used when mea-
suring high resistance.

PROCEDURE: Close the switch
and adjust Rvs until meter 2 indi-
cates full-scale deflection (1 ma.).
Then connect the unknown resistance
across Y and Z or X and Z, depend-
ing on the range required. This will,
of course, disturb the resistance in
the circuit, so readjust Rs until meter
1 indicates 1 ma. This will give a
new Indication on meter 2; we will
call this indication I1. Now, if the
the unknown resistance is connected
across Y and Z, it will be known as
Rxl. And it will be a low resis-
tance or less.than 100 times the in-
ternal resistance of meter 2. Then
we have this formula for the solu-
tion: Rxl = Rt =+ [(I — I1) — 1],
in which Rt is the internal resistance
of meter 2 and I is the total range
of this same meter.

Now if the unknown resistance is
connected across X and Z, it will be
known as Rx2, and it will be a high
resistance or more than 100 times
the internal resistance of meter 2.
When measuring a high resistance
{Rx2) it will be seen that it is in
shunt with the series combination,
Rs and meter 2. Therefore the so-
lution for Rx2 is the same as for
Rxl1, except that we must add the
resistance of Rs to the resistance of
meter 2, or, to be more precise, the
correct formula for the solution of
Rx2 is: Rx2 = (Rt + Rs) = [(I
— I1) — 1]

The range of resistance that can
be measured by this device is from a
fraction of an ohm to approximately
100 times (Continued on page. 634)
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FIGURE 1. ACIRCUIT DIAGRAM OF THE IMPROVED SET TESTER

THE

SET TESTER D

‘Brought Up-z‘o-Daz‘e

"B N response to many requests, we are describing the
changes necessary to analyze receivers using the new
6- and 7-prong tubes with the Set Tester de Luxe, pre-
viously presented in the October, 1931, issue of Rabro
News.

The new circuit is shown in Figure 1. With the changes
incorporated, it is now possible to use it on receivers with any
of the new tubes now available, including the 7-prong tube, type
~59, the —46, the Wunderlich tube, the —55, etc. This is done
without using any other adapters than the ones on the analyzer
plug. The additional parts needed
are but few, making the extra ex-
pense very low.

Before we start on rewiring, it
would be best to look over the
old tester in order to see what will have to be changed.
The 6-prong tube has one additional element and we must
provide a way to measure its voltage. This means one point
more on the selector switch S1. The 7-prong tube has the same
number of elements as the 6-prong and we need no additional
tests for it. There are, however, cathode tubes and filament
tubes which make it necessary to measure voltages with refer-
ence to the filament or to the cathode. A special switch is to
be provided which changes the reference point. Finally, it is
desirable that the cathode-to-filament voltage be measured
and that a way be provided to check the cathode current.
These tests would become the screen-voltage and screen-current
tests on the types —47 and —~33. 1In all there must be three
more points available on S1. Since we do not wish to replace
S1, there will have to be three other settings eliminated. This
is possible, for the screen-grid voltage and C-bias tests are
really the same and they can be united, leaving one switch posi-
tion free., Further, it is possible to connect the external jacks
in a different way, which eliminates the points “external volts”
and “external ma.” This takes care of our requirements. The
switch which was indicated by the symbol S5 now can be
employed for the change of the reference point.

Since there is not enough room on the unit to add any sock-
ets, the best solution is to employ a ‘“universal” socket” which

I]: By Bernard J. Montyn ]]

accommodates, 4-, 5- and 6-prong tubes. Another socket for
7-prong tubes is also provided. There seems to be no good
reason for using a second analyzer plug on the cable, and it
might as well be connected to the inside of the tester. This
leaves open a place for the inevitable 8- or 9-prong socket (yes,
they are coming!).

Perhaps some of our readers will prefer to take off all the
wiring and do the job over again, thereby avoiding any con-
confusion. It is, however, not necessary to rewire everything;
only certain portions have to be changed.

The best way to do it is in the fol-
lowing order: Remove the three sock-
ets and their interconnecting wires.
The leads which come from the
switch S! should be loosened, but not
removed, for they will be connected to the new sockets. Re-
move all connections to SS, the jacks for continuity testing, for
external measurements and clear the three points on S1, men-
tioned above.

The two sockets are now mounted and wired in parallel (see
Figure 1). A new 7-wire cable is connected directly to the
inside of the tester, the wires going directly to the 7-prong
socket or through 100-ohm resistors to the socket. All wires
which did go from S! to the socket can be connected again,
with the exception of the cathode lead, which now goes to the
switch S5. Note that there is now a 100-ohm resistor in the
cathode circuit, which serves to measure the current. The
short-circuiting switch is one of the new parts required; the
resistor, however, is salvaged from the removed parts. There
remains the connecting of the suppressor grid and cathode con-
nections to the switch S1 and to the external jacks.

Use of the Tester

Nearly all tests are made in the same way as they were
previously, with the exception of external measurements. The
switch S1 must be set for plate voltage and plate current to
make external measurements. The added resistance in the
cathode circuit provides an additional way of changing the
grid bias; this is most desirable (Continued on page 634)
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HEN a mercury-vapor rectifier tube approaches the

end of its emission life, the high inverse peak voltage

occasionally causes arcing or “flash-back.” The cur-

rent of this flash-back is limited only by the resistance
in series with the tubes and often reaches greater values than
the transformer windings or other portions of the circuit can
carry without injury.

To remove the danger of injuring radio receivers, the three
new Arcturus rectifiers, illustrated above, incorporate a pro-
tective fuse in each plate lead.

The type AT tube is recommended in
place of the -82 type, regardless of
whether the circuit is fused elsewhere
or not. The characteristics of this tube
are shown in the table appearing on this
page. The type AG tube is intended to replace the —83 type,
affording the same protection. The characteristics shown in the
table are the same as those of the —83 type.

Mercury-vapor lype tubes permit a belter regulation in the
power pack because of the low internal voltage drop. So, for
_instance, using the circuit in Iigure 1, with a transformer
secondary voltage of 400 volts per section, the output voltage
between A and B was 340 volts, with a current of 10 ma. The
voltage between A and B drops to 320 volts when the current
is 400 ma., a difference of only 20 volts.

Type AD is an indirectly heated, half-wave rectifier for use
in a.c.-d.c. receivers and for automobile B supplics. Hereto-
fore such sets often used ordinary triodes as rectifiers and
only recently special mercury-vapor rectifiers have been made

l[ By J. van Lienden :[I

FOUR
NEW
TUBES

eral novel features which will
prove of inferest to servicemen

available for this purpose. The type AD tube requires a heater
potential of 6.3 volts and a heater current of .3 amperes. For
the use in a.c.-d.c. receivers this filament can be connected in
series with those of all the other tubes A total continuous
drain of 50 ma. is the maximum allowable. Therefore this
tube is ideal for those small universal receivers that have
become so popular recently.

In Figure 2 we are showing the power supply and the output
tube for such a receiver. The output tube is the new Arcturus
AE type, which we shall describe. The resistor R can be cal-
culated and depends on the total num-
ber of tubes employed. Add all the fila-
ment voltages and subtract this sum
from the line voltage. The remaining
voltage is to be dropped in the resis-
tance R, and therefore R equals E = .3, where E represents the
voltage across the resistor.

In a receiver with such a low available plate supply one
should not use high-resistance chokes, for then too much of
the plate voltage will be lost. Assuming a total B drain .of 50
ma., there is a loss of 1 volt for every twenty ohms (d.c.)
resistance in the choke. .

When mercury-vapor rectifiers are used in a receiver, they
should be shielded and have a 1 mh. radio-frequency choke in
each plate lead. This is found necessary to prevent any noise
due to the sudden stopping and siarting of the current. The
filter used with these tubes should preferably be of the choke-
input type.

For the small a.c.-d.c. receiver (Comntinued on page 629)

AE AD (+ FOR D.C) CATHODE PLATE
. ‘ 4o pIr
- | ac. AD
OR
] l R F F
CONTROL SCREEN
——J . GRID
? CATHODE \ A
[ ‘@J j:-u; AE H H
s MA- = CONNECTIONS
B FiG.4 & L=P=  MFD. VIEWED
— = = FROM TOP
AF A5 AD VOLTAGE AE 12.6
HEATER VOLT .
FILAMENT VOLTAGE 2.50 5.0 6.3 HEATER CURRENT 3 AMP,
FILAMENT CURRENT 3.0 AMPS. 3.0 AMPS. .3 AMP. ) PLATE VOLTAGE 100
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; = CONTROL GRID BIAS 135V,
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o A
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“Design Principles of

LLong-Distas

1ce Receivers

for the ‘Broadcast ‘%and

The author continues his suggestions on circuit design for real DX

reception. He is now at work

on a constructional article giving

complete details of a receiver, incorporating many of the features
suggested here. It is hoped this material will be ready for the May issue

OME of the requirements that must be met

by a good long-distance receiver have already

been mentioned. The strongest possible signal should

reach the grid of the first tube, which should preferably
be a triode (except in the case of short waves) for better
signal-to-noise ratio. The grid circuit of this tube should be
tuned to the signal (or be part of a circuit so tuned), as should
the aerial-ground circuit, and the coupling between these cir-
cuits should be sufficient to insure the practical maximum of
energy transfer.

While the importance of a good receiver is under considera-
tion, it is well to sound one precaution. No receiver, however
good, can perform at its best without a good energy-collecting
system, any and all claims to the contrary notwithstanding.
It has already been pointed out that the applied signal must
be above the first tube’s noise level to be heard. If the design
of the receiver does not permit the use of a full-sized antenna
because of the resulting lack of selectivity, the receiver should
either be redesigned or discarded in favor of a better if
one is seeking the best results in the reception of the weak
signals from far-distant stations.

To receive feeble signals effectively, the
receiver should be sufficiently sensitive to
amplify the noise level of the first tube, a
steady hiss, to moderate volume with an-
tenna and ground disconnected. With proper care in design to
‘minimize noises, this will mean fractional microvolt sensitivity
over the entire scale. Further sensitivity obviously cannot
be used. It is well, however, to have a certain amount of
reserve sensitivity to compensate for aging tubes and the like.

In order to secure the necessary sensitivity, at least three
stages (four are better) of amplification at either signal or inter-
mediate frequencies are required. These may be supplemented
by some regeneration. Screen-grid tubes are satisfactory for
use in all stages after the first. One must be careful to avoid
a needless number of amplifying stages, as an increase in the
noise at the expense of the signal will result therefrom. The
resistance of all tuned circuits should be kept low as a highly
important aid in securing the necessary sensitivity. At the
same time, the inductance of the tuned circuits should be as
high with respect to theé capacity as is consistent with selec-
tivity and stability requirements, because the signal voltage
drop developed across an inductance is proportional, other
things being equal, to that inductance. Since the amplified
signal voltage divides proportionally to the impedance, between
the a.c. plate resistance of the tube and the tube’s external plate
impedance, to secure the maximum amplification output the
impedance of the plate circuits of the radio-frequency ampli-
fying tubes should be as high as selectivity and stability re-
quirements will permit. Depending on their a.c. plate resis-
tances, different types of tubes have different impedance re-
quirements for satisfactory operation. As is well known, for
instance, the screen-grid tube, in order to amplify efficiently,
must work into a high impedance, much higher than that re-
quired for the three-element tube. The couplings between cir-
cuits should be sufficiently tight to insure nearly maximum
energy transfer. As mentioned, tubes have a certain “best op-
erating point” with reference to amplification-to-noise ratio.
which may be determined experimentally and at which they
should be used for DX reception (excepting possibly in the
case of the final radio-frequentcystage). To-attempt to secure

Part Two

i By C. H. Long :]]

more amplification from them by raising the plate
voltage is only to increase the noise.

To insure really good results in long-distance reception, par-
ticularly on the broadcast waves, it is necessary that the
receiver have a high degree of selectivity. There are two chief
reasons for this. The first is that it is needed to prevent inter-
ference from more powerful and unwanted signals. The second
is that static interference of all kinds is considerably reduced
thereby, being limited to the band on which reception is taking
place. This is of importance, since there is always some
static, even when conditions are at their best.

To meet the problem of station interference, the selectivity
of the receiver should be at least such that the band width at
1000 times field strength does not exceed 20 kilocycles, for,
even though results may be obtained with a lesser selectivity,
they will not be nearly as good as they might be. Other
things being equal, the better the selectivity, the better the
results will be. Selectivity, to be of the greatest assistance in
reducing static, must be of a very high order indeed, consid-
erably in excess of that mentioned above—though this degree

of selectivity gives a slight reduction in’

static interference. This matter will be
treated more fully later under the problem
of static reduction.

The necessary selectivity should be se-
cured primarily by employing a large number of tuned circuits
whose resistance is kept low. The band received should narrow
down gradually more or less in proportion to the stage-by-stage
sensitivity, as the signal proceeds through the receiver. This
1s necessary for the sake of greater receiver quietness, which
will be discussed more at length later, and to prevent any
trace of cross modulation. Regeneration, properly and judi-
ciously applied, is an aid to selectivity, but otherwise it may
prove a general nuisance.

Noise Level of Receiver

There are several important items yet to be considered. One
of these is the reduction of the noise level of the receiver to a
minimum. To complicate matters for us, the customary re-
ceiver noise is increased by the application of a signal or a little
external noise. Hence, due to this phenomenon, if the receiver
is noisy, the chances of receiving a weak signal are small. Re-
ceiver noises reduce the usable sensitivity; may, indeed, reduce
it to a point where it is totally inadequate for the needs of
difficult long-distance reception. It is, therefore, obvious that
it is highly important to hold receiver noise at the absolute
minimum.

Receiver noises other than tube noises will also operate to
increase tube noise; hence, all such noises should so far as is
possible be eliminated. All connections should be firmly made.
There should be no “rosin joints” or poor contacts anywhere,
and there should be no half-way connections to shielding at any
point. Defective parts must be guarded against by the use of
high-grade parts and the replacement of any parts that become
noisy in service. If a.c. is used, thorough filtering of the line
current supplied to the receiver must be employed in order to
approach, but unfortunately never quite to equal, battery
quietness. However, the receiver is powered, the filtering of
the circuits associated with each individual tube should be
thorough and complete. To keep the noise down, all amplifying
stages should operate in a perfectly stable condition. The
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receiver is noticeably quieter in opcration if the selectivity
gained per stage is in the order of the per stage gain in sensi-
tivity. For example, if the per stage gain is 30, the per stage
selectivity should in the ideal case reduce the response at 10
kilocycles off resonance to not to exceed 1/30th that at reso-
nance. In practice, a factor of, say, 1/15 will be found satis-
factory in this example, but a factor of % or ¥4 will cause the
receiver to be unnecessarily noisy. By the reduction to a
small value of the detector input, the noise of preceding stages
may be somewhat reduced in proportion to the signal, due to
the non-linear rectification, which will increase the difference
between signal and noise that is slightly weaker. Tubes having
low noise levels should be used, especially, as already men-
tioned, in the position of first tube. It is advisable to choose
battery tubes and battery operation for the tuner for the sake
of greater quietness. For, though a.c. is cheaper and more
convenient, and though the circuit design is ecasier, and the
tubes are in general more sensitive than battery tubes, a.c.
tubes and other equipment are without exception more noisy
than good battery equipment. In spite of the slightly higher
sensitivity of the a.c. tube, due to the higher noise level the
usable sensitivity, the only sen-
sitivity that counts, of the best
a.c. receiver is somewhat less
than that of the best baltery
receiver. However, the audio
channel may be a.c. powered,
if desired, better tone at re-
duced cost being thus secured.
To minimize tube noise the
plate voltages of the tubes in
the tuner should be maintained
at the best operating point. In
the author’s personal receiver
is incorporated a circuit that
has proved useful in still fur-
ther reducing the bad effects of
tube noise. It is the intention
to describe this circuit in a
future article.

Reduction of Static and
Electrical Interference

Another highly important
item to be considered when re- .
ceiving feeble signals is the reduction to the minimum of static
and stray noise interference. This refers primarily to small
static and noise of the sume order of strength as that of the
signal.  Such reduction may permit satisfactory reception of a
signal on one receiver, while on another not featuring it, noth-
ing but noise is heard under like conditions. o ;

Keeping the noise level of the receiver at a minimum Is an
aid in the reduction of this type of interference. When the
signal is small, the usual receciver noise rises nearly as the
square root of the signal. When a weak signal and static about
its equal are being received, the signal handled by the receiver
is in effect doubled, and the receiver, unless exceptionally quiet,
will become noisy to the degrce that little or nothing but noise
is heard, regardless of amplification.

Reduction to a small value of the signal supplied to the
detector, in order to increase by the detector’s square law
action the dificrence between signal and noise, is often an aid.
The detector is then followed by one stage of audio for phones,
or two for speaker. At other times, with a slightly different
type of static, it is advantageous to listen in with phones con-
nected directly in the detector circuit.

It has been mentioned that selectivity aids in the reduction
of static. To be of greatest service the selectivity must be of
an unusually high order. It is then effective in considerably
reducing small static and electrical interference. It has been
the author’s repeated experience that by this means alone static
that almost blots out a signal can be reduced to a point where
the signal is received quite clearly and {airly free of interfer-
ence. The selectivity under consideration must confine recep-
tion to a much narrower than 10-kilocycle band. Yet voice
from the distant stations must remain clear and distinct, which
requires that special precautions be taken, as ordinarily under
these circumstances speech would become quite blurred. The
customary audio compensation, unfortunately, restores also
much of the interfcrence " (though there is some gain). It
should be possible to readily regulate the width of the band
received in order to take care of different degrees and kinds of

“One should know when to
listen for the kind of DX
he expects to hear.
during which reception of any
desired transmitter is possible
can easily be fz'guréd out
with the aid of a world map

and a world time chavt.”
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static interference and also the condition of no interference,
when the entire register should be available, preféerably in the
detector output.

Audio tone filtering, whereby the treble is suppressed, is of
some assistance in reducing electrical interference. Althougn

it tends to destroy the intelligibility of speech, nevertheless,

emploved in the proper way in conjunction with a high degree
of selectivity it is a useful aid.

Purely local electrical interference, such as from wiring or
electrical equipment within the house, can often be reduced by
means of the interference-reducing, shielded antenna lead-in
systems now on the market. Usually it is best to ground the
shield and to a separate ground well removed from the receiver
ground.

Speaker or Phones

Signals can always be received just a little more clearly on
the phones than on the speaker. If the receiver is designed
according to the recommendations laid down, it will bring the
signals from any station receivable to good speaker volume, but
by using the phones one can receive more distinctly those sta-
tions almost drowned in the in-
terference. Hence, if one 1s
secking the best resuits in long-
distance reception, the receiver
should always be provided with
phone outlets.

For best results under all
conditions, jacks should be
placed in both the dectector and
the first audio stage, for some-
times one position is preferable
and sometimes the other, de-
pending on circumstances. Ior
best results they should never
follow the second audio stage,
as two audio stages greatly en-
hance the noise at the expense
of the signal.

The time

Miscellaneous Tuning
Hints

The possession of the neces-
sary equipment with which to
hear the distant siations is the

prime essential, but the proper technique of handling this
gq}fipment may easily mean the difference between success and
ailure.

First of all, one should know when to listen for the kind of
DX he expects to hear. It is well known, for instance, that in
distance reception on the broadcast waves darkness must pre-
vail over the path that the signal follows from transmitter to
receiver. Japan is received from about 3 a.m., C.S.T. until
daybreak. Again, Hawail is best received {rom about 2 to 4
am. The times during which the reception of any desired
transmitter is possible can easily be figured out with the aid
of a map of the world and a time chart. (Both a handy time
chart and special DX map were published in Rapio NEwS last
menth.—THE EDITOR.)

When DX is being sought, it is quite important to tune care-
fully and slowly, if one is to avoid passing completely over
many signals without ever realizing it. Furthermore. a signal
that seems largely noise at first may be cleared up greatly if
one has receiving equipment that permits of the various neces-
sary adjustments of selectivity, antenna tuning, and so forth.
Regeneration, properly applied, is a great aid in locating weak
signals by their carriers.

Up-to-date call lists are a great aid in the reception of distant
stations. Often one cannot be sure of the station call, and a
good call list will aid in identification. Sometimes in the case
of Japanese, Chinese and other stations from which English is
spoken but rarely, it is the only means of initial identification.
It might be mentioned that Japanese stations make it a prac-
tice to give their call in English just before signing off.

Patience is a very useful virtue in connection with the recep-
tion of DX. The signal that fades may come back again in five
or ten minutes or even less time with sufficient strength for
reception. Furthermore, the station that cannot be received at
one time may come in fairly well when conditions are.better:

The coldest weather is not always the best for reception or
even the most static-free, but for best results on the broadcast
waves the weather must be, if not (Continued on page 631)
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CHECKING UP ON THE FREQUENCY CHARACTERISTIC
The amplifier connected to an oscillator and an output meter awhile a “run” is being taken

USING THE NEW

PUSH-PULL

’ I \HE theory of Class B operation has been covered in

previous issues of this publication and we will therefore

touch only briefly upon the theoretical aspect. As stated

above, the input impedance of the tube is low, being
in hundreds of ohms, and due to the operation of the tube
in the positive grid range, grid current of appreciable mag-
nitude is drawn. Upon analyzing the
component distortions, we find that the
third harmonic is the strongest. If the I[ By 1. A.
driver transformer, feeding the Class B
tube, is so designed as to develop a small
amount of third harmonic distortion, this third harmonic will
be in direct opposition to that in the output of the push-push
stage and balance out. Two things must be taken into con-
sideration as governing this method of distortion reduction:
the fact that the third harmonic contact is not constant over
the full power range and that the input transformer has leak-
age reactance. The first point is covered by choosing an opti-
mum value of input distortion which will cover the full range
fairly well. The leakage reactance can be kept low in the
transformer design, so that the phase shift between input and

SCHEMATIC DIAGRAM OF THE AMPLIFIER

The -89 type tube is connected as a class A triode amplifier.
T he output tube combines both sides of the “push-pull” circuits in one envelope

Figure 1.

- output distortion is negligible.

-79 TYPE TUBE IN D.C.

AMPLIFIER

It is also important that the
output transformer design take into consideration the fact that
in Class B only one tube (in the —79 one-half of the tube) is
operating at a time. This means that the effective leakage
reactance from each half of the primary to the secondary
must be low, to minimize the attenuation of the higher fre-
quencies.

As in all Class B systems, for good out-
put, the regulation of the B supply should
be good. If used for mobile work, either
B batteries or a husky compound-wound
motor-generator type B eliminator should be used.

In the design of the amplifier described in this article, full
consideration has been given to its universal possibilities of use.
The complete amplifier, cased in a sheet-steel box, weighs only
11 pounds and measures 5 inches by 8 inches by 614 inches.
The complete power supply weighs only 12 pounds and mea-
sures 5 inches by 8% inches by 6% inches.

Either of two input transformers can be used without alter-
ing the layout, both including universal features. The first
transformer (type BPR) has two primary windings, one for a

Mitchell E

POWER SUPPLY CIRCUIT

Figure 3. A mercury-vapor rectifier tube is
used for better regulation of the output voltage
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detcctqr plate or high-imped- A RMS SIGNAL~ VOLTS female plugv to vyhich the am-
ance pick-up, the other for a e B PLATE CURRENT- MILLIAMPERES plifier plug is joined. Biasing
double-button mike or low- C  TOTAL HARMONIC DISTORTION - PERCENT and voltage drop for the —37
impedance pick-up. The sec- 10 2 ; tube is taken care of in the
ond transformer (type BLG) . ) /'f' amplifier.
has [lacilities for connecting a AL LT /’ The illustrations show the
50, 200 or S500-ohm line; a 40 8 ,/ 2 layout of the chassis and box
single-button microphone, - / for the power supply. The
double-button microphone or c/ holes in the side and cover of
parallel microphones, three 30 6 A the box are to provide venti-
200-ohm lines used simulta- ‘ // // lation for the power-supply
neously, three 500-ohm lines 5 P / components which develop
used simultaneously, or one 20 4 7 / considerable heat. If the
500-ohm and one 200-ohm i // power supply is not to be
line used simultaneously. The i3 L used for portable work, the
output transformer is tapped Y e Ep=180V. box can be omitted.
at 15, 8 and 4 ohms, allow- The amplifier itself is
ing its use in one to four per- 1 shown schematically in Fig-
manent-magnet or 6-volt dy- | ure 1 and in the illustrations.
namics. Two magnetic speak- 0 1 2 3 1 5 5 = It consists of two cascade
ers can be connccted in series POWER OQUTPUT - WATTS stages of audio using a -37
directly to the output plates. and —89 tube and then feed-
The amplifier is well suited ing into the —79. The total
to any porlable work. Ap- CURVES OF THE -79 TYPE TUBE voltage input to the amplifier
plied to public address, it will Figure 4. These curves show the signal wolts required 1s 180 volts. This supplies

fill a small arena. As an am-
pliter for automobile-radio
use, its high-power output al-
lows good volume without overloading.

to a small picnic ground and the many other outdoor amplifier
There are many rural districts
where a.c. power is not available and battery-operated receivers

uses where a.c. is not available.

are used. With this amplifier, sufficient
power output can be obtained to supply
full quality volume for either indoor or
outdoor use. Or it may be desired to use
the same unit in both the car and home,
or for portable work where either a.c. or
battery supply is available. This can be
accomplished by bringing the terminals to
a cable and plug which upon disconnec-
tion allows the amplifier to be moved
anywhere.

Figure 3 shows a diagram of a power
supply which will feed the amplifier from
a standard a.c. line. The heater-type fila-
ments on the amplitier tubes make it par-
ticularly suitable {or a.c. operation. An
—-82 rectifier is used with choke input in
the power supply. Through low resis-
tances and proper circuit design, good reg-
ulation is maintained. The output con-
sists of only two filament terminals and
two high-voltage terminals which can
readily be brought out to a four-prong

THE POWER PACK

Whenever 110 wolis a.c. is available, this unit will provide
the necessary power for operation

for a given output. as aell as the plate current and the

harmonic distortion of the class B tube

Tt can supply music  puts the rated 160

volt bias.

FIGURE 2. SOCKET CONNECTIONS

CONNECT N9.2 GRID AND N2.3 GRID
TO PLATE. CAP - CONTROL GRID

19

N2.2 GRID-~-4g @oc--- CATHODE
N2,2 PLATE-®© ©<-+-N2.{ PLATE
® ©
HEATER
CAP-N2.{ GRID
BOTTOM VIEW OF BASES

the —79 tube, which is not
biased, with its full rated 180
volts and at the same time
volts on the type ~89 tube, which has a 20-

Both the —89 and —37 tubes are self-biased, as this is
the most dependable method of obtaining proper bias voltage.
The grids of the ~79 tube are driven to a point where, at

maximum uniform signal, the total plate
current is 44 ma. The average plate cur-
rent i3 much lower than this. It is im-
portant that the —89 tube be properly con-
nected for Class A operation, as otherwise
it will not operate efficiently. The socket
connections for both —89 and -79 tubes
are illustrated in Figure 2. The volume
is controlled with a 500,000-chm poten-
tiometer in the grid circuit of the first
tube.

Present Class A tubes have their power
and efficiency limitations, though the in-
herent harmonic distortion is low. Pre-
vious Class B tubes were of too large a
size to take care of the numerous low-
power applications. The inevitable result
was the development of a tube such as the
~79. It is the writer’s belief that this
tube will find wide application in the
medium power amplification field.

A number of new tubes with specific
Class B virtues (Continued on page 631)

INSIDE OF THE AMPLIFIER

can
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The construction is simplicity itself. An output of 6 awatts

be obtained from this amplifier
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TUBE ADAP
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ERS

AND THEIR APPLICATIONS

Adapters are now available to meet almost every conceivable
requirement, and offer a convenient means for modernizing
receivers and set analyzers

use many of the newest tubes in sets originally designed

for older type tubes. By means of these convenient

accessories an otherwise obsolete radio receiver can
often be modernized with very little expense.

In receivers designed for —35 and —51 tubes, for instance,
the new —58 may be substituted without fuss or bother by
means of the Na-Ald tube adapter illustrated in Figure 1. It is
noted that this adapter has a six-prong receptacle connected
to a five-prong plug. The suppressor grid and cathode are
connected together within the adapter and brought down to
the cathode prong. A special shield is available for use with
the ~58 tube to take care of the height added by the adapter.

Within the past year the —47 type or PZ pentode has gained
great favor at the expense of the —45
power output tube. The pentode adapter
shown in Figure 2 makes this substitution
possible. In view of the fact that the PZ
pentode is four times as sensitive as a —435
tube, making possible greater volume and smoother reception,
the value and popularity of the pentode adapter is readily com-
prehended. When using this adapter, the bias resistor should
be changed to 450 ohms for a single tube and about 225 for
two pentodes in push-pull. This same adapter may be used
when it is desired to substitute a 2-volt —33 type pentode in
place of the older style —31 tube. When this substitution is
made, the bias resistor should be changed to the proper value
for the —-33.

’ i \HROUGH the use of special adapters, it is possible to

Replacing Old Detectors

A number of improved detector tubes are now available.
The type —57 tube is designed primarily for use as a biased
detector, but its triple grid structure and electrical characteris-
tics also make it useful as a screen-grid amplifier for low signal
outputs. The shield arrangement on the dome of the tube is
an important development in that it aliows a decided reduction
in the output capacitance and renders the tube very satisfac-
tory for short-wave operation. The independent prong pro-
vided for the suppressor grid permits the adaptation of this
tube to a variety of circuit arrangements depending upon the
way in which each grid is used. The versatile tube adapter
shown in Figure 1 permits this tube to be substituted readily
for a —24 detector.

Of course, the screen voltage should be increased to 90 volts
and the grid bias should be adjusted to the recommended value
if maximum advantage is to be gained.

I[By H. G. GCisin ]i

Another important new detector tube is the Wunderlich tube.
This is a special-purpose, high-quality detector which combines
full-wave rectification with a perfect stage of audio amplifica-
tion and provides the necessary voltage for the automatic con-
trol of sensitivity—all within one tube structure.

While there are no adapters available at present for substi-
tuting the Wunderlich tube directly in place of another type
of detector, the Wunderlich tubes may be tested on old type
testers and analyzers by using the adapter shown in Figure 3.
It will be seen that this adapter is suitable for testing a five-
prong Wunderlich “A” tube in a type —-27 socket. The two
grids of the top socket are connected together and brought
down to the grid prong of the bottom plug, thus converting
the Wunderlich tube (so far as testing is concerned) into a
standard three-element type.

In the field of battery-operated sets,
automobile radio receivers are now attract-
ing the most attention. The special 6.3-
volt tubes are exceedingly popular for this
lype of service. Until a short while ago, the —38 type tube
was the standard auto-radio power output tube. Recently,
however, several new tubes have been announced to supplant
this one. These include the ~41 and the —42. The —41 tube
has an undistorted power output of 1200 milliwatts as com-
pared with 525 for the —38, while the —~42 has an undistorted
power output of 3500 milliwatts, Through the use of the
adapter illustrated in Figure 4, a —41 tube may be inserted in
place of a —38, with greatly improved results. This adapter has
a six-prong receptacle and a five-prong plug. The grid terminal
of the top socket is brought out to a control-grid stud on the
side of the adapter. This is connected to the grid clip in the
receiver.

Improving -the A.F. End

Where the —45 tube is used as a driver tube in a Class A
amplifier, it may be replaced by a —46 tube; the adapter,
shown schematically in Figure 3, is employed. This adapter
has a five-prong socket on top connected to a four-prong base.
When the —46 is used as a Class B power amplifier, the two
grids are tied together. The adapter shown in Figure 2 may
also be utilized where a —46 is to be used in place of the —45.
Two of these adapters are employed for push-pull stages.

Even the new —82 full-wave mecury-vapor rectifier may be
substituted for the old-style —80 type rectifier by means of an
ingenious adapter (see Figure 6) which contains a suitable re-
sistance in series with one of the filament leads, in order to

BOTTOM =™~ R
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SUPPRESSOR -, SCREEN CONTROL GRIID CATHODE “:‘G P
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TYPE
949

FiG.s

drop the voltage from 5 volts to

2V5 volts. The —82 tube is more
conservatively rated than the

—80 and has a reserve adequate
to take care of the over-voltage
normally experienced in service.
Because of its voltage regulation,
it is ideal for use in connection
with Class B amplifiecrs. The
voltage drop across this tube re-
mains almost constant as the
load is increased, until the total
emission of the filament is ap-
proached.

Adapters similar to the one
shown in Figure 6 are also avail-
able for testing the new -82 and
G-2 tubes in old testers. These
adapters are arranged so that
both plates may be tested. They
also have limiting resistors and
other special features designed
or suggested by the engineers of
Weston, Jewell, Supreme, Radio Products and also by the
engineers of the leading tuhe companies.

Adapters have cnabled the serviceman to keep his tube
testers, analyzers, etc., up to the minute, thus completely solv-
ing an otherwise unsurmountable problem. Test adapters are
made just as rapidly as the new tubes are announced. They
are available in every conceivable form and for practically
every purpose. A few of the various tvpes are illustrated in
Figure 7. The chief engineer of the Alden Mfg. Company
estimates that his concern has made at least threc hundred
and fifty different kinds of adapters. These include, among
others, test adapters lor modernizing old set analyzers and
tube checkers so as to permit tests of —55, =57, =58, =59, PA,
PZH, —41, -42, —43, —46, —48, -82, —83, -85, -89, Duo-Diode,
Duplex Diode Triode, and, in fact, o/l the other new tubes.
In addition to the adapters, associate analyzer plugs, such as
the ones illustrated in Iigure 8, are also available.

Modernizing Test Equipment
The Wunderlich test adapter, described above and illus-

trated in Tigure 3, is a typical example of the way in which
engineers have enabled servicemen to use old-style instruments

in testing new-type tubes. Typical test adapters designed for

A UNIVERSAL ADAPTER

Figure 10. The type 950XYL adapter for tube check-
ers permits the testing of a wide wariety of new tubes
in checkers designed before the advent of these tubes

~41 and -42 type tubes are
similar in appearance to the one
shown in Figure 4. Using adapt-
ers such as these, ~41 and 42
type tubes may be tested in set
analyzers having five-prong test
sockets.

The last word in tube-check-
ing adapters is the Na-Ald “all-
purpose” adapter shown in Fig—
ure 10. This is a truly universal
checking adapter, as it enables
one to test all of the following
tubes, in any tube checker: -29,

~33, —36, ~37, —38, -39, -41,
—42, —44, —46, —47, —49. -32,
-55, =37, ~38, -39, —64, —65,
—67, —68, —69. —70, —S0, -85,

-88, =89, Wunderlich “A,” Wun-
derlich “B,” GA, PA, PZH, LA,
-82, —83, —93, —93, —85, 86,
G-2-S and G-4-S. This adapter
is very easy to use, as it has
only one toggle switch, which is employed only for the last
four tubes.

Before commercial adapters were available it was necessary
for the servicemen to construct makeshift adapters, using a
tube base for the bottom and a socket for the top. These had
the disadvantage of being bulky and cumbersome. On the
other hand, adapters such as the Na-Ald units illustrated, have
the least possible height and diameter required to perform their
particular function. When it comes to or'put and pick-up
adapters, the diameter is such that the nevs shields which are
being required by the underwriters will not be interfered with,
nor will they cause short-circuits. Even the analyzer plugs are
so carefully calculated and so compact in design that they
will fit readily into old-style Radiolas. A new small analyzer
plug is available having a six-prong small base and designed
especially for automobile radio sets.

Thus these adapters can always be used, no matter how
limited the space. Adapters which are used on analyzer plugs
must be of such size as to clear the close-fitting, shock-preven-
tative shields which are within #% inch of the tube bases in the
latest sets-and which in many cases are permanently fastened
to the chassis.

Adapters are used to perform many (Continued on page 631)
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AN INTRODUCTION TO THE VARIOUS PHYSICAL

Phenomena Underlying

adio

Radio apparatus of today, including television, uses practically all of
the physical phenomena capable of being controlled by science. Devices
which can be assembled within the space of a few cubic feet involve
actions and energy transformations ranging over the whole domain of
physics. Sound, heat, light, electro-static and electro-magnetic changes,
as well as the dynamics of moving parts, are linked together in a chain
of interactions which require study if we are to understand them

7 HEN the kinetic theory of heat first

/8 / gained general acceptance (as recent

as 1860), it was thought that the

heat of a body was due entirely to

the motion of its atoms and molecules. If a body was heated,

the motions and therefore the energy was increased; if cooled,

energy was taken away and the motions decreased. The pres-

sure of a gas was explained as the force exerted on the con-

taining vessel by the collisions of the atoms. Conduction of

heat was thought of simply as the passing along of kinetic
energy of agitation by collision.

Later, however, evidence seemed to indicate that the free
electrons might play an even more important part in thermal
processes than the atoms and molecules. Good electrical con-
ductors were usually good heat conductors; good electrical
insulators were usually good heat insulators. Electrical con-
duction was thought of as a flow of electrons which suggested
the application of the kinetic theory of gases directly to the
electrons. In terms of this theory, a body may be thought of
as a uniform mixture (when in equilibrium) of the atoms and
free electrons, similar to a mixture of two gases. Such rea-
soning leads to the belief that the electrons exert a pressure
at the surface of a solid similar to vapor pressure at
the surface of a liquid, which tends to cause the elec-
trons to evaporate from
the surface. This electron

By E. B. Kirk

Part Four

the fields of force, as in the case of the
bound electrons of insulators and polar mole-
cules. (A polar molecule is one with an
unsymmetrical field of force.) A flow of heat
is in a sense a random flow of electricity, a flow in all direc-
tions having many components, most of which balance out,
so far as outside detection goes. Likewise it is reasonable to
think of some of the directed flow of energy of an electric
current as being dissipated by collisions at right angles to the
direction of flow and therefore appearing as the random dis-
tribution of heat. The two are inseparable and always appear
together, except when electrons are moving through a perfect
vacuum.

This may seem an extreme point of view, still many obser-
vations are brought into accord by this theory. The law of
Weidemann and Franz, for example. This states that at any
given temperature the ratio of the thermal to the electrical con-
ductivity of all conductors is a constant. This has been
found to be approximately so, and without the kinetic theory
of electrons it has not thus far been explained.

As we have said, the conservation of enerfy rests on experi-
mental facts. Many careful determinations of the quantita-
tive relations of the various energy transformations have been
made. Some of these will be useful later and are therefore
given at this point.

Mechanical E quivalent

pressure is determined by
the inter- and intra-atomic
forces, involving the nature AF.—,_'.%QC%EN
of the atoms, the tempera- 5
ture, pressure and all their
other physical properties.
In terms of the potential
and kinetic energies of the
electrons, this mode of
analysis has proven helpful
in thermo and thermionic
electrical theory. |
REPULSION

Similarity of Heat {SHADED AREA) \
and Electricity X

FIELD OF -~~~

If we consider heat as we =i

have done above, we see

of Heat

ORBITS OF PLANETARY
____ELECTRONS Joule was the first to de-
TN, termine directly the relation
\ between work and heat. He
! used a machine whereby a
i known amount of mechan-
SEEPISHENYN ical Evorkbwas convertecfi
’ into heat by the stirring o
ya L”}E\O&?ESEON water. From the rise in

. temperature of the water he
““NUCLEUS ‘was able to calculate, sim-
7 ply, the mechanical equiva-

/ | lent of heat. Since his time

many more accurate meth-
ods have been devised, and
the value now accepted is:

that there is no fundamen-

tal difierence between it
and electricity. Heat is a
statistical distribution of en-
ergy in all directions and
among all modes of motion.
An electric current is an
orientation of part of
this energy in one direction.
An orientation may consti-
tute a real flow of electrons
as in the case of currents
through conductors, or else
it may be only a displace-
ment or rearrangement of

THE FORCE FIELDS OF AN ATOM

Figure 1 is a diagrammatic representation of the force fields
of an atom or molecule. All atoms have two characteristics
in common. They have about them a field of attraction either
electrical or gravitational in origin. Although this field is
intense near the atom and fades off as does the gravitational
field of the earth at great distances, it has been represented
by the outer dotted line in the diagram. However, surround-
ing the nucleus there seems to be another field of influence,
one of repulsion. It also has no sharp boundary, but has
been indicated by the shaded area. The figure represents
only one plane section, but in reality the fields surround the
atoms in warious asymmetrical patterns determined by the
distribution of the charges of the nucleus and the planetary
electrons. Each element has its own individual fields of force

wWwWwW-americantadiohistorv-com

1 Gram-calorie = 41,820,000
ergs (Laby)

(The erg is a unit of work
and is equal to the force of
one dyne acting through a
distance of one centimeter.
A dyne is the unit of force
in the centimeter-gram-
second system. A college
physics text will explain
these units.)

If a current is sent
through a conductor, it is
found that there is always a
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drop in potential from one point to another. This means that
some of the energy which enters the wire has been converted
into some other form. Chemical actions or mechanical mo-
tion might be caused by the flow of current, but if care is
taken that these actions cannot take place, it is found that
the energy that is lost is appearing as heat, which is usually
called the IR losses.

The relation which connects mechanical work with electrical

energy is: WeTR=1IE

If I, the current (quantity of electricity per second
measured in coulombs), is measured in amperes, and E,
the voltage drop, is measured in volts, W is the power in
watts. One watt of power is equal to 10,000,000 ergs per
second. The important thing to remember is that the poten-
tial difference, E, represents
the amount of work neces-
sary to move a unit charge

603

proximately the kinetic energy of an electron falling through a
potential difference of 100 volts. It would require 10,000 of
these electrons impinging every second in order to have power
delivered equal to the least detectable sound.

The eye is sensitive to 2,/10,000,000,000 erg per second under
the best conditions; this then is of the same order of magni-
tude as the energy of one of the above electrons.

Suggested Reading

Fundamental Concepts and Definitions—Kimball, College
Physics. Any good physics text will explain the meaning of
mass, force, potential energy, kinetic energy, work power, elec-
tric potential, heat temperature and so forth, and the units
which are used for the measurements of these quantities, such

as the dyne, erg, joule, volt, watt and so on.
Heai—Maxwell, J. Clerk.
Theory of Heat. In partic-
ular, Chapters I, II, III,

IV, XVI and XXII.

through that potential dif- nd
® The Kinetic Theory of
ference, and as I = —, the f L. | PONTOF GREATEST Gases—Bloch, E. Kinetic
. t l g‘r ;,1 .~ ATTRAGTION Theory of Gases. This is a
total quantity moved per : Ble v w7 very good elementary expo-
second, the total work is A 21258 I\ FORCE OF ATTRACTION sition. Loeb, L. B. The
I X E. DISTANCE FROM = - B R AV 2 Nature of a Gas. An ex-
One gram-calorie equals CoNTER OF - “lez ! g RESULTANT FORCE cellent book; the first half
41,820,000 ergs; therefore - Aty R R .: R deals with the fundamentals
it follows that— | = === : : i of all matter. Very read-
One watt = gran}-calo- —i“’/: ({ < D'ggﬁ#gg S?OM z;gle.. L’(I)‘tilb, L. B. The
ries per sccond/4.182, or X S ! < MAOLECULE. inetic eory of Gases.
the heat produced by a flow EAE(;\‘JEECFDEE‘ ; 3 | This is a comprehensive
of current is— ': a ) FORCE OF REPULSION treatment of the subject.
Heat in gram-calories per ! « i The first few pages are rec-
second = watts/4.132. h l ; ommended as a historical
. ‘ introduction to the subject.
Practical Examples of Kinetic Theory of Elec-

Energy Relations

It may be interesting to
look at a few quantitative
examples of energy trans-
formations. Let us assume
that an amplifier supplies 2
watts to a loudspeaker and
that the speaker is of the
average inelficient type,
converting, say 4% of the
input energy into sound.
This gives .08 watt of en-
ergy per sccond to be con-
verted into the kinetic
energy of the moving air
molecules which constitute the compressions and rarefactions
of sound waves. Eight hundredths of a watt at the diaphragm
of the speaker gives 800,000 ergs of work per sccond being
done. But of course the sound waves spread out from the
speaker in approximately spherical form. If we are seated
three meters (approximately 10 feet) away, the energy which
reaches the ear is calculated to be approximately .7 ergs per
second per square centimeter of area, assuming that the walls of
the room do not reflect appreciably. This is a very small
amount, but it is 35,000 times the amount of energy per second
which the car is just able to detect. The least perceptible
sound is one with a power of .00002 erg per second per square
centimeter. In the above example the gain over minimum
audibility would be approximately 45 db. (The decibel is
cxplained in the November issue of Rapio NEws.)

If we suppose a fairly strong signal to deliver to the antenna
.02 erg per second, this incoming energy per sccond, although
1000 times the lecast energy detectable by the ear, is of no
value until transformed into sound. Working backward from
the minimum audible energy, .00002 erg per second, and assum-
ing that an amplification of 100,000 is used (a gain of 50 db.),
it follows that as little as 2/10,000,000,000 erg per second in
the antenna could be detected. It is interesting to note that
if the inverse square law held for radiation, the above value
would be the power per square centimeter received at a dis-
tance of 12,500 miles if 100 watts were radiated. Further,
if we assume 30 watts are being expended in the tubes, trans-
formers and speaker of the set, the output of .08 watt as sound
gives an efficiency of only .279. The efficiency per person (2
ears) listening is .0000005%.

The amount, 2/10,000,000,000 erg, also happens to be ap-

distance, | in the figure.

force has to be owercome.

SECTION A-A THROUGH

Figure 2. The forces surrounding an atom may be indicated
as in the accompanying diagram. An approaching atom would
at first experience attraction, if its approach continues it
comes within a much more intense aiiraction, greatest at some
Further approach diminishes the
attraction until at the distance R repulsion becomes effective.
At any distance less than R an increasingly great repulsive
This hypothesis helps to explain
the apparent elastic qualities of atoms and also the extreme
difficulty experienced when attempts are made to disrupt the
nucleus of these atoms

trons— Crowther, J. A.
Ions, Electrons and Ioniz-
ing Radiation. The Lkinetic
theory of electrons is brief-
ly discussed on pages 341
to 348.

THE FORCE FIELDS

Chronology of Fric-
tional Electricity

600 B. C.—Thales pro-
duced static electricity by
rubbing amber.

1501-1576—Cardano first
to make the distinction be-
tween electric and magnetic
attraction in a working theory.

1600—Gilbert noted that other substances in addition to
amber could be electrified.

1672—0tto Von Guericke made the first friction machine,
which consisted of a revolving ball of sulphur rubbed by the
hand or with a cloth.

1675—Picard first noticed production of light by electricity.
The friction of the mercury within a barometer caused a glow.

1703—Dutch travelers first noticed pyro-electric effect while
traveling in Ceylon. Tourmaline crystals attracted hot ashes.

1705—Hauksbee gave true explanation of glow obscrved by
Picard in 1675.

1708—Wall first published allusion to possible connection of
electricity and lightning.

1709—Hauksbee and Winckler used a revolving glass globe in
place of the sulphur globe of earlier machines. Gordon sub-
stituted glass cylinder for globe.

1730—Gray studied the difference between conductors and
insulators.

1733—DuFay discovered that there were two kinds of
charges. First used terms “vitreous” and “resinous.”” Made
first attempt at formulating an electrical theory—two-fluid
theory.

1733-1744—Many electric machines were made in Germany.
Boze first to use a prime conductor on a machine. Winkler
used a friction cushion of leather.

1744—Tudolf ignited sulphuric ether by an electric spark.
This aroused much interest, because it was spectacular, and
considerable money became available for research.

1746—XKliest, Muschenbroek and Cuneus discovered the Ley-
den jar. (Continued on page 639)
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on this rack-and-panel, public-address system treated,

with considerable detail, the construction and assembly

of the rack; installation of a powerful 6-tube Class B
amplifier; the layout and installation of the phonograph turn-
table with pick-up and the construction, installation and op-
eration of an effective mixing panel.

This is the final article of the series and it will be devoted
to the construction and installation of a highly selective and
sensitive 7-tube superheterodyne tuner. Besides the circuit
diagram, the illustrations include top and bottom views of the
receiver and dimensional drawings of the panel and the chassis.
The constructor will also note the drawings with coded letters
on the band-pass and the detector-oscillator coils, outlining the
proper connecting posts of these inductances. It will be evi-
dent to the sound engineer, serviceman and radio experimenter
assembling this rack-and-panel sound system that, with all this

r l Y HE preceding two articles (February and March issues)

Ravio News rxor APpriL, 1933

How to Build A
RACK 4»d PANEL

By William C. Dortf

Part Three

constructional information, the building details of the tuner
have been thoroughly covered and simplified.

A modern superheterodyne tuner of this type using the new
—50 type tubes need not be limited to a rack-and-panel, public-
address system. It is a safe bet that this circuit will answer
many a radio experimenter’s requirements for a compact set
to be used with a pet audio amplifying system.

A few words at this point would not be out of order, to ex-
plain that it was the purpose of this series of articles to meet a
long-felt requirement of the serviceman and radio dealer, for a
complete commercially designed public-address system, that he
could rent out to public meetings or permanently install for all
classes of public-address work.

The receiver is fully shielded, it is single-dial controlled and
features visual meter tuning and automatic volume control,
using the new —55 duo-diode-triode type tube for full-wave
detection. The circuit also takes advantage of —36 and the
-58 types of tubes.

The coupling coils, L3, L4 and L5, are all pre-aligned for 175
kilocycles, which is the intermediate frequency of the tuner.
This means the constructor does not require an oscillator, out-
put meter or any costly equipment to accurately peak these
transformers. This is all done beforehand by the manufacturer.

THE SCHEMATIC WIRING DIAGRAM
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The' visual-tuning-meter arrangement not only pro-
vides an exact tuning adjustment for the best quality
of reproduction, but it also makes possible the “silent”
tuning feature. As the audio amplifier and the mixing
panel have a separate volume control which can be set
to the zero position and with the control R8 on the
receiver (actually a sensitivity control set to full-on
position), stations can be brought in as desired and
tuned to exact resonance as indicated by the visual
tuning meter.

Still another feature of this receiver design is re-
ducing in-between station noise. The resistance RS
varies the bias to the r.f. and the two if. tubes, there-
fore regulating the sensitivity of the set and controlling
the amount of noise picked up. In any noisy location,
this control can be set about one-quarter “on” or just
below the noise level. Then the station can be tuned
in without annoying background noises. :

It was pointed out in the first article that this rack-

OSCILLATOR DETECTOR

and-panel sound system should find wide application
for sound truck installation. The design of this circuit
requiring only a few feet of wire for the antenna and
the complete shielding of the sct minimizing auto-igni-
tion pick-up, also readily lends itself to motor-car use.

The tuner uses seven tubes in all. The band-pass r.f.
antenna stage employs a —358 variable-mu type tube; it is
double tuned and has a high impedance plate load, which makes
it possible to realize the full gain of this tube. The signal from
this stage passes through a small coupling condenser mounted
directly on the coil L2, to the first detecter, a —58 type tube.

The oscillator circuit employs a type —56 tube and is so de-
signed, in conjunction with the special tracking oscillator tuning
section of the four-gang condenser, so as to accurately main-
tain the 175-kilocycle dilierence of the pre-selector and detector
circuits throughout the whole waveband. This type of coil de-
sign (with the tracking condenser) eliminates extra cost and
extra installation of padding resistors and condensers hereto-
fore required in a single-dial control superheterodyne receiver.
The oscillator circuit is inductively coupled to the detector
stage.

The first detector stage is followed by a two-stage, double-
tuned intermediate-frequency amplifier, using the —58 type
tube. Each i.f. transformer is enclosed in a shield can and the
mica condensers for tuning the coils are constructed of Isolan-
tite and mounted directly underneath the top of the can. There
are small openings at the top of the shield so the condensers
can be casily reached with a screw driver for any adjustments
necessary.

There is a copper disc between the primary and secondary
windings of the first i.f. transformer, L3, to reduce the coup-
ling and provide the high degree of selectivity required in this
stage. The transformers L4 and L3 are precisely coupled to
provide a flat-top response curve. The coupling unit between
the second if. tube and the second detector is also double
tuned, and this stage is shown with both ends of the secondary
coil connected to the diode plates of the —55 tube, with a
center-tapped connection for full-wave detection.

The =55 duo-diode-triode tube is employed in this circuit as

COIL CONNECTIONS

The circuit diagram and the detail drawings on the band-pass and
the detector-oscillator ind:ctances show the exact conmection termi-

nals for these coils

an amplifier, for automatic control of volume and for push-
pull detection. The automatic volume control action is made
possible by a voltage set-up across the resistor R12 and the
condenser C10. The a.c. component of this voltage is pre-
vented from being impressed on the r.f. and the if. tubes by
the resistance-capacity filter, comprising the resistors R13, R9,
RI1, R1 and the condensers C8, C16 and Cl1, while the d.c.
component changes the effective hias of the tubes.

The visual tuning meter is connected in the plate lead to the
first detector tube, and the volume control, RS, is a poten-
tiometler of 4000 ohms connected to the cathode circuits of the
r.f. and i.f. tubes.

The power supply employs the conventional —-80 type recti-
fier which feds into a 2-stage filter.

Assembly and Operation

In reference to the assembly and the wiring of the receiver,
the constructor can refer to the dimensional drawings, illustra-
tions and the schematic circuit. In mounting the parts, the
following procedure is suggested. First mount the power
transformer, PT, then the seven tube sockets, V1 to V7, inclu-
sive, to be followed with the tube-shield bases. Next mount
the coils, L1, L3, L4 and L3 and, completing the assembly on
top of the chassis, mount the four-gang condenser and the
filter condensers, C18 and C19. In mounting the parts beneath
the chassis, begin with the filter chokes, L6 and L7, the three
and four-section condensers, the binding posts, BP1 and BP2,
and the twin jacks, J1 and J2. These parts can be followed
with the various resistors, tubular condensers, r.f. chokes,
single by-pass condensers, the power switch and the volume
control, R8.

When the set is completely assembled and wired, insert the
seven tubes in their respective sockets (Continued on page 632)

TOP AND BOTTOM VIEW OF RECEIVER
These illustrations, lettered in accordance awith the parts list and text, can be followed, for the placement of parts
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606 Rapro Carrn Boox SecTion
Conducted by S. Gordon Taylor and John M. Borst
Africa, Asia, Oceania, South and Central America
By Call, Location, Frequency and Power
o Call Location K.C. K.wW. Cail Location K.C K.w.
AFRICA JOGK  Kumanoto. . ........... 790 10 714ZB  Dunedin.. .. .. .. _ 02
318CK IS\Tagoya. o)l s 3 e 3 gég 10 Z{:IZIB{ Auckland . . .018
: 19:% SAPPOTO .+« e e 10 ZL1Z Auckland . .04
call Eocation KC Ll JOFK Hiroshima . .. ... ... 850 10 ZL2ZU Dannevirke . .. .....1100 .00.5
ALGERIA JoAK TOKYO . .« e 870 10 ZL2ZO  Paimerston North. ... .. 1120 .01
- Algiers. ..o 824 2.4 JOQK Nugata. s. ... 2F - skes a8 920 S ZL2ZW  Wellington. . ... 1120 .0t
JOOK Kyoto.. .. ....ooovn.n. 960 .3 ZL2ZM Gisborne. .. ... ...... .. 1147 1
CANARY ISLANDS JFBK Fhainan M SEn S LT s 1111 1 %LZZJ Gisborne . . ... ........ 1150 .02
4] .
EARS  LasPalmas...........1071 .5 SIAM Wigp N e e o
7 cok ZL2ZD  Masterton. .. ..........1180 0025
EGYPT N T o T2 I el e ek 1190 013
— CAirol - % o s e 710 o3 HS7PJ Bangkok . ... ........ 623 a ZL3ZC Christchurch. ... .. .. 1200 .25
— Cairo. ... .. . 780 ) ik . ZL2ZE Ekatehuana. ........... 1210 .003
HSP3 Bangkok . . . ... . ....... 938
= Alexandria .. ........... 780 2, ZL4AZL Dunedin.. ... ... 1220 .18
e Alexandria ............. 1888 :SS ZL2YB I&ew Plymouth ......... 1230 ]
_ Alexandria .. .vvvoenn o 108 . O C EAN I A_ ZL2ZH apier. ... ......... ... 1260 015
ZL2ZR Wellington.. . ......... 1280 15
KENYA ZL2ZM R/Ianurc\c\ia. 3o ol o 05 o SO .016
= T 5 yAR VAl uckland. .............1320 .02
VGO BiRe 750 ! AUSTRALIA ZL2Z1  Hastings.... . .......1330 015
MOROCCO ‘ '{/I\ZCO ﬁo?“-a I,}T‘SW'- ol had s 5 7.5 ZL2ZL Hastings. ... ... .. 1330 Q15
2 K7ZL obart, Tasmania. .. ... 580 3
CNO Cqslbl'a'n'c'a """"""" ggj‘% 2_075 VK3AR Melbourne, Victoria.. . .. 610 3 SAMOA . _
: S - glisglci grgsual Brook. S. Aus... 635 7.5 SZA &P 0 0 oo p0ano 940 003
K2F ydney, NSW ... ..., ... 665 5
TUNISIA - VK6WF Perth. W. Aus......... 690 S
TUA Tunis.- .. ... 235 5 VKSCL  Adelaide, S. Aus........ 730 5 C E NT RAL
VK4QG  Brisbane, Queensland.. .. 760 5 A
UNION OF SOUTH AFRICA VK3LO zswelboume, Vict ... 800 5
Bloemfontein. ... ... ... 588 75 VK2BL vdney, NSW.......... 8535 8
ZTJ Johannesburg . . 667 15 VK6PR  Perth, W. Aus... . ... .. 880 9 AM E RI C A
ZTD Durban. .. ............ 731 1 VK7HO Hobart, Tasm.......... 890 .05
ZTC Cape Town............ 810 1 VK4RK ROCLhﬁmpton Qucunsl . 910 2
—— Pretoria. .- ... .......1000 .03 3115382 IS\I%]bournCSV\CL ... 930 .3 COSTA RICA
2GB ydney, NSW .. .. ... .. 950 3
VK5SDN  Adelaide, S. Aus ... . 960 3 g(s;% gan }ggg R 00
ASIA VK3BO Sydney, NSW..... .. . 970 .2 TIFB San Jose 714
. VK4GR ' Brisbane, Queens!.. . ... . 1000 .05 TIC San Jo<e” - 882 015
VrKSSA éla(;'niltorll\,l;/'i‘&t LA 101(5) 8] TICR - San Joge“ o 911 '07:‘5
VK2UE ydney W 102 1 N crg il AN 5 =t
BRITISH MALAYA VRSPI  Port Pirie ... ......1040 05 qerE BEERLL e g B0
—— Kuala Lumpur. . . - ——  VEK2CA Kingston, Canberra. ....1050 .05 TITR é’m Jose“ RS ¥ il S 1350
, VK4MB Brisbane, Queensl. 1060 .05 CHRIEE e
CEYLON VK2KY Svdney, NSW .. 1070 s DOMINICAN REPUBLIC
— Colombo. .. ... 600 1375 VK3SH Swan Hill, Vict......... 1080 .03 HIX Santio Dol 625 1
VK7LA  Launceston, Tasm......1100 2 HiTk o Dominaa ey b
CHINA VKD Neweastle, NSW...... 1110 2 ] anto Domingo. .. ... S
XOL Tientsin . 625 -8 K2UW Sydney, NSW..........1125 .3
COHB  Harbin o alo i 1 () 1 VK6ML  Perth, W. Aus......... 1135 3 E‘J SALVADOR
XGOA  Nanking............ 680 75 {/7%%8(2 gri?gane, Qx{;ensl.. coool 1145 .6 San Salvador. .. . TS 664 S
COMK Mukden. .......... 731 2 YB Aelbourne, Vict. ....... 1145 025
XGX . Shanghai. Ll 812 05 VK2WG Wagen, NSW ... . .... 1155 0s. GUATEMALA
XOorp Peking. . .............. 910 it VIK4TO  Townsville, Queensl .....1170 2 TGW Guatemala City . .. .....1320 .25
NGAN Shanghai . ... 930 .1 VK3DB Melbourne, Viet. ....... 1180 .3
AXGY Haugchow. . ... ... ... 977 .75 VK4AMK Mackay, Queensl ... ....1190 1 HAITI
XGNE Shanghai. ... .. ~......1070 .05 3%55}? édglaide, %li‘)\e/'QHSI ....... 1200 } HHK Port au Prince. .. ., .... 920 1
XGZ Nanking............... 1871 .25 2 Sydney, NSW ... ..... .. 1210
{GT Shanghai. .. ..........1130 1 VKG6KG Kalgoorlie W. Aus . . ....1220 1 HONDURAS
NXGKW  Shanghai......... .. .. 1162 .015  VK2NC  Newcastle, NSW. .. .. .. 1245 2l JRL San Pedro Sula ... .....1350 0075
XCBL Shanghai.............. 1180 .25 VK3WR Wangotta. Vict......... 1260 .05 HRB Tegucigalpa............1370 2.3
RUOK Shanghai . ... 1440 .25 VK2SM  Sydney, NSW ... ... ... 1270 1
RENCH INDO CHINA QIYKSTR ']Ig‘rnf]algar.é icts g - g - 1%80 .08 P
F K4BK risbane, Queens!. .....1290 .2 1 K .
FRENCH INDO CHINA © = Yigk ppweguent i % SOUTH AMERICA
’ \’KSA% édelai%e, S.Aus........ 1310 .3
VK2M unnedah, NSW . 1320 .05
HONG KONG VEK4RO  Rockhampton, Quegnsl <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>