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Battery or

All- Electrnc

OPERATION

ERE is the great value offer of the day. Test and try this
powerful seven-tube RANDOLPH RADIO for thirty days.
After it brings in stations from coast to coast with

amazing cleurness—with easy one-dial tuning —after it
easily equals any other radio regardless of cost—after you
are more than satisfied then you can buy it direct at factory
prices. Every RANDOLPH must make good before it is
sold.

The RANDOLPH SEVEN-TUBE CONSOLE illustrated here
can be had for use with batteries or connected direct to the
electriclight socket—absolutely batteryless—no batteries,
chargers or acids—just plug in and tune in. 1009 efficient
either way. Its construction and performance have been tested
and approved by leading radio engineers and authorities — by
leading radio publications and laboratories.

7 Tubes—Single Control
Iluminated Drum

Onedrum dial operated by one simple vernier control tunes in all stations with
easy selectivity to tremendous volume. No overlapping of stations. Illumin-
ated drum permits operation in the dark. Velume control for finer volume
modulation. This is a seven-tube tuned radio frequency receiver with power
transformers and power amplification. Space wound solenoid coils. Full and
completely shiclded. A real receiver of the highest quality- Tremendous dis-
tance, wenderful tone quality, simple to operate.

Beautiful Walnut Console
Built'in Cone Speaker

The Randolph Seven-tube Ampliphonic Console illustrated above is housed in
a genuine burl-walnut cabinet with two-tone hand rubbed finish giving it un-
surpassed beauty. 'I‘he same expert cabinet work has gone into the making
of these cubsules as in the finest furniture- Has built-in cone loud
speaker that compares with any on the market. Accurately re-
produces complete range of musical notes from the highest to thelowest pitch.

What Users Say

I have logged more_than 50 stations from coast to coast.—Lloyd Davenport.
Littlefield, Texas. I have logged 52 stations from Cuba to Seattle, the setis a
world beater.—J. Tampkinson, Detroit, Mich. Your set is a revelation, has all
others tied tothe post for distance and selectivity, —Waldo Powers, Vergennes,
Vermont. On strength of its performance sold two more sets this week.—
T. Scanlow, Orlando, ¥lorida.

The Senior Six

Randolph
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Now you can have a new,
modern. single-control, six-
tube radio. Do not compare
this set with old style 2-
dial 6-tube sets selling for
about the same price. The
Randolph 1923 Senior Six has
also been tested and approved
by the leading radioengineers.
Comes in a beautiful solid walnut
cabinetof hand-rubbed finish. Single
control. Illuminated Drum with
space for ]oggmg Absolutely de=
pendable and very selective. Sent
for 30 Days’ Free Trial. You test
it before you buy,

Retail Price
Smgle

The Randolph Radio
Corporation are pio-
neers in the manufac-
ture of radios. All of
its vast and unlimited
resources have been usud
in making and perfecting
of the Randolph Receivers.
Because of our long and
successful cxpericnee in
the radio business, we are
perfectly confident in send-
ing out a Randolph Radio
on trisl. We know what it
will do. Mail us the cou-
pon now for the greatest
radio offer eéver made.

RANDOLPH RADIO CORPORATION

711 West Lake Street

Dept. 253

Chicago, lllinois

7-Tube Console
Single Control

RETAILPRICE
Completely Assembled

Ty

Randolph Radio Corporation,
711 West Lake Strect, Dept. 252

Chicago, Illinois.

Send me full particulars about the RANDOLPH Six and Seven-
Tube All-Electric and Battery Table and Console Sets with details

of your 30 Day FREE Trial Offer.

Name

Address.......coee...
City..___

Mark here :] if mterested in Agent s propositioa.
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Restored
Enchantment

This is the FEveready
Layerbilt that gives
you Battery Power for
the longest time and
the least money.

THERE is no doubt of it—
radio is better with Battery Power.
And never was radio so worthy of the.
perfeetion of reception that batteries,
and batteries alone, make possible.
Today more than ever you need
what baticries give—pure DC, Di-
rcet Currcnt, elcctricity that flows
smoothly, quietly, noiselessly. When
such is the currcnt that operatces
Your rcceiver, you arc unconscious
of its mechanism, for you do net
hear it humming, buzzing, crackling.
The cinchanlment of the program is . 3 .
complete. R d b h B P

Batterics themsclves have im- a Lo A etter 'I/Ult attery Ower
proved, as has radio. Today they

are so perfect, and so long-lasting, the dial a radio program comes ou is clear
as to be cqual 10 the demands of the At a turn of tata 10 progr co toy It )

modern reccivers Power vour sett It i8 true. It is natural. You thank the powers of nature that have
with the Eveready Layerbilt “B” Bat.  once more brought quiet to the distant reaches of the radio-swept
tery No. 486. .This is the battery  ajr. You are grateful to the broadcasters whose programs were
Wh‘;:e ‘f:";l“f’lc"d“ﬁ‘: c°“5"'“°'}i|°“ never so enjoyable, so enchanting. You' call down blessings upon
ek g ooy copEes Slah any oler g, authority that has allotted to each station its proper place. And,
Eveready. Could more be said? In A . . X :

most homes a set of Layerbilts lasts  if you are radio-wise, you will be thankful that you bought a new
an entire season. This is the battery  set of ““B*® batteries to make the most out of radio’s newest and
that brings you Battery Power with  wmost glorious season.

all its advantages, econferring benefits .

and enjoyments that are really ree. NATIONAL CARBON CO., INC. [I[a{& New York—San Francisco
mendous when compared with the
small ¢ost and cffort involved in re-
placements at long intervals. For

Unit of Union Carbide and Carbon Corporation

the best in radio, use the Everecady Tuesday night is Eveready Hour Night—9 P. M., Eastern Standard Time

Layerbilt. WEAF — Netw York WGR~—RBuffalo WGN —Chicago WRC— Washington
WJIAR = Providence WCAE—Pittsburgh WOC=Davenport WGY = Schenectady
WEEI = Boston ) WSAI=Cincinnati WCCO{ Minneapolis WHAS= Louisviile
WDAF— Kansas City WTAM—Cleveland St. Paul WSB— Atlanta
WE1=~Philadclpliia WWJ =Detroit KSD=—St. Louis WSM = Ngshville

WMC—Memphis

Pacific Coast Stations—9 P. M., Pacific Standard Time
KPO—KGO=San Francisco KFI=Los Angeles
KFOA=KOMO=Scattle KGW=Portland

Have you heard the new Victor record by the Eveready Hour Group—orchestra and
singecrs=—in Middlcton’s Down South Overture and DyooFak’s Goin’ Home?

Radio Batteries
RS,

~they last Tonger
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Tube Set

inple Dial Radio

o -
o b 2

Metrodyne

x
Radio Sets
Are Equipped
3

For

BATTERY or
ELECTRIC

operation

RETAIL PRICE

15°

ONLY ONE DIAL TO TUNE

Wonderful offer direct from the factory! The world’s greatest

radio! A perfect working, single dial control, 7 tube receiver! And
just to prove our claims, we will ship it to your home for 30 days’ free trial. Test

it under all conditions. Test it for distance, volume and tenal quality—and if you are not con- Completely Assembled
vinced that it is the best single dial set you ever heard, return it to the factory. We don’t want Big Discounts to -
your money unless you are completely satisfied. Agents and Dealers

Three Year Guarantee

Metrodyne Super-Seven Radio

BIG PROFITS
TO AGENTS AND DEALERS

Qur Agents and Dealers make big money

selling Metrodyne Sets. You can work all
or. part time. Demonstrate the superiority

of Metredynes right in your home. Metro-
dyne Radios have no competition. Lowest
wholesale prices. Demonstrating set on 30
days’ free trial. Greatest money-making
opporttunity. Send coupon, a letter or a
postal for our agent’s proposition.

A single dial control, 7 tube, tuned
radio frequency set. Tested and approved
by Popular Science Institute of Standards,
Popular Radio Laboratory, Radio News Labora-
tory and by America’s leading Radio Engincers.
Designed and built by radio experts. Only the
highest quality low loss parts are used. Mag-
nificent, two-tone walnut cabinet with beautiful,
gilt metal trimmings. Very newest 1928 model,
embodying all the latest refinements.

Easiest set to operate. Only one small
knob tunes in all stations. The dial is electric-
ally lighted so that you can log stations in the
dark. The volume control regulates the recep-
tion from a faint whisper to thunderous volume,
1,000 to 3,000 miles on loud speaker! The Met-
rodyne Super-Seven is a beautiful and efficient
receiver, and we are so sure that you will be
delighted with it, that we make this liberal
30days’ Eree trial offer. You to be the judge. |

MAIL COUPON BELOW

Let us send you proof of Metrodyne quality—our
30 days’ free trial offer and 3 year guarantce
Mrs, Wm. Leffingwell, Westfieid, N, J., writes: “Th= Maet-
rodyne Radio I bought of you is a wow! This is as good as

any $225 machine I Lhave cver seen.”’

N. M. Greene, Maywood, Mi., writes: *“My time is up
and the Metrodyne works fine, I got Havana, Cuba, Oak-
land. Calif., Deuver, Colo., Toronto, Cenada, all on the
loud speaker.”

J. W, Woods, Leadville, Colo., writes: ‘“Receired the 7-
tube Metrodyne in flne condition. Had it up and working
same day. received. VWas soom listening to Los Angcles, San
Diego, Oakland aud other California points; also St. Louis,
Kansas City and other enst and sonth stations—pll coming
in fine. Am mote than pleased. Sure enjoying it.””

We will send you hundreds of similar letters from
owners who acclaim the Metrodyne as the greatest
radio set in the world. A postal, letter or the coupon
brings complete information, testimonials, wholesale
prices, and our liberal 30 days® free trial offer.

SEEENSEESEESEEEEENEEEREREENen
METRO ELECTRIC COMPANY

23161-71 N, California Ave., Dept, 7
Chicago, Illinols

Gentlemen:

Send me full particulars about Mctrodyne 6 tube
and 7 tube sets and your 3o days'Sree trial offer.

Tube Set)\

{*4820]

RETAIL PRICE

30 Days’ Free Trial—3 Year Guarantee

Metrodyne Super-Six

Another triumph in radio, Here's the new 1928 model Metro-
dyne 6 tube, two dial, long distance tuned radio frequency receiv-
ing sct, Approved by leading radio engincers of America. Highest
grade low loss parts, completely assembled in a beautiful walnut
cabinet. Easy to operate. Dials easily logged. Tune in your fav-
orite station on same dial readings every time — no guessing.

Mr. Howard, of Chicago, enid: “While five Chicago broadcasting sta-

tions were on the air 1 tuned in seventeen out-of-town Btatians, includins
New York and Sar Francisco, on my loud speaker horn, very loud sn

clear, a3 though they were all in Chicago.”
We are one of the pioneers of radio. The success of Metrodyne sets

\. Completey /

MAIL THIS

COUPON
or send a postal or letter. Getour
proposition before buying a radlo.

is due to our liberal 30 days’ frec trial offer, which gives you the Deal direct with manufacturer — Name <
opportunity of trying before buying. Thousands of Metrodynes AVE MONEY —WRITE NOW!
have been bought on our liberal free trial basis. Address

METRO ELECTRIC COMPANY

2161-71 N, California Ave. + Dept.7 o Chicago, Illinois

If vou arc intercsted in AGENT’S prop-
osition, place an “X" in the square wp D



A PAGE WITH THE EDITORS

Sk Oriver LopGe’s experiments in
broadcasting thought transference (de-
scribed by him in the September issue
of PopurLar Rapio), have apparently
attracted wide interest.

* *

FoLLowing the publication of Sir
Oliver’s report, other experimenters
have sent to the Editors accounts of
similar tests made previously. From
Mr. E. F. McDonald Jr., of Chicago,
comes this report of some experiments
in broadcasting telepathy by Dr.
Gardner Murphy, of Columbia Uni-

versity, from station WJAZ, New
York, on March 2, 1924:
* *

(1): “OvErR 23500 reports were re-
ceived and analyzed.”

# *

(2): “WirH the exception of two,
all the results were in harmony with
the laws of probability; i.e., the suc-
cessful guesses were about what we
would expect from tables of chance

coincidence.”
: * *

(3): “OnNE of these two reported
throbbing in the left little finger. This
was interesting because one of the
senders tied a string around his left
little finger, but there is no way of
computing the chance probability in
this case.”

* *

(4): “THE rcport of Miss Florence
Wilkes scored three exact successes and
two good partial successes. The chance
coincidence explanation of her results
could not be taken seriously, as the
chances were upwards of 100,000,000
against such a score. However, her re-
port was not mailed till March 5th and
she had, prior to that date, discussed
her experiment with one of the senders.
While I have no reason whatever to
question her integrity, I cannot take the
responsibility of asking scientific men
to accept the case as genuine.”

* %

HAavE other readers any additional
reports on this interesting linc of ex-
perimentation to submit?

* *

Pror. Epwarp L. BowLEs, who con-
tributes “How to Select Audio Ampli-
fiers” to this issue, is in charge of the
Division of Electrical Communication,
Department of Electrical Engincering at
the Massachusetts Institute of Tech-
nology. He lives in Wellesley Farms,
Mass., where he spends much of his

TFrom a photograph made for PorrrLAR RADIO

THE LC-28 IS EASY TO ASSEMBLE
All the tools required by the home-builder for putting together the
set described on pages 214-217 of this issue are ¢ socket wrench and

g screw-driver,

Aud the wiring is simpler and easier to install than

in any valve receiver vet developed; less than 5 feet of wiring is
used—about one-fourth the amount usually required!

time in research on low-frequency am-

plification,
% *

Mr. DEREK SHANNON (whose article,
“The Effect of Moonlight on Recep-
tion,” appears on pages 211-213 of this
number) ranks as one of the most dili-
gent of the English radio amateurs.

* *

HE 1as been an experimenter for six-
teen years. His interest in radio was
first caused by a -newspaper item; he
promptly bought the then available
books on the subject, studied the tech-
nique and set up a station of his own
‘in Sutton, Coldfield, England. His sig-
nals are frequently picked up in Mexico
and New Zealand—and it is reported
that he can tune in on American sta-
tions every evening.

* *

In this issue PoPULAR RADIO gives
the complete constructional details of
the latest and most efficient’ of all the
long line of products of the Popular
Radio Laboratory—the LC-28 receiver.

* *

Tuis most advanced of receivers
(which is a development of the famous
LC-27 that was produced just a year
ago) represents over a vear of experi-
mentation by the technical staff, headed
by Laurence M. Cockaday.

206

IN quality of tone, in volume, in se-
lectivity, in simplicity of design and ar-
rangement. in ease of construction and
operation, PorurLAr Rapio believes that
this receiver is the best receiver obtain-
able to-day, regardless of price.

* * -1

YET the cost of the apparatus re-
quired for assembling this set is about
$90.00!.

* *

THE preliminary announcement of
the LC-28, including a consideration of
the scientific principles involved in its
design, was given in last month’s issue
of this magazine. In the coming issue
—for November—will appear a third
article that will tell how to build a low-
frequency amplification unit that
handles its output properly.

* *

In the coming issue, also, will be
published three other articles of special
interest and value to the home-builder
and experimenter; one will tell how to
build the new Hi-Q receiver (see pages
230.232 of this number); the second
will give information on the proper op-
eration of the new Magnaformer 9-3 re-
ceiver (see pages 226-229 of this num-
ber), and the third will announce the
new Octa-monic receiver.

—THE EbITORS

oo e -d‘i
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Your ‘B’ Battery Eliminator

will give you better service with

e R °

(Trade Mark Registered)

Gaseous
Rectifier Tubes

ARE BETTER

60 Milliamperes - $4.50
85 Milliamperes - 4.50
400 Milliamperes - 7.00

Ask for Catalog of full line of Standard Tubes.

Guaranteed

The standing of the Q-R-S Company, manu-
facturers of quality merchandise for over a
quarter of a century, establishes your safety.

Orders placed by the leading Eliminator Man-
ufacturers for this season’s delivery, approxi-
mating Four Million Dollars’ worth of Q-R-S
Rectifier Tubes, establishes the approval of
Radio Engineers. Ask any good dealer.

THE Q'R'S COMPANY

Manufacturers

Executive Offices: 306 S. Wabash Ave., Chicago

Factories: Chicago—New York—S5an Francisco—Toronto, Canada — Sydney, Australia — Utrecht, Holland

Established 1900. References—Dun, Bradstreet, or any bank anywhere
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The Advice of Men Who KNOW Radio
“Get a
BROWNING-DRAKE!”

Model G-A

HEN radio amateurs, ... men who

KNOW radio, are asked by their

friends and neighbors to recommend
a dependable radio set, they almost invari-
ably reply, “Get a BROWNING-DRAKE!"
Why? Because these amateurs have tested
every Browning-Drake development them-
selves and found it to be scientifically sound.
They know therefore, that their reputations
as engineers and amateur scientists are safe
when they recommend Browning-Drake. This

they are brought together in the new Brown-
ing-Drakes. These receivers are uncondition-
ally guaranteed and will, we believe, more
fully uphold the reputation of the man who
KiIOWS radio when he advises, “Get a
BROWNING-DRAKE!” Ask your dealer to +
show you the new Browning-Drakes TODAY.

Specifications:

Browning-Drake, Model 6-A  (illustrated
above), uses conventional Browning-Drake

unusual recommendation has put Browning-
Drakes into over two hundred thousand
homes.

Recently the laboratories of the Browning-
Drake Corporation presented an entirely new

circuit with slight modifications. Four audio
tubes give natural tone and great volume when
desired. Small auxiliary condenser is pro-
vided to bring signals of distant stations to
maximum intensity. Beautiful two-tone Duco

walnut cabinet harmonizes with all home
furnishings. Length, 27 inches; depth, 15 in-
distance ability have never before been com- ches; height, 11 inches. List without tubes
bined in a single receiver in the same fine way and batteries, $105.

BROWNING-DRAKE CORPORATION
CAMBRIDGE 1 MASS.

{IDEALERS: Browning-Drake now offers a complete line of receivers audﬂ

conception of the world-famous Browning-
Drake Receiver. Tone, volume, selectivity and

kit parts.  Almost three times as many Browning-Drake parts are sold
%._toll;i.;c)'_of the nearest competitor, Write or wire for further information

Model 7-A

Seven tubes, single dial, il-
luminated drum control. Com-
Hon. Proviion for pawer tube Pl shiclded. | Cabinctcan
in las io stage. Cabinet is .
two-tone Duco mahogany finish. %’hi"fcah':’;;ord:;::’wtis l;::f::_‘ el

;.elgt without tubes and batteries, height, 11 inches. List with:

out tubes and batteries, $145.

Model 5-R

Five tubes. Uses three stages
of resistance-coupled amplifica-

G

CABINETS

PARTS

RECEIVERS J
KITS

/

nans.

Ll
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The RADIO ALMANAC

Notable Events
ando An:i vevres::rles O C tO b €r ’ 1 92 7 @ fﬂ!‘,g{;‘f?gxﬂ'ﬂ?ﬁ

1924: POPULAR RADIQ introduced the Popular four-circuit tuner with resistance-coupled amplifier, developed
_ under the direction of LAURENCE M. COCKADAY.

1921; Successful experiments were made in the broadcasting of programs from airplanes in flight,
Slightly colder.

1895: SMITH cstublished communication by conduction with the lighthouse on the Fastnet.
Big features in broadcast programs begin this monil.

1858: DR. MICHAEL PUPIN, who has done invaluable rescarch work in the realms of radio and who lolds
many radio patents, was born.

1922: Transatlantic test messages were successfully sent for the first time with the 20-kilowatt vacuum valves
developed by W. G. HOUSEKEEPER.

1866: DR. REGINALD A. FESSENDEN, one of the most prolific of inventors of radio apparatus and the
father of the duplex system of radio telephony and of the heterodyne method of reception, was born.

1914: MAJOR EDWIN H. ARMSTRONG (who later discovered the super-regenetative circuit) obtained his pat-
ent rights on his famnous feed-back or regenerative radio circuit.

1918: Progress in the use of continuous wave transmission was very marked, due to the devclopment of vacuum
valves and other improvements.

Oloo| ~laluvi|wm]w]ol ~|D.M.

1920: The removal of war-time restrictions resulted in a great stimulation of interest in amateur radio.
Check over your “A” and “B” batieries.

—t
low}

1842: MORSE made wireless experiments by clecmc conduction through water.
A phonograph pick-up adds another field 10 your radio reception.

[y
o

1913: The steamship Volturno took fire in mid-Atlantic, and in response to a radio message ten vessels rushed
to the scenc and 1cscued 521 souls. Cool and clear—good reception.

[a—
[\

1927: The LC-28 receiver, dc\clopcd by the Popular Radio Laboratory, was introduced to the radio public
during this month.

[a—y
[FS)

1924: To aid in ¢liminating interference, the transmitters of several high-powered broadcasting stations u.crc
moved to_the outlying districts of several cities in the U. S.

ok
.

1896: MARCONT'S investigations first led him to the conclusion that “Hertzian waves” could be used for tele-
graphing withiout the aid of wires.

f—
U

Sa.

1901: The first fan aerials were erected for experiments in radio transmission and reception between Poldin,
England, and Newfoundland.

o
(o)}

1907: Transatlantic radio stations at Clifden and Glace Bay were opened for limited radio public service.
Conditions for DX reception me getling better every day.

oy
~J

M.

_1919: The Radio Corgomuon of America was organized under the laws of Delaware “for the purpose of con-
ducting a general wireless business in the fields of communication, dealing and manufacturing.”

ok
o0

Tu.

1926: POPULAR RADIO announced the famous LC-27 (the forerunner of the LC-28) radio receiver, developed in
the Popular Radio Laboratory under the direction of LAURENCE M. COCKADAY.

o]
\O

W.

1362: HEYWORTH patented a method of conveying electric signals without the intervention of any continuous
artificial conductor.

b
[an]

Th.

1892: STEVENSON advocated the use of an inductive system for communication between the mainland and
isolated lighthouses.

[N
[u—y

Fr.

1831: FARADAY discovered electromagnetic induction between two entirely separate circuits.
Take a portable radio on your gulumn aulo trip.

[N
(Y]

Sa.

1914: High-powered transoceanic stations were put intg operation at Carnarvon, Wales, Belmar, Honolulu and
San Francisco.

(3]
LN

1873: DR. WILLIAM D. COOLIDGE, physical chemist, holder of the Rumford Medal and the discoverer of the
“‘death ray” that bears his name, was born.

()
Ny

M.

[924: Radio signals from a radio station in East Pittsburgh. Pa.. were successfully repeated from a station in
Cape Town, Africa. Why not try the new AC valves on your receiver?

[
U

Tu.

1844: PROF, EDOUARD BRANLEY, the eminent French radio expert who invented the coherer !hat bears his
name, was born.

el
()

1915: Successful radio-telephone experiments were carrled out between the Eiffel Tower in Paris and the Arling-
ton radio station in Virgmia.

[
~J

Th.

. 1923: Successful tests were made at the Etampes Aerodrome in France with radio-controlled airplanes, flying
without pilots.

[\
o0

Fr.

1864: CLERK-MAXWELL read to the Royval Society his paper. “*A Dynamical Theory of the Electromagnetic
Ficld,” which laid the foundation for modern theories of the wave propagation of electricity.

(3]
O

Sa.

1923: The Vienna Fire department installed -receiving sets on its fire apparatus to keep its forces in communi-
cation with headquarters. Ture in on big football broedcasts to-day.

(o8
[ow)

1857: DR. LOUIS W. AUSTIN, physicist, since 1923 the chief of the Laboratory for Special Radio Transmission
of the Bureau of Standards in Washmgmn, D. C., was bom.

31

AL

1926: The use of quartz crystals for maintaining constant frequency on radin transmitters made considerable
progress during this time. Cooler.
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From a drawtng madc for PoruLar Rabpi1o by Arthur Merrick

Do Aerial Tides Make Reception Better Under a Full Moon?

The gravitational force of the moon creates tides in the atmospheric blanket of the earth similar to those

which it produces in the ocean, according to a theory whick the experiments of Mr. Derek Shannon

seem to substantiate. If this tidal effect is real, the bulges thus created in the Heaviside layer that acts

as a reflector of radio waves would affect radio transmission, and particularly long-distance transmission,
to a noticeable extent.

— —
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The Effect of Moonlight on

Reception

AT one time or another in the past history of mankind the moon has been blamed
for ncarly everything. The very word “lunacy” means nothing but “moon-struck.”
Radio has not escaped its theories of lunar influence.” Mr. Shannon, a well-known British
amateur, provides, howcver, something more than theories; he has made careful experi-
ments. He finds that the moon does influence radio—at least in so far as long-distance
reception of short waves is concerned. A full moon means good reception; a dark moon
means poor reception. His observations are sure to attract the attention which they so
well deserve. With Mr. Shannon’s brief theoretical suggestion of a direct effect of the
moon in bending the paths of the ether waves we cannot agree. The bendings due to
the action of gravity, in accordance with the theory of relativity, are far too small.

There is a more plausible possibility. Both the moon and the sun raise tides in the
seca. They also create tides in the atmosphere, although minute ones. There is reason to
believe that they produce tides in the upper atmospheric region so important. in radio
transmission—in the region of the Heaviside Layer. Probably it is some fluctuation of these
aerial tides, varying with the relative positions of the sun and the moon and perhaps
creating bulges or hollows in tift ionized Heaviside region, which must be held responsible
for the interesting variations of reception which Mr. Shannon observes. We share his
hope that other observers will repeat and extend. his work, as undoubtedly they will.

—THue Ebprror.

NE of the outstanding radio prob-

lems still to be solved is that of the
mysterious variations of signal strength
often observed in long-distance recep-
tion, even when the power input to the
transmitter and all other conditions”at
both receiving and transmitting ends re-
main unaltered.

Some station may be received satis-
factorily for a considerable time, per-
haps for some weeks. Suddenly, for
some unknown reason, the signals from
that station will become inaudible, or
nearly so, on the same receiver. 'This
condition may last for some days, when,
for no apparent reason, the signal
will again become normal.

Meanwhile nothing has been altered
in either transmitter or receiver. This
effect has nothing to do, of course, with
the well-known phenomena of increased
signal strength at night, believed to be
due to the layer of ionized gas in the

By DEREK SHANNON, F.R.S.A.

upper atmosptere, known as the Heavi-
side Layer.

My purpose here is to suggest an en-
tirely new theory to account for these
variations in signal strength from time
to time, about which so little appears to
be known.

I have carried out much experimental
work to reach this theory, and I have
arrived at some definite results. Other
workers in the field may follow up these,
1 hope, for the benefit of radio science.

When listening to radio transmissions
from distant stations I noticed from
time to time that on highly moonlit

nights the results always appeared much_

better than at other times. This was true
especially for transmissions from the
distant stations. 'This led me to wonder
whether the moonlight might have some-
thing to do with the effect. I began to
make notes of good nights and of bad
nights for reception. After a time I
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found that-good reception almost always
occurred during the period of full moon,
even when the moon itself was obscured
by clouds or by bad weather. 'The moon
affects the matter somehow, but I have
come to the conclusion that it is not the
moonlight which increases the signal

strength, but the rotation of the moon

round the earth.

I made detailed observations on ‘my
reception of the short-wave transmission
of KDKA at East Pittsburgh, Pennsyl-
vania, as this station has a fairly constant
transmission and is at a distance—3,500
miles—sufficient to make changes in sig-
nal strength apparent. My observations
were as follows:

As the moon commences to decline
from full, the received signal strength
of this station also declines. As the
moon declines still further the signal
strength continues to diminish. At the
time when the moon is between the
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THE CIRCUIT USED IN MAKING THE TESTS
FIGURE 1: Here is a schematic diagram of Lhe sensitive regenerative
circuit used by Mr. Shannon in England for receiving the signals
from station KDKA, in East Pitisburgh, Pennsylvania. Notice that
the galvanomeler for measuring signal strength is coupled directly
to-the detector circuit.

earth and the sun, so that it is dark, the
signal strength is at its lowest point. As
the moon then begins to increase to-
wards its first quarter, the signals “of
KDKA show an increase in strength.
At first this is very slight; afterward it
rapidly increases, and about three days
before the moon is full the maximum of
signal strength is reached. This max-

“imum remains until about three days

past the full, when the signals begin to
fade again, and the cycle is repeated
throughout the next lunar month.
There were many factors to be con-
sidered in the choice of a constant and
stable receiver for these tests, especially
so because of the short wavelength of
63 meters on which KDKA transmits.
After much consideration and many tests
I decided to use a simple one-tube circuit
with two stages of low-frequency ampli-
fication. The chief trouble anticipated
was in the use of regeneration, which
had to be employed in order to receive

KDKA regularly. Being more or less
variable, this was the greatest problem.

This difficulty was overcome by
using the Reinartz circuit and fit-
ting the regeneration control with a
fine vernief adjustment for accurate
setting. Once this was set at a criti-
cal point, it was never touched again
during the test period. ‘Thus handled,
the receiver remained quite constant in
action. The set was fitted, also, with a
filament voltmeter and ammeter and with
a plate voltmeter and milliammeter, to
insure having exactly the same condi-
tions in the receiver each time that it
was used. O

The aerial was of the single-wire, “L”
type, fifty feet long, with a twenty-foot
down lead. It was forty feet high at
both ends, was stretched as tightly as
possible between the masts and was kept
strained by means of a weight on one
halliard. No capacity change could take
place by means of the aerial swinging

POPULAR RADIO

or moving in some other way. It was
coupled aperiodically to the receiver.
The ground was only ten feet long, of
single fourleen-gauge copper, taken
straight to a main water pipe below the
set. Every part of the apparatus was
fixed rigidly to the test bench. No loose
leads were allowed to hang about. The
whole of the wiring was done with four
feet of square, tinned copper wire. V-24
tubes were used both for the detector and
for the low-frequency stages. The low-
frequency amplifier was used, of course,
for listening to the transmission on tel-
ephones. For the actual measurements
of the signal strength a sensitive mirror
galvanometer was employed. .
The deflection of this instrument was
not very great, but was magnified by
focusing its light spot on a special
screen. I so arranged matters that a
full-scale deflection of the light spot

“travelled over a scale of ten inches. The

screen was of ground glass, with a scale
marked thercon in ten divisions, each
division being again split into ten.

In operation, the galvonometer was
inserted in series with the plate of the
detector tube and was shunted by a
variable resistance, to enable adjust-
ments to be made. The light spot was
then adjusted to zero on the ground-glass
scale, with no signals coming in, but with
the receiver switched on and turned to
63 meters. The scale was so arranged
that when the carrier wave of the sta-
tion came in it showed as an increased
reading, commencing at zero and fin-
ishing at ten. The circuit arrangements
are shown in Figure 1,

When all was prepared, preliminary
trials were made every night for a week,
to determine whether the apparatus
would remain stable without adjust-
ments. This was found to be the case,
provided all values of wvoltage and
amperage on filaments and plates were

Gavanomeler Kaxiiag
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HOW RECEPTION VARIED WITH THE PHASE OF THE MOON

FiGurE 2: This chart, covering three months, shows how the signal strength, gs meas-
ured by a sensitive galvanomeler, increased and decreased wilh the waxing and waning

of the moon.
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LISTENING IN FOR SIGNALS FROM ACROSS THE WORLD
Here is Mr. Derck Shannon, author of this article, with the apparatus that he used in
dc%rrmuung the rﬂe.cl‘ of the moon’s phases on radio reception.
shielding of the receiving set; Lhis and other measures were adopted Lo prevent any out-
side influence from affecting the received signal strenglh,

kept adjusted to cxactly the same values
used when the apparatus was first set.

A start of the actual readings was
made on January 10, 1925 at 11.30 P.
M., this being the night of full moon.
Observations were taken until 12 o'clock.
Slight variations took place during the
half-hour, but a reading was taken every
five minutes and an average was struck;
this average was entered on the curve.
This test was then repeated every night
until February 8, that being the night
of the next full moon. A second test was
made commencing on February 23, 1925,
the night of a new moon; this test con-
tinued every night until March 24,1925,
the night of the next new moon. Since
KDKA did not transmit on the short
wavelength on Sundavs, no readings were
made on those days.

The curves for each test show a rise in
the signal strength as the full moon ap-
proaches. 'This falls off again as the
moon declines. The curves do not show
straight lines up and down, but we must
take into consideration the fact that
slight alterations may take place in the
transmitter, which would account for
this. This does not alier the clear con-
clusion that the signal strength rises as
the moon waxes and falls as it waves,
as the chart in Figure 2 shows.

At present 1 am attempting to devise
a receiver with a number of stages of
high-frequency amplification and a car-
borundum rectifier, in which no regen-
eration will be used. This will be used
on a higher wavelength, and I would sug-
gest to anyone who wishes to carry out
experiments along this line that some re-
ceiver of this type be perfected. The
elimination of regeneration would re-
move the greatest variable factor—some-

thing which is most desirable. It is
necessary to lay great stress on the ad-
ditional necessity of making everything
as rigid as possible. The whele appar-
atus must be untouched during the period
of the test. I must add, also, that the
galvanometer readings indicate the
strength of the carrier wave, net the
amount of modulation. This is very
important, as the modulation of a tele-
phone transmitter, especially at a broad-
casting station, is being altered contin-
ually and would provide no indication
of the strength of reception.

Many nights, when listening to KDKA
during these tests, the speech trans-
mission was ncarly inaudiable, but the
carrier wave was extremely strong. Any-
one making these tests should take no
notice of the loudness of the speech or
music received, but should deal only with
the strength of the carrier wave, as
shown on the galvanometer.

This mirror galvanometer must be of a
sensitive type, and the variable resistance
placed in a shunt around it must be of
sufficiently low resistance to pass the
plate current. When adjusting this re-
sistance to obtain the zero reading, great
care must be taken that the galvanom-
eter is not burnt out. It is advisable
to set this resistance at its lowest value,
so that the galvanometer is practically
short-circuited, when first switching on
the set. The station is then tuned in

and all meter readings are carefully-

noted. Then wait until the station has
closed down and adjust the galvanometer
to zero by means of the shunt resistance.
When the next transmission takes place,
the galvanometer will read the strength
of the carrier wave. When taking. the
readings of the galvanometer, it is ad-

Notice the complete

visable to stand as far away from the
apparatus as possible, in case the set is
affected by body capacity.

I have spent so many months making
these observations and have checked so
carefully the results of the nightly tests
that there seems to me no possible doubt
that the effect is real and is produced by
the moon. About the cause, it is not pos-
sible to be so certain. Perhaps the vari-
ations of signal strength are caused by
the gravitational effect of the moon and
the sun, acting on the ether waves and
deflecting them from their course in the
same manner that light rays are deflected
by gravitation, In Einstein’s theory of
relativity, every kind of matter distorts
the ether around itself. Could we not as-
sume that two bodies as near together
as the earth and moon, and as constantly
changing their positions in relation to
each other, might cause a considerable
and complicated ether distortion? But
this is purely a hypothesis.

There exists one small factor which
should not be overlooked. Tt is that on
very bright moonlight nights the at-
mosphere is usually much more free from
moisture than at other times. This may
have some bearing on the alteration of
signal, although I think not, for it is
noticeable that the signal strength usually
remains good whenever the moon is
full, even on damp nights.

At the present I am engaged on a
new series of observations, using more
delicate instruments for measuring and
recording the wvariations of signal

. strength and taking much greater pre-

cautions to exclude any possible factor
which might give false results. I hope
to place on record later on the results
of these further tests.
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Both for the man who has never built a set before and for the experienced set builder
the LC-28 offers a unique opportunity of easy construction with unexcelled results.

T

&

N

THE TWO-FISTED CONTROL PANEL OF THE LC-28
Froure 1: Thiz viese gives some ideq of the absolute simplicity of the LC-28. At the
left is the dosble drum dial for tuning, and at the right is the combination battery

switch and volume conirol.

HOW TO BUILD THE NEW

[LC-28 RECEIVER

POPULAR RADIO believes that outstanding qualities of the LC-28—

sensitivity suitable for distance reception without an antenna, tone

quality adaptable to any taste, and selectivity sufficient to eliminate

interference without causing distortion—make it a receiver un-
rivaled in the field of radio construction.

By LAURENCE M. COCKADAY
CosT oF Parts—Not over $91.00

Here Is A LisT OF INSTRUMENTS AND ACCESSORIES NECESSARY FOR BuiLping THis RECEIVER—

A, B, C and D—Precision radio-frequency
traﬁ'lsformers (4 transformers), type
4-B;

El, E2 and E3—Samson high-frequency
chokes, type No. 125;

F—Samson high-frequency choke, type
No. 83;

G—Lynch suppressor, 500 ohms;

H—Lynch suppressor, 600 ochms;

I-—Lynch suppressor, 700 ohms;

J1, J2, J3 and J4—Hammarlund mid-line
variable condensers, .000275 mfd.;
K1, K2 and K3—Aerovox moulded con-

densers, .02 mfd.;

I—Aerovox moulded
mid.;

condenser, .00025

M—Aerovox moulded . condenser, .00073

mid.;

N—Durham metallized resistor, 6 meg-
ohms;

01, 02, 03 and O4—Carter fized resistors,
type H-4, 4 ohms;

P1, P2, P3 and P4—Benjamin vibration-
less sockets;

Q—VYaxley cable
cable, type 660;

R1, R2, R3 and R4—Special 'small size
aluminum box shields for LC-28,
made by the Aluminum Company of
America ;

S—Yaxley combination switch and rheo-
stat, type No. 906-K, 6 ohms;

connector plug with

T1 and T2—Carter “Imp” plugs and tip
jacks, marked “Antenna” and
“Ground,” respectively, with insulat-
ing washers for the antenna;

U—Hammarlund double-drum dial;

V—Brass extension shaft, 16%% inches long
and ¥4 inch in diameter;

W—Aluminum panel, 6 inches by 26
inches, drilled and decorated, made
by Wholesale Radio Service Company ;

X1 and X2—Tait brackets;

Y—Aluminum chassis for the LC-28, made
by the Aluminum Company of Amer-
ica;

Z—Lynch single-resistance mounting;

Wire, screws, nuts, etc.

HE unique design, both from a

mechanical and an electrical stand-
point, of PoruLar RaADIO’S latest con-
tribution to radio science, the LC-28
receiver, should make it ideal for ra-
dio broadcast reception. It embodies,
as told in the September number, many
new and advanced electrical principles,

as well as a mechanical design that is
exceptionally well suited to the con-
structional ability of the home set-
builder. Upon final completion, the
LC-28 receiver should be comparable,
both in construction and in operation,
to the finest set now obtainable.

It is the claim of PoPULAR RaADIO’S

technical staff that anyone can build the
set and obtain the expected results
without previous knowledge of set

- building, and without any electrical -or

mechanical ability, by simply following
exactly the constructional information
in this article.

Some of the reasons for advancing

LY Gy
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SOLID CONSTRUCTION MAKES THE LC-28 A PERMANENT JOB
- FicURE 2: The four siage shields containing the amplifying apparatus are mounted on a
metal chassis. The metal panel to which arc attached the drum dials is also mounted
on the chassis by means of sloping metal brackets.

this claim are set forth below:

First: ‘The set is built entirely on a
metal chassis, completely stamped and
drilled and ready for mounting the in-
struments. It contains a complete set
of shields and a metal panel drilled and
engraved. In assembling, the only in-
strument necessary is a screw-driver.

Second: The wiring is exceptionally
vasy to do, as there is only approxi-
mately five feet of wire in the complete
job.

Third: The instruments are mounted
with brass machine screws and nuts that
are obtainable in any hardware store.

The receiver has an exceptionally

high amplification and yet is easy to
tune by a double drum control. '

The appearance, when placed in the

special consoles made for it, is in keep-
ing with the finest receivers furnished.
The set may be used with no antenna
at all, with a loop, or with any form
of indoor or outdoor antenna.

The fundamental circuits employed
ih the LC-28 high-frequency pack is
given in Figure 5.

How to Assemble the Instruments

The making of the new receiver is
simplified to such an extent that it is
hardly necessary to tell in words how
to build it. The accompanying illus-

trations and diagrams tell the story at
a glance; but to be doubly sure a com-
plete outline is here given showing the
constructional details in the best pos-
sible order of procedure. )

The aluminum chassis, Y, comes
from the manufacturer already pre-
pared, drilled, cut, stamped and fin-
ished. The same is true of the front
panel, W, and the four sets of shields,
R1, R2, R3 and R4.

The first job in putting the set to-
gether is to mount the various instru-
ments on the chassis, Y. It would be
advisable first to mount the four high-
frequency choke coils, E1, E2, E3 and

9
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AN ALMOST “WIRELESS” RADIO RECEIVER
FicUre 3: The careful planning that has gone into this receiver has eliminated at least

70 per cent of the wsual wiring.

In this diagram the instruments above the panel, in

their correct positions, are outlined in solid BLACK lines; those below the panel are shown
The wiring above the panel is shown in solid rRev lines, and the

in dotted BLACK lines.
wiring below the panel in dotied RED lines.

When the set is completed only one wire is

visible in each stage—ihe wire that connects Lo the stators of the variable condensors.
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A VIEW OF THE RECEIVER FROM ABOVE

Fi1GURE 4: The cover of one of the stage shields has been removed to show the arrange-
meni of the coil, valve, stabilizing resistor and the fixed filament resistor. The four
tuning condensers with the drum dials aitached may be seen behind the front panel.

I, underneath the chassis, Y, in the
two proper holes drilled for them, as
shown in Figures 3 and 6. In mount-
ing all of the instruments, the screw
heads of the mounting screws should
all be attached from above the chassis,
and the nuts should be put on from
the under side.

Next, set up the four sockets, P1, P2,
P3 and P4, as shown in Figure 3.
These should be mounted with two ma-
chine bolts and {astened underneath

_with two corresponding nuts tightened
securely.

Next, fasten one end of the four re-
sistances, O1, 02, 03 and 04, to the
binding posts marked “—” of the four
sockets, P1, P2, P3 and P4. This is
done by first unscrewing the knurled
nut on the binding post, then placing
the ringed terminal of the resistance
over the bolt and fastening down
tightly with the knurled nut. The other
end of the four resistances should be

fastened with a bolt and nut to the
proper holes in the chassis, Y, as shown
in Figure 3.

Next, set up the four high-frequency
transformers, A, B, C and D, in their
proper places, as shown in Figure 3.
This operation requires two nuts and
bolts to each instrument.

Now set up the three suppressor
mountings, G, H and I, and the grid-
resistance mountings, Z, in their proper
positions on the chassis, Y. ‘This is

The list of paris given on page 214 includes the cxact instruments used in the laboratory model of this veceiver. The experi-
enced amatenr, however, will be able to pick out other reliable makes of instruments which have been approved by PoPULAR

Rapio and wihich may be used with good resulis.
article will tell him exactly where to bore the koles and exactly where to place the connections.

But we recommend thai the novice follow the list, as the diagrams in this

1f instruments other than

the ones listed are used, the only change that will be necessary will be the use of different spacings for the holes that are drilled

in the sub-base for mounting Lhe instrument.

To any reader who has difficulty in obtaining any of the parts which are neces-

sary in making up these model receivers, POPULAR Rap10 SERVICE BUREAU, 179 West 57th Street, New York City, will gladly
assist in seeing thai his requirements are promptly supplied.

THE SCHEMATIC DIAGRAM OF THE LC-28 CIRCUIT
FiGURE 5: The condenser of the first high-frequency stage, at the left, is tuned by one

tuning drum; the condensers of the iwo follo

right, are tuned together by the other.

wing stages and the detector stage, ol Lhe

-

ub
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THE UNDER SIDE OF THE LC-28 SUB-PANEL

FICURE 6: The chokes and condensers, with their wiring, are shown in Lheir correct
positions. A portion of the double drum may be seen protruding from the cut-out.

.

shown in Figure 3. One screw and a
nut is used in each case.

Next, fasten down temporarily the
four variable condensers, J1, J2, J3 and
J4, as shown in Figure 3. These are
attached to the chassis, Y, by a single
bolt and a nut, except in the case of
condenser J4. The reason for mount-
ing these condensers with only one bolt
and nut to each is that this will allow
them to line up properly when the
single extension shaft, V, is attached to
all three condensers.

Now attach the plug of the Yaxley
cable, Q, in the place made for it, as
shown in Figure 3. 'The metal bracket
of the plug is not used and the screws
are inserted in the screw holes of the
bakelite’ strip that originally held the
bracket.

When this is done, the two tip jacks,
T1 and T2, marked ‘‘Aerial” and
“Ground” should be installed, as shown
in Figure 3. 'The one, T1, marked
“Aerial” should be insulated from the
chassis with insulating washers, and the
one, T2, marked “Ground” should be
installed without insulating bushings
and should be attached firmly to the
metal of the chassis, V. ’

This completes the constructional
work on the receiver up to the point
where the wiring should be done. The
remaining constructional work should
be left over until the wiring is prac-
tically completed.

How to Wire the Set

The design of this set is such that
the wiring is accomplished, in as many
cases as possible, by the mere act of
fastening down the instruments onto
the metal chassis. This is the case with
one connection (the grounded connec-

tion) of each of the variable condens-
ers, J1, J2, J3 and J4; with two con-
nections of each of the high-frequency
transformers, A, B, C and D, and with
one connection of each of the resist-
ances, 01, 02, 03 and 04. It is also
the case with all the connections to the
ground and the “A” minus (—) and the
“B” minus (—) terminals of the power
supply.

This featurc eliminates probably 15

or 20 feet of wiring that would ordi-
narily have to be done, and leaves the
set completely hooked up with ap-
proximately five feet of wiring. This
makes for stmplicity!

All connections should be made with
a tinned copper flexible wire, insulated
with a hard coating, such as *Celat-
site.”

Refer to the picture-wiring diagram

(Continued on page 286)

AN END VIEW OF THE RECEIVER

This view shows the receiver fully wired and assembled,
and ready to De installed in its cabinel.

FIGURE 7:
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ql The third of the series of articles on the new electrical units that enable you to reproduce
phonograph programs with the tone quality and volume of the best radio reception.

© 25000 M‘/"M‘@

- = - .

LOWER MR AL F1ER Y

A MATCHED COMBINATION THAT PUTS NEW REALITY INTO

PHONOGRAPH REPRODUCTION

Frcure 1: This easily assembled hook-up employs a power-pack emplifier (shown af

the right) that operates from the AC lighting lines.

This power-pack amplifier may'

also be used with any high-frequency amplifier for the yeception of broadeast programs—
thus making possible two forms of program reproduction with the same low-frequency

emplifier and loudspeaker.

HOW TO ADD TO YOUR OLD PHONOGRAPH

T he New Amplification Units

This installment in the series of articles on the phonograph pick-up
units gives new and valuable information on the correct methods of
choosing and matching units to obtain the best results in phonograph
reproduction. It also gives details for assembling a matched hook-up
that employs one of the new combination power-pack amplifiers;
this amplifier is a complete instrument operating from the AC light-
ing lines, that may be used either with a phonograph pick-up or a

NOT so very long ago theré existed
in the minds of many people
some doubt as to whether or not the
then new novelty, radio, could ever
reach the ‘“perfection” of the phono-
graph as regards tone quality, service
and reliability. Now, on the other hand,
there again seems to be some doubt in
the mind of the public on the same
question, but from the opposite angle:
“Can to-day’s phonograph compete with
radio in tone quality, service and relia-
bility?”

Benefitting by the advances made in
the acoustical art as a result of the
developments of radio, the electric pho-
nograph of to-day is similar to the low-
frequency amplifier, reproducer and
power-pack combination used in high-
grade broadcast receivers. The output
of the electric phonograph, when one
gets right down to the matter, is but a
standard broadcast program which, in-
stead of being sent over the air, is re-
corded in a permanent manner and

high-frequency amplifier.

By JAMES MILLEN

delivered to the consumer on a platter.

With these improvements, and one
other—the elimination of the record
scratch—the modern phonograph be-
comes a highly desirable companion to
the modern radio receiver.*

However, the phonograph can never
take the place of the radio. First, the
radio brings news and entertainment
into the home as it is actually occur-
ring—banquets, speeches, sporting
events and many others; and, second,
radio supplies its own program; its rep-
ertoire is not limited by the number
of records in the album.

But as a companion to modern ra-
dio, there is a distinct service to be
performed by the electrically operated
phonograph.

It is the purpose of these articles to
show how standard equipment available
on the radio market may be grouped

* For previous articles on the Electrical
Phonograph see the July-August and Septem-
ber, 1927, issues of PorULAx RaDIO.

together to improve and beautify the
results of the old-style phonograph by
radio methods. Furthermore, another
article to appear in a future issue of
PoruLAR Rapro will give the construc-
tional details for a single-control, two-
valve set which is so designed as to
employ the same power-pack, low-fre-
quency amplifier and reproducer as the
electrical phonograph will use. The
complete combination may be housed
in a specially built cabinet, a radio cabi-
net or an old-style phonograph console
cabinet.

But first let us consider the various
components of the phonograph—the
pick-up, the needle scratch filter, the
volume control, the amplifier and the
reproducer.

Pick-ups and Volume Control

There are at least four different types
of pick-ups. The electromagnetic and

the crystal types function hy generating
voltages, while the condenser and the

. e



OCTOBER, 1927

carbon forms operate by variations of
impedance.

Of these four, the most popular type
at present is the electromagnetic form.
To this tlass belong the pick-ups used
in the “Electrola,” the “Panatrope” and
the “Vitaphone.” This latter is in real-
ity a special electric phonograph de-
signed for synchronization with a mo-
tion picture projector.

One of the large corporations inter-
ested in the development of radio is
experimenting with a pick-up of the
crystal type, but as yet this unique de-
vice is still in the experimental stage.

Pick-ups of the carbon type have-

been in existence for a number of years,
but only recently has one capable of
high-quality reproduction been per-
fected. This type of pick-up, which
depends for its operation upon the
change of its electrical resistance with
vibraticns of the needle, is in a some-
what different class from the others, as
it is designed to operate a reproducer
without the use of an amplifier.

Pick-ups can be made of the same
parts that are used in the construction
of .the ordinary radio-type headphones
and reproducers. As a rule, however,
for best results a unit designed “from
the ground up” as a high-grade pick-
up should be used. Several units of this
type are now being manufactured.

In mounting the pick-up, fasten its
base in such a position that the needle,
when swung to the center of the rec-
ord, will rest in the exact center of the
turntable shaft. The pick-up selected
must be capable of high-quality repro-
duction or the best results cannot be
expected. 'The Pacent, the Warford
and the Bosch “Recreator” have been
found .extremely satisfactory. Most
pick-ups have a volume control located
on the base of the stand. If not, a
25,000-ohm resistance, such as a Roy-
alty or the Centralab Radiohm, may
either be mounted in the turntable com-
partment or on the panel of the receiver.

~
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A VIEW OF THE POWER-PACK AMPLIFIER FROM

THE RE

AR .

FIGUre 2: This picture gives an idea of the layout of the complete

power-pack amplifier with its metal case removed.

The vacuum

valves are inserted from the bottom and are protected from dust
and mishandling while in use.

The Needle Scratch Filter

The scratch filter is for the purpose
of electrically removing from the out-
put of the reproducer the ‘hiss” due
to the contact of the needle on the
record.

While an electrical filter circuit of the
type indicated in Figure 3 will remove
all objectionable scratch noises from the
music issting from the loudspeaker, it
will not prevent one hearing the un-
amplified scratch noise directly from
the record. For this reason the lid of
the turntable compartment should be
kept closed while records are playing.

While the connection of a .006 mfd.
fixed condenser across the output of the
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THE CIRCUIT EMPLOYED IN THE COMBINATION UNIT
F1GURE 3: This diagram shows the simplicity of the elecirical circuit

used in the pick-up and amplifier combination.

T'he reproducer

connects directly with the emplifier and may be used in any part of
the house by employing an extension cord.

pick-up or input to the amplifier will
also remove this noise, such an arrange-
ment will also remove many of the-
higher frequencies and thus partially
destroy the quality of reproduction. For
this reason an electrical filter circuit,
tuned to stop the passage of only those
currents in the neighborhood of the
scratch frequencies, should be used.

The difficulty in completely eliminat-
Ing scratch noises lies in the fact that
the scratch frequency is not any one
frequency, but quite a wide frequency
band. If, however, the filter circuit is
tuned to approximately 4,500 cycles,
the greater part of the scratch noise is
removed without the sacrifice of tone
quality. ‘The residual hiss, when a
scratch filter is employed, is practically
unnoticeable and cannot be detected ex-
cept for the first few seconds or so be-
fore the music starts.

Such a device may either be pur-
chased as a complete unit (one is made
by the National Company) or may be
constructed at home from a choke coil
and condenser so selected as to be most
effective at about 4,500 cycles. ‘This
frequency peak should be somewhat
“broadened” by the use of a very small
quantity of iron in the construction of
the inductance. A scratch filter can be
assembled by employing a 1,500-turn
honeycomb coil with a .008 mfd. fixed
condenser. ‘The circuit for the scratch
filter is shown in Figure 3.
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AN ARTISTIC REPRODUCER

FiGURE 4: This is one of the decorated

Balsa-wood reproducers that may be built

in the jorm of a screem and that gives
reproduction of excellent tone quality.

The Amplifier

The amplifier is probably the most
important part of the electrical phono-
graph system. It should have a straight-
line frequency characteristic extending
.well down into the lower frequencies
and have sufficient overall gain and un-
distorted power output for supplying
all the volume required for home use.

Such a device is the National com-
bination power-pack amplifier, shown in
Figure 2, which is not only a complete
high-quality low-frequency amplifier de-
signed especially for phonograph and
radio use, but also has the advantage
that it requires no “B” or “C” batteries.

The compact little unit consists of
two stages of resistance-coupled volt-
age amplification and one stage of power
amplification with special impedance in-
put and output circuits.

The input impedance in the power.

stage is for eliminating that difficulty en-
countered with many resistance-coupled
amplifiers—the tendency to ‘“motor-
boat.” The output impedance is for
the protection of the reproducer from
possible damage due to the heavy plate
current drawn by the power valve.

The power-pack circuit is essentially '

the same as that employed in the Na-
tion “B” power-pack, including the new
adjustable, fixed-output potentiometer.
In addition, however, a special winding
is provided on the power transformer
for heating the filament of the UX-171
tvpe power valve. The amplifier is com-
pletely adjusted before leaving the fac-
tory, so that it is only necessary for
the user to insert the valves and con-

nect it to his pick-up and reproducer,
as shown in Figures 1 and 3.
The Reproducer

Good reproducers are of four gen-
eral types: the large cones, such as the
Western Electric; the small baffle cones,
such as those devised by Messrs. Rice
and Kellogg and used in the “Electrola”
and “Panatrope”; the new Balsa-wood
flat tvpe, and the orthophonic variety
of exponential horns, such as the New-
comb  Hawley, the Temple and the
Racon.

The Lata Balsa-wood reproducer may
he mounted on an easel placed in any
convenient part of the room, or hung
on Lhe wall in picture fashion.
reproducers, aside from their high elec-
Lrical excellence, have the additional
advantage of distinctive appearance and
low cost. It is not at all a difficult
problem  to construct a very. fine
speaker in an evening for only $18,
the cost of the complete kit. Figure 4
gives an idea of the artistic possibilities
of this type of reproducer.

If a cabinet type of orthophonic horn
is used, the amplifier and other ap-
paratus may be located right in the
cabinet. The turntable, in such a case,
may be placed in a small cabinet on
top of -the speaker. In fact, one of
the old table-model phonographs, to
which a magnetic pick-up has been
added, will be just the thing.

Where a console type of phonograph
cabinet is available, the most desirable
arrangement is to remove the old horn,
and in its place behind the silk grille
locate a baffle-type speaker, such as the

These
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new Radiola 100-A, or the latest elec-
tric-dynamatic movable coil type of
Magnavox cone.

The baffle board for mounting such
speakers should bt of about one-half
inch thick white pine or other soft wood.
A round hole should be cut in the center
of the board and so beveled that the
outside diameter is slightly larger than
the inside diameter. The cone frame-
work is then bolted in place so that the
cone is centered behind the hole.

Thin veneer should not be used as ‘a
baffle board, as it may prove to be
resonant at some frequency within the
audible range.

Though the preferred arrangement
for an AC-operated phonograph is the
use of an induction motor to operate
the turntable, such motors of the
proper size are rather difficult to ob-
tain. Most phonograph dealers, how-
ever, stock excellent motors of the uni-
versal type, which, as they are only
run when the radio receiver is not in
operation and will therefore cause no
interference, are entirely satisfactory.
Such motors cost from $15 to $30.

If a spring motor is used in the pho-
nograph the amplifier should be so
placed that the rectifier and power
valves, which become quite warm in
operation, are not directly under the
motor, for such placement might cause
the graphite. in which the spring is
packed to melt.

In conclusion, it is well to emphasize
the importance of using the new elec-
trically cut records for obtaining the
best results with the phonograph.
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HOW THE UNITS ARE TO BE CONNECTED

FI1GURE 5: This diagram gives the exact connections for the poiwer-
pack amplifier, the scratch filter and the volume control, as well as
the connections to the “4” battery for lighting the filaments of the

vacumum valves.

A metal link comes wilh the amplifier that connects

the “B” negative terminal to the “A" negative terminal, so that this

connection is not shown in this diagram.
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THE, SCHEMATIC DIAGRAM OF THE POWER-PACK AMPLIFIER

Ficure 1: At the right is the rectifier circuit of the unit, with the connections ie the

110-volt AC lighting line and to the automatic relay that controls the trickle charger of

the “A” battery. In the center of the diagram is the filter circuit, and at the right is
the circuit of the two-stage, transformer-coupled, low-frequency amplifier.

How toGet Quality Amplification

NUMBER 5 : How to build a unit that combines a “B” and “C”
power-pack with a two-stage, transformer-coupled, low-fre-
quency amplifier. This unit may be used to improve the vol-
ume and quality of any old receiver by hooking it up to the
output of the detector valve, or it may be combined with any
type of high-frequency amplification that the experimental set

builder desires, to make a new receiver.

The unit is entirely

self-contained and may be installed in a console with the high-
frequency pack or operated separately.

By ALBERT G. CRAIG

Cost or ParTs: Nor over $117.00

HEerg Is A LIST OF INSTRUMENTS AND ACCEsSORIES NECESsARY FOR BuiLping This Unit—

A—AmerTran Transformer, PF-52;

B, C and D—AmerChokes, type 354;

E, F and G—Tobe high-voltage condensers
for 1,000 volts DC operation, No. 602,
2 mfds.;

H—Tobe high-voltage condenser for 1,000
volts DC operation, No, 604, 4 mids.;

I, J and K—Tobe filter condensers, type
301,71 mfd., for 300 volts DC;

I—AmerTran DeLuse transformer,
stage,

first

M—AmerTran DeLluxe transformer, sec-
ond stage;

N, O and P—Benjamin Cle-ra-tone vibra-
tionless sockets;

Q—VYaxley multiple type relay, No. 445;

R and S—Electrad Truvolt variable re-
sistors, 2,000 ohms;

T—Electrad ‘Truvolt
50,000 ohms;

U—Carter “Imp” battery switch;

V—Baseboard, 9 by 19 by % inch;

variable resistor,

W—Imperial sheet metal box equipped
with insulating panels for binding
posts, the variable resistors and the
battery switch;

X--Combination AmerTran resistor, type
400, for AmerTran power-pack;

Y—No. 1-a amperite;

21, Z2, 23, 24, 25, Z6, 27, 28 and Z9—
Eby binding posts;

25 feet of flexible rubber-covered wire;

Mounting screws, nuts, etc.

HE experienced radio fan and

professional set builder, who is
looking for quality reproduction, will
find in this combination amplifier and
“B” power-pack a unit that wili give
him the best type of program rendi-
tion with superb volume and tone
quality that is hard to equal.

The complete unit may be built as
shown in the illustrations in a ready
prepared metal box or can that houses
all of the instruments and “live” parts.
The metal case, once the unit has been
assembled, may be slipped into the con-
sole of a radio receiver and connected
up in a few minutes. It will furnish

“B” and “C” power for the high-fre-
quency end of the recciver with which
it is used and needs no further atten-
tion when once installed and set into
operation.

The amplifier employs two stages of
high-quality, transformer-coupled am-
plification, using a UX-201-a type valve
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THE PICTURE-W
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IRING DIAGRAM OF THE, POWER-PACK AMPLIFIER

FIGURE 2: [n this diagram all of the apparatus that is mounted on the baseboard, inside
of the metal case, is shown in BLACK lines, as well as the parts and equipment that are
mounted on the case itself. All of the wiring is shown in heavy RED lines running to the

in the first stage and a UX-210 type
power valve in the second stage. A
standard UX-216-b type rectifier valve
is used in the power-pack to rectify
the high-voltage alternating current.
The smoothing filter is a two-stage
choke and condenser type filter. An
output filter consisting of a choke and
condenser is alse attached to the am-
plitier for protecting the reproducer
from current overloads. Leading en-
gineers claim that this is the most effi-
cient type of amplifier for use in mod-
ern radio reception, and its use, when
correctly laid out, designed and built,
is recommended to all radio fans who

correct lerminals of all of the instruments.

wish either to .improve an old set as
to its tone quality and volume, or who
wish” fo incorporate the unit in a new
receiver. &

The schematic wiring. diagram of the
new power-pack amplifier is shown in
Figure 1. )

How to Construct the Amplifier

The wooden baseboard should first be
cut to a size 9 inches by 19 inches by
% inch and reinforced with two cleats
across the bottom.

The instruments should now be
mounted in the positions shown in the
picture-wiring diagram, Figure 2, and
the top view of the amplifier, Figure 4.

Note particularly the location of the
terminals of each instrument. First
mount the three sockets, N, O and P,
and the two low-frequency transform-
ers, L and M, on the baseboard, V.
Secure the power transformer, A, the
three large condensers, E. F and H,
and the three AmerChokes, B, C and
D, to the base, V. Complete the base
mounting by fastening the amperite, Y,
the large condenser, G, the three small
condensers, I, J and K, and the re-
sistor, X, to the base, V. It should
be noted that the three small condens-
ers, I, J and K, are soldered one on
top of the other. The relay, Q, is also

The list of parts given on page 221 includes the exact instruments used in the set from which these specifications were made up.
The experienced amateur, however, will be able to pick out other reliable makes of instruments whicl have been approved by

PopruLar Rabio and which may be used with good resuits.
in this article will tell him exactly where to bore the holes and exactly where to place the connections.

But we recommend that the novice follow the list, as the diagrams

If instruments other

than the ones listed are used, the only change that will be necessary will be the use of different spacings for the holes that are

drilled in the sub-base for mounting the instrtements.

To any reader who. has difficulty in oblaining anyv of the parts which

are necessary in making up these model receivers and power wunits, PoruLar Rapio ServicE BURreav, 1719 West 57th Street,
New York City, will gladly assist in seeing that his requirements are promptly suppiied.
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soldered in position on the side of the
three large condensers, £, F and H.

Wire the amplifier exactly as shown
in the picture-wiring diagram in Fig-
ure 2, leaving flexible leads for connec-
tion to all of the binding posts and
the other instruments that are to be
mounted on the metal box, W.

After placing the amplifier unit in
the metal box, mount the binding posts,
Z1 to 29, the three Truvolt resistors,
R. S and T, and the battery switch, U,
on their respective insulating panels.

Complete the wiring by connecting
the remaining flexible leads to the
proper instruments.

How to Install the Amplifier

Figure 3 shows the exact connec-
tions to be made between the amplifier
unit, the radio receiver and the storage
battery. When these connections have
been completed, insert a UX-201-a type
valve in socket O, a UX-210 type valve
in socket P and a UX-216-b type rec-
tifier valve in socket N.

The reproducer which is connected to
binding posts Z8 and Z9 should be
of the best quality of cone or expo-
nential horn obtainable, in order to in-
sure quality reproduction.

The whole amplifier unit is turned
“on” and “off” by means of the small
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HOW TO HOOK UP THE AMPLIFIER
FiGurE 3: This drawing gives an idec of how this set may be nused
with any receiver, by cutting out the low-frequency amplifier in the
receiver and wusing the amplifier incorporated in the power-pack
amplifier, with excellent results in volume and tone quality.

battety switch, U, on the front panel.

The ability of this amplifier to de-
liver full volume to the reproducer
without any overloading should make
it very popular with those who want
the best in quality reproduction for

i
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A VIEW OF THE UNIT FROM ABOVE

their homes. In addition, the unit is
practically foolproof, as the metal case
protects all the instruments, although
voltage adjustments may be made with
the panel controls. This feature should
make it a safe instrument to operate.

70 ACUFPPLY

FiGuRe 4: This view of the power-pack amplifier, with the top of the metal case removed,
shows the positions of all of the parts that go to meke up this new and powerful wnit.
All the parts are designated with letters that correspond with the list of parts and the
constructional data in the article, so that the prospective builder cannot make any mistake

in comstruction or wiring up.
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RadioHunts forBuried Treasure

By CAPTAIN PORTER P. LOWRY, U. S. A

Underwood & Underwood

a radio “treasure finder,”
more exactly a metal-
finder, invented by Mr.
G. O. Maher, of Baten

Rouge, Louisiana.

OW radio is being invoked to.
search for buried treasure.

This treasure, according to belief, is
buried in one of the world’s most ro-
mantic regions—a region that is haunted
with memories. of pirates, of under-
ground passages, of secret hiding places
of immense sums of gold that belonged
to the old Inca emperors and to the
priests—the city of Old Panama, in
Central America.

The city of Old Panama is one of the
oldest settlements on the American con-
tinent. In 1671 this city was sacked by
the English privateersman, Sir Henry
Morgan. The amount of treasure found
proved much less than the English in-
vaders had expected. There is reason

The city of Old Panama, destroyed by the pirate
Morgan in the seventeenth century and now
overgrown with tropical jungle, is the scene of
the latest radie “treasure hunt.” At the right is

P
~

to believe that it was less than the city
held; for Panama was an important way
station on the great commercial route
between Peru. and Spain—the route
along which there poured back for cen-
turies into the coffers of the Spanish
king the gold and gems which were the
spoil of the great Inca Empire of South
America.

It has long been believed that Sir
Henry Morgan’s = disappointment was
not accidental. The citizens of Old
Panama had warning of the raid. There
have been many stories in the last three
hundred years of how the great Spanish
families of the time hurriedly buried
their ancestral treasures here and there
about the city. One of the most cir-

POPULAR RADIO

cumstantial of these legends tells of
how the priests of the cathedral carried
into a convenient subterranean passage
their store of gold and jewels; not
merely the treasure of the church itself,
but the collected treasures of many of
the wealthy families. -This underground
storehouse was never found. The
priests were captured and put to death,
but the secret was kept. Whatever the
worthy Fathers may have known went
with them to their graves.

No tale such as this could go for
long without investigation. There have
been innumerable atterhpts to find the
famous underground passage or to dis-
cover this or that other cache of pre-
cious metals reported to exist somewhere

s



OCTOBER, 1927

beneath the roundations of the present
citvy of Panama.

Doubtless some of these caches have
been found; it is recorded that from
lime te time impecunious citizens, not
known to be possessed even of visible
means of support, have turned up tem-
porarily wealthy.

The latest effort to obtain these
buried treasures on a larger scale is the
one which involves radio.

Somie months ago there came to Pan-
ama Lieutenant George Williams of the
British Naval Reserves; with him are
Commander David Blair and Lieuten-
ant F. W. Keally, both of England, and
Mr. Wallace Bain, of the United States.

Another member of the expedition is
a piece of radio apparatus, said to be
the invention of Mr. Thomas Fahie, of
Colchester, England. Using this radio
apparatus, Lieutenant Williams is at-
tempting to locate some of the buried
hoards of precious metal,

Even the most industrious of treasure-
seeking expeditions could not hope to
dig and sift the entire subsoil of
Panama. There is no lack of maps,
reputed ancient, which show places
where one should dig. Certainly they
cannot all be right, and it is probable
that most of them represent the accumu-
lated fancies of three centuries rather
than actual facts. It is the function of
Lieutenant Williams’ radio apparatus to
point out the spots where digging may
be worth while.

Treasure and secrecy go together.
Just what Lieutenant Williams, his aides
and his radio apparatus have succeeded
in discovering is still a secret. Some
objects have been found, including, it is
reported, a golden butterfly, jewel-
studded and 1measuring three inches
from tip to lip, as well as an image of
the Jewish Ark of the Covenant more
than six inches long. The government
of Panama employs an official charged
with the duty of inspecting and con-
trolling searches after buried treasure.
The success of the Williams enterprise
has been great encugh to induce this
official to provide military guard for
their further operations. It is a known
fact that the expedition is having such
remarkable success that an extensive
concession has been granted by the
Panama government to carry on the
work on shares.

The exact method of operation em-
ployed with Lieutenant Williams’ appa-
ratus has aiso been kept a secret. From
such information as is available it is
probable that the principle is the well-
known one of feeding into the ground
an alternating electric current or radio
wave. As readers of PopULAR RaDIO are
well aware, methods of this kind have
been perfected in Sweden for tracing the

locations of underground mineral lodes.
Any underground material which is
more highly conducting electrically than
is the general average of the subsoil
will deflect the currents or radio waves
thus introduced. Such disturbances may
be detected and will serve, when con-
ditions are favorable, as indications of
just where the conducting material lies.

Gold, like other metals, is an elec-
trical conductor. It is quite probable
that buried masses of gold could be
detected in this way.

Another method which is likely being
used by Lieutenant Williams’ apparatus
depends upon the detuning effect of
underground masses of metal upon a
delicately tuned oscillating circuit in the
air above the treasure-bearing soil. It
was this method that was proposed a
year or more ago for use in hunting the
supposed treasure of Cocos Island, off
the southern coast of Panama. Indeed,
it is reported that the method actually
was used and proved successful, but that
th: persons who found the Cocos Island
treasure concealed that fact and held on
to the treasure, for reasons best known
to themselves.

Certain it is that one or more radio
methods are being used for this purpose,
and probably with reasonable success.

Of course there are difficulties to be
solved. One of them is the wetness of
the subsoil. It is reported that in the
course of the present search diggers
broke through into an underground pas-
sage, now filled with water. It was a
common habit of the priests and
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grandees of Spanish times to dig such
passages, both for purposes of secret
communication and also for the sake of
saety in the days when cities were il}-
policed. No doubt many such passages
still exist beneath the foundations of
present Panama, as they do beneath vir-
tually every city of the world whose
history goes back as far.

If all of these passages are now filled
with water, that fact will constitute an
enormous handicap (o all the radio
methods or electrical methods of detect-
ing the presence of gold. The water of
the soil is never pure, but always con-
Lains sufficient amounts of dissolved salts
to render it an electric conductor. \While
it does not conduct as well as gold and
silver, its conductivity is probably high
enough lo constitule a substantial dis-
turbance in the region of the radio de-
tectors.

Ancther difficulty with all radio
methods of treasure-finding is the pos-
sibility that the precious metals are not
in large masses, but are scattered through
the soil. Wooden chests in which the
ancient Spaniards may have buried their
belongings would probably have yielded,
years ago, to the tooth of time. The
rings and necklaces and other objects
which the ancient seiioras wore, the
golden crucifixes or other articles of
devotion from the churches, would have
escaped from the flimsy wooden walls
of their caskets, to lie loosely through
the soil. Such loose bits of metal would
not be absolutely without influence on

(Continued on page 258)

A DETECTOR FOR USE IN “RADIO GEOLOGY”
Radio methods are being tested as investigators of underground rock

conditions, as well as to find supposed buried treasure.

This appa-

ratus, used by Mr. W. D. Morgan, of Los Angeles, California, picks
1p radio waves sent into the ground by the transmitier illustrated on
a later page of this article,
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THE SCHEMATIC DIAGRAM OF THE MAGNAFORMER CIRCUIT
FicURE 1: The circuit employed is the standard circuit for superheierodyne construction,
but the superior merit of the Magnaformer receiver lies chiefly in the excellence of the

parts employed—particularly the intermediate-frequency amplifiers.

HOW TO BUILD

The Magnaformer 9-8 Receiver

Here are the constructional details for building the Magnaformer
-8 Superheterodyne, whose design and theory of operation were

described in the September number of POPULAR RADIO.

This re-

ceiver employs eight or nine valves and has great sensitivity when

Cost oF Parrs: Not over $129.00, without the loop

used with a loop antenna.

By LAURENCE M. COCKADAY

Here Is THE List oF INSTRUMENTS AND ACCESSORIES NECESSARY FOR BUILDING THis Recerven—

Al, A2, A3, A4 and A5—Magnaformer in-
termediate transformers, units R. F.
No. 61;

B—Unicoupler, unit C. U.. No. 71;

C—Samson high-frequency choke ceil, No.
125,

D1 and D2—Ferranti low-frequency trans-
formeérs, A. F. No. 4;

E—National tone filter;

F—Frost DeLuxe combination rheostat, 6
ohms, and battery switch, equipped
with gold arrow knob, No. 5-1810;

G—Frost DeLuxe potentiometer, 400 ohms,
equipped with gold arrow knob, No.
1824 ;

H—Frost Deluxe rheostat, 10 ohms, No.
1810,

I—Frost DeLuxe rheostat, 30 ohms, No.
1830,

J and K—Amperites, No. 112, with holders;

L—Yaxley radio jack switch, No. 60;

M1 and M2—Durham 2-megohm grid-
leaks;

N1 and N2—Sangamo fixed condensers,
00025 mid., type No. 1475, with grid-
leak clips;

01 and O2—Remler variable condensers,
.0005 mfd., No. 639;

P—Sangamo fixed condenser, .001 mfd.,
type No. 1450;

Q—Sangamo by-pass condenser, 1 wmid,
type No. 200, short;

R1, R2, R3, R4, RS, R6, R7, R8 and R9—
Benjamin sockets, No. 9044;

S1, 552, S3 and. S4—Frost tip-jacks, No.
253F

T—Yaxley cable-connector plug, No. 660;

U—Formica front panel, 7 by 26 by 3/16
inch, drilled and engraved;

V—Formica sub-panel, 9 by 25 by 3/16
inch, completely drilled;

W1 .and W2—Benjamin sub-panel brack-
ets, 2 inches high, No. 8629;

X1 .and X2—Remler Universal drum-type
dials with controls, No. 110;

Y1 and Y2—2-inch, right-angle supports
for propping up rear of sub-panel;

Wire, screws, lugs, nuts, bolts, solder.

Quali-Tone loop—Duro Metal Products Co.

2 Wood blocks for sub-panel center sup-
port, % by 34 by 2 inches.

ADIO fans who are superheterodyne
enthusiasts will want to build this
new and ultra-modern loop receiver, for
with it they wiil be able to accomplish
excellent reception from a loop antenna,
both as regards distance and quality of
tone.
As told in the advance article in last

month’s issue of PopurLAr Rabpio, the
receiver is a real engineering feat, and
contains many new and original features
that make its results possible.

To summarize briefly, the receiver
contains four stages of high-gain am-
piification which may be converted at
will to three stages for local work. It

has two tuning controls and adequate
adjustors for. obtaining the proper op-
eration of each valve used in the set.
Both of the tuning controls work with
drum dials that are illuminated.

The construction is simple, as all the
parts are mounted on an insulated base-
board or the front panel itself.
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The low-frequency end of the recciver
contains two stages of transformer-
coupled amplification, with an output
filter device that protects the reproducer
and maintains the quality of tone.

A study of the circuit diagram as
shown in Figure 1 will reveal the fact
that the oscillator is coupled directly
to. the grid-circuit of the first detector.
The strength of the oscillator output is
controlled by a rheostat that: enables
the greatest sensitivity to be obtained.
A switch is included in the valve cir-
cuit just. preceding the second detector
that cuts “in” or “out” one high-fre-
quency stage' of amplification of the
intermediate amplifier. A high-fre-
quency filter is included in the output
circuit of the second detector valve to
keep unwanted high-frequency currents
from the low-frequency amplifier. The
proper “C” batteries are also included in
the circuit for the valves in the low-
frequency stages.

The illustration shown in Figure 2
gives an idea of the appearance of the
completed set when installed in its
cabinet.

How to Assemble the Receiver

The assemhly of the receiver is sim-
plified by the fact that both the front
panel and the sub-panel come com-
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THE RECEIVER INSTALLED IN ITS CABINET

FIGURE 2: Al the tuning is accomplished with the two controls, O1

and 02, while the knobs, F and G, provide complete control over

sensitivity and volume. A turn of the switch, L, introduces into the

circuit an extra sitage of intermediate-frequency. amplification for
distance work.

pletely drilled. The front panel is also
engraved with the designations for the
various tuning controls.

In starting to huild the set, the rheo-
stat, F, and the volume control poten-
tiometer, G, should he mounted on the
panel in the positions shown in Fig-
ure 2. The jack, L, is also mounted,
with its framework toward the top of
the front panel.
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The condensers and drum controls
must he assembled before they can he
mounted on the panel. The assemhly
is accomplished by first mounting the
variahle condensers, O1 and O2, on the
flat surfaces of the brass frames which
accompany their respective drum con-
trols. This mounting is accomplished
by means of three screws which project
through from the inside of the brass

THE SUB-PANEL ARRANGEMENT OF THf RECEIVER
FIGURE 3: The construction of this receiver is greatly simplified by the fact that the
sub-panel may be purchased completely drilled; this relicves the builder of much tedious
work.. The five Magnaformer coils are at the vight, the output filter and thé low-

frequency transformers at the left.
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THE PICTURE-WIRING DIAGRAM OF THE RECEIVER

FIGURE 4: The iusiruments above the sub-panel are outlined in solid BLACK lines; tliose

beneath the sub-panel are outlined in dotted BLACK lines.

The wiring above the sub-

panel is indicated in solid RED lines, while the connections beneath the sub-panel are

plates and extend into the tapped legs
of the condenser frames. The drums
are then slipped over the shafts of the
condensers until the worm gears at the
rear of the brass plates mesh with the
circular flanges on the drum dials. The
set screws on the bushings of the drums
are then tightened onto the condenser
shafts, and the complete units may be
mounted on the front panel of the re-
ceiver. «Only one screw is necessary for
each of these mountings, as a single-
hole mounting which extends through
the panel is provided on each of the
control shafts, these serve to hold one
end of each of the units firm.

There is 1o necessity for a detailed
description of the mounting of the in-
struments on the sub-panel. It is only
necessary to place the various instru-
ments in the positions indicated in Fig-
ures 3 and 4. It will be found that
the holes provided in the sub-panel cor-
respond exactly with the mounting holes

shown in dotled RED lines.

in the instruments themselves, so that
the mounting screws may be inserted
without any difficulty.

It is advisable, before mounting any
of the instruments, to mount the brack-
ets, Y1 and Y2, on the under side of
the sub-panel, and also the small wood
blocks which support' the middle of the
sub-panel. This will keep the baseboard
up off the table, and will prevent dam-
age to the instruments mounted on it.

The thrce small fixed condensers, N1,
N2 and P, should be mounted under-
neath the sub-panel before the other
instruments are attached. This is nec-
essary because the heads of the mount-
ing screws for these units arc located
under instruments which are to be
mounted on the top of the sub-panel.

The balance of the sub-panel assem-
bly may then proceed in any convenient
order; but it is recommended that the

“seven transformers be mounted last, as

this will make the panel easier to handle

and, at the same time, minimize the
possibility of damage to the instruments
mounted on it. Upon completion of this
job, the receiver is ready to be wired.

The front panel and sub-panel should
not be fastened together as yet. A good
deal of the wiring may be completed
before this is necessary, and the work
of soldering will be simplified by fol-
lowing this method of procedure.

How to Wire the Receiver

The kind of wire used in making the
connections is left to the choice of the
individual constructor. In the model
receiver shown in the illustrations, three
tvpes of wire were used, including bare
bus wire, Celatsite bus wire, and flex-
ible Celatsite wire. In the case of long
leads that have several branch connec-
tions made to them, the bare bus wire is
convenient, inasmuch as these branch
connections can be soldered to any point
along the wire without the necessity of
removing the insulation. On the other

The list of parts given on page 226 includes the exact instrumenis used in the unit from which these specifications were made
up. The experienced amateur, however, will be able to pick out other reliable makes of instruments which have been approved

by PopuLar Rapio which may be used with good results.
in this article will tell him exactly where go bore the holes and exactly where to place the connections.

But we recommend that the novice follow the list, as the diagrams

If instruments other

than the ones listed are used, the ouly change that will be necessary will he the use of different spacings for the holes that are

drilled in the sub-base for mounting the instruments.

To any reader who has difficulty in obtaining any of the parts which are

necessary in making up thesc model receivers and power units, PorULAR Rapio SERVICE BUReav, 1190 West 57th Street, New
York City, will gladly assist in seeing that his requirements are promptly supplied.
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hand, the flexible wire is somewhat
easier to work with and is equally sat-
isfactory from the electrical standpoint.

Starting first with the sub-panel wir-
ing, it is a good plan to wire up the
terminals of the valve sockets first.
This should be done because these ter-
minals are flush against the lower side
of the sub-panel and, therefore, most of
these connections should be run close
to the panel. The plate connection to
the socket, RS, and the connection to
the jack, L, can be delayed until after
the front panel has been attached to the
sub-panel. In all cases where connect-
ing wires extend from instruments be-
neath the pancl to others on top, the
wires should be run under the panel and
then brought through the panel at a
point directly beneath the above panel
terminal. This gives an extremely neat
appearance to the completed set.

The balance of the- connections be-
tween the other instruments on the sub-
panel should now be made, with the ex-
ception of those that extend to the front
panel. The front panel may then be
attached to the sub-panel and the wiring
between the two panels completed.

There are no tricks about the wiring,
and it is so clearly shown in the pic-
ture wiring diagram in Figure 4 that
there is no necessity for further in-
structions.

How to Install the Receiver

Figure .5 shows the dctailed connce-
tions for the free ends of the battery
cable, which provides a means for con-
necting all batteries to the receiver. Tt
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THE BATTERY HOOK-UP FOR THE RECEIVER

FIGURE 5: When the batteries have been connected to the battery

cable as shown in this diagram, and the cable plug has been inserted

in the plug socket on the sub-panel of the receiver, the batteries
need no further atiention except for replacement.

Shbbbb

is advisable to make these connections
before the plug on the cable is con-
nected to the plug-base on the sub-panel
of the receiver.

Now, turning to the receiver, the fila-
ment-control knob at the right-hand end
of the front panel should be turned all
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the way to the left, as should the knobs
of the two rheostats mounted on the
sub-panel. The small switch at the bot-
tom center of the front panel should be
set with its set-screw pointing toward
the figure “8.” Now insert UX-201-a
(Continued on page 257)

A VIEW OF THE SUB-PANEL FROM BENEATH

FIoURE 6:

improving the outer appearance of the receiver.

Nearly all the wiring of the receiver is done beneath the sub-panel, thus
This view shows how several various

kinds of wire were employed in the laboraiory model—bare bus wire for long leads with
several branches, and flexible wire for shorter connections.
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From a photograph made for PoruLar Rabio

MAKING THE FINAL TESTS ON THE HI-Q RECEIVER
Here is D. K. Oram, the Hammarlund engineer, testing the completed model of the Hi-Q
receiver in the Hammarlund laboratory. This is the last of a long series of tests made
to determine the exact operating characteristics of this set.

ADVANCE INFORMATION ABOUT

The HI-Q RECEIVER

Here are told some significant facts about this new receiver,
the constructional details of which will be given in the No-
vember issue of POPULAR RADIO. The set will consist of three
stages of high-frequency amplification, shielded and utilizing
a carefully designed and balanced method that gives equal
amplification over the entire range.

F a careful analysis were made of
the trend of home-built receiver de-
sign during the past two years, it would
show that many of the receivers which
have become accepted as the very popu-

. lar, due to their general excellence of

performance, employ circuits of a simi-
lar nature. For instance, in the Brown-
ing-Drake receivers, the LC-26 receiver,
the Hammarlund-Roberts set, the Sam-
son T-C, and many others which space
prevents a detailed mentioning, the cir-
cuits are generally alike, differing per-
haps only in the method of neutraliza-
tion employed in the high-frequency am-
plifier. . All of these circuits have for
the tuner end a single stage of tuned-

By RAYMOND F. YATES

high-frequency amplification, followed
by a regenerative detector.

In the early years of their use it
was felt that a single tuned stage of
high-frequency amplification, if prop-
erly built and perfectly stabilized, would
produce results which would be on a
par with that of the popular neutrodyne
circuit. While this is absolutely true,
engineers realized the difficulties which
confronted the average set builder in
duplicating the work of skilled mechan-
ics in radio laboratories. Then, too,
there was the realization that even
though a most exact duplication was
possible, the chances were that improper
or incomplete neutralization of a high-

frequency amplifier might nullify all
the advantages to be gained by its use.

Many changes have taken place in
the "past -three years, not the least im-
portant of which are those of a purely
cconomical nature. The prices of in-
dividual parts which go to make up a
radio receiver nowadays are much lower
than they were several years ago. This
feature has had its effect on circuit de-
sign because now it is possible to build
a multistage recciver and still keep the
cost within limits of the average set
builder’s pocketbook. In the use of a
circuit comprising a number of tuned-
high-frequency stages it is also possible
to duplicate the results attained by the

*
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use of a single “high-gain” stage.
This is particularly true of the new
Hammarlund Hi-Q 6-valve receiver
which makes its appearance this fall.
The engineers responsible for the de-
sign of this receiver have had in mind
the points outlined here and have suc-
ceeded in producing a receiver consist-
ing of three non-regenerative tuned-high-
frequency stages, followed by a vacuum
valve detector and a low-frequency am-
plifier employing high quality parts—
thus insuring excellent reproduction,
both in quality and volume. .
The High-Frequency Amplifier

It would be helpful here to make a
general comparison of the type of cir-
cuit employed in the Hi-Q with the
“high-gain” single-stage circuit.

The ideal response curve is shown in
Figure 2. It shows that an equal am-
plification is obtained of all the frequen-
cies within the ten-kilocycle band which
is occupied by the signal emanating from
a broadcasting station.

In a high-gain single stage of tuned-
high-frequency amplification the re-
sponse curve usually obtained when the
circuit is tuned to an incoming signal
is illustrated in Figure 3. Note that
sharp tuning exists, as manifest by the
narrowed tapered top of the curve. Yet
when it is considered that to obtain
good quality of reception there must
be no‘ cutting of the side-bands of the
received signal, it is hardly possible to
associate this type of -circuit with ex-
cellent tone reproduction. The shaded
section of the curve represents the fre-
quencies within the ten-kilocycle band
which are either lost or are amplified to
such a low degree that they are prac-
tically unheard in the reproducer.
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A CURVE THAT ILLUSTRATES BROAD TUNING
mem: 1. ‘This is. the type of resomance curve obiained with an
ordma_ry stage of amplification. While it will give good quality of
reception on a 10-kilocycle ‘band, a great amount of intérférence
will be encountered, due to its overlapping on outside wavebands,
indicated on the curve at A and C
In the hands of experienced operators constructional information he reads.

a higher degree of neutralization might
be obtained, which would result in not
s0 great a loss of the frequencies within
the band, because the circuit is then
less of a regenerative nature than when
intomplete neutralization exists. How-
ever, perfect neutralization, or anything
approaching it, exists only in theory,
as far as the average set builder is con-
cerned. It is not to be considered that
he is as highly versed in the art as the
laboratory technicians who write the

Now where a broadly tuned circuit is
employed, whose response curve is de-
picted in Figure 1, it is found that the
ideal of equal amplification of all the
frequencies within the band is more
nearly approached than with the high-
gain circuit; but on the other hand
there does not exist a similar sharpness
of tuning, with the result that stations
in near-by frequency bands are heard
almost as loud as that to which the
circuit is tuned.
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Ficure 2:

casting conditions.

A RESONANCE CURVE SHOWING AN IDEAL
STATE OF TUNING

This theoretical resonance curve illusirates a

tuning condition thalt would be ideal under present broad-

It would cover the 10 kilocycles nec-

essary for adequate side-band reception without infer-

Fieure 3: If a

ference from near-by wavelengiks.

TOO SHARP

receiver had a resonauce curve of this

type it would be free of interferesice, but the quality of
reception would suffer from the incomplete reception of
all those side-bands <which are indicated by the shaded

portions of the chart.
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HOW THE HI-Q'S CIRCUITS TUNE.
FIGURE 4: These are the respective resomance curves for the four

tuning circuits of the new set.

Notice that the last stage (No. 4)

confprms closely to the perfect tuning stage illustrated in Figure 2,
getting ail of the side-bands without picking up interference from.the
two adjacent wavelengths.

Experimenters have determined
through research that when a number
of slightly .broad-tuned circuits are ar-
ranged in cascade formation therc is a
tendency to retain the flatness of the
top portion of the curve, which indi-
cates good quality reproduction, and
also a gradual narrowing of the sides of
the curve, This point is graphically il-

lustrated in the family of curves shown

in Figure 4. It will be observed that
where four tuned circuits are cascaded
in this manner to form a four-stage am-
plifier the final curve obtained has the
desirable properties of a broadly tuned
circuit, together with those that result
from the use of a single high-gain stage.
In other words, the cascade circuit has
resulted in combining quality reproduc-
tion with a satisfactory degree of sharp-
ness of tuning—i. e., selectivity—so that
there is no noticeable interference from
stations in adjacent frequency bands.

This is exactly what has been accom-
plished in the new Hi-Q receiver.

To further insure the attainment of
this goal, it was necessary to incorporate
in the circuit a number of protective
features which would guard against in-
tercoupling effects between the several
tuned circuits. Had not these precau-

tions been taken, it is doubtful whether

the results would have proved to be
satisfactory.

Intercoupling effects may be produced
in a number of ways. First, therc may
be capacitative coupling between the
wires of the several tuned. circuits.
Secondly, the tuning coils of the several

stages may have their electromagnetic
fields interlinked so as to cause induc-
tive coupling. Thirdly, resistance cou-
pling might exist, due to a resistance
which is common to all the tuned cir-
cuits, such as in the “B” batteries.

POPULAR RADIC

By the use of interstage shields, which
effectively separate each of the tuned
circuits, and the use of high-frequency
choke coils and by-pass condensers,
these difficulties have been satisfactor-
ily overcome. With the use of the
shields; chokes and condensers, each of
the tuned circuits has been completely
isolated so that no intercoupling effects
are experienced.

The Hi-Q receiver also has incorpor-
ated in it another feature which very
effectively overcomes one other bug-
bear ‘of radio. This feature is a me-
chanical device which so alters the cou-
pling between the primaries and secon-
daries of the several tuned stages as
to obtain an equal degree of amplifica-
tion over the entire wavelength band
covered by the receiver.

Circuits which are not neutralized and
where the coupling between primary and
secondary is fixed may operate satisfac-
torily on the upper end of the tuning
scale, but when tuned to the lower
wavelength these circuits sometimes go
into violent oscillation. On the other
hand, if the circuits are adjusted so
that no oscillation takes place at the
lower wavelengths, it usually happens
that the amplification falls off quite
rapidly as the dial is turned to the
upper wavelengths, unless some other
precautions are observed.

By means of cams on the shafts of

(Continued on page 252)
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HOW POOR AND EXCELLENT AMPLIFICATION
COMPARE GRAPHICALLY

FIcURE 5: The curve A shows kow the amplification’ of an ordinary

Notice

that a great amount of amplification is oblained on the wavelengths
between 200 and 250 meters; this amplification is frequently unstable,

due to excessive regeneration.
to a low wvalue.

wavelengths and do not bring in the upper wavelenglhs.

At 500 meters this same curve drops
This explains why some sets “squeal” on the lower

At B is

an ideal curve showing equal amplification at a'l wavelengths.

o
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What’s
New
n

RADIO

Conducted by
THE TECHNICAL STAFF

Inventors, experimenters, manufacturers
and readers generally are invited to keep

the ‘Technical Staff of PoruLAR Rablo in-"~

formed of all new apparatus that is of
their own creation or that comes to their
attention; if the apparatus passes the tests
of the Porurar Rapio LABORATORY, it will
be duly recorded in this Department for
the information and benefit of all.

A Filter Condenser that Will
Stand High Voltage

Name of instrument: Filter condenser,
type 1002.

Description: A metal “can” is used to com-
pletely inclose the condenser con-
struction and is filled with an insu-
lating compound to seal in the
condenser and provide complete pro-
tection from atmospheric conditions.
The size of the “can” of the 4 mfd
condenser shown in the illustration
is 51/16 by 4 by 4 inches, ex-
clusive of the mounting flanges at
the bottom. ‘Terminals are in the
form of flexible, insulated wires
which protrude through an insulat-
ing strip provided near the bot-
tom of the “can.” These condensers
are designed for continuous use with
direct current voltages up to 1,000
volts. ‘This makes them particularly
useful in  high-voltage power-packs

Waiter E. Burton
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A RECEIVER BUILT INTO A LOUDSPEAKER
This compact little receiver, employing a jour-valve regenerative cir-
cuit, was designed by V. C. Babcock, of Akron, Ohie. As it weighs
only ten pounds, it is easily portable. It is said to give excellent
results in quality and volume.

which provide output voltages of 300
to 500 wvolts. Such power-packs re®
quire filter condensers that are capable
of withstanding voltages considerably
in excess of the rated output, because
the voltages in the part of the filter
next to the rectifier are subjected to
heavy strains.

Usage: In the filter network of high volt-
age power-packs. Obtainable in ca-
pacities ranging from .1 mfd. up to
6.0 mfd.

Ouistanding features: High voltage rat-
ing. Capacity within 10 per cent of
rated value. Neat appearance. Small
size for a given capacity.

Maker: Aerovox Wireless Corp.

Well Constructed Low-
Frequency Transformers

Name of instrument: Kellogg low-fre-
quency transformer, type No. 508.
Kellogg insulating (output) trans-
former, type No. 509.

Description: Exceptionally heavy cores and
windings are employed in these trans-
formers, in line with the current tend-
ency toward bigger and betier trans-
formers, with the resulting better qual-
ity of musical reproduction. None
of the size and weight is in a metal
case and sealing compound, for these
transformers are of the open -.ype.
The laminated core is solidly clamped
on all outer sides by heavy metal
stampings, which are attached hy
means of bolts that exert a consid-
erable pressure on the laminations.
Extensions on these metal stampings
provide the mounting feet, which are

drilled to accommodate the four
mounting screws. There are also ex-
tensions t0 which is attached the
composition terminal panel. Termi-
nals take the form of soldering lugs.
The entire windings are thoroughly
impregnated with wax to make them
solid and moistureproof.

Usage: Type No. 508 is for use as the
coupling transformer in a low-fre-
quency amplifier. Type No. .509,
which is identical in appearance with
type No. 508, is made for use in the
plate circuit of the last low-frequency
amplifying valve, to insulate the re-
producer from the high-voltage direct
current present in this circuit.

Ontstanding features: Solid construction.
Large cores. Coupling transformcr
ratio 3 to 1.

Maker: Kellogg Switchboard & Supply Co.
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This Condenser Block Simplifies “ABC” Power-Pack
Construction

Name of instrument: Series 350-BA con-

denser block group for Raytheon
“ABC” light socket power unit.

Description+ ‘This group of condensers is

divided into three sections and is
assembled in three “‘cans,” as illus-
trated. ‘These are known as type
Nos. 350-BA1, 350-BA2 and 350-BA3.
It provides all of the numerous ca-
pacities required in the construction
of an “ABC” power-pack. If all of
these condensers were assembled in a
single “can” it would be cumbersome
in size and would involve the use of
long leads running to all parts of the
power unit. By dividing the capaci-
ties into sections according to their
locations in the circuit the construc-
tion of the power-pack can be much
simplified and a more evenly balanced
layout can be obtained. The various
condensers are carefully designed to
withstand voltages considerably in
excess of those to which they will
normally be subjected and these volt-
age ratings are scaled according to the
function and use of the particular
capacitics. For instance, the con-
densers used in the transformer secon-

dary circuit and immediately follow-
ing the rectifier are rated at 600 volts,
while the last filter condenser, where
the voltage is lower, is rated at 400
volts. ‘The output condensers are
rated at 160 volts, as the output volt-
ages across which these condensers are
connected are 90 volts or less. The
heavy metal “cans” serve not only
to protect the condensers mechani-
cally, but they also serve as clectro-
static shields. ‘Terminals are made
with flexible, insulated wires which
may be connected directly to the
proper points in the circuit of the
power-pack.

Usage: To provide all the capacities nec-

essary in the construction of a Ray-
theon “ABC” power-pack or other
“ABC” power-pack of similar charac-
teristics: -

Outstanding features: Well constructed.

Carefully designed to withstand the
voltages to which they are subjected
in this circuit. Scaled in “cans” and
thus protected from atmospheric
changes, clectrostatic coupling or phy-
sical damage.

Maker: Dubiliecr Condenser Corp.

metal case. It is provided with an
extension cord to be plugged into any
convenient 103-120 volt, 50-60 cycle
light socket and with two insulated
wires that terminate in spring clips,
for attachment to the battery to be
charged. The rectifier unit used is a
new “dry” type that requires no at-
tention whatsoever. ‘The rectifier
operates cntirely without noise.

It is usually advisable to have some
sort of audible or visible indicator in
connection with battery charging, and
for this reason a small pilot lamp has
been included in the charger casc.
This remains lighted as long as the
charger is in operation. The charging
rate, if the battery being charged is
low, is approximately 3 amperes per
hour. As the battery becomes charged
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A New Unit for Rejuvenat-
ing Old Loudspeakers

Name of instrument: Operetta reproducer
unit.

Description: 'This reproducer unit is of
high quality construction and in-
tended for use with horn type repro-
ducers. It is of standard inclosed
construction. ‘The body is finished in
ebony and the top in highly polished
nickel. The unit'is permanently ad-
justed at the factory and requires no
attention after it has once been
attached to a horn. It is cquipped
with metal-tipped cxtension cord.

Usage: As the reproducer unit in a horn
type reproducer.

Qutstanding features: Good quality of re-
production. Well constructed.

Maker: Victor Radio Corp.

A “B” ‘Power-Pack for DC
Wired Homes

Name of instrument: DC power-pack for
“B” voltage supply.

Description: This “B” power-pack is de-
signed for those whose homes are
equipped with direct-current lighting
supply, but who wish to eliminate
““B" batteries. The unit is rectangular
in shape and measures 434 inches wide
by 7% inches long by 514 inches in
height. It includes the necessary re-
sistances and filter to provide pure,
non-fluctuating direct current for the
operation of a radio receciver. Therc
are two output voltages. The high
voltage is approximately 105 volts,
while the detector voltage may be
varied anywhere between 10 and 67
volts by means of the knob on the
front of the unit. A dcvice is in-
cluded in the unit to prevent any
possibility of short-circuiting the
lighting lines through the ground con-
nection of the receiver. The entire
unit is inclosed in a metal case.

A Battery Charger That Re-
quires No Attention

Name of instrument: Elkon 3-ampere bat-

this rate tapers off to less than 2 am-  Usage: To provide “B” voltage from the
peres. 110 volt DC house-lighting lines.
Usage: For charging storage batteries from  Outstanding features: Contains an isolat-
alternating current lines. ing device to prevent short circuiting
tery charger. Outstanding features: Noiseless. Requires of light lines. Variable detector volt-
Description: 'This charger consists of a no attention. Practically indefinite age. Neat appearance. Requires less
step-down transformer and a rectificr life. 'Tapering charging rate. space than a heavy-duty “B’ battery.
unit, both inclosed in a perforated Maker: Elkon Works, Inc. Maker: Chamberlin Electrical Co., Inc.
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A Filament Control that
Increases Valve Life

Name of instrument: “Polytrol” automatic
filament control and mounting.
Description: The resistance of cach Poly-
trol unit is sufficient to reduce the
battery volfage to that required by
the valve or valves which the Poly-
trol is to control. This electrical ele-
ment is inclosed in a glass tube and
metal ferrules are mounted on the
ends for making contact with the

mounting clips.

These units are made in several
values to match the current require-
ments of different valve filaments.

Usage: To reduce the filament supply
battery voltage to that required by
the valve or valves used. The type
of Polytrol used will depend on the
type and the number of valves it is
to control.

Qutstanding features: Controls the cur-
rent to be supplied to the filament
of each valve in a recciver, without
any attention or manipulation on the
part of the operator.

Maker: Polymet Mfz. Corp.

A Complete Condenser Unit
for “B” Power-Packs

Name of instrument:
block, Type No. F-1000.

Description: ‘This block consists of sev-
eral fixed condensers mounted in a
single *can” with a total capacity of
14 mid. 'This total capacity is di-
vided up into five groups of 1, 1,
2, 2 and 8 mifd. respectively. One
side of each of these groups is con-
nected to a separate terminal on the
outside of the block to permit making
individual connections to each unit.
The other sides of all groups are con-
nected together and brought out Lo a
common terminal. The values of the
capacities at each terminal arc clearly
marked on the block.

Usage: 'To be incorporated in a “B”
power-pack to supply all the various
capacities required.  Especially in-
tended for use with the Raytheon BH
rectifier circuit or other circuits with
similar voltage ratings.

Filter condenser
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An Accurate Voltmeter for “B” Power-Packs

Name of instrument: Westinghouse high-
resistance voltmeter.

Description: 'This meter provides an ex-
cellent means for measuring the out-
put voltages of “B" power-packs, as
its resistance is 1000 ohms per volt.
It is a recognized fact that the ordi-
nary voltmeter is of little use for this
purpose because its comparatively low
resistance alters the value of the out-
put circuit to which it is connected.
This meter has two ranges, 0-250 volts
and 0-50 volts. For measuring “de-
tector” and “C” voltages the two
left-hand binding posts on the top
of the meter arc used for the con-
nections.  These provide full scale
deflection at 50 volts. These readings
are made from the lower scale on the
face of the meter. For the 250-voit
range the two outside binding posts

are used, and the reading is taken
from the upper scale. To permit
extremely accurate readings the face
of the meter is equipped with a
mirror to enable the operator to
bring his eve directly in front of the
indicator ncedle. The case of the
meter is equipped with a strap handle.
A leather carrying case, as shown in
the illustration, may also be obtained
at an additional cost.

Usage: For measuring direct-current volt-
ages within the range of 0-250 volts.
Particularly uscful in high-resistance
circuits such as the output circuits of
“B” power-packs.

Oulstanding features: High resistance. Con-
venient size. 'Two range, easily read-
able scale. Zero adjustment. A pre-
cision ihstrument.

Maker: Westinghouse Electric & Mig. Co.

Outstanding features: Compact. Neat.
Terminals conveniently located. Easily
mounted.

Maker: Polymet Mfg. Corp.

A Combination Switch for
“A" and “B” Supply
Name of instrument: Continental Uni-

Switch. :

Description: 'The working parts of this
relay switch are enclosed in a neat
metal case. Flush with the top of
the case are two standard plug re-
ceptacles, into which the plugs from
the “B” power-pack and the trickle
charger may be inserted. There are
also two binding posts on the case
for connection to the “A” battery
and to the receiver. Ar extension
cord and plug are provided for con-
necting the switch to the AC house-
lighting lines. When the battery
switch on the panel of the receiver is
turned “on” the current from the
“A” battery flows through the magnct
winding of the relay switch. This
trips the relay and causes contacts to

be made which connect the “B”
power-pack to the house-lighting
lines. When the panel switch is

turned “off” the rclay arm is released.
This breaks the line connection to the

S R——

“B” power-pack and in turn connects
the line to the trickle charger. ‘Thus
when the receiver is turned “on” the
power-pack is also “on,” and when
the receiver is turned “off” the trickle
charger is turned “on” to replenish
the current consumed from the bat-
tery. ‘The “B” power-pack is at the
same time lurned “off.” ‘The relay
unit is neatly finished and is attrac-
tive in appearance.

Usage: To provide automatic control of
the “B” power-pack and trickle
charger used in conjunction with a
radio receiver.

Outstanding fegtures: Automatic in op-
cration. Compact in size. Neat
appearance.

Maker: Gardiner & Hepburn, Inc.
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This Meter Gives an Instantaneous Check on the
“A” Battery

Name of instrument: “‘Test-A-Bat” “A”
battery testing meter.

Description: This is a small “watch-case”
meter, with its dial marked into three
sections instead of being calibrated.
These three sections are marked “start
charge,” “O. K.” and “stop charge.”
The meter is equipped with two metal
brackets, by means of which it may
be permanently attached to the termi-
nals of a storage battery. 'There is
a button on the side of the meter
which may be pressed to obtain the

Mt T
A Single Unit That Provides
All Filter Capacities for

a “B” Power-Pack

Name of instrument: Filter
block, type BH-420.

Description: The metal container which
incloses this condenser group measures
§1/16 by § by 2 inches. In it are
five condensers of the capacities rec-
ommended for use with filters for “R”
power-packs which use the Raytheon
BH rectifier valve and which provide
an outpul of approximately 200 volts.
The first two condensers in this block
have a capacity of 2.0 mid. each and
arc designed for an operating voltage
of 400. The third condenser has a
capacity of 8.0 mfd. and., inasmuch
as it is subjected to lower voltages
than the first two; is rated at 300
volts. The last two condensers serve
as by-pass condensers across the low-
voltage output terminals of the power-
pack; their voltage rating of 200 is
adequate for safety. These two have
a capacity of 1.0 mfd. cach. There
are a common terminal and five indi-
vidual terminals provided on this

condenser

meter readings. The meter js there-
fore always in position, ready for use,
and the condition of the battery is
determined instantly by a momentary
pressure on the button.

Usage: To test the state of charge of a
storage “A” battery.

Outstanding features: Handy to use. Al-
ways ready for use. The scale is
casily readable, even in a poor light,
as when the battery is inside of a
console, etc.

Maker: Beede Instrument Co.

block. These arc flexible wires, heav-
ily insulated, and are intended to be
connected directly to the other parts
of the power-pack filter.

Usage: To provide all condenser capaci-
ties required in a medium voltage “B”
power-pack.

Outstanding featnures: Convenient size and
shape. Simplifies power-pack con-
struction by combining five condensers
in a single unit. Voitage and capac-
ity ratings adequate for this service.

Maker: Aerovox Wireless Corp.

A Battery Charger Without
Bulbs or Liquids

Name of instrument: Two-ampere rectifier
cartridge, type BA.

Description:  'This rectifier consists of a
metallic cartridge about the size of a
man’s index finger. One¢ end of the
cartridge is closed with an insulating
disc from which a smaller metal cyl-
inder protrudes about %2 inch. The
rectification device is based on the
principle of rectification obtained
through the association of two metals
with a non-conducting agent suitably
disposed around or between them. It
is an entirely “dry” device, inasmuch
as it consists of metals and a solid
non-conductor. ‘The rectifier unit is
entirely inclosed within the metal car-
tridge. Its efficiency as a rectifier is
claimed to be approximately 50 per
cent higher than that of rectifiers of
the bulb tvpe. When supplied from
a step-down transformer of suitable
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voltage output, this rectifier will pro-
vide a rectified current of 2 amperes
for battery-charging purposes. Sev-
eral inexpensive battery chargers
which incorporate this rectifier have
been recently placed on the market.
The 2-ampere chargers consist of a
transformer and a single one of these
cartridges. Five-ampere chargers con-
sist of a transformer and two of these
rectifiers so arranged as to provide
full-wave rectification.  Mountings
consist of two fuse clips into which
the rectifier cartridge is inserted like
a fuse.

Usage: As the rectifier in a battery
charger or for other purposes where
a rectifier capable of supplying up to
2 amperes at low voltages is required.

Outstanding features: No liquids or fila-
ments. Requires no attention. Guar-
anteed minimum life of 750 hours.
Either one or two cartridges may be
used to provide half-wave or full:
wave rectification, respectively.

Maker: Raytheon Manufacturing Co.

A “B” Power-Pack That
Works With Any Receiver
Little Giant “B-C”

Name of instrument:
power-pack.
Description: This power-pack makes use
of a Raytheon BH type rectifier valve
and is capable of supplying 180 volts
at a normal current drain of 40 milli-
amperes. It is inclosed in a metal
case that is finished in a pleasing
brown shade. All output voltages are
variable to permit the power-pack to
be adapted exactly to the require-
ments of any receiver and to permit
the use of cither a UX-112 or UX-171
type power valve in the last low-
frequency stage of the receiver. Three
“B"” voltages are supplied and two “C”

voltages. The front end of the unit
carrics the five control knobs, as
shown in the illustration, The recti-

fier valve is inserted in its position
through a hele provided in the top
of the case. The unit is equipped
with an cxtension cord and plug for
insertion in a lamp socket and a
switch for use in turning the power
“off” and “on.” Tt is for use where
the alternating current light supply is
60 cycle, 110 volts.

Usage: To supply the “B” and “C” volt-
ages to any receiver from the alter-
nating-current lighting lines.

Outstanding features: All output voltages
are variable. Neat appearance. Sup-
plies adequate current for the use of
a UX-171 power valve in the last
low-frequency stage of a receiver.

Maker: Webster Co.
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A Volume Control Unit for
Any Receiver

Name of instrument: Centralab Modu-
plug (modulator plug).

Description: ‘'This modulating device is
obtainable in two styles. One is sim-
ilat to an ordinary phone plug, ex-
cept that it contains a resistance unit
and a knob to vary this resistance.
The other is the one pictured above.
This is furnished with a 30-inch ex-
tension cord which is equipped with
phone tips for connection-to the out-
put binding posts of a rccciver. The
tips of the reproducer cord are slipped
into the spring grips provided in the
other end of this plug. When so con-
nected, the volume of reproduction
‘can be varied at will by simply turn-
ing the knob on the plug. Either of
these units is particularly usefu! in
the case of old receivers which have
no adequate provision for controlling
volume. Also, in cases where the re-
producer may be in a different room
from the receiver, the volume can be
controlled at the reproducer by in-
serting one of thesc plugs in the ex-
tension cord.

Usage: For controlling the output volume
of a receiver; this control to be op-
crated at the reproducer instead of at
the receiver.

Outstanding features: Provides exact con-
trol of volume without reducing sensi-
tivity, as is usually the case where vol-
ume is controlled in the high-fre-
quency amplifier. Provides variation
of output from maximum to zero.
Installation involves no alteration in
the recciver and no_tools.

Maker: Central Radio Laboratorics.

e

A Simple Battery Switch

Name of instrument: Toggle switch, No.
622.

Decscription: 'The housing of the switch is
of moulded bakelite and measures 114
inches in diameter. Its top is en-
graved with arrows and the words
“off” and “on.” The toggle lever is
also of bakelite and projects through
a slot in the bakelite form. The
switch is designed for panel mount-
ing and for this purpose requires two
small holes in the panel to accom-

modate the two long screws which
extend from the-back of the switch.
These screws serve not only as the
mounting screws, but also as the con-
nection terminals, so that the connec-
“tion wires need not be brought
through the panel. The contact mem-
bers are of spring brass.

Usage: As a filament switch in a radio
receiver or for other light-duty switch-
ing purposes where a single-pole,
single-throw switch is required.

Outsianding jeatures: Neat appearance.
Good insulation. Positive opcration.

Maker: Herbert H. Frost, Inc.

A Large Loop with Good
Pick-Up Qualities

Name of instrument: Loop antenna.

Description: 'This folding loop measures
approximately 46 inches in height by
19 inches across. It is tightly wound
with silk-covered loop wire on slotted
composition spreaders that are mount-
ed at the extremities of the mahog-
any framework. Metal parts are of
satin-finished brass. The loop frame
fits into a socket in the base, in
which the loop may be readily re-
volved. The terminals are in the
form of three wires that terminate in
mctal tips for direct conncction to
the recciver input binding posts. Two
of thesc terminals are taken from the
ends of the loop winding, while the
third is a center tap.

Usage: As the antenna for use with espe-
cially scnsitive multivalve receivers,
particularly with superheterodyne re-
ceivers.

Ouistanding fealures: large size and good
pick-up. Excellent workmanship, ma-
terials and finish. Center tapped.
Folds into space approximately 6
inches by 6 inches by 2 feet.

Maker: Mathiesen-Sandberg Co.
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A Filter that Insures Long
Life for the Reproducer,
and Better Reproduction

Name of instrument: FErla output filter.
Description: This filter unit consists of
a choke coil and a by-pass condenser,
so arranged that the direct current in
the plate circuit of the power valve of
a receiver does not pass through the
delicate winding of the reproducer
magnets. ‘The alternating current,
which is to be transformed into music
and speech by the action of the re-
producer, is permitted to pass freely
to the reproducer. 'Thus the strain
which would be imposed on the reproe-
ducer windings by the direct current
is eliminated, with the result that the
quality of reproduction is improved
and there is no chance of demagnetiz-
ing the reproducer mechanism. This
filter is completely inclosed in a metal
case and is provided with two input
and two output binding posts. It
may be incorporated in a réceiver
during construction, or may be usced
externally with receivers already in
operation. In the former case the fil-
ter is connected directly into the plate
circuit of the power valve and the
output terminals of the filter are
connected to the output terminals of
the receiver. When used cxternally,
the output terminals of the receiver
are connected to the input terminals
of the filter and the reproducer is

connected direct to the output termi-
nals of the filter.

Usage: In the output of the power valve
that is used in the last low-frequency
stage of a recciver,-to provide a by-
pass around the reproducer windings
for the heavy dircct current that is
present in the plate circuit of such a
valve,

OQutstanding  features: Well constructed.
Neat appearance. Easily installed.
Improves quality of reproduction.

Protects reproducer.
Maker: Electrical Research Laboratories.
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1 casc which also has a compariment
for the accessories and extension cord.
It is also equipped with adapters to

=1 permit its use with valves of the UX
i or the UV-201-a type.
! Maker: Weston Electrical Instrument
Corporation.

A Neat Combination “A"

, Power-Pack

V E Name of instrument: Universal “A” supply.
i

Model 519.

Description: A single meter is incor-

porated in this test set, but it serves
a fourfold purpose. It has three volt-
age ranges—O to 8, 0 to 80 and O
to 200 volts—and a current range of
0 to 20 milliampercs. On the panel,
inside of the case, are mounted, in
addition to _the meter, an 8-position
rotary switch, a valve socket, a small
push-button switch and three binding
posts. The three binding posts are
for usc when the instrument is to be
used as a straight voltmeter for
measuring the voltage of batteries,
“B"” power-packs, etc. The other de-
vices are used for receiver and valve
testing.

As a receiver tester, or ‘“‘trouble
shooter,” this instrument presents
many advantages. An ecxtension cord
with a plug similar to the base of a
vacuum valve is provided with the
tester. To test a rcceiver this plug
is inserted in one of the sockets of
the receiver and the valve which was
removed from this socket is plugged
into the receptacle in the tester. The
other valves in the receciver are left in
position and the receiver is turned
“on” just as when in normal opera-
tion. Then, by turning the testing
switch to its various positions it is
possible to obtain exact readings of
the filament voltage, plate voltage,
plate current and grid-bias voltage
applied to the valve under test. All
of the valves in a receiver can be
tested in this manner.

To test valves, the plug of the
tester is inserted in a socket in the
receiver—preferably one which will

Trouble Shooting Made Easy With This Device

Name of instrumtent: Radio set tester,

provide a plate voltage of 90 and a
grid-bias of 4.3 voits. ‘The various
voltage and plate current readings
are then taken as described abowe.
In addition, the small push-button
switch is brought into play. This
changes the value of the grid-bias
voltage and consequently the value of
the plate current if the valve is in
good condition. The instruction
booklet which accompanies the tester
gives complete information on testing
valves.

The meter in the tester has a re-
sistance of 1,000 ohms per volt,
which makes it suitable for use in
taking voltage rcadings on “B”
power-packs, as well as on batteries.
This is a particularly advantageous
feature, not only because it permits
the usc of this tester with receivers
that employ “B” power-packs, but it
enables the operator to adjust his “B”
power-pack to the required voltages.

The tester is also equipped with
two cords with insulated handles.
When using the tester as a voltmeter
for testing batteries these cords™ are
connected from the binding posts of
the tester to the batterics that are
under test.

Usage: TFor “trouble shooting” in re-

ceivers, for testing valves, and for use
as a standard, high-resistance volt-
meter.

Outstanding features: When used as a set

tester, it shows exactly how each
valve is functioning in the set. It pro-
vides a reliable test on valves. It
contains a high-resistance voltmeter,
which makes the device suitable for
testing power-pack voltages. The
unit is inclosed in a neat carrying

Description: A storage battery, charger

and automatic relay switch are com-
bined to provide a self-contained “A”
supply unit of convenient size and
neat appearance. These devices are
inclosed in a crystalline metal con-
tainer. ‘The storage battery is of
sufficient capacity to meet the require-
ments. of any receiver. The charger
is of the bulb type and uses a 2-
ampere Tungar bulb. There are two
charging rates and a toggle switch on
the front of the case permits a choice
of the two rates. When this switch
is thrown to the “high” side the rate
is 1Y amperes per hour. On the
“low™” side the charge is reduced to
14, ampere per hour. Normally the
switch is left on the “low’ side. This
provides sufficient current to maintain
a good trickle charge and keep the
battery fully charged except in cases
where the battery is subjected to un-
usually heavy drain, in which cvent
the “high” charge should be resorted
to occasionally. A receptacle is pro-
vided on the front of this unit so
that the “B" power-pack, if one is.
used, may be plugged in, to be oper-
ated by the automatic relay switch
contained in this unit. Thus, when
the recciver is turned “on” by means
of its battery switch, the charger is
disconnected from the AC line and
the “B” power-pack is connected to
the AC supply. When the receiver
is turned “off” the action of the relay
switch is just the reverse.

Usage: To furnish a constant source of

filament current for the operation of
any receiver.

Ountstanding features: Storage battery,

charger and automatic control switch
all inclosed in a single case. Two
charging rates.  Supplies constant
source of filament current for oper-
ation of any receiver,

Maker: Acme Electric & Mig. Co.
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A Tube for General Use

Name of valve: D-Ola.

Description: This valve is of the standard
UX-201-a type with a UX-type base.
It is interchangeable with any stand-
ard valve in a circuit. ‘The base is of
isolantite. .

Valve rating:
Filament voltage—S.
Filament current—.25 amperc.

Plate voltage—16.5 to 157.5.
Negative grid bias—0 to 9 volts.
Valve characteristics (with a plate voltage

of 90 and a negative grid bias of 4.5
volts), as determined in PoPULAR
Rap1o TESTING LLABORATORY:
Plate resistance—10,750 ohms.
Amplification factor—6.6.

Mutual conductance—613 micromhos,
Plate current—3.5 milliamperes.
Usage: Asa detector, a high-frequency am-

plifier or as a low-frequency ampiifier.
Oulstanding features: Interchangeable with
any UX-201-a type of valve in a
circuit. Isolantite base.
Maker: DeForest Radio Ce.

These Phone-Tip Jacks Pro-
vide Positive Contact

Nameofinstrument: Cordtip jacks,No.233.
Description: 'The main portions of these
jacks consist of a metal cylinder
which is threaded on the outside and
which contains a hollow plunger, a
coil spring and a gripping device. A
threaded bushing-bracket is also pro-
vided. To mount the jacks on a panel,
a single hole approximately 34 inch
in diamcter is required. The threaded
cylinder is slipped through this hole
and the bushing screwed up against
the panel from the Dack, thus hold-

Precision

Name of instrument: Loftin-White coil
set, type LW-3.

Description: ‘The set consists of threc
coils—an antenna coupling coil and
two interstage coupling coils. The an-
tenna coupling coil comprises pri-
mary and secondary windings that
are fixed in their coupling relation
and arc mounted on a thin bakelite
strip which also carries the solder-lug
terminals. The windings themsclves
consist Of silk-covered copper wire
which is wound on a form and then
impregnated with a film of cellulose
material.. The form is then removed
and leaves a coil of high efficiency,
due to the extremely small amount of
dielectric material in the immediate
vicinity of the windings.

The two high-frequency trans-
former units are wound in this same
manner but are equipped with a
mechanical device which permits
variation of the coupling between the
primarics and the secondaries. This
variation is controlled by hand and
may be made with extreme accuraty.
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Made Coils For the Loftin-White Circuit

In the Loftin-White rcceiver the
coupling adjustments need be made
only once. These transformers arc
made with a high degree of accuracy
to permit them to be simultaneously
tuned by means of a tandem con-
denser. ‘This means that for all prac-
tical purposes their inductance values
are exactly cqual.

The connection terminals of all
three coil units are in the form of
soldering lugs and arc mounted on
the bakelite strips which also serve
the purpose of mountings and sup-
ports for the windings.

Usage: These three units furnish the com-
plete coil equipment for the' Loftin-
White circuit that includes two stages
of tuned, high-frequency amplification
and a tuned detector input circuit.

Outstanding features:  Electrically and

mechanically  cfficient.  Accurately
made. Neat appearance. Moisture-
proof windings. Adapted to the

Loftin-White circuit and approved by
Messrs. Loftin and White for this use.
Maker: Hammarlund Mig. Co., Inc.

ing the jack securely in position. The
plunger projects from the front of the
large cylinder. ‘To make a connection
with a phone tip, the tip is inserted
in the hole in the plunger. Pressing
in slightly on the phone tip causes
the gripping device to admit the tip,
and when the pressure is released the
coil spring inside closes the grip on
the tip. ‘To relcase the -tip, the
plunger is pressed in. This releases
the grip and permits the tip to be
withdrawn. .

Usage: At the connection terminals where
connection is to be made by mcans
of a wire equipped with phone tips.

Outstanding features: Positive connection.
Tips will not pull out accidentally.

Maker: Herbert H. Frost, Inc,

A Device that Hc_:lps to Wire
a House for Radio

Name of insirumeni: Radio convenience

outlet.
Description: ‘This outlet resembles the
ordinary  flush-type electric  wall

switch except that instead of push-
buttons, it has on its face only a
single round hole encircled by the
“radio” name-plate. Behind  the
satin-finished brass plate is a standard
jack which is entirely inclosed to pro-
tect it from contact with the wall
All of the wiring to this outlet is
carried through the walls in the same
manner as the clectric light wiring.
Usage: Where it is desired to have one
radio receiver, but to provide facilities

for plugging in reproducers at various
points around the house or building.
While the receiver is in operation the
programs it is picking up may be
reproduced in any room to which the
receiver is connected by simply in-
serting a loudspeaker or head-phone
plug in the wall jack above described.

Outstanding features: Neat in appearance.
A great convenience in large homes,
hospitals, hotels, etc.

Maker: Yaxley Mfg. Co.
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Here is an opportunity for the broadcast fan who wants to enter the field of
short-wave radio to build a good short-wave transmitter—at a very small cost.

A VIEW OF THE TRANSMITTER FROM THE SIDE
FicurE 1: The view of the transmitler shows the remarkable simplicity of the hook-up

for short-wave transmission.

The high-frequency choke at the left and the two lorge

coils may be constructed by the builder; the rest of the parts are easily obtainable from

dealers or manufaclurers.

HOW TO BUILD

A'Transmitter for Less Than $30

Anyone who has previously built and operated a receiving
set can easily construct this remarkable short-wave CW trans-
mitter, with which the author of this article has been able to
work several thousand miles—using an ordinary receiving

set vacuum valve and batteries.

By JAMES MONTAGNES

Cost oF Parts: Less than $30

Here Is A List oF PARTS AND AccissorIES Usep IN THE CosTRUCTION oF THIS SET—

G—Secondary inductance, consisting of 10
turns of edgewise copper strip on a
form 3 inches in diameter;

P-—Primary inductance, consisting of 9
turns of edgewise copper strip on a
form 4 inches in diameter;

KL—Sending key coupling to inductance,
consisting of one turn of edgewise
copper strip on a form 4 inches in
diameter;

VC—General Radio variable condenser,
0005 mfd.;

HFC—High-frequency choke, consisting of
60 turns of No. 22 DCC wire on a
form 1Y% inches in diameter;

VT—UV-201-a type valve and socket;

A—General radio high-frequency ammeter,
0-1 amp.,

V—General Radio DC voltmeter, 0-10
volts;

K—Switch;

C—DMicadon fixed condenser, .001 mid.;
GC—Sangamo fixed condenser, .001 mfd.;
GL—Bradleyleak, 1,000 to 10,000 ohms;
R—Rheostat, 20 ohms;

Wooden baseboard, 12 by 16 inches;
Bakelite panel, S by 12 inches;

4 Fahenstock clips;

2 binding posts;

Wire, screws, etc.

ERE Is a short-wave transmitter

that costs less than $30, that uses
a receiving vacuum valve as an oscilla-
tor, and yet has a transmitting range of
several thousand miles. The set, in ad-
dition to these features, is compact
enough to be used as a portable trans-
mitter for the vacation camp. In fact,
the set was built primarily as a portable

for this very use, but the results were
so far in advance of expectations that
it is hcre offered to the experimenter
as a good transmitter for general use.

The transmitter was originally in-
stalled on an island suburb near To-
ronto, and was attached to a double-
feed antenna tuned to forty meters.
For plate supply some old “B” bat-

teries, discarded by broadcast listen-
ers, were obtained, with a total voltage
of about 200. A UV-201 valve was
used with dry cells for the filament
supply. - The Hartley circuit was em-
ployed, as shown in Figure 2.

Tests in daylight were conducted
with Cape Cod, Mass., on one-half
watt. Many Fastern and Southern sta-
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tions were worked on two watts or less
and HIK in Dominica, West Indies,
and Quito, Ecuador, were reached with
less than ten watts of power.

The transmitter, as may be seen from
Figures 1 and 3, is mounted on a
wooden baseboard 12 by 16 inches in
size. The panel is 5 inches high. All
the instruments are mounted on the
baseboard and the panel with plenty
of room to shift coils and adjust clips.

On the panel are mounted a .0005 .

mfd. condenser and a 0-1 high-frequency
ammeter. The condenser tunes the pri-
mary inductance by means of two clips,
which can be shifted to their best po-
sitions for wavelength adjustment. The
antenna ammeter is connected to the
antenna and secondary inductance.
The inductances are 4 and 3 inches in
diameter respectively. The ones shown
in the photograph are wound with edge-
wise-wound copper strip and supported
by means of two grooved pieces of
wood held in place by a crosspiece.
Other coils that may be used with this
set are wound with 3-16-inch brass tub-

A VIEW OF THE SET FROM THE FRONT PANEL
FicUre 3: The only operating conirols of this transmitler are the
tuning condenser on the front panel, the variable grid-leak shown at

GL, and a filament rheostat.
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THE CIRCUIT EMPLOYED IN THE TRANSMITTER
Ficure 2: The circuit shown above is a modification of the Hariley
At the lower left of the diagram is shown the absorption
circuil used for keying.

ling, and will hold their shape and spac-
‘ing without inside supports.

The primary coil consists of 9 turns
of wire and can be used on the 40 to
80 meter band, being replaced by a 12-
turn coil, 2%% inches in diameter for
20-meter work. The secondary coil,
which is 3 inches in diameter and has
10 turns, is available for all three wave-
lengths.

The inductances are mounted on
glass towel bars, which can be pro-
cured at the ten-cent store: The
method of mounting is evident in the
illustrations. Two binding posts can be
seen on the bakelite strip in Figure 1;
No. 1 is for the antenna and No. 2 for
the counterpoise. The coils merely rest
on the glass rods, which are spaced
about 234 inches apart.

Immediately behind the inductances
are the grid condenser and the vari-
able grid-leak, the valve and wvalve
socket, the plate-stopping condenser, the
high-frequency choke, the rheostat and
the filament voltmeter. At the back
of the baseboard is a connection strip
with four Fahenstock clips mounted
on it.

The valve socket used is of glass,
and an ordinary receiving rheostat is
used for the filament supply of the vacu-
um valve. The plate condenser isa Mi-
cadon of .001 mfds. capacity and the .
grid condenser is a Sangamo of the
same capacity, with a variable Bradley-

(Continued on page 256)
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From a photograph made for Poruiar Raplo

TESTING LOW-FREQUENCY AMPLIFIERS IN THE POPULAR RADIQ
EXPERIMENTAL LABORATORY

This work is one of the most important items in the development of radio reception.

HOW TO SELECT

POPULAR RADIO

Audio Amplifiers

ARTICLE 2 of a series on the principles that underlie the amplification

of low frequencies.

This installment tells the proper method of

comparing amplifiers, with particular reference to the transformer-

T is difficult to make a fair compari-

son of low-frequency amplifiers in
a superficial manner. - When scientific
principles are involved there is often a
tendency to overlook the value of ex-
perience.

For example, no device is ever de-
veloped without some actual trial before
it is considered satisfactory. In fact, as
time goes on, the device is usually im-
proved as the result of experience.

In judging or comparing audio am-
plifiers, however, too hasty a conclusion
is sometimes reached. One amplifier

coupled type.

By PROFESSOR E. L. BOWLES

may give more volume than another, but
the quality may be poorcr. Two ampli-
fiers may sound equally well under cer-
tain conditions, yet one may be far
superior to another.

This superiority would be obvious if
the comparison had been properly made.
Suppose the two amplifiers had been
judged by having one ‘“on” one night
and another “on” another night. It
would be almost impossible to say di-
rectly that one was better than the
other. Other unfair situations might be
cited; for example, the two sets might

reproduce programs from the same
broadcast station at different times on
the same evening or from different sta-
tions on the same evening at the same
time.

Setting aside the possibility and prob-
ability that the transmissions of one
broadcast station were better than those
of the other, or that one required more
amplication than the other at the re-
ceiver, one sct might have reproduced a
piano solo and the other a violin sclo.
The violin solo would be casier than the
piano for the poorer amplifier to re-
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produce. One set might have reproduced
a soprano voice, the other, a basso-
profundo voice. The latter would lack
quality in the amplifier having the lowest
amplification at the lower frequencies.

If both amplifiers had equal amplifica-
tion at the higher frequencies the so-
prano voice would sound the same on
both. Even if one of the amplifiers cut
off the high notes more than the other,
the chances are that this amplifier would
make the bass voice sound worse than
the soprano, since the low notes might
sound mushy because of insufficient ar-
ticulation caused by a lack of the higher
audible frequencies.

Yet another trouble in making a hasty
comparison would arise if one amplifier
were required to reproduce passages of
soft, or pianissimo music, and the ether,
passages of loud, or fortissimo music.
With the poorer amplifier reproducing
the soft music it might seem as good in
performance as the better amplifier; yet
had the poorer amplifier been required
to reproduce the louder sounds it might
have given very poor quality due to
“overloading.” .

One good way to’combpare two low-
frequency. amplifiers is'to connect them
alternately - to the same detector tube
and its tuner.. Often it is convenient to
plug from the detector jack of a set'to a
change-over switch so that either ampli-
fier may ‘be switched on at will. Even
in 'such ‘an arrangement the “change-
overs” should be made often and at
points where the character or intensity
of the music does not change during the
operation.

These possible difficulties suggest that
the choice of an amplifier must be made
with care. One amplifier may amplify a
certain range of frequencies unduly and
not amplify others. In particular, a
poor transformer usually amplifies ex-
cessively the frequencies in the neighbor-
hood of 1,000 cycles per second. Thus
the notes in the neighborhood of two
‘octaves above middle “C” would be am-
plified an excessive amount, relatively.
The same transformer probably would
net_amplify the notes below middle “C”
at all well. Again, the transformer might
not amplify properly the high notes, such
as those above three octaves above
middle “C.”

To the person uninterested in music,
the difference between a good and a bad
amplifier may not be bothersome as long
as_he can understand the spoken word.
If one were to judge a low-frequency
amplifier without “trying it out” on the
most varied types of sounds, the per-
formance would be discouraging and dis-
appointing in just the same way that it
would be were one to judge an auto-
mobile he expected to buy simply by the
fact that the engine ran.
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AMPLIFICATION CURVES FOR VARIOUS AMPLIFIER UNITS

FiGURE 1: In-this chart the amplification is plotted against frequency
for @ 3-1 transformer, for impedance coupling of various types and

Jor resistance coupling.

The curves are for a single stage wusing

standard UX-201-a type valves.

The greater the range of reproduction,
the more difficult it is to design the am-
plifier.. It is comparatively easy to
design .an amplifier to reproduce the
average human voice so that the articula-
tion will be fairly good. It is another
thing to design an amplifier to produce
the low notes of an organ, the double-
bass viol, or the piano, and at the same
time the high notes of the violin, with

-

the proper amplification over all the
notes in between.

The greater the volume of sound
which it is desired to produce, the greater
the difficulty in designing the amplifier,
and the greater the care which must be
taken to build suck an amplifier. Also,
the greater the volume, the more obvious
will be the distortions which exist in the
amplifier.

0 o0
Freguency-Cycles

Mo 1000 o “~ve e

HOW A SHUNT RESISTANCE FLATTENS THE
AMPLIFICATION CURVE

FicUure 2: The peaked line shows the curve for a 2-1 transformer.

The lower curve line shows the results obtained with the same irans-

former, using a resistance shunied to the secondary, as compared

with the curve obtained with a stege of impedance-coupled
amplification.
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A STANDARD CIRCUIT EMPLOYING TRAXNSFORMER COUPLING
Ticure 3: The various methods for obtaining good quality amplification are carried out
in this circuit, whiclk employs onc siage of high-frequency umplificalion, ¢ regenerative

detector and two stages of transformer-coupied, low-frequency amplificatiosn.

To judge an amplificr one must not the quality of the parts must be such that  stages for the same volume. To be sure
only be certain that the quality of the they will not wear out or disintegrate therec arc cases where compactness,
particular station broadcasting is recog-  with time. For those interested in music, power consumption, weight, or all three,
nized as excellent, but that the receiving  the quality must be good, and for any make the use of the smallest valves
sct as a whole is properly adjusted, and  user the amplifier must be economical.  necessary.
that the reproducer is of a good type. The measure of economy is a difficult The ear is a poor judge of the char-
It would seem ridiculous {o test a good one to fix, for some will consider it most acter, quality or intensity of a sound.
amplifier in conjunction with a repro-  economical to have the very best in  Some ears are naturally more sensitive
ducer if the latter were incapable of re-  cvery way. Others may be governed by  than others to low or high-frequency
producing the lower notes and the higher A" and “B” battery consumption, and  sounds; again, one who is musically in-
notes which the amplifier may have been  still others by the cost of vacuum clined can discern a distortion or mis-
carefully designed to amplify. After all, valves. In general it may be said that  representation better than one who is not.
no matter how nearly perfect an am- the smaller the tubes, the poorer the One musically trained could in a moment
plifier is, it cannot do itself justice if it  quality of reproduction. A transformer- discover a deficiency of lower notes or
must ‘“feed” a poor reproducer. coupled amplifier will always give better  higher notes. A loud sound may be

An amplifier must be judged for reproduction with UX-201-a type tubes doubled in intensity (the energy
quality at small and large volume, for than with UX-199 type tubes, and doubled) and the car may hardly detect
permanence, and for economy. Natu- it will give even better results when UX-  the change. Thus it is impractical for
rally, permanence is cssential; that is, 112 power valves are used in all amplifier  one person to judge the quality of an

g
WE @ 1§79
j

E [2ig-2d

anr

L @ éll}ll -
soe :mt L 7% 4»1/./ 1T F ’
¢ [ ¢ ¢
BFChote L Er 'r mm
N 205 dr 0t ( I\ L |
’ [ |
AF Chake AF Chate- AFChake
-+ =8 -+ - .+ - 4+ o
— —if—y——aiie —3iafle A —+sajut
- [(zlnjl A Buesioooy Bi30B/75y Bigorpiéav

AND SOML WAYS OF BETTERING THE AMPLIFICATION

Ficure 4: In this circuit the addition of “C” batleries to the two low-frequency valves,

wiich are of the UX-112 type, the use of two variable shunt resistances across lhe secon-

daries and the use of twa extra low-frequency choke coils, will produce improved results
in the guality of amplification oblained.
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amplifier with any degree of finality.
Any aural judgment requires a study
over a long period of time, for human
beings see the same things and hear the
same things differently from day to day.

In order to design amplifiers logically,
tests on them must be made by some in-
strument which does not misbehave, and
which is not influenced by one’s tempera-
ment, as is the ear. For this reason,
what are known as amplification curves
arc often made. They may be studied to
determine how a given amplifier behaves.
In this way it is possible by electrical
rather than acoustic tests to determine
the effects of changing certain elements
of an amplifier. Effects may be meas-
ured in this way which could not be de-
tected by the ear. Even though these
effects may not be detected by the ear,
when considered singly, the addition of
several of them may in total make a de-
cided improvement in the quality of an
amplifier.

Usually voltage amplification curves
are made to show how an amplifier am-
plifies different frequencies. Electrically,
these curves represent the ratio of the
signal voltage of a single frequency on
the grid of a given valve in an am-
plifier to the voltage on the grid of
the preceding valve. Figure 1 represents
the effective voltage amplification as a
function of frequency in several ampli-
fier combinations, per tube and coupling
unit. The frequency is carried to 10,000
cycles per sccond to such a scale that the
changes in horizontal length along the
curve represent the approximate tone
changes the ear perceives. The vertical
distance to the curve at any point repre-
sents to scale the voltage amplification
per valve and coupling unit (that is, per
stage) at that frequency.

There is not much use for a good am-
plifier in the receiving set if the low-
frequency amplifier at the broadcast
station is poor. Usually the speaking
voice does not reproduce well at the
lower frequencies. In order to com-
pensate for this, it is essential that the
low-frequency amplifier should amplify
the lower frequencies well. In spite of
this requirement, many low-frequency
amplifiers are deficient in the amplifica-
tion of low notes. There is a logical rea-
son for this deficiency, the additional
cost of overcoming it. In order to am-
plify the low frequencies, the develop-
ment of an amplificr will require more
material, cither iron or copper or both,
and more care in the winding of the
coils entering into its construction.

Figure 2 illustrates how the curves
of amplification compare for the Samson
2-1 transformer and the impedance am-
plifier. For a comparison of resistance
and impedance coupling, see Figure 1.
The same valves were used for all the

Page 245

i
i

‘ 5
= Max'm Wolorme

7 M}‘_Aﬂv/ il
773 [o3//1007

w50 Ve

HOW RESISTORS MAY BE USED

FIGURE 5:
of four fixed resisiors of different wvalues which may be used in a
transformer-coupled amplifier as a volume and quality control.

curves. The 2-1 transformer coupling
gives about twice as much voltage am-
plification per stage at 100 cps. as the
impedance coupling, so that two stages
of such transformer coupling with this
particular transformer will give the same
volume at this frequency as four stages
of choke-coupled amplification using the

same tubes. The quality theoretically
70611 Of Firs! Stage

Marimvm bolome
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n s Pa,:@

This drawing shows the electrical connections for a bank

would be better for the two stages of
impedance coupled amplification.

It will be noticed that although over
the greater portion the transformer
curve is higher in proportion, it slopes
off at the lower and higher frequency
ends more rapidly than does the flatter
but lower impedance coupling curve.

The curves of amplification represent

V4 5,71&/’55:0045/475
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CONTROLLING TWO STAGES WITH A SINGLE SWITCH

FIGURE 6:

This drawing shows the connections for two sets of re-
sistors to be used in two following stages.

This aliows a single switch

to control both low-frequency valves at once.
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HOW SHUNT RESISTANCE AFFECTS A TRANSFORMER
CURVE
FIGurg 7: IHere are a series of curves with the same transformer

used alone and shunted by wvarious sized resistors.

Notice that when

shunted with 50,000 olims, the curve is practically flat, although the
volume is reduced.

the behaviour of the amplifier more ac-
curately than the ear can determine. By
judging from the. curves, there is no
danger of making a mistake, so far as
frequency response 1s concerned. A
snap judgment by ear will almost al-
ways result in ultimate disappointment.

It has already been pointed out that
the quality of reproduction, insofar as
it is affected by the receiving apparatus,
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depends upon the selectivity of the.re-
ceiver, its proper 'tuning, upon the de-
tector, the low-frequency :hmplifier, the
reproduger, and bpon its surroundings.
Latér the reproducer will be discussed.

The Facts About Transformer-Coupled
Amplification

In order that the best results may be

obtained with a-transformer, the asso-
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HOW THE RATIO OF TRANSFORMER WINDINGS AFFECTS
i AMPLIFICATION

Ficury 8:

ralios vary in amplifying power over the audible range.

The curves above show hotw transformers of different

Some trans-

formers are many times more cfficient at some frequencies lhan al
others, thus producing distortion.

POPULAR RADIO

ciated circuit and circuit apparatus
must adapt themselves to” the instru-
ment. - Figures 3 and 4 give several com-
binations -of transformers and tubes.

The diagrams do.not give any idea of
the method of construction of the am-
plifier, but they suggest the order of the
electrical arrangement. The leads should
be short and direct. In the observation
of this suggestion it is unnecessary to go
so far as to make the wiring smack *of
the cubist’s art. The apparatus should
be arranged in an orderly manner. Often
this may be done on the top of a base-
board.

It will usually be found convenient to
“bunch” the supply leads and to cable
them, fanning out the cable to carry in-
dividual wires to their destination. Con-
nections should be soldered at every
point. Preferably, leads should be sold-
ered directly to the binding post and
not to a terminal held in electrical
contact with the post by ‘mecans of -a
nut.

A two-stage, transformer-coupled: am-
plifier is shown in Eigure. 3. The trans-
formers are arranged with jacks so that
the reproducer may: be -plugged :into
cither of the three places; the.detector
jack,  the first stage jack, or the. last
stage jack: = An additional refinement
could:be added in the form of a filament-
control jack for the last stage, but this
jack is sometimes the cause of trouble,
owing to the complications involved.
The questions of economy and practi-
cality are for the user to settle.

The circuit is for three UX-201-a
type valves or similar tubes with a
UX-112 type valve in the last stage.
This combination is, of course, only
illustrative. Smaller valves might well
be used for convenience. A larger
tube such as the UX-171 type or UX-
210 type may be used in the last stage.
For the assurance of proper and con-
tinuous operation without the develop-
ment of distortion due to the coupling
through the common “B” battery (dis-
cussed in detail later) a choke is intro-
duced into the detector “B” lead and a
1 to 4 mfd. condenser is connected
from the B circuit of the transformer
to the F4 circuit. Thus the low-fre-
quency currents pass directly from the
B of the transformer to the filament of
the detector valve, and are restrained
from passing through the “B” battery by
the choke. For this reason the voice cur-
rents in the succeeding tubes which pass
through the “B” battery do not affect the
detector valve and therefore cannot cause
squecaling  (oscillation) or feed-back
distortion.

The use of a UX-112 type valve.in the
last stage as shown is not necessary. A
UX-201-a type tube may be used instead.

(Continued on page 254)
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ADJUSTING TIE ~C? BATTERY
For proper operation of a receiver the use of u power tube in the last stage with high
“B” wvoltages is necessary. The correct “C” battery voltage applied to this last tube is
equally as important for efficient gperation.

THE PRACTICAL USES OF
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Negative Resistances

Just what is a negative resistance? What part does it play in circuit
designs? What is its significance to radio? These and other ques-
tions are taken up in this interesting article.

HE usual conception, on the part

of the amateur radio experimenter,
of negative resistance is the same as that
of imaginary numbers that exist in
theory but which do not admit of actual
representation.

However, there are a few devices
which have this so-called negative-re-
sistance characteristic. ‘These are:

1. Arcs

2. Vacuum tubes

3. Oscillating crystals

But just what is negative resistance?

A substance is said to possess negative
resistance when an increase in voltage

By A. A. BLUMENFELD

will cause a decrease in current through
it and vice versa.

This is most easily shown by means
of a characteristic curve such as that
given in Figure 6. From A to B on the
curve an increase in voltage will cause an
increase in current, while from B to C
an increase in voltage will cause a de-
crease in current. From A to B on the
curve the substance has a positive re-
sistance but from B to C it has a
negative resistance.

Or it may be explained mathemati-
cally by stating that when,the derivative
of the equation of the line is positive, the

resistance is positive, and when the de-
rivative is negative the resistance is
negative. ‘The equation is
DY X
4Y=4X—X? and ﬁ =1— 7

This is an exact way of saying that
when the line goes up the resistance is
positive and when the line ‘goes 