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OSCILLATOR

Liceﬁsed by A.T. & T. Co.

No. 551 Net to dealer
° 318 $30 list

No. 550 Net to dealer
° $2]— with output meter

If not at your Jobbers we will
ship direct when remittance
accompanies order.

A sturdy modulated instrument
carefully made. Completely shielded
with separate battery compartment.
Furnished with 22%-v. and 3-v.
batteries and one ’30 tube. Direct
reading broadcast band (550-1500
kec.) and intermediate band (120-
185 kc.). Sharp 2nd and 3d har-
monics for 260 and 475 kc. Oper-
ating instructions attached in case
cover with shielded wire leads.
Very compact. In leatherette case,
6x11%4x5% in. Weighs but 8 pounds.
Built to high standards. Every
serviceman should have the No. 550
oscillator to align r.f. gang con-
densers, locate defective r.f. trans-
formers, adjust if. transformers,
check oscillator stage and determine
sensitivity of a receiver. A neces-
sary instrument. Get yours today.
Write for catalog of servicing
instruments.

I Readrite Meter Works

l 20 College Ave.
Bluffton, Ohio l

| Please send all information about Read- |

rite Oscillator and other service instru-

ments., ' I
I : |
I Name. ot iveiiiiiiiene et eeanneans I
l Address...oviiiiiiininnnnnn.s 000000g00000000 I
I City.oovvvniannn. 63000000 State:io.iiiainann... l
l— T — — — ——) s — — s wo— o—

Readrite Meter Works
Established 1904
12 College Ave., Bluffton, Ohio

R. C. A. VICTOR

A SINGLE BUTTON RECORDING
and HIGH GAIN SPEECH “MIKE”

which can be used for phone
work on all radios. Worth its
value in entertainment. No Fan
or  Experimenter should be

T . $2.95
Try-Mo Radio, Inc.

177 Greenwich St., N. Y. City

DEALERS, WRITE FOR
PROPOSITION.

SEND FOR CATALOGUE

"SERVICEMEN! Resittor% FREE
Replacement Manual ) =5
with purchase of 10 LYNCH
Metallized Resistors, or $1 cash =]

More Than 208 Circuits

LYNCH Resistors 1.%: WAL;

Write for Manual, new Reduced Price Catalog and
RMA Color Code Card.
LYNCH MFG. CO., INC.. 1775 WR B’'WAY, Now Yerk /

SERVICE

The magazine for Service Men Only.
Edited by JOHN F. RIDER

$1.00 per year in the U. S. A.

JOHN F. RIDER PUBLICATIONS
1440 Broadway New York City

MANY PARTS

AT BARGAIN PRICES

TRANSFORMERS

C 90-V-T)—A Eliminator or dynamic speaker
(fax'gnsfurmer (Jefferson), 20-volt secondary. Exeel-

lent for three 6.3 volt tubes in series. Will pass s
2%

BINPB. coovcssscssnsssecnsosasssnnssosssrssoents

UNSHIELDED BROADCAST COILS
ON $8” DIAMETER BAKELITE

_§5)—Three circuit tuned for .0005 mfd
(ngtfdesg’rr, tt))r use where the untuned high impedance
primary is in the plate circuit of a screen dzﬂd
tube, The tuned dary may be od to s 00
any type tUbO.....ciivvreriisesroreenittinaoen.s

(Cat. SGT-3)—Same as above, only for .00035 mfd.
AONBEE  ..iieiveenesesentaee

(C,c:tl: 3-HT)—Same as Cat, §-HT,

" for .00035 mfd. tuning

.08

at. T-5)—Standard 8-cireuit tumer for .0005 mfd.,
(cwhere pl-lmnry is for any type of tube other than

plate circuit of screen grid tube............cvn... .80
(Cat. T-3)—Same as T-5, except for .00035 mfd.,

condenser instead of for .0005..........c0000eee.s .80
(Cat. 3-R5)—Radio frequency transformer for .0003

mfd. condenser where high impedance untuned

primary 18 in plate eircuit of a screen grid tube,

and secondary is tuned by .0005 mfd ............. .60

(Cat. 2-R3)—Same as 2-R5, except th

.00035 mfd, tUNIDZ. .. voevrennerncrsancanacsans . 80
(Cat. 5-TP)—Radlo frequency transformer for use

wbere primary ia tuned and placed in plate circuit

of screen grid tube, while secondary is not tuned.

For 0003 mMfd.....co0ivvvnenicncnscnssnnsssanns 58
(Cat. 3-TP)—Same as Cat. 5-TP, except that it 1s

for .00035 mfd. tuning......cvviuiiainninninenns 55
(Cat. RF-5)—Radio frequency transformer for .0005

mfd. tuning, where untuned primary is in plate

cireuit of any type tube except screen grid. Useful

al30 a8 antenna COUPler...e...voeeneeacecnsronenns .58
(Cat. RF-3)—8ame as Cat. RF-5, except that it 1s

for .00035 mfd. tuning.......cceivvieionciannnns .53

FILTER AND BY-PASS CONDENSERS

(Cat. HV-1)—Compact 1 mfd. fllter condenser, for use
in filter eection of any B supply intended to work
245 tubes, single or push-pull, and rest of tubes
in receiver ... ...l iiiiieresnattiieiieas

(Cat. LV-1)—1 mfd. low-voltage condenser for b.

passing, 200 v. DC ratlng...........cvvvnenvna.,
(Cat. LV-2)—2 mfd. low-voltage condenser for by-
passing, 200 v. DC rating.......eoovvvvennnnnn.. 1.00
(Cat. SUP-31)—Three 0.1 mfd. bypass condensers
in one compact case. - 200 v, DC rating........... 57

KNOBS AND DIALS

(Cat. KNB-2)—32-inch diameter moulded bakelite
black knob, no pointer; %’/ shaft........... vesee I8
(Cat, MCD)—Marco vernier dial; moulded bakelite;
black; pilot light window................. ‘Dooogoo . .80
(Cat. NAT-H)—National velvet vernier drum disl,
type H, with modernistic escutcheon, color wheel
(rainbow feature) .............ciiiinionn.. 0pooog .13
(Cat. NAT

-VBD)-—National velvet vernier blaek

moulded bakelite circular dlal, varisble ratio lever,

[}

-1 to 20-1; reads 0-100-0; with dial light aad

bracket ......... 000000600 tesstseresnscaanaes . 170

BLUEPRINTS

(Cat. BP-SGD-4)—Blueprint .of 4-tube battery Dia-
mond of the Alr, one stage RF 2232, regenerative
detector, two transformer audio..........c.ceees.n .28

GUARANTY RADIO GOODS CO,

143 West 45th Street, New York, N. Y.

Enclosed please find $................ for which please
ship at once the following:
O SGT-8 @ 00 O HV-3 @ 250
0 SGT-3 @ 90¢ O AVX-s @ 1.47
0 s8-HT @ 950 O LV @ 8500
O T8 @ 80c O Lv-2 @ (.00
O T8 a@ 00 O Lv-4 @ 2.00.
0 32-R8 @ 60c O sUP-31 @ 57
0 2-R3 @ 600 0 KNB-2 Q@ 18
O 5-TP @ 55¢ 0O Mcp 606
0 8-Tp @ 55¢ Q
O RF-8§ @ 55 O NAT-H @ 313
O RF-3 @ 55¢ O NAT-VBD @ 170
0 BV Q@ 1.5 O BP-SGD-¢4 @ 25¢
Name ....... eervesesssnnaae 000D000E00000NA00080000
Address .......0... rrsessasre 80000000006000000 00QOBB000E
Cith S, oD P PRI - 1777 T

Radip Noises and Their Cure
62 Articles—200 Illustrations

Every article complete, gives all types of Radlo hoises
and tells how they may be cured. 76 full size pages,
8% x 11. Only book of its kind ever published. Writ-
ten in question and answer form so every one can under-
stand it. Send 50c for your copy today. (75¢ for Canada
and foreign countries.)

Newark Electric Co., 224 W. Madison St., Chicago, LI,

ATTENTION, SERVICEMEN!
COMPLETE, PUBLIC ADDRESS SYSTEMS,
portable and stationary, $37.50 up, 16 types
Microphones, = $5.00 up. Exponential horns,
trumpets and giant units, Compiete line of
Amplifiers, Recording Machines, Photo Tube Re-
lays. Head Phones. Intercommunicating systems,
one and two way, $7.50 up. Dearelsr and service-
men send for proposition.

MILES REPRODUCER CO.
26 E. 22nd St. New York

NATIONAL
DRUM DIAL

National Velvet Vernier drum
dial, type H, for Y%’/ shaft. An
automatic spring take-up assures
positive drive at all times. Num-
bers are projected on a ground
glass. Rainbow wheel changes
colors in tuning. Order Cat.
ND-H @ $3.13,

GUARANTY RADIO

GOODS CO.
(43 W. 45th St., New York, N. Y.

THREE-IN-ONE
TESTER FREE!

VERYBODY who does any radio work

whatsocever, whether for fun or for pay
or for both, needs a continuity tester, so he
can discover opens or shorts when testing.

A mere continuity tester is all right, but—

Often it is desired
to determine the re-
sistance value of a
unit, to determine if
it is correct, or to
measure a_ low 'volt.
age, and then a con-
tinuity tester that
is also a direct-read-
ing ohmmeter and
a DC voltmeter
comes in triply
handy.

So here is the combination of all three:

A 0-4%5-volt DC voltmeter, a 0-10,000-ohm
ohmmeter and a continuity tester. A rheo-
stat is built in for correct zero resistance
adjustment or maximum voltage adjustment.
The unit contains a three-cell flashlight
battery. Supplied with two S5-foot- loz{
wire leads with tip plugs, Case is 4-in
diameter baked enamel. Weight, 1 Ib.
Sent free with an_order for one years
subscription for RADIO WORLD (53
wecks) at the regular rate of $6. Order
Cat. PR.500, Use Coupon below.

— S S C— C— —— — em— a—
N

Radlo World, 148 W. 45th Streot, New York, N. Y.

Enclosed please find $6 for one year’s subscrip-
tion for Radio World (one copy a week, 532 issues).
Send Cat. PR-500 as premium,

[SEY0  000000000000000000800060000EB0AA000000BEEEETOS
Address ...iiicceeciiasciiinintecisanecsnncscccensons

QALY ceiessenreteiniioconacnsns StAtE..cevreernssnen
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SHORT WAVE RECEIVER
Screen Grid—Power Pentode
SPECIAL e R
PRICE
$ 1 4.95

(In. Kit Form
$11.95)

N .

3 valuable book It is not just
another Cara106-1 15 ndeed
QVERITABLE ENCYLOPEDIA of 7he RADIO INDUSTRY.

Setof Tubes $2.20
Batteries $5.45

Royal Model RP List Price $25
WORLD WIDE RECEPTION GUARANTEED!

This new super-sensitive receiver works on any antenna
and tunes from 14 to 2000 meters. (550 meter coil 75¢
extra). It is sturdily constructed on a heavy metal chassis
and enclosed in a neat crackle-finished cabinet. A full-
vision dial and a combination regeneration-volume control
(with automatic switch) makes tuning remarkably easy.

Use of a UX-232 screen-grid detector and a UY-238
power pentode amplifier gives extreme sensitivity and
tremendous volume.

Send your order (with & $mall deposit) NOW for im-
mediate delivery and enjoy A NEW THRILL!

HARRISON RADIO CO.

142 Liberty St., Dept. W1 New York City

COMPLETE LINE OF SHORT-WAVE AND
TELEVISION APPARATUS. DROP IN!

ANNOUNCEMENT

About April 15th, our new spring catalogue
will be ready.
Qur Engineering & Sales Staff are at your command to
answer all inquiries and quote you on Sound Systems,
Transmitting equipment and associated apparatus.

BLAIR RADIO LABS.

23-25 PARK PLACE New York, N. Y.

/WHOLESALE PRICES, 3

B8 .« :
(231 We
LA~ ADNA~l~2 A

CONGRATULATIONS TO
Messrs. Hennessy, Bernard and Anderson

for sticking to their job for 10 years.

We have been at it for 8 years and still going strong—
From Galena to Quartz crystals. No. 10 B&S down to
No. 36 B&S.

in wire. 3 slide Tuners to Superhet.
Intermediates, Switches of all types. Fixed condensers
down to .0000 Aluminum hoxes and bases to order.
Television lenses 87 down to 7/16’ dia. Radio parts
exclusively.

BLAN, THE RADIO MAN, Inc,
89 CORTLANDT ST. NEW YORK, N. Y.

‘Put a RADEX on your Radio

Send for it now. Try it two weeks.
If it doesn’t bring in stations you
never received before—

Yes, if it doesn’t

Double Your Radio Pleasure

Send it back. No questions asked. We'll return your
quarter. '

RADEX, Station B. CLEVELAND, OHIO
for the

WO price of One

Get a FREE ene-year subscription for any ONE of these magazines)
RADIO CALL BOOK MAGAZINE AND TECHNICAL REVIEW (monthly, 12 issues)
UL AR MECHA N ofic SCHENCE A¥DiNvENTION ‘

combined i .
POPULAR SCIENCE MONTHLY ¢ D it 10 ()
RADIO INDEX (monthly, 12 issues), stations, programas, etc.
RAPIO (monthly, 12 issues; exclusively trade magacine).
MODERN RADIO (monthly).
EVERYDAY SCIENCE AND MECHANICS (monthly).
RADIO LOG AND LORE. Monthly. Full station lists, cross indexed, etc.
AMERICAN BOY—YOUTH'S COMPANION (monthiy, 12 issues; popular magazine).
BOYS’' LIFE (monthly, 12 issues; popular magazine).
Select any one of these magarines and get it FREE for an entire ear by sendi i .
scription for RADIO WORLD at the regular price, $6.00. Cash in ynow oyn thigmgpplgtt.unyi:;r’:o.:te’!
RADIO WORLP WEEKLY, 52 weeks at the standard price for such subscription, plus a full year's
subscription for any ONE of the other enumerated magazines FREE! Put a cross in the square next
to the magazine of your choice, in the ahove list, fill out the coupon below, and mail $6 cheek
aoney order or stamps to RADIQ WORLD, 145 West 45th Street, New York, N. Y. (Add $2.00, makiné

00 in all, for extra foreign or Canadian postage for both publications).
VALUE!
®
If renewing an existing or expiring subscripti 5
0 x % ot o At s ption for RADIO WORLD, please put a cross in square

O If renewing an existing or expiring subscription for other magari i
st the beginnifig of thﬁ sentence. gazine, please put a cross in

RADIO WORLD, 145 West 45th Street, New York.

00000000000

Your Name.....coonvveeneenns
Your Street Address ...cooiveiniiiiiiirnnieiinriennnnnnnens

(613200800 600000000000600000 000 00G0G ooeoBog Sobbo00000Ed State...civiiiiiiiiinnnn...

square

(Just East of Broadway)

{ making workmanlike repairs.

68-Page Tabloid
3000 Items

Save up to 50%

100% Guarantee
Write to-day.

MOORE

Super-Da-Lite R

Nightly cross-continent reception—DX like
KZRM, Manila, Philippine Islands, occa-
sionally enjoyed—one user held KZRM for
an hour. All on broadcast band.

BLUE PRINTS, $1.00

Demonstrations every Wednesday,
7 p.m. to midnight.

MOORE RADIO CO.

74 Cortlandt St. New York City
Phone: BArclay 7-0015

LEARN RADIO

this easy, practical way

W RITTEN by two widely known radio engineers,

these three books cover every phase of building,
repairing and “‘trouble-shooting”” on modern re-
ceiving sets.

Radio Construction
Library

[INCLUDING TELEVISION INSTRUCTION]

This practical Library includes: PRACTICAL RADIO—
The fundamental principles of radio, presented in an
understandable manner. Illustrated with working diagrams:
PRACTICAL RADIO CONSTRUCTION AND REPAIR—
Methods of locating trouble and reception faults and

) Discusses modern _ Short
Wave Receivers fully. RADIO RECEIVING TUBES—
Principles underlying the operation of all vzcuum tubes
and their use in reception, remote control and precision
measurements, )

. The Library is up-to-the-minute in every respect and
is based on the very latest developments in the design
and manufacture of equipment.

Three Volumes.
6 x 89—993 pages.
561 iltustrations.

N Gom NN N W RSN SN TE: N M

i
McGraw-Hill Book Company, In 1
330 W. 42nd St., New York |
Send me the new RADIO CONSTR 1

BRARY, three volumes, for 10 days’ ggl‘ e(;l:miﬁ: .
tion, qIf satisfactory I will send $1.50 in ten days '

and $2.00 a month until $7.50 has been paid. If
not wanted X will retwrn the books, ’ I
.................................... l
........ |
....................... [
.................................. 1
............................................ |
RW-2.26-32
.\-_--__‘--‘-“------- -‘--.
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Tuner

By Anthony Swale Waring

p HIS receiver .is a superheterodyne,: not because ot ‘any
' frenzied rush of public sentiment towards the superheter-
‘odyne -circuit, not because of the advertising that supers
have had as DX getters, not because the super presents an easy
‘way to use lots of tubes. It is a super, but it owes its excel-
lence by no means only to the fact that it is a super, since it
1s more a set of other ¢ircuits than a super. It is a super only
because the use of the heterodyne principle makes it possible
to get more efficient results out of the same number of tubes
than not to use it, and only because such use happens.to .be
particularly advantageous in connection with the rest of the
circuit. .
Now go ahead with the story.
Articles have appeared in these pages recently regarding the

design problems encountered in custom built superheterodyne.

circuits. The advantages of the circuit have been explained
and " a’ certain amount of constructional data presented* We
are now able to give in very complete form all the constants
and other information necessary to enable the reader to dupli-
cate one of the finest custom-built tuners available.

Outgrowth of Previous Circuits

The Stiper-Da-Lite-R tuner; designed by E. Bunting Moore,
is;a, direct lineal descendant (or perhaps we should say ascend-
ant). of a successon of receivers described in these pages
during ‘the past six years. The first of these was the “Every-
man 4,” in which the justly famous r-f and regeneration circuit
was’ brought to its best refinement. The Moore-Daniels and
Super DX-R brought the first screen grid tubes and A-C
operation in the following years, and last year, the Da-Lite-R
brought tuned radio frequency to the brink of perfection,
hanging up records for distance and selectivity which may
possibly never be surpassed with that type of circuit.

The SuperzDa-Lite-R utilizes everything of advantage found
in the earlier circuit, and in addition incorporates all the
advances of the last season, such as self-biasing linear detection,
full automatic volume control, multiple band-pass selection, pre-
attenuation, monotron self-balancing oscillator, tuning meter,
antenna compensator, and everything else except floating power
and free wheeling. None of these inclusions, however, has been
allowed to interfere with the simplicity of the circuit—as always,
dependence is placed upon thoroughly tried, standard circuits,
known by experience to be thoroughly trouble-free and
dependable.

Test Users Report Excellent Results

The performance of the first tuners, carefully tested by inde-
pendent investigators in their own location, has. thoroughly
justified’ the designer’s hopes. One after another, these users
have reported perfect selectivity, and DX right down to the
noise level. One user suggested that the volume control be

. %“Cures for Main Troubles in Superheterodynes,” pp. 8 and 9, March 5,
1932; “The Super’s Superiority,” pp. 3 and 4.. March 12, 1932; “Automatic
‘Volume Control,’”’ pp. 8 and 9, March 19, 1932.

removed from the panel. He could tune from WOR (his most
powerful local) to KFI without touching the volume control,
and only by watching the tuning meter was it possible to tell
whether he had a local station or DX. In the laboratory in
New York City, practically surrounded by skyscrapers, regular
daylight demonstrations of reception from Washington, D. C,
Cleveland, O., Schenectady, N. Y., and Springfield, Mass., are
made when the noise permits, and by 9 p.m. E.S.T.,, KFI is a
regular thing, as are stations just 10 kc each side of every
local. .

Essentially the circuit consists of a band-pass pre-selector,
two stages of tunéd radio frequency amplification, and a self-
balancing monotron oscillating detector, one stage of high-level
double band pass 175 kc amplification, and a linear self-biasing
detector to feed a standard audio amplifier. The volume con-
trol tube, a vacuum-tube voltmeter in principle, with the bias
of the amplifier tubes obtained from its plate drop, is energized
both by a condenser coupling from the grid of the second detec-
tor and a manually operated potentiometer serving as the panel

control,
Analysis of the Circuit

The signal from the antenna enters the receiver through a 25
mmid. variable condenser mounted on the panel. An r-f choke,
tuned to have a maximum reactance in the broadcast band, is
connected from the antenna to ground direct. These two units
are enclosed in a shield, so as to limit their input to the re-
ceiver to the current passing through the condenser.

Two tuned circuits, L2-C2 and 14-C3, are coupled by L3 to
form a band pass input circuit. The attentuation of unwanted
signals at this point prevents any possibility of overloading the
first —51, and introducing crosstalk by premodulation of this
tube. Tendency towards “images,” “ghosts” and other “birdies”
is also pretty well eliminated by this circuit, while the desired
signal is adversely affected very little.

Two stages of tuned radio frequency follow this input system,
with coupling coils arranged to further attenuate image and
ghost signals because of sharp cutoff.

The input to the mixer tube is taken from the last tuned cir-
cuit of the r-f amplifier in the usual manner, as if the tube were
a standard detector.

Dual Function of Condenser

The plate circuit of this tube is supplied with plate potential
through the primary of the first i-f transformer, which is tuned
to 175 ke by an integrally mounted adjustable condenser. This
condenser also acts as a coupling condenser between the plate
of the tube, and a circuit tuned by C5-C7 to frequencies always
}75 kc higher than the r-f tuning circuits. The primary of the
i-f transformer is of about 4 millihenry inductance and acts as

‘an r-f choke at these frequencies.

A pickup secondary winding is tightly coupled to this circuit,
and connected to energize the cathode of the tube in phase with
the plate. Sufficient feedback is obtained through this coil to
cause the tube to oscillate at the frequency to which it is tuned.
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, FIG. 1
The values of the constants are given in this diagram of the tuner. Six tubes are used, one of which is
automatic volume control.

A negative bias of about 20 volts for the tube is obtained by
the drop across R9, in series with the cathode. A.0.002 mid.
mica condenser serves to bypass this resistor at radio frequen-
cies, but is too small to allow the intermediate frequency to
Dass: . * .o

Eight k¢ Transmission Band

A strong signal applied to the grid of the tube causes the

LIST OF PARTS
For Tuner
Coils
Two shielded band pass filter coils (L2, L4)
One band pass mutual coil (L.3)
Two shielded r-f coupling coils (L5, L6)
One shielded monotron oscillator coil (L7)
One shielded 175 kc. intermediate coil (L8)
Omne r-f choke coil (L9)
One r-f choke coil (L10)
One shielded antenna impedance coil (L1)

Condensers ,

One shielded antenna condenser (C1 built into L1)

One three-gang 0.00035 mfd. tuning condenser with trimmers
(C2, C3, C4) :

One two-gang 0.00035 mfd. tuning condenser, with trimmers
(Cs, C6)

One padding condenser (C7)

One 1.0 mfd. bypass condenser, 300 volts (C10)

Two 0.1 mfd. condensers (C15, C21)

Three 0.5 mfd. condensers (C8, C9, C26)

One 2 mfd. condenser (C22)

Two 0.02 mfd. condensers (Cl11, C13)

One 0.00003 mfd. condenser (C14)

Two 0.002 mfd. condensers (C12, C16)

Resistors \
Two 05 meg. resistors (R1, R13)
Two 0.05 meg. resistors (R10, R11)

Four 0.25 meg. resistors (RS, 6, 15, 16)

Two 0.025 meg, resistors (R3, R17)

One 0.15 meg. resistor (R14)

One 0.1 meg. resistor (R18)

One 0.0005 meg. resistor (R2)

One 0.015 meg. resistor, 25 watts (R4)

One 0.005 meg. resistor (R9)

One 0.05 meg. potentiometer with a-c switch (R12)
One 0.5 mfd. 300 v. condenser (C20)

Other Requirements
One chassis
Six tube shields
Five grid clips
Six wafer sockets
One connector cable, plug and socket
One twin post (Ant., Gnd.)
One drum dial, escutcheon plate and pilot lamp
Three walnut knobs
One 16x8 inch front panel
One 2-piece connector for a-c line

(Designation of constants, L1, R1, C1 etc., refer to the diagram
of the complete set, Fig. 2. The tuner’diagram, Fig. 1, has 'vgzlu'es
mprinted instead.)

bias to increase, as in all power detectors. This bias increase
reduces the strength of the oscillations in the tube, thus auto-
matically compensating to some extent for differences in signal
strength, and serving to maintain the input to the lqtermedlate
freqliency amplifier at a more uniform level than is the case
when a separate oscillator tube is employed. Also since the
plate current of the tube, flowing through the primary of the
intermediate transformer, is governed by a combination of the
oscillating current and the input signal, the modulation of one
by the other is forced, and the coupling must at all time be of
the correct valué. : L

Each intermediate transformer consists, of two tuned circuits;
coupled to form a band-pass system, with a sharp cutoff 8 kc
wide, and substantially uniform amplification over this 8 kc
band. Including the linear power detector the amplification of-
the intermediate frequency amplifier at ordinary signal levels is
about 500 times. .

The second detector is of the standard plate rectification, self-
biasing type, utilizing a —27 tube to obtain the maximum power
output without overloading. High efficiency is obtained by the
use of a high plate resistance, intended for feeding an impedance
matching stage, which in turn is to supply a standard push-pull
amplifier using -——45 tubes, and giving altogether an audio fre-
quency amplifier capable of the highest quality reproduction at
any power likely to be required in the home.

The Automatic Volume Control

The automatic volume control tube utilizes the system
described in the March 19th issue. A filter resistor to reduce
possible audio frequency modulation in the control is inserted
and both r-f amplifier tubes and the intermediate amplifier tube
are controlled. A tuning meter may be inserted where shown,
which will be of great value in insuring quality reproduction,
since it enables the user to tune to the exact center of the wave
and avoid distortion by sideband cutting. Such distortion is
possible when tuning by ear, since the station may be tuned in
while speech is being broadcgst, covering a narrow band of

. frequencies, and music following may require a broader band

for correct reproduction. The band width that the amplifier will
pass (8 kc) is ample for such reproduction, provided the signal
is in the center of the band, but if it is off the center sidebands
on one side may not be properly reproduced. The tuning
meter serves to show a direct amplification reading, too, since
any change in the amplification, whether caused by the signal
actuating the volume control tube or by setting of the manual
control, will cause a change in the reading. -

Circuits R6-C13 and R5-Cl1 serve as isolation filters for the
grid circuits of their .respective tubes, preventing coupling
through the common impedance of the volume control circuits.

Hum Filters

The power supply circuits are absolutely standard. All fila-
ments are grounded. The field of a 1,000 ohm speaker is used as
the filter choke, and two 8 mfd. electrolytic condensers, C23 and
C24, serve to complete the filter. The impedance of these con-
densers is very appreciable at radio frequencies, so they are
supplemented by a non-inductive paper condenser, C20, properly
to by-pass the r-f circuits.

Screen potential of 90 volts is derived from a voltage divider
consisting of R3 and R4, by-passed to ground by C9. The mini-
mum bias for the cathodes of the —51 tubes is taken across
resistor R8, by-passed by C8. ‘' Rl is the plate resistor for the

. automatic volume control tube. y
Bias for the —45 power tubes is to be obtained from a high
(Continued on next page)
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FIG. 2 .
The diagram for the complete receiver—tuner and power amplifier. The constants are given designations cor-
' responding to those used in the text.

(Continued from preceding page)
resistance voltage divider, R15-R16, across the speaker field. The
hum-balancing circuits, R8-C19, and R7-Cl8, serve to keep the
power stage free from any appreciable hum level, and to balance
out any hum introduced in the preceding impedance matching
stage.
Assembly of the Tuner

In assembling the tuner, it is recommended that the parts .

layout shown in the blueprints be followed pretty closely. Some
divergence by the more advanced experimenters will do no

harm, always providing they know exactly what effects will be.

introduced by the change, but the plan as shown has been
worked out both according to theory and actual results,.and
unless some rather important reason presents itself, the builder
will do far better to follow the plans which have been found to
be correct. . .

This seems a good point to present one highly important
thing. It has been often stated that neat wiring results in good
performance. This has never been more a fact than in this
tuner. If your wiring job, when completed, looks at all sloppy,
don’t expect the tuner to work properly. It will probably give
hetter results than you expect, but if you do a good job, follow-
ing the wiring in the blueprint with absolute faithfulness, it
will work far better. .

The input coil, L2, is mounted directly over the mutual coil
of the band-pass circuit, 1.2 atop the panel, and the mutual coil
beneath. The leads from I.2 pass directly through, into L3,
without leaving the shielding at all.

The input control condenser, Cl, and the input filter choke,
11, are enclosed in a single shield, and attached to the front
panel. The shaft of Cl is of course insulated from the panel by
mounting it on a thin piece of bakelite which is attached to the
panel by machine screws.

Note that L6, the input coil to the monotron tube, is the only
one of the tuned circuits that returns direct to ground. All the
amplifier grid returns are brought to the volume control net-

LIST OF PARTS

For Power Amplifier

Coils
One Amertran push-pull input transformer (field coil and output
transformer are in speaker)

Condensers

One 0.02 mfd. mica condenser (C25)

One 10 mfd. condenser (C17)

Two 8 mfd. condensers (C23, C24)
Resistors

One 0.5 meg. resistor (R20)

One 0.05 meg. resistor (R19)

Two 0.25 meg. resistors (R7, R8)

One 2,000 ohm resistor (R23)
Other Requirements

One set of insulating washers ,

One dynamic speaker with 1,000 ohm or 1,500 ohm field, push-

pull, 45 output transformer built in
Three wafer sockets

(See Fig. 2 for identification of constants)

"

work. The tuned citcuits are completed by C10 and Cl1, the
rotors of the tuning condensers being grounded.

The bias network of the monotron tube, R9-C12, is a part of
the oscillating circuit and accordingly must be mounted very
solidly. The least motion on the part of these units will cause
the receiver to reproduce in a wobbling, whistling manner when-
ever any vibration occurs. ‘

The wires labeled A, B, C, etc, are broken on the diagram
in order not to complicate the appearance. These should be
formed into a neat cable and the cable laid into the corner of
the chassis. In the diagram, which is of the tuner only, the
connections to the negative side of the field, and to R14, are
led to binding posts which should be on the back of the chassis.
Again for simplicity’s sake, these posts are shown on the deck
of the chassis with ground wire B and wire C leading to them.
It is assumed that R14 is mounted in the amplifier. If the
amplifier and tuner are built as one unit, these binding posts
are of course eliminated, and the connections made internally.
Y is the padding condenser. This, too, is part of the oscillat-
ing circuit, and the wires leading to it should be short and solidly
mounted so that they will not be subject to vibration.

It is suggested that the plate lead from the i-f amplifier tube
to L8, and the grid lead from 18 to the detector, be shielded
with copper braid. Cl4, from the detector grid to volume con-
trol tube grid, is at very high r-f potential, and should be placed
directly from the socket prong of one tube to the other. 110
should be mounted directly adjacent to the grid prong of the
a-v-c tube, so that the lead from the grid prong of the socket
will not be more than an inch in length.

R20 is the maximum volume level control. This should be
mounted somewhere on the amplifier so that it is accessible
occasionally. The setting of this resistor determines the
maximum volume the set will reproduce. When the receiver is
completely aligned and adjusted otherwise, a local station should
be tuned in, and with the volume control on the panel set at
maximum, the setting of R20 should be adjusted to the normal
maximum volume which will be desired from the set. This will
allow the volume control on the panel to"remain at maximum
most of the time, and since in this position the greatest auto-
matic action is obtained, it will rarely be necessary to touch the
panel control, except when the set is to play very softly.

Optional Tone Control

. No tone control is shown in the diagram. If one is desired,
it can readily be inserted by connecting a 100,000 ohm variable
resistor in series with a 0.01 mfd. condenser, from the grid of
one of the push-pull amplifier tubes to the grid of the other. A
10,000 ohm resistor in series with a 0.1 mfd. across the primary
of the input transformer will also give satisfactory results.

This receiver has a very high overall amplification and every
precaution must be taken against feedback due to improperly
placed parts and wiring. So follow the directions explicitly.

In wiring the tuner recheck every single connection. If
p9351b1e, get someone else to check the connections with you.
Yes, we know, you did it right the first time, and you've already
checked them once, but do it again. We sometimes get one
wrong ourse!vqs, and don’t find it on the first check.

Now plug it in and measure voltages. The plates of the —51’s
to the ground, should be between 225 and 275 volts, as should
also be the plate of the first detector, —24. The plate of the
second detector should be between 100 and 150. All screens
should be between 75 and 100. The plate of the a-v-c —27
should be 100 volts negative from ground. The cathode of that
tube should be about 75 negative from ground. The arm of the
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FIG. 3

The location of parts as seen from top is identified.

volume control should vary between the last two settings. The
cathodes of the —51’s should read about 3 to 5 volts plus, the
cathode of the monotron 10 to 15, and the cathode of the second
detector about the same (though the last is actually higher than
the reading unless a 5,000-ohm per volt meter is used). The
grids of all the —51’s should vary in voltage, measured on a high
resistance meter, from 0 to 50 volts as the volume control is
varied. The cathode of the first audio should be about 15 plus
and the plate the same as the plates of the —51’s, or perhaps a

trifle lower.
Adjustments

First, adjust the intermediate transformers to the proper 175
ke setting. The following procedure is recommended.

Place the receiver in operation with the audio tubes, the de-
tector and the i-f amplifier tube only. Put a voltmeter from the
cathode of the detector to ground. Start a 175 ke oscillator, and
bring the supply lead from the oscillator to the grid of the i-f
amplifier tube. Adjust the screws on the top of L8 until the
voltmeter reads maximum. (The sound in the loudspeaker may
not be greatest at this point, to the ear, but if the volume could
be reduced the proper effect would result.) Now insert the a-v-c
tube and the monotron tube. Short-circuit the oscillator tuning
condenser, C7. Bring the lead from the oscillator to the grid
of the monotron, and adjust the screws on top of L7 for maxi-
mum reading on the voltmeter, and readjust L8 for accuracy.
Re<liuce the volume as necessary to keep the voltmeter on. the
scale.

This 175 kc adjustment of the i-f transformers is the most -

vital and important adjustment in the whole receiver. It is a

ositive necessity that this be absolutely accurate for really
good results. It is impossible to take too much care in making
this setting, and it is impossible to do it by means of signals
from broadcasting stations. An oscillator must be used, and
used very carefully. Failure to get this correct will result in
squealing, birdies, broad tuning, lack of sensitivity, and gener-
ally unsatisfactory results.

What to Do If Signals Aren’t Heard

Next, follow the procedure for setting the trimmers and
tracking condensers outlined in the March 5th issue.

Sufficient has been published about the detection of ordinary
troubles, such as poor tubes, bad connections, and so on, to
make any descriptions of such difficulties needless here, and
the article on trouble shooting in the March 5th issue should
clear up practically all the other problems likely to occur.

If the set totally fails to function when first hooked up, and
everything checks up, the a-v-c tibe operation can be tem-
porarily voided, and- standard control substituted as a check.

To do this, ground the lead .connecting the R1, C10 and R17
which is the control lead. Remove the a-v-c tube. This will
leave the set without any way of controlling the volume, that

“Mon” refers to monodyneoscillator-modulator.

being full “on”. Then disconnect R2 f;'om ground, and put a
10,000 ohm variable resistor in series between R2 and ground.

Voltmeter Requirements

Using this as a temporary manual volume control, check the
rest of the receiver, and after everything else is corrected, if the
set does not operate properly when the a-v-c tube is returned
to the circuit, it is self-evident that the remaining troubles are
to be found in the resistance network surrounding that tube.
A {full description of the a-v-c method employed will be found
in the issue, and references to this will undoubtedly enable the
builder to localize his difficulty and correct it.

In passing, it is well to mention that for ascertaining correct
voltages around this receiver, it is necessary to use a 5,000 ohm
per volt voltmeter. This can be easily made by the experi-
menter by using a 0-200 microampere meter, Weston model 301
or Jewell pattern 88, in series with resistors of five times the

.values shown in the ordinary circuits for 1,000 ohm per volt

meter.

If a tuning meter is employed, this should read a full 10
milliamperes with the volume control in maximum position with
the antenna disconnected and no station tuned in. Leaving the
volume control at maximum, but with the antenna attached,
the loudest locals should reduce the reading to about 2 milli-
amperes, and other stations should cause proportionate deflec-
tions. Any station which is audible should cause the needle
to drop somewhat.

The Antenna Condenser

Cl, the antenna series condenser; should be adjust_ed with a
station tuned in, to maximum deflection on the tuning meter.

FIG. 4

Front panel view.
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The circuit of a 400 kc, eight tube superheterodyne for direct current operation.

heterodynes all of which have certain features in common.

Thus we published an eight-tube receiver for automoblles
in the January 16th issue, an improvement of this circuit in
the January 23rd issue, an elght tube circuit for d-c in the Janu-
ary 30th issue, another 1mprovement and extension of the auto-r
mobile super in the February 13th issue, the same improvement
in the d-c circuit but for 175 kc intermediate in the February
20th issue, a seven-tube portable in the same issue, an eight-
tube battery set in the March 5th issue, a seven-tube a-c set
in the March 19th issue, and in this we shall present an eight-
tube super, 400 ke, for d- -c operation.

Needless Detail Omitted

It would seem that so many different variations of the same
theme would be superfluous, but the fact is that no matter how
many variations are given there are at least ten times as many
requests on file. It is impossible to meet all the possible con-
ditions, and we can only present those for which the greatest
number makes requests. There is still room for portable super-

EN RECENT issues we have published a number of super-

heterodynes and for circuits to be used in districts where bat-
teries are the only source of electrical power.

In the present write-up of the d-c, eight-tube superheterodyne
we shall omit those details which are common to the d-c supers
we have already published, because to get them the reader has
only to refer to the other descriptions.

At the outset we should say that no ground connection should
be used because it is not needed and it is safer not to use it.
The reason it is not needed is that the line is already grounded
on one side and both sides are grounded in so far as the signal
is concerned by virtue of the large by-passing condensers across
the line in the set. The automatic ground, as we might call
it, is better, perhaps, than any other ground that we might pro-
vide in the house. )

As a safeguard against a possible ground and short circuit,
we put in a small condenser Cl in the antenna lead. This
need not be larger than 0.001 mfd., but how much larger it is
made is immaterial. This condenser prevents a short circuit
in the event that the antenna wire should touch some grounded
object, an occurrence that frequently takes place The effect
of such a ground is usually to burn out the primary of the first

List of Parts

Coils

T1, T2—Two equal midget type, shielded r-f transformers for
350 mmfd. tuning condensers.

T3—One special, shielded oscillator coil, for 350 mmfd. tuning
condenser and 400 kc intermediate frequency.

. T6—One push-pull audio frequency input transformer.
{ Ch—One low reslstance 30 H. choke (about 200 ohms).

RV

i ‘:CI——One Q‘QO]I mfda condenser. :

C2, C3;1%¢
" with trimmers (Ct is the frimmer on, Cc4).
Cs—d?ne 350 to 450 mmfd. trimmer condenser for series pad-
ng.
C6—One 0.1 mfd. condenser.
C7, C8, C14—Three 0.1 mfd. con\densers, all in one case.

| C9—One 0.00025 mfd. by-pass condenser.
i C10—One 0.1 mfd. condenser,

'Cllr'One 0.5 mfd. condenseér.
C1%, C13, C14—Three 0.25 mfd. by-pass condensers.

- C15; C16—Two 4 mfd. paper dielectric by-pass condensers,

Resistors

P—One 10,000 ohm potentlometer ]
R1—One 300 ohm bias resistor. -

4—Omne gang of ‘three 350 mmfd. tumng condensers'

R2, R5—Two 30,000 ohm resistors.

R3—One 10,000 ohm resistor.

R4—One 100,000 ohm resistor.

R6—One 2,000 ohm resistor.

R7—One 2,500 ohm resistor.

R9—One 1,500 ohm resistor.

R10—One 250,000 ohm resistor.

R11—One 50,000 ohm resistor.

R12—One one megohm grld leak.

R13—One 1,250 ohm resistor (1,000 and 1,500 alternatives).

R14—Ome 600 ohm bias resistor.

R15—One 200 ohm, 25 watt resistor or an 82 ohm, 10 watt re-
sistor. (The smaller resistor is used when speaker field is
125 ohms is used as part of ballast.)

Other Requirements

Sw—One line switch.

PL—One 2.5 volt pilot light, usually part of dial.

One dial.

One plug and cord.

Six grid clips.

Eight UY type sockets.

One speclal chassis (same size as chassis for 8-tube auto super,
circuit No. 631).
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radio frequency transformer, but more serious damage might
result. Hence the little condenser Cl serves as insurance
against suth mishaps. o

We put the pilot light PL next to the chassis in the heater
circuit because if the light is connected to the circuit by flexible
leads and motinted on’ the dial so that it. moves with it, as is
the case in most small .sets, no serious short circuit would
occur if the flexible ledds should become chafed so that the
wires would come in contact with the receiver chassis. In
fact, no damage would occur; the lamp would simply go out
and give warning that the insulation would have to be restored.

Filaments in Series

As in all sets for d-c operation the heaters, or the filaments,
are connected in series. The order in which the heaters of
the various tubes are connected in this series is immaterial and
is determined by proximity of terminals. The numbers asso-
ciated with the terminals indicate in which order the heaters
might be connected, but this does not indicate at all that some
other order cannot be used just as well if the wiring thereby
becomes simpler. There are only two fixed connections, one
at each end of the series. The pilot lamp should be connected
as indicated and the ballast resistor R15 at the other end.

A word may be necessary about the connection of the bal-
last resistor. It will be noticed that (7)< on. one of the 238
tubes is connected to (7) on the speaker socket, or to Hk on
this socket. Then RI15, the Ballast, is connected between Hp
on this socket and the positive side of the line. This connec-
tion assumes that the field of the speaker is connected in series
with the heaters, which in turn assumes that the speaker used

requires 0.3 ampere to excite the field and that the resistance .

of the field winding is about 125 ohms. Such a speaker is
available and made just for this use. In case this type of
speaker is used the value of the ballast resistance R15 should
be 82 ohms. The power dissipation in this will be about 7.5
watts, so it should be rated at a higher value than this.

It is not necessary to use this type of speaker. There is
another, also designed for this purpose, which takes 110 volts.
If this is used the field is connected directly across the line
and not in series with the heaters and the ballast resistance.
In that case the ballast resistance will have to be made 125
ohms greater than in the preceding case. That is, it should be
207 ohms. This is based on a line voltage of 115 volts rather
than 110 volts, for the line voltage is usually 115 volts. It is
also based on the supposition that the voltage across each
heater is 6.3 volts and that the voltage across the pilot light
is 2.5 volts. Of course, it is permissible to use a ballast of
§030 ohlms, because the tubes will stand considerably more than
.3 volts.

Note carefully that there are two cases above, in which the

_ballast resistance is 82 ohms and the speaker has 125 ohms and

the other in which the speaker is connected across the line, in
which case the ballast resistance is 200 ohms.

Self Bias Throughout

In view of the fact that there is some hum in the heater
current, it is best not to depend on the drops in the heaters
for b;’qs, and therefore to use self bias throughout. We have
a limiting bias resistance R1 of 300 ohms in the cathode leads
of the r-f and i-f amplifiers, both of which should be of the
234 type. In addition to this there is the volume control
potentiometer P, a 10,000 ohm unit, by which ‘the bias can
be increased when amplification is desired. In the two detec-
tors we have R2 and RS, each of 30,000 ohms. RI13, which
biases the first audio tube, should be 1,250 ohms although
either 1,000 or 1,500 would be all right; R14 biases the two
power tubes and it should have a resistance of 600 ohms.

In the plate circuit of the detector is a flter consisting of
C10, a 0.1 mfd. condenser, and R11, a 50,000 ohm resistor.
The object of this filter is mainly to stop intermediate fre-
quency current from getting irto the power supply, and through

the back to the oscillator. A type of squealing is thereby
eliminated. '

Filtering Necessary

Some filtering of the B supply is necessary to eliminate hum,
although ‘not as much as is needed in a-c operated sets. One
30 henry choke Ch of.fairly low resistance, say 400 ohms or
less, should be used in the positive side of the line. Also two
by-pass condensers Cl5 and C16 across the line are needed.
It is not necessary to make these larger than 4 mfd. each. It

heterod yne for Direct Current;
ntermediate Frequency Featured

nderson

is better to use paper dielectric condensers than electrolytic
condensers because it is not necessary to observe polarity in
the paper condensers. However, if care is taken in plugging
in the line so that it is right every time, or.so that it is not
left on in the wrong direction, it is.all right’to use:dn elec-
trolytic condenser of about 8 mfd. : In that case it is' ‘hardly
necessary to use the filter choke, at least not as large ‘a chake
as 30 henries. ' ' , L |

Low voltage on the screens of the two dete¢tors is assured
by returning the screens to a point on the voltage divider which
is only about 20 volts above ground. = Sincé the voltage bn
the grid on either tube is approximately 3 volts, the net voltage
on the screens is 17 volts. It is all right to make it even légss
than this, which is done by decreasing the value of the bleeder
resistance RS6. . )

If we make R6 1,000 ohms, we fi>.ed the bleeder ciirrent at
20 milliamperes, which is a satisfactory value. With this selected
we have to select the values of R7 and R9 consistently with
the bleeder current and with the desired voltages on the other
elements. If we want 70 volts on the screens of r-f and i-f
amplifiers and on the plate of the oscillator, the drop in R7
should be 50 volts, and therefore the value of R7 should be 2,500
ohms, for practically the same current flows in R7 as in R6.

If the drop in Ch is not more than 5 volts and the line
voltage is 115 volts, the net effective voltage on the plates of
the tubes will be 110 volts, and the drop in R9 will be 40 volts.
The current in R9 is 20 milliamperes plus the current to the
screens of the two amplifiers and the plate of the oscillator.
The total is about 26 milliamperes. Hence the value of R9
should be nearly 1,500 ohms.

The Coils

The two r-f coils T1 and T2 are regular shielded, midget
type, broadcast coils wound for 350 mmfd. tuning condensers.
T3 is an oscillator coil which also has been wound for a 350
mmfd. tuning condenser, and in addition for 400 kc inter-
mediate. A matched set of coils is best because it is not easy
to get the right inductance in the oscillator coil. The r-f coils
and the oscillator coil should be made by the same manufac-
turer to fit the specifications of this circuit. Suitable coils are
now available,

The trimmer condenser C5 is also a special item for this
circuit. It is similar to the trimmer condensers used in many
175 kc superheterodynes but its capacity range is about 350
to 45¢ mmfd. .

The intermediate frequency coils are similar in appearance
to the r-f coils and are similarly shielded. Both windings of
each transformer are tuned and the coupling between the two
windings is such as to give a band pass characteristic approxi-

‘mately 10 kc wide.

Oscillator Stabilization

. CAN SOME METHOD be introduced readily for the stabil-
ﬁatlon of the frequency of an oscillator’—K. W. U, Bangor,
e.
Yes, there are numerous methods. One of the easiest, and
best, is simply to use a grid leak and condenser as would be
used for ordinary detection, except that detection may not be

desired, and the grid return therefore would be somewhat nega-

tive. The bias need fot be altered, the leak and condenser
simply connected in series fashion (as in the oscillator described
this week on pages 16, 17 and 18) or with the condenser in the
same position and the leak in paralle]l with the tuned circuit.
The stabilization arises from the countéracting effect of grid
current flowing in the circuit, whereby the bias voltage is main-
tained virtually constant. Voltage changes of this type would

alter the frequency.
New Books

“Year Book of the Institute of Radio Engineers,” 1932 edition
($1.50) has just been issued, and is in the hands of members,
associates, etc., of the Institute. It comprises 275 pages of text,
including constitution, rules, objects and history of the Institute.
Besides, the usual catalogue of membership is included, listed
alphabetically and also geographically. Standard vacuum tube
dimensions, with diagrams of bases, are published. Also, the
book contains manufacturing standards consistin,g of definitions
applicable to broadcast receivers. :
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Portable Super Without Separate
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FIG. 1

This portable seven tube superheterodyne employs 400 kc for intermediate frequency and .pentodes for
r-f and power amplification.

HE problem of designing portable receivers is not unlike

I that of designing automobile sets, although the sensitivity

requirements are not quite so rigid, since the portable set
will not, as a rule, be used inside a car. That is, the portable
set will be used in the open where the radio waves have a
better opportunity of getting to the receiver. Of course, it
may be that the portable set will be used in a car under the
same conditions as any car set, and in that case the circuit must
be just as sensitive. Since the portable may be used in a car
it is just as well to design the set so that it will yield satis-
factory signals even when it is used inside a shielded car with
the poor pick-up that goes with that use.

Car receivers of the superheterodyne type are coming to the
fore just because of their greater sensitivity, and the demand
for portable superheterodynes is keeping pace. It is more im-
portant to get signals out in woods, or wherever the portable
set may be taken, than it is that the receiver should be §tr1ppqd
of every possible pound of weight. As far as the set itself is
concerned there is practically no difference in weight between

a seven-tube superheterodyne and a four to six tube t-r-f re-
ceiver. The difference is largely one of power supply. We
must use batteries to power any portable receiver, and the
more tubes in a set the more weight must be put into the bat-
teries, or else we must be prepared to replace the batteries at
very frequent intervals. In view of the fact that if small bat-
teries are used there must be a supply of replacements on hand
on long trips. They will weigh just as much outside the set
as in it. Hence it is better to put the larger batteries in the
set, for they can be used more efficiency and economically.

A portable set of high sensitivity and selectivity must con-
tain many tubes, and it cannot be made into a vest pocket
edition.

Circuit for Portable Super

In Fig. 1 we have the circuit of a seven tube superheterodyne
which, even with ample power supply, may be put into a port-
able container such as a suitcase or a specially made box. The
construction of the container is a mechanical one, not electrical,

LIST OF PARTS

Coils

T1, T2—Two midget, shielded r-f transformers for 358 mmfd.
condensers.

T3—One special oscillator coil for 350 mmfd. condenser and
460 kc i-f.

T4, T5—Two 400 kc intermediate frequency transformers, doubly
tuned.

Chl, Ch2, Ch3—Three 800 turns duolateral r-f chokes (about 6
millihenries). .

Condensers -

Cl, C2, C3—One gang of three 350 mmfd. tuning condensers.

C4—One 350 to 450 mmfd. trimmer condenser.

C5, C6, C7, C8, C9—Five 0.1 mfd. condensers.

C10, Cl1, C18, C19—Four 0.25 mfd. by-pass condensers, or
arger.

C12, C13—Two 0.00025 mfd. condensers.

Cl4, C15—Two 0.1 mfd. condensers.

C16, C17—Two one microfarad by-pass condensers.

Resistors

P—One 10,000 potentiometer.
R1, R2, R8—Three 50,000 ohm resistor.
R3—One 10,000 ohm resistor.

R4, R11—Two 100,000 ohm resistors.

R5—Omne 15,000 ochm resistor.

R6, R9—Two 250,000 ochm resistors.

R7—One two megohm grid leak.

R10—One one megohm grid leak.

R12—One 75,000 chm resistor.

R13—Omne 9,000 ohm resistor.

R14—One 111 ohm resistor.

R15—One 74 ohm resistor.

R16—One 315 chm resistor.

(R14, R15, R16 may be a 500 ohm resistor with adjustable taps).
One 1.652 ballast resistance in series with A battery.

Other Requirements

One double pole, single throw switch.

Seven binding posts.

Four grid clips.

Six UX sockets.

One UY socket.

One dial, vernier type but without pilot light.

One magnetic or inductor speaker.

Two 234 r-f pentodes, two 232 screen grid tubes, two 230, and
one 233 power pentode.

Three medium size 45 volt batteries.

Six No. 6 dry cells for A supply.
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Batteries;

and any set builder can fit the circuit into the most suitable
case. There are certain considerations, however, that must be
met in designing a case for a portable set. The case must not
be thick for if it is the case will interfere with the .Iegfs of‘ the
porter and even if the case and the contained circuit are light,
the ensemble will not be portable. We might say that it will
be luggable with difficulty. If the box is thin, there will be no
trouble carrying it even if it weighs a considerable amount.

With medium small batteries for the B supply and No. 6
dry cells of adequate number for filament supply, the seven
tube circuit can be assembled in a unit, including the loud-
speaker, that will not tire the average man carrying it over
reasonable distances. Some portable sets have been made that
weighed sixty pounds.
that amount it would be too heavy, and there is no reason why
it should weigh so much.

Method of Self-Bias

Ordinarily grid -batteries are used for obtaining bias for the
tubes in a battery set, but this method of biasing is no longer
popular. The grid batteries are a nuisance, and they are not
desirable for another reason. The voltage of a grid battery
does not change as the batteries become old, but the effective
voltage of the plate battery does. Hence as the plate battery
becomes exhausted the tubes gradually become over biased.
The preferable way of biasing, and one that meets both these
objections, is self-biasing just as it is done in a-c operated
circuits. This is quite feasible in a battery set.

It is accomplished by inserting resistances of suitable values
in the negative lead of the B battery and by returning the grid
leads to suitable points along the series of resistances. The
total plate current of all the tubes and the bleeder current in
the voltage divider flow through these resistances, and there-
fore as soon as we know the total current flowing and the
required bias values, *we can easily compute the required re-
sistances. The drop in R 14 biases the two screen grid ampli-
fiers in the circuit, and the drop should be 3 volts. Therefore
the drop in R14 should be 3 volts.

The drop in R14 and RI15 biases the two detectors and the
first audio amplifier. Good detection will be obtained at about
5 volts. Hence the drop in R15 should be 2 volts. The drop
in the three resistances biases the power tube, and the re-
quired bias is 13.5 volts. Hence the drop in R16 should be
8.5 volts.

If we add up all the currents flowing we obtain about 27
milliamperes. Since the total drop in the three resistances is
to be 13.5 volts, ‘the sum of them should be 500 ohms. These
should be distributed as follows: R14, 111 ohms; R15, 74 ohms
R16, 315 ohms. The best way to obtain these is to use an
adjustable resistor with sliders on it, having a total resistance
of 500 ohms. If a resistor of this type is used the taps may
be moved until the best detecting and amplification efficiency
is obtained. This is the best way, but if fixed resistors are
used the nearest commercial values to those specified should
be employed. They would be, without special adjustment, 100,
75, and 300 ohms. ) :

Filtering

In view of the fact that these resistances carry signal cur-
rent as well as direct current, and that they are common to
two or more circuits, rather thorough filtering is necessary to
prevent oscillation. Thus in each grid lead in the radio ire-
quency level there is a 50,000 ohm resistance, R1 and R2, and
a 0.1 mfd. by-pass condenser from the low side of each coil
to ground. These are C5 and C8.

In the screen circuit of the r-f amplifier is a filter consisting
of an 800 turn choke Chl and a 0.1 mfd. condenser C6. There
is a similar filter in the plate circuit. These may not be neces-
sary in all instances and if they are not needed they should
be omitted. Possibly only one of the filters is needed. The
criterion is whether or not the r-f amplifier is stable. If there
is no oscillation without the filters, none is needed. It may
also be that only the condensers are needed. A complete filter
is shown in each of the plate and screen circuit because under
the worst conditions they may be needed. The ecircuit may
first be built without them, leaving room for them in case it
is found later that they must be used.

No resistance is used in the intermediate ftequency amplifier
grid lead but there is a condenser C9 of 0.25 mifd. capacity.

If the present set were to weigh halt.

eight Secondary Consideration

n Brunn

C18 and C19 are also 0.25 mfd. by-pass condensers which are
also used. for stabilizing the set. g

There is considerable filtering in the plate circuit of the
detector. It is used mainly to prevent the signal .frequency
at the intermediate level from entering the B supply. and the
plate and grid voltage dividers. Prevention of heterodyne
squeals due to harmonics of the intermediate frequency is the
main object of this filtering. =

C12 and C13 are two 0.00025 mid. condensers and Ch3 is an
800 turn duolateral choke like the previously mentioned r-f
chokes. Cl0 and Cll1 are a part of the filtering device, and
each of these is a 0.25 mifd. unit while R8 is a 50,000 ohm
resistance. Besides serving in this capacity R8 and Cll help
to prevent oscillation at audio frequency, that is, motorboating.
C16 and RI11 serve this purpose alsg, and to do so effectively
C16 should be one microfarad and R11 100,000 ohms. C17 helps
it along and it should also be one microfarad.

In case motorboating should be 'encountered when the B
battery has been used for some time, the best way of attack-
ing the problem is to make R8, Cl1, and C19 larger.

Division of Plate Voltage

The two detectors will be efficient if we apply a voltage of
about 15 volts on the screens, or more accurately, if we make
the drop in RS equal to 15 volts. Therefore, if we make the
bleeder current one milliampere, R5 should be 15000 ohms.
Such a low bleeder current is used because it is desired to
conserve the plate battery as much as practicable.

A satisfactory voltage on the screens] of the amplifiers and
on the plate of the oscillator is 90 volts. Hence the drop in
R12 should be 75 volts. We need 75000 ohms. For R13 we
need about 9,000 ohms. This is not critical because it is not-
necesary to have just 90 volts on the screens.

The volume is controlled with a 10,000 ohm potentiometer
P across the primary of T1, the ground being connected to
the slider. The radio frequency and the oscillator coils are the
same as those used in the circuits previously described and
referred to in the first paragraph. That is, T1, T2, and T3 is
a set of coils for 350 mmid. tuning condensers and 400 inter-
mediate frequency. C4 is also equal to the condenser used for
trimming in those circuits. Its capacity range is 350 to 450
mmfd. T4 and T5 is a pair of 400 kc intermediate frequency
transformers.

CORRECTION

In the article on “Main Troubles in Superheterodynes,”
March 5 issue, the paragraph headed “Use of external oscil-
lator,” stated: “If the oscillator is a screen grid tube, the short
should be from grid cap to ground.” In the monotron circuit, or
a dynatron or pliodynatron oscillator, the grid cap doesn’t affect
the oscillating circuit at all. In the first and last/of these, it
does affect the r-f input from the antenna. It is absolutely
effective in any oscillator to short the plates of the tuning con-
denser. If you are afraid of shorts on a dynatron plate, the
shorting can be done with an 0.1 or larger condenser, but since
the majority of screen grid oscillator tubes, either for home-
built or commercial receivers, uses one of the above circuits,
shorting the grid cap to ground is not satisfactory.
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T-R-F Set with New
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FIG. 1

By winding a single primary, and three separate secondaries, on one form, and using a long switch for moving

the grid connection to pick up three companion

secondaries at any one setting, wide wave band coverage may

be achieved.

EW circuits are ever shown where for wide frequency cover-
Fage there is a separate shielded transformer for each band to

be covered by each stage. Separate coils are used, in unshielded
fashion, particularly in short-wave converters.

However, there are many instances in which a builder desires
also to cover the broadcast band. If plug-in coils are used, either
shielded or unshielded, the end can be achieved readily, but most
of the present-day methods embody switching. When that is true
the coils are relatively close together, particularly when one con-
siders the high frequencies. If there is no current in the adjacent
coils, and no approximation of a tuned circuit, good results are

obtainable. .
Three Secondaries Suffice

The present method deals with the confinement of the various
windings to one form. Thus, if a primary is placed in one position
on the form, there may be two directly adjoining secondaries, one
on one side of the primary, the other on the other side. The larger
secondary—for the broadcast band——may be right close to the
primary, say 1/16 inch separation, whereas the next secondary may

Peck Gets Brighfer Image,
with “Reversed’’ Ground Glass

The screen on which the projected television image is thrown is
second only in importance to the scanning system used, according
to William Hoyt Peck, inventor, whose new big image television
receiver was demonstrated at the St. Moritz Hotel, New York City.

Peck tested numerous types of screens during his work with
color motion pictures for many years, For projecting pictures from
behind the screen, he found waxed cloth superior to the various
glass screens which had formerly been used. He therefore used
that type of .screen for his television projector during early
experiments.

Later, however, he determined to try glass with a specially
ground back, and found this to give about twice as brilliant an
image, though it had not worked nearly as well for motion pic-
tures. He further found that the image was much clearer when
projected against the shiny surface of the glass, the ground side
being toward the audience.

Also, he has shown how his apparatus can be used for trans-
mitting permanent records of photographs and documents. To do
this, the screen is replaced with a piece of photographic film, which

is given the correct exposure, and is then developed and printed in

the regular way.

by the sum of the axial length of the second secondary and the
separation between the two windings. In this way the coupling is
looser the higher the frequencies of the bands.

have 4 inch separation, Then the third secondary would be plaged
beside the second one, and would be separated from the primary

If 0.00035 mfd. is used for tuning purposes, and a three-gang
condenser assumed, then a tuned radio frequency set may be built
on the mentioned basis5 a long switch used so that the grid and
the stator of the tuning condenser are moved to the respective
secondaries. A total of three secondary windings would suffice, but
four may be included, if desired, so that for the two small windings
about the lower half of the tuning capacities will be used to increase
the ratio of inductance to capacity, in the interest of improving
the response on the small windings. The higher frequencies are
better received by the separate-coil system than by any tapped coil
system, whether the separate coils are on individual forms or, as
here, on one form.

In a preliminary article last week the coil data for enamel covered
wire were given for l-inch diameter on the four-secondary basis,
as follows, for 0.00035 mfd.:

Coil Turns Size Wire
Secondary No. 1................. .. ... ... 127 32
Primary ..............cc00 it 15 28
Secondary No. 2................... .. c.on. 27 28
Secondary No. 3............ciiiiiiinn.. 10 22
Secondary No. 4..........cciviiiiiinnevenn. 4 18

Data for 0.0005 Mfd. Tuning .

This week the diagram of the complete circuit is shown, with
0.0005 mfd. as the tuning capacity, three secondaries being used. In
either case the coil forms will be longer than normally, and there-
fore a long shield is necessary, and in a pinch a tube shield, on a
regular tube shield base, will serve the purpose. The coil data for
0.0005 mifd, 1 inch diameter, are:

Coil Turns Size Wire
Secondary No. 1............................ 110 32
Primary ............ .. ... ... ... ... ... 15 28
Secondary No. 2. ... ... .................... 25 28
Secondary No. 3............................ 4 18

From top to bottom the windings are put on, side by side, in the
order given. The separation between primary and secondary No. 1
is 1/16 inch, that between primary and secondary No. 2 is 14
inch, and between secondaries No. 2 and No. 3 also 1/16 inch. All
windings are put on in the same direction. The grounded connec-
tions—four in the case of the antenna coil, three in the case of the
two other coils—may be brought out to a single lug on the coil
form. So there would be five different physical connections for the
antenna coupler and six for each of the two other coils.

High Detector Bias

If a flat type dial is used—not a drum—then the tubes and coils
may be at left of the dia}, in this order from front to back: first
r-f, second r-f, detector. Then on the other side (at right rear)
would be the three remaining tubes.
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The usual practice in t-r-f sets is followed up to the detector, the
volume control being a 10,000-ohm rheostat or a_potentiometer of
that value used as a rheostat (one end open). If the direction of
turning the volume control knob for volume increase does not suit
you, reverse the connections to the control. .

The long switch is of the insulated type, with very low capacity.
The switch has to be chosen for low capacity particularly to insure
full coverage of the broadcast band. The insulated type is required
since the chassis most likely will be of metal, and both the pointer
(pole) of the switch and the connecting points (throws) are at a
high r-f potential. .

The biasing resistor in the detector circuit is uncommonly high,
However, the same streen voltage as is applied to the r-f tubes is
fed to the detector and first audio tubes. Taking the detector alone
into consideration at this moment, the effective plate voltage other-
wise might be lower than the screen voltage, due to the drop in
270,000 ohms. Moreover, under this circumstance of high screen
voltage on the detector, it is both correct and necessary to have a
high bias. It will read of the order of 10 volts on a meter of 2,000
ohms per volt resistance.

Hum in Two-Stage Audio

It is unlikely that any meter you have will give a correct reading
when put across the detector biasing resistor, unless it be an elec-
trostatic or vacuum tube voltmeter. The 2,000-ohms-per-volt
meter was used on its 30-volt scale, therefore, as 0.5 ma presented
full-scale, 10 volts represents 0.166 ampere, and there was more
current flowing through the meter than through the “measured”
circuit. Or, to put it differently, the biasing resistor was 100,000
ohms, and the meter resistance (with multipler) was 60,000 ohms,
or the actual condition, due to paralleling, was that of a biasing
resistor of less than 40,000 ohms. However, the 10-volt reading, or
thereabouts, may be used as guide, or preferably the current should
be, measured, the resistance measured, and the voltage computed
(the voltage in volts equals the resistance in ohms multiplied by the
current in amperes). This will give a value around 20 volts.

The two-stage resistance coupled amplifier is stable enough, even
with the high impedance choke coil in the B supply (field coil of
dynamic speaker, d-c resistance a total of 1,800 ohms). However,
there is always danger of much hum, and the method used to get
rid of this nuisance was to include resistor-capacity filters in the
detector and first audio plate circuits and first audio and power tube
grid circuits. The trick that finally worked exceptionally well whs
to use 1 mfd. as the capacity in the detector plate circuit, from
ground to the 0.02 meg. (20,000 ohm) resistor. In the pentode grid
circuit the filter condenser was 0.2 mid., comprised of two 0.1 mfd.
sections of a block in parallel. The black lead of these blocks of
three 0.1 mfd. goes to ground, the reds interchangeably to their
destinations.

Suggested Reversal

As a test for hum reduction reverse the connections to the output
transformer that is built into the speaker. This can be done at the
so-called speaker plug socket. In reality this socket picks up the
field coil as well as the output transformer primary. The connec-
tions commonly used are P to ground, G to tap on the field coil
(grid return for pentode to afford bias), K to B minus, and heaters
to B plus maximum and pentode plate. The heater reversal at
the heate; springs may be made on this socket.

Some idea of the voltage readings may be obtained from the
following :

Common cathode connections of r-f tubes to ground: 2 to 25
volts, depending on the setting of the volume control.

Plates of r-f tubes to ground: 180 to 220 volts, depending on
the setting of the volume control, as the greater the bias on
these tubes the higher the plate voltage, becausc the drop in
the 2,250-ohm series resistor is less, on account of current re-
duction by bias increase. e

Screens of all screen-grid tubes to ground: 60 volts or 65
volts ‘or a little more.

Cathode of detector to ground: will read around 9 or 10 volts
on high resistance voltmeters, but actual voltage alwavs will be
higher than read with such meters.

Cathode of first audio tube to ground: will read around 2
volts on above meters.

Plate of detector and plate of first audio to ground: cannot
be read accurately except by electrostatic means, for same
reason as applies to cathode biasing voltages for these tubes.
for actual voltages may be double what they seem to be.

truction and Switching the Bands

Tully

Tap or field coil to ground: 16,5 to 20 volts. This is the pen-
tode bias.

Pentode screen to ground, rectifier filament to ground: about
250 volts.

Voltage between shiclds of electrolytic condensers (8 mfd.):
about 110 volts.

Voltage between pentode plate and ground: about 220 volts.

The speaker plug should be inserted, all connections as dia-
grammed, before the set is turned on. Failure to do so will
result in an excessive strain that may break down the con-
densers irretrievably,

The broadeast result is excellent, so is that at the first short-
wave band, while the second short-wave band is subject to
vicissitudes, especially true because users try to get results
thereon at night, and it is useful only during dayhght. The
range is from about 20 to 355 metery

Short-Wave Receiver

NEW short wave re
A ceiver that is arousing

considerable interest in
the ranks of the short wave
fans and among the amateurs
15 the Royal Model RP.
Althoggh on the market for
only a short time it is already
piling up enviable reception
records comparable with those
of much her priced re-
ceivers., Letters received from
the owners of these sets contain glowing accounts of the recep-
tion of foreign broadcasts, code stations in all parts oi the
world, airplane conversations, police transmissions, etc., many of
them with surprising loudspeaker volume.

One of its outstanding ileatures is the extremely low price
which places it within the reach of everyone, even those short
wave enthusiasts with limited means.

The receiver is a masterpiece of advanced short wave design
embodying every new worth-while development. The proper
use of only two tubes, a '32 screen grid detector and a "33
power pentode output tube, gives this model the sensitivity and
volume of an ordinary four tube set. This receiver is battery-
operated in order to eliminate hum and other objectionable
noises frequently encountered in a-c operated sets. By virtue
of using the new economical, two volt tubes, one set of bat-
teries, with ordinary use, will last approximately six months.
To fully utilize the tremendous gain of the screen grid tube a
special reactance, resistor, capacity coupling is used. The re-
generation control is smopth acting and at the same time
functions as a volume control. The same knob also aperates
an automatic switch.

This Royal S-W receiver is available in two types, “Regular”
and “Band Spread.” The amateur will be interested in the latter
type as it has the 20, 40 and 80 meter bands widely spread for
ease in tuning. This type is not designed to cover the rest of
the short-wave spectrum and all other short-wave “bugs” are
advised to purchase the “Regular,” which covers from 14 to 200
meters . A special coil will extend fts range to 350 meters

The set is coustructed on a heavy cadmiuvm chassis, which
cffectively shields the various circuits. A full vision, micro-
vernier dial with a smooth ratio of 5% to 1 enables the operator
to tune casily for maximum results.

As seen in the illustration, the finished set is housed in an
attractive crackle-finished metal cabinet, which aside from en-
hancing the appearance of the set, completely eliminates all hand
capacity cffects.

This short wave receiver fills a long-felt want and is ideal
for the novice and the experienced short waver

This set is distributed exclusively by .the Harrison Radio
Company of New York City, pioncer merchandisers of short
wave apparatus,

Harrison Radio Co. will be in their new quarters after March
19th, at 142 Liberty St., New York. In addition to a complete
fine of replacement and service parts, short-wave apparatus and
scts will be stocked, including transmitters. A new and enlarged
television department will be included. All experimenters, hams
and radio service men are invited to inspect the new quarters.
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A Beginner’s A-C Set

4-Tube Model Has Sensitized Detector
S | By Bill
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FIG. 1

A good circuit to build as your first a-c model.

N extremely simple four-tube a-c set that gives good per-
formance is diagramified in Fig. 1. The detector is spe-
cially sensitized, to make up for selectivity otherwise not
high enough for the present-day use. This detector condition
also improves the sensitivity.
Very few parts are needed to build this receiver. The r-f
and detector tubes may be placed at left of the centrally-located
tuning condenser, the detector tube at rear, while the two other

_ tubes are at right of the tuning condenser. The power trans-

former may be at right front and the two 8 mfid. behind the
tuning condenser. The result is a compact and efficient set.

How to Wind the Coils

The coils are wound on 1 inch form and have secondaries
of 127 turns of No. 32 enamel wire, or size near that, while

LIST OF PARTS
Coils

Two radio frequency transformers, as described, with shields.
One midget power transformer.

Condensers
One two-gang 0.00035 mfd. straight frequency line condenser
with trimmers.

Four 0.0015 mfd. fixed condensers.

One 0.00035 mfd. fixed condenser.

One 0.01 mfd. mica fixed condenser,

Two 8 mfd. electrolytic condensers, with insulating washers and
connecting lug for one.

One 0.1 mfd. condenser tubular resistor.

Resistors

One 1,500 ohm biasing pigtail resistor.

One 50,000 ohm pigtail resistor. .

One 0.25 meg. (250,000 ohm) pigtail resistor.

Two 1 meg. (1,000,000 ohm) pigtail resistors.”

One 0.25 meg. (25,000 ohm) potentiometer with a-c switch at-
tached.

One 10 ohm center-tapped resistor.

Other Requirements

One chassis.

Four UY 'sockets and one UX socket (one UY is for speaker
plug). :

One vernier dial with pilot lamp, bracket, escutcheon plate and

scale,

One knob for dial and one knob for potentiometer.

One a-c cable and male plug.

One dynamic speaker, field coil resistance 1,800 ohms, tapped at
300 ohms; output transformer also built in.

One cabinet.

It has four tubes and gives good performance.

the primaries have 25 turns of any fine wire, wound over the
secondaries, insulation fabric between. In the case of the de-
tector coil there is a tap, which may be at about 30 turns from
the ground end, or about 97 turns from the other end. Between
this tap and cathode the biasing circuit is located. The tuning
condensers for these coils are 0.00035 mfd. and are of the
straight frequency line two-gang or double condenser type.

The maximum voltage is applied to all three tubes in the
radio and audio parts of the receiver. The fourth tube is the
—80 rectifier. The r-f tube is of the variable mu type, either
#. —35 as marked or a —51, while the detector is a —24 and
the output tube a —47. Bias for the pentode is obtained through
the drop in the field coil of the dynamic speaker, which field
coil is used as the B supply choke.

High Detector Screen Voltage

Following most recent practice, the screen voltage for the
detector is maintained high, since it is the same as the voltage
on the r-f screen. Thus a high value of biasing resistor is used,
0.1 meg.

The plate load is a resistor of 0.25 meg. (250,000 ohms), and
the voltage division for screen supply is obtained by tapping
the juncture of two Lynch resistors of 0.05 meg. and 0.025
meg. (50,000 and 25,000 ohms, respectively). However, the
25,000-ohm unit is a potentiometer, its extremes constituting
the fixed resistor, while the arm is moved along this resistor
to alter the screen voltage on the detector. This screen voltage
alteration applies only to the detector and enables utilization
of the extra sensitivity feature purposely introduced by the
fixed condenser from plate to tap on the grid winding.

Good Circuit for Beginner

The stopping condenser between detector plate and pentode
grid is 0.01 mfd., while the two resistors in the pentode grid
circuit are 1 meg. each. From the joint of these two resistors
to ground a condenser is connected, of 0.1 mfd. capacity, and
the combination of the lower 1 meg. resistor and this 0.1 mfd.
condenser constitutes a hum filter. As an extra precaution
against hum the leads to the primary of the output transformer
(which transformer is built into the speaker) should be re-
versed, for there will be much less hum one way than the
other. Finally there will be so little hum that you will be
surprised.

So few parts are needed that a glance at the list might make
one wonder if any kind of results are possible. However, if
one will study the diagram he will find that every need has
been fulfilled, and that therefore there is no reason to expect
anything save the very best type of performance in point of
tone _quality, with good sensitivity and selectivity. Moreover,
it is just the type of circuit for a fellow to build who has never
before tackled an a-c set, for he will find no trouble getting
good results.
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A Band-Pass T-R-F Set

Six Circuit Tuner with Even Sensitivity
By Thomas J. M. Clancy ‘
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A circuit for advanced radio builders, using six tuned circuits in a 6-tube radio frequency design. This type
of circuit affords sensitivity of 10 microvolts per meter, or better, and also gets rid of many troubles encoun-

tered in other types of receivers.

stage of t-r-f is used there will be three stages of t-r-f,
which permits sensitivity of 10 microvolts per meter, or
better. However, selectivity would have to be watched, lest it
be too great at one end and too small at the other. More
tuned circuits may be used, without adding tubes, in other
words, band-pass filtration included. For the benefit of those
experienced in building sets only a few suggestions will be
made along the lines of a 6-tube set that is a six-circuit tuner.
Two three-gang condensers are used. The sections may be
matched all right as to one three-gang, and equally well as
to the other, but it is possible that one gang will not be matched
to the other gang, so when the set is complete it is advisable
to use a test oscillator and line up the one three-gang to the
other. This can be done by shifting the position of the rotor
in respect to the stator, which is practical on some makes of
condensers. So for a circuit of this type see that the rotors
are susceptible to this treatment. After lining up, say, at
1,000 ke, the circuit can be trimmed at 1,400 kc with equalizers.

THE standard small a-c receiver has five tubes. If another

Even Sensitivity

Now for the reasons why certain courses were adopted in
the presentation of the design, Fig. 1.

The volume control is of a type frequently shown in these
pages, giving r-f attenuation as well as tube characteristic
alteration, for complete control of volume consistent with z
sensitive receiver. The limiting resistor of 1,500 ohms, in con-
junﬁ:tion with 10,000 ohms for control, will be found to be just
right.

The plate circuits of the r-f tubes have unbypassed 2,000-ohm
resistors. Can you imagine what they are for? Recall that
tuned radio frequency has an amplification characteristic that
is decidedly uneven, the higher frequencies being amplified a
great deal more than the lower ones. So a flattening out is
well in order, and the 2,000-ohm resistors afford virtually a
flat response, that is, 1,500 kc amplified no more than 550 ke.
Of course selectivity has to be taken into consideration—it is
less with the resistors in than with them out—but the six
tuned stages without some compensation like that might be too
selective at the high frequencies, and the resistors prevent side-
band cutting in that region. They are of small effect at the
low frequency end, and regenerative effects are absent there.

Another method sometimes used, omitting the resistors, is to
put a semi-peaked stage between the last funed stage and the
detector. Thus a transformer consisting of two closely coupled
honeycomb coils of 300 turns or so would be used.

R-F Bypassing of High Voltage

Unfortunately, while the flattening process takes place be-
cause of the peak of the transformer, it is very difficult to
avoid a band pass filter system here that overdoes the situa-
tion. - That is, there will be two peaks, and their separation will

&

\

depend on the degree of coupling between primary and secon-
dary. Yet, whatever coupling is used, the selectivity is con-
siderably lowered at the low frequencies} where it is least any-
way because of absence of slightly regenerative effects, and
much annoyance in tuning emsues. Therefore the resistors
serve the purpose better.

The 0.0015 mid. condensers, mica dielectric, connected from
ends of the 2,000 ohm plate resistors to ground, are there to
bypass the lead going to B plus and also to be cumulatively
effective for r-f bypassing. Since electrolytic condensers are
used in the filter of the rectifier, it is advisable to have some
paper or mica dielectric capacity in parallel with the tank
condenser for bypassing radio frequencies that may not well
get by the electrolytic. This phenomenon has been discovered
experimentally, although the full reason for its existence has
not been explamed.

The condenser coupling the band pass filter tuners are 0.6
mmifd. (sixth-tenths of 1 micro-microfarad), quite a small
capacity. But it is a parallel capacity, and at 1000 kc is
equivalent to a series capacity of 0.05 mfd. as used in band pass
filter circuits that embody a series capacity to complete the, cir-
cuits of the tuned coils to ground.

Coil Information

Six coils are used. Two are impedance coils, as single wind-
ings are strangely called, and four are transformers. If the
capacity used for tuning is 0.0005 mfd., then on 134 inch dia-
meter, using No. 31 wire enamel wire or thereabouts, the
number of secondary turns would be 98, while if the tubing
diameter is .1 inch. the number of secondary turns would be
110. In either instance the primary would consist of 15 turns
of any fine wire wound over the secondary and separated from
the secondary by one turn of insulating fabric. For 0.00035
mid. the secondaries would be 127 turns on 1 inch, primaries
15 turns. )

The coils are enclosed in shields of aluminum or of zinc
composition. The shield diameter mav be as small as 174
inches under these circumstances.

The detector filter choke is a 300-turn honeycomb, and the
pi-filter is completed by two (.00035 mfd. condensers to ground.
That is a now standard type of detector output filter for radio
frequencies, but it is well to support this filtration with a
large capacity bypass condenser across the  detector biasing
resistor, if hum is low enough. Ordinarily a good compromise
between necessary bypassing and low hum is 0.0015 mfd. or
0.002 mfd. in this position, but there is much more kick in the
set with 1 mfd.,, and therefore this may be tried, and the hum
reduced as low as possible by the usual precautions, including
resistor-capacity filtration of detector plate and pentode grid
circuits, raising the capacity for detector plate filtration to 1
mid., if necessary and making a trial reversal of connections to
the output transformer primary.

.5Y.
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A Modulated-Unmodulated Swi

- Neon Tube Supplies Audio Fr
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FIG. 1

The circuit of a neon tube modulated all-wave oscilla-

tor, the neon tube generating the audio frequency.

MBITIOUS . service men equip themselves with many
different apparatuses with which they can do their work

: more expeditiously and certainly. - They get meters of
djﬁ’erent kinds, circuit testers, oscillators, and various other de-
vices. ol e

Oscillators are particularly popular among the service men,
now that the superheterodyne is in vogue. These oscillators
must cover the broadcast, intermediate, and ‘high frequency
bands, and the output should be modulated with an audio tone.
However, the design should be such that the modulation can be
eliminated easily when the application of the oscillator requires
an unmodulated wave,

Another desirable feature in the oscillator is that the bands
of ‘frequencies generated should be changeable with a switch
rather than by the plug-in method. Coils that must be plugged
in get misplaced and are easily damaged, and damage to a coil
may change the calibration.

Unique Oscillator

In Fig. 1 is the diagram of a unique oscillator, designed and
constructed by the author. It has a tuning range from 140 kc
to about 20,000 k¢, this range being covered in four steps. The
oscillator is of the Hartley type, which'is used because it will
oscillate at the very high frequencies.

The device also has a built-in power supply so that it is not
necessary to make any connections for batteries or other power

" supply  except plugging the device into the most convenient
¢ outlet. -

The most unusual feature of the oscillator, and in this it is
truly unique, is the neon tube audio frequency oscillator, used
in place of a tube of the ordinary type. The circuit of this oscil-
lator is so arranged that it modulates the radio frequency output
of the vacuum tube oscillator.

The neon tube oscillator circuit consists of the neon tube, a
variable condenser C2, a 2 meg. resistor, the secondary of an
audio frequency transformer, and a source of voltage, which is
variable by means of a 10,000-ohm potentiometer.

The audio frequency generated by the neon tube circuit is
variable over a wide range of frequencies, first, by means of the
variable condenser C2 and, second, by means of the 10,000-ohm
potentiometer. Frequencies as low as 60 cycles per second and
as high as 10,000 cycles can be generated. For each setting of
the slider on the 10,000-ohm potentiometer there is a certain fre-
quency range that can-be covered by varying the variable con-
denser C2. , )

‘When no modulation is’ desired it is only necessary to open
the switch in series with the oscillator circuit. This switch is
so placed that there is no change in the radio frequency circuit
when the switch is opened or closed. Hence the radio frequency
generated is the same whether it is modulated or not. The

‘modulation on-off switch is mounted on the 10,000 ohm potentio-

By E.

E.E., Massachuse

Back view of the all-wave neon tube oscillator showin
ar

meter and wired in such a manner that the switch is off wh
the voltage in the neon tube circuit is minimum.
The Hartley oscillator used in the circuit is a bit unusual, to

_—

LIS

Coils

L1, L2, L3, L4—One set of oscillator coils, each coil tapped ne
center (detailed data to be given in an early issue).

One power transformer contain one 5 volt, one 2.5 volt, and o
600 volt windings, the 5 and the 500 volt windings cent
tapped. ‘ ’

One 15 henry choke coil.

One audio frequency transformer.

Condensers

One special 360 degree tuning condenser, 375 mmfd. maximu
capacity (C).

One 200 mmfd. Hammarlund midget type tuning condenser (C:

One 0.00002 mfd. grid condenser. ;

One 0.02 mfd. condenser.

One 0.0001 mfd. condenser.

One 4 mfd. condenser.
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h Oscillator, 15 to 2,140 Meters;
uencies from 60 to 10,000 Cycles

thiepe

|
fitute of Technology

R

tlocation of the tubes, the power supply, tuning condensers,
icoils. '

8

although it cannot be called anything but a Hartley: Th_e
variable tuning condenser C is connected across the entire coil
and the tap on the coil is connected to the cathode of the tube.

b A

PARTS

One 8 mfd. electrolytic condenser.
Three 1 mfd. condensers.

Resistors ,

One 100,000 ohm grid leak.

One 200,000 ohm potentiometer with switch attached.

One 10,000 ohm potentiometer with switch attached.

One 2 megohm grid leak. a

One 10,000 ohm fixed resistor.

One 2,000 ohm bias resistor.

One 20,000 ohm wire-wound resistor with three movable taps.

Other Requirements

One three pole, four throw switch.
One vernier dail (real vernier).
Two UY sockets.

One UX socket.

FIG 3
Front view of the neon tube oscillator, showing the
arrangement of the controls. The tuning condenser
control is in the middle, output binding posts above.

Still one side of the tuning condenser is grounded, the side that
is connected toward the plate of the tube. The feedback is ob-
tained through an 0.02 mfd. condenser and a 200,000-ohm
potentiometer, one side of this potentiometer being grounded.

The different coils are entirely independent, not even the low
sides of them being connected to a common point. This com-
plete opening of the coils when not used is to reduce stray
capacity effects. A three pole, four throw switch is used for
picking up the different coils. One of the poles is connected to
the variable condenser C and the grid leak and condenser, the
second pole is connected to the cathode of the tube, and the
third is connected to ground.

A radio frequency amplifier is interposed between the oscil-
lator and the output, and this is done to permit variation of the
output, to strengthen it when required, and also to prevent
change in frequency with different loads.

The input to the amplifier is the signal voltage drop across
the lower part of the 200,000-ohm potentiometer, that is, the
part below the slider. Regardless of the setting of the potentio-
meter there is practically no discrimination with respect to fre-
quency. In the plate circuit of the amplifier there is a 10,000-
ohm load, and this too is non-discriminatory. A small con-
denser is connected between the plate of the amplifier and the
output binding post that is not grounded. It makes little differ-
ence what the value of this condenser is, but the smaller it is
the less with the radiation be from any wire connected to the
live post or from any coil that may be connected between that
post and ground. For most applications a condenser of 0.0001
mid. is large enough, while values less than 0.00001 mfd. have
been used.

~ The Power Supply

The power supply is a full-wave rectifier with a 280 tube in
a typical circuit. The power transformer is such that a rectified
voltage of more than 300 is obtainable and it also contains a
filament winding for the two 227 tubes in the circuit.

In the filter we have first a 4 mfd. by-pass condenser, then a
15 henry choke, and after that an 8 mifd. condenser. A con-
denser of this capacity was necessary to eliminate a ripple in the
modulated output of the oscillator. The three by-pass con-
densers not marked are 1 mfd. units. One of these is across the
2,000-ohm bias resistance of the amplifier and two are across
sections of the voltage divider.

The on-off switch in the primary of the power transformer is
mounted on the 200,000-ochm potentiometer so there is no extra
control for it on the panel.

It will be observed that the 10,000-ohm potentiometer that
controls the voltage on the neon tube is connected across a 150-
volt section of the voltage divider. Thus the highest voltage

(Continued on next page)
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NEW PATENTS

[Newly issued or reissued radio patenis are recorded in this de-
partment. The number of the patent itself is given first, Usually
only one claim is selected and the claim number also is cited. The
code at the end of the title description (Cl., etc.) refers to the classi-

1,848,133, TRANSMITTER. Fred H. Kroger, New York, N.
Y., assignor to Radio Corporation of America, a Corporation
of Delaware. Filed July 5, 1928, Serial No. 290,378. 3 Claims.
(ClL. 250—17.)

1. An apparatus for signalling at radio frequencies the com-
bination of an amplifier system comprising a plurality of
thermionic tubes having input and output elements arranged
in‘a self-rectifying circuit including an output circuit and an in-
put circuit, a tank circuit in said output circuit, means for op-
positely supplying low frequency alternating current potentials
to the anodes of said tubes including a transformer secondary
winding the-midpoint of which is connected to the grids of said
tubes, keying means associated with said supplying means, and
means for supplying high frequency oscillations to the input cir-
cuit of said amplifier.

* k%

1,848,823. OSCILLATOR COUPLING CIRCUIT FOR HET-
ERODYNE RECEIVERS. Wendell L. Carlson, Haddonfield,
N. J,, assignor to General Electric Company, a Corporation
of New York. Filed Oct. 7, 1930. Serial No. 487,047. 1 Claim.
(Cl. 250—20.)

In a radio receiving apparatus of the heterodyne type, the
combination of an oscillation generator including a tuned circuit
and an electric discharge device having a grid electrode, said

" tuned circuit being connected with said grid electrode and ar-

fication, the next number being the sub-division, which data defime
the nature of the patent. All inquiries regarding patents should
be addvessed to Ray Belmont Whitman, Patent Editor, Rabio
WorLD, 145 West 45th Street, New York, N. Y.]
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ranged to have oscillations excited therein by said discharge de-
vice, and an electric discharge detector having an anode, arcon-
trol grid, a space charge grid, and a cathode, said space charge
grid being directly connected with said tuned oscillator circuit
whereby said space charge grid provides a load for said oscilla-
tion generator, a source of unidirectional potential connected
between said space charge grid and said cathode to impress a
negative potential on said space charge grid with respect to
said cathode thereby to prevent initial loading of said oscillation
generator, a signal input circuit connected with said control grid,
and a signal output circuit connected with said anode.
* k%

QUESTIONS AND ANSWERS

CAN THE PURCHASER of a patented article repair it with-
out infringing the patent?—Leon Coply, St. Louis, Mo.

Yes. The purchased article has become the individual prop-
erty of the purchaser, and is like any other piece of property
which he owns. He may sell it, or he may use it so long as its
usefulness lasts and then throw it away or dispose of it as junk.
He may prolong its life and usefulness by repairs more or less
extensive, so long as its original identity is not lost. He is pro-
hibited only from constructing a substantially new machine. He
cannlot under the pretext of repairs build another machine or
article.

.

Expert Designs 20,000 to 147 kc Oscillator

(Continued from preceding page)

that may be applied in the neon tube circuit is 150 volts. If the
neon tube should not strike a glow at 150 volts, it is necessary
to increase this voltage, for there will be no oscillation unless
the tube glows. One commercial neon tube glows on 100 volts
a-c but not on 135 volts d-c. This means that the glow begins
the tube glows. One commercial neon tube glows on 110 volts
age of a 110 volt a-c line is 156 volts. This particular glow
tube was used in this circuit.

The voltage divider has a total resistance of 20,000 ochms and
is of the wire-wound type with movable taps. There are three

FIG. 4
The bottom view. The coil-change switch is at

right.

taps, one for the plate supply of the oscillator and two for the
connections of the 10,000-ohm potentiometer. The taps are
placed so that the voltages are 60, 80, and 150 volts. The plate
return of the amplifier is made to the 150-volt point.

The output of the neon tube oscillator is impressed on the
radio frequency circuit by means of an audio transformer, the
primary of which is connected in the plate circuit of the r-f
oscillator and the secondary in the neon tube circuit. There-
fore, the transformer is reversed, or it is used as a step-down
transformer. The audio transformer is in parallel with the 200,-
000-ohm potentiometer.

If an ordinary oscillator were used for generating the high
frequency this arrangement would not work without an r-f
choke in series with the audio transformer, because the feed-
back would be detoured from the tickler circuit through the
distributed capacity of the primary of the audio transformer. In
this circuit, however, the capacity aids in maintaining oscilla-
tion, because no matter which way the high frequency current
goes from the plate to ground it must flow through the tickler
to get to the cathode of the oscillator tube. The only effect the
capacity of the transformer winding has is to lower the high
frequency voltage across the 200,000-ohm resistance and hence
to lower the input to the amplifier tube. This, of course, lowers
the output, but the lowering is partly compensated for by the
greater radiation efficiency of the higher frequencies.

The tuning condenser C used in this oscillator is of the type
that turns all the way around, requiring a 360 degree dial. It
contains two sections, one changing the capacity from 9 to 100
mmid. and the other from 100 to 375 mmifd. The switching
from one to the other is automatic. The dial is National Com-
pany’s precision type, true vernier, 360 degree scale.

The final data on the coils L1, L2, L3, and L4 are not yet
available. The first set of coils designed and calibrated had
insufficient overlap. Hence a new set of coils is being de-

‘veloped. Those interested in the new coil data may obtain them

by writing to the author care Rapto WorLp, 145 West Forty-
fifth Street, New York, N. Y., although it is planned to publish
them some weeks later in these columns.
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A Question and Answer
Department conducted by
Radio World’s Technical
Staf. Only Questions sent
in by University Clud
Members are answered.
Answers printed herewith
have been mailed to Uni-
versity Members.

Radio University

To obtain a membership in Radio World’s University Club for
one year, send $6 for one year's subscription (52 issues of Radio
World) and you will get a University number. Put this num-
ber at top of letter (not envelope) containing questions. Ad-
dress, Radio World, 145 West 45th Street, New York, N. Y.

Annual subscriptions ere
accepted at $6 for 63
numbers, with the previ-
lege of obtaining answers
to radio questions for the
period of the subscrip-
tion, but not if any other
premium is obtained with
the subscription.
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Diagram of a push-pull power amplifier built by R. .W.,
of Ames, la., and concerning which helpful suggestions
are given for the sharp reduction of hum.

Constant D-C Voltage Drop
1

AS I AM confronted with an unusual problem I would ap-
preciate your assistance. 1 do considerable work in districts
where they have 110-volts d-c, and for operating certain de-
vices a voltage reducer is necessary. Around 25 or 30 volts are
utilized. As the load is not known in advance, and as the volt-
age must remain constant, I am perplexed. At first I tried high
bleeder as a stabilizing agency, but that required 10 amperes
to support normal fluctuations from 0 to 2 amperes useful drain,
and of course that is too expensive. Have you any better solu-
tion?—S. M. E., Brooklyn, N. Y.

A far better plan would be to incorporate relays, so that the
drain would determine which voltage divider taps would be
effective. The d-c relays are relatively simple and quite de-
pendable. You can get intimate information about their tech-
nical operation from relay manufacturers.

® kX h

Frequency Ratio Over Wide Band

IN COVERING a wide band of frequencies, say, from 150 kc
to 15,000 kc, which is a 1-to-100 frequency ratio, please let me
know whether the actual ratio per band will increase or de-
crease with increase of frequency, and, if possible, verify with
experimental data—W. E. R., Roanoke, Va.

The frequency ratio is determined by the capacity ratio of
the circuit, since the frequency ratio is the square root of the
capacity ratio. In general, this ratio remains approximately
constant. It is usual to treat the situation as if the ratio con-
tracts as the frequency increases, but this is only to insure over-
lap, that is, no gap between bands. The ratio may change in
either direction, or in one direction first, and in another direc-
tion next, although as a rule the ratio will increase with fre-
quency. This is no doubt due to the lesser capacity contributed
by the smaller coils with their better shape factor, ie., ratio of
axial length to diameter. The result of an experimental de-
termination of ratios, using a condenser of 0.000375 mfd.
maximum capacity, four different coils, is as follows, the slight
missout or gaps not being material to the ratio determination:
coil No. 1, 140-432 kc, ratio, 3.08; coil No. 2, 487 to 1,500 kc,
ratio, 3.07; coil No. 3, 1,620 to 5120 kc, ratio 3.16; coil No. 4,
5400 to 17,700 kc (last-named frequency at division 12 on a
100-division dial), ratio better than 3.33. .

*® ok X
Bias Resistors for Vari-Mu Tubes

RECENTLY I have tried different values of biasing resistors
in r-f amplifier circuits using -35 and -51 tubes and I find that
the biasing resistor may be much higher than usually recom-
mended, and that results are improved. Is this consistent with
your experience?—I. K., Duluth, Minn.

Yes, it is. Often the tubes do not draw as much plate cur-
rent as the standard rating, and therefore the biasing resistor

may be of greater than ordinarily recommended values. Re-
ceivers on which much experimenting has been done are.often
found to have high values of biasing resistors. For instance, a
receiver in the present issue has three such tubes on a com-
mon 500 ohm biasing resistor, -equivalent to 1,500 ohms for one
tube, and the 627 t-r-f set has 600 ohms on two tubes, equivalent
to 1,200 ohms for one tube. The gain is less but the selectivity
and stability are better.
* % %

Freedom from Motor Noises

ARE SPARK SUPPRESSORS practical in the elimination of
motor noises from an auto set? Please give some directions
as to the location of apparatus for best results.—J. K. W,
Spokane, Wash.

Spark suppressors help a little, but if the trouble is very
serious the suppressors are not likely to solve it. One of the
first considerations is to keep the shielded battery cable away
from the motor, and therefore the battery box had better be
placed somewhere near the rear of ithe chassis, say, half way
between the instrument board and the differential. It is cus-
tomary to put this box underneath, to one side of the drive
shaft. Another precaution is to remove the high tension coil
from behind the instrument board and mount it on the motor
irame, since oné side of this coil is grounded anyway, and bring
a shielded wire back to the place the coil occupied on the in-
strument board. The auxiliary use of spark suppressors may
help some. In cars that have a shield case over the spark plugs
there is no especial need for the suppressors, which make the
spark a little less intense. Usually the voltage is so high that
the loss created by inclusion of the suppressors is not det-
rimental. The aerial should not be close to the motor, and
naturally would not be, but if the aerial is placed under the
running board it should begin a few feet behind the most for-
ward point of the board. When these precautions are taken it
is very unlikely in any car installation that you will run into
motor noise trouble. Many instances of sparking noises, due
to running motor, have proved troublesome to original installers
and service men, and these remedies have proved effective.

Auto Circuit Recommended

WILL YOU PLEASE recommend to me an excellent design
for an auto set, one that will provide reception on a par with
that obtained from a high-class a-c receiver in the home?—].
S. A, Atlanta, Ga.

The eight-tube auto set designed by J. E. Anderson is highly
recommended. It has pentode-vari-mu r-f push-pull pentode
output. The circuit is a superheterodyne and permits reception
of distant stations 10 kc removed from powerful locals. Be-
sides, it has a sensitivity of 10 microvolts per meter, which is as
good as obtained from fine broadcast superheterodynes for a-c
operation in the home. This circuit is covered by Blueprint No.
631. The set may be mounted on the fireboard, which is just
behind the instrument board, while the battery box and other

_apparatus may be placed as recommended in the reply to J.

K. W., of Spokane, Wash. Provision is included for cars with
either A plus or A minus grounded. Users have tuned in as
many as 80 different stations in one night from all parts of the
United States, Canada and Mexico, while the car was running.

E I
Reducing Hum in Power Amplifier

HEREWITH is the diagram of a power amplifier I built.
Can you suggest some means of reducing hum? It isn’t so ter-
rible but should be less.—R. E., Ames, Ia.

The choke input method is provocative of more hum than the
regular method, although it extends the life of the rectifier tube.
If you will rearrange the filter capacities the hum will be less.
Put 8 mfd. directly next to the rectifier (center of 5-volt wind-
ing to ground), use the 1 mifd. at the central position experi-
mentally, but remove it entirely if hum is less, as sometimes
happens due to phase relationships, and leavé the other 8 mid.
at the end of the filter, where you have it. Condensers of 0.1
mfd. across the 50,000 ohm resistors in the grid return of the
push-pull inpput transformer will serve as additional hum f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>